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‘ How to use this book

_____________________________________

1 Flick through the book. Notice that the
name and number of the chapter is at
the top of each right-hand page.

To help you get to know this textbook read through the
numbered white boxes one at a time and work through
the questions in the green boxes. If you work in a

small group, you can discuss your answers with other
students.

-

2 Turn to the contents page at the front
of the book.

3 The index on pages 279-80 is also very useful
for finding things in the text.

4 At the beginning of each chapter there is
a list of what you will learn about and a

section called Getting started. You can

discuss these with your teacher.

-y

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

" 5 Find the heading 2.7 Inferring and predicting on page 27. This is the first
section in Chapter 2, and continues until page 31. Note that there are bits
of text to read and illustrations to study.

E Important new words are in bold type. If you want to find out what a word
. means you can look it up in the Glossary at the back of the book.




How to use this book .

e e e e omir . .
6 Note the Investigation on page 29 on a specially designed page. You should always read ]

an investigation before you do it. To help you make the most of the investigations and
to check safety issues, there is a Planning and Safety Check at the beginning of most
investigations. Make sure you do the Discussion, to check that you have understood what
you have done in the investigation. In some investigations there is an Inquiry box where
you have to design tests to answer a question or solve a problem. There are also special
Experiments, where you have to design your own experiment, for example on page 43.

'

___________________________________________

7 Throughout the book there are Activities on a blue background.
See page 236, for example. These don’'t need much time or equipment,
and some of them you could probably do at home.

L u a2}

' 8 The book has a special feature called

ﬁ Skillbuilder.

9 When you reach the end of a section you do some or all of the Check
questions to check that you have understood what you have read and done
in class. Look at the questions on page 30.

The Challenge questions on page 31 are more
difficult than the Check as you have to think more
for yourself. You need to do well on the Check
before going on to these.

S




° How to use this book

' 10 In some sections there are also TRY THIS activities that

you might like to do if you are interested and have the

, time. See page 179, for example. There are also WEBwatch

: sections throughout the book to help you in your research.

: See, for example, the WEBwatch on page 50. Go to

: www.0OneStopScience.com.au and access the webwatches.

Follow the links to help you do a science research project.

>

11 Each chapter has several Working with Technology sections at
www.0neStopScience.com.au, which include animations and
crossword puzzles that you can do.

cience.com.au

o't wv:‘:ﬁg::'\sy::t?:n for Chapter 10 )
e ﬁgveu to light a Bunsen burner. Can \{?
?‘\e:d the crossword puzzle for Chapter 1¢

' 12 Atthe end of each chapter, there is a summary called 1

MAIN IDEAS for you to copy and complete. See page 22.

You can check your knowledge and understanding of the

: ideas in the chapter by doing the REVIEW on pages 22-23. |

' In this chapter there is also a LAB REVIEW. l

‘saaasasanesssasasans —— nk is the

1 of th - ou thi
which of the test items on pa?es 22-23doy
easiest? Which is the hardest! ——"

estion1 of the REVIEW on pigeboo,k
T‘:r\\/sgzr on page 266 at the back of the .
a

Notice that if you get the wrong answer,
. youcan go back and check the text on
\ page 8.

‘13 Throughout the book you will find two special features. Science as a
Human Endeavour is designed to show you how science is applied
in real life. Science Inquiry Skills (often at the end of a chapter is
designed to teach you valuable thinking skills, especially those used
by scientists to solve problems.

Peter Stannard and

Ken Williamson

We hope that this book makes science
interesting for you.
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Links to the Australian Curriculum

The content elaborations in the right-hand column are listed at the beginning of each chapter.
They indicate some of the ways in which the Australian Curriculum content descriptions have been

elaborated in ScienceWorld 7.

Science Understanding

ScienceWorld 7 Elaborations

Science Understanding is fully integrated with Science Inquiry Skills, as indicated in the elaborations.

Biological sciences

There are differences within and
between groups of organisms;
classification helps organise this
diversity (ACSSU111)

Chapter 4 The living world

e group a variety of organisms on the basis of similarities and differences in
particular features

® use a key to classify organisms

e consider how biological classifications have changed over time

Interactions between organisms can
be described in terms of food chains
and food webs; human activity can

affect these interactions (ASSSU112)

Chapter 7 Living places

e construct and interpret food chains and food webs to show relationships
between organisms in an environment

e investigate the effect of human activity on local habitats, for example, crown of
thorns starfish on coral reefs

e explain how living and non-living factors can affect the survival of organisms
in ecosystems

e develop an understanding of biodiversity and the human impact on
biodiversity

Chemical sciences

Mixtures, including solutions, contain
a combination of pure substances that
can be separated using a range of
techniques (ACSSU113)

Chapter 6 Separating mixtures

e recognise the differences between pure substances and mixtures, and
identify examples of each

e identify the solvent and solution in a variety of solutions

e explore and compare separation methods used in the home

e perform different separation techniques, including decanting, filtration and
distillation

Earth and space sciences

Predictable phenomena on Earth,
including seasons and eclipses, are
caused by the relative positions of the
sun, Earth and the moon (ACSSU115)

Chapter 5 Earth in space

e compare times for the rotations and orbits of the Earth, moon and sun

e use a model of the Earth to answer questions about day and night

¢ explain the seasons as a result of the tilt of the Earth’s axis as it orbits the sun
e use models to understand phases of the moon and eclipses

relate the tides to the positions of the Earth, moon and sun

Some of the Earth’s resources are
renewable, but others are non-
renewable (ACSSU116)

Chapter 11 Earth’s resources

e explain how living resources can be managed and used sustainably
e discuss the differences between renewable and non-renewable resources

Water is an important resource that
cycles through the environment
(ACSSU222)

Chapter 11 Earth’s resources

e develop an understanding of how water is cycled in nature
e explore ways of saving and recycling water

continued ...
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Physical sciences

Change to an object’'s motion is
caused by unbalanced forces acting
on the object (ACSSU117)

Chapter 3 Forces
e investigate the effects of applying different forces to familiar objects

e investigate common situations where forces are balanced (such as stationary
objects) and unbalanced (such as falling objects)

Chapter 8 Using magnets
e investigate the effects of magnetic forces on familiar objects
Chapter 10 How things work

e develop an understanding of how simple machines can magnify a force,
change a force’s direction, or make things go faster

Earth’s gravity pulls objects towards
the centre of the Earth (ACSSU118)

Chapter 3 Forces

e explore how gravity affects objects on the surface of the Earth
e consider how gravity keeps planets and moons in orbit

Science as a Human Endeavour

ScienceWorld 7 Elaborations

Science as a Human Endeavour is integrated with Science Understanding.

Nature and development of science

Scientific knowledge changes as
new evidence becomes available,
and some scientific discoveries
have significantly changed
people’s understanding of the world
(ACSHE119)

Chapter 2 Predicting Pluto, p. 28

Chapter 3 Science as a Human Endeavour, p. 70

e understand the importance of the work of Isaac Newton

Chapter 8 Using magnets

e follow the historical development of our knowledge of magnetism

Science knowledge can develop
through collaboration and connecting
ideas across the disciplines of
science (ACSHE223)

Chapter 8 Superconductors. p. 194

¢ use Dr Cathy Foley’s research with superconductors to investigate the link
between science and technology

Chapter 10 My hoomerang won’t come back, p. 242
e investigate the boomerang as an example of Aboriginal technology

Use and influence of science

Science and technology contribute
to finding solutions to a range of
contemporary issues; these solutions
may impact on other areas of society
and involve ethical considerations
(ACSHE120)

Chapter 4 Science as a Human Endeavour, p. 94

Chapter 8 Using magnets
e give examples of how magnets and electromagnets are used in everyday life

Science understanding influences
the development of practices in areas
of human activity such as industry,
agriculture and marine and terrestrial
resource management (ACSHE121)

Chapter 7 Carp—an environmental problem. p. 173

e present a plan to reduce the carp population in Australian waters
Chapter 11 The orange roughy story, p. 252

Chapter 11 George Washington Carver, p. 265

e develop an appreciation of the hardships and successes of George
Washington Carver, an African American scientist

People use understanding and skills
from across the disciplines of science
in their occupations (ACSHE224)

Chapter 6 Forensic science, p. 147
e investigate how chromatography is used in forensic science
Science as a Human Endeavour, pp. 7, 13, 141, 155
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Science Inquiry Skills

ScienceWorld 7 Elaborations

Science Inquiry Skills are fully integrated with Science Understanding and can be developed through the various learning

activities in ScienceWorld—Getting started, Activity, Investigation, Skillbuilder, Check, Challenge and Science inquiry
skills. Chapters 1 and 2 are designed mainly to develop inquiry skills that will be used throughout the book.

Questioning and predicting

Identify questions and problems that
can be investigated scientifically
and make predictions based on
scientific knowledge (ACSIS124)

Chapter 2 Science skills

e make inferences and predictions, based on observations

Chapter 2 Doing a project, pp. 47-50

e work collaboratively or individually to identify a problem to investigate
Chapter 6 Experiment 4, p. 140

e work in a group to find a way to purify a sample of impure creek water
Chapter 10 Experiment 9, p. 233

e invent a useful device containing simple machines

Planning and conducting

Collaboratively and individually plan
and conduct a range of investigation
types, including fieldwork and
experiments, ensuring safety and
ethical guidelines are followed
(ACSIS125)

Chapter 1 Working in a laboratory

e identify and correctly name laboratory equipment

e |ist safety rules for the science laboratory

e demonstrate the correct use of a Bunsen burner

¢ do a planning and safety check for a science experiment

Chapter 4 The living world

e observe physical and chemical changes

Chapter 9 Consumer science

e consider safety issues when designing and carrying out consumer tests
Chapter 10 Investigation 29, p. 231

e investigate how the gears of a bicycle work

In fair tests, measure and control
variables, and select equipment
to collect data with accuracy
appropriate to the task (ACSIS126)

Chapter 1 Investigation 3, pp. 17-18 and Science Inquiry Skills, p. 24
e make accurate observations and record them

Chapter 2 Science skills

e gccurately read the scale on various measuring instruments

e design an experiment to answer a question or solve a problem
Chapter 3 Forces

e design and carry out controlled experiments to answer questions about
friction and gravity

Chapter 8 Investigation 22, p. 188

e make an electromagnet and investigate ways of making it stronger
Chapter 9 Experiment 6, p. 205

¢ design an experiment to test a hypothesis

continued ...
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Processing and analysing data and
information

Construct and use a range of
representations, including graphs,
keys and models to represent and
analyse patterns or relationships,
including using digital technologies
as appropriate (ACSIS129)

Chapter 2 Science skills

e display data in bar graphs and line graphs

Chapter 4 The living world

e use observations of various organisms to classify them into groups
Chapter 5 Skillbuilder. p. 106 and Science Inquiry Skills, p. 123

e give examples of different types of models and how they are used in science
Chapter 8 Investigation 20, p. 181

¢ map the magnetic fields around magnets

Chapter 10 page 237 and Challenge 2, p. 239

e use a model to show how air moving over an aircraft wing creates lift
Chapter 10 How things work

e make measurements to calculate the mechanical advantage of different types
of levers and pulleys

Chapter 11 Activity, p. 257
e interpret graphs and use them to make inferences

Summarise data, from students’

own investigations and secondary
sources, and use scientific
understanding to identify relationships
and draw conclusions (ACSIS130)

Chapter 3 Skillbuilder, Experiment 2, p. 69 and Science Inquiry Skills,
p.74

e draw a line of best fit to show a pattern in the results of an experiment
Chapter 7 Living places

e analyse information and draw conclusions about the relationships between
organisms in food webs

Chapter 11 Earth’s resources
¢ evaluate information in tables and draw conclusions from this information

Evaluating

Reflect on the method used to
investigate a question or solve
a problem, including evaluating
the data collected, and identify
improvements to the method
(ACSIS131)

Chapter 5 Experiment 3, p. 114
Chapter 7 Investigation 17, p. 152

Chapter 9 Investigations and experiments
e suggest ways of improving an experiment to obtain more reliable results
Chapter 11 Investigation 31, p. 255

Use scientific knowledge and findings
from investigations to evaluate claims
(ACSIS132)

Chapter 9 Consumer science
e use real findings to evaluate claims made about a consumer product
Chapter 9 Are mobile phones safe? p. 218

e evaluate studies on the safety of mobile phones and form your own opinion on
the risks involved

Communicating

Communicate ideas, findings and
solutions to problems using scientific
language and representations using
digital technologies as appropriate
(ACSIS133)

Chapter 1 Writing reports, pp. 14-16

e write a report of a science experiment, using the correct headings
Chapter 2 Science Inquiry Skills, p. 46

e write an experiment report based on second-hand data

Chapter 9 Investigations and experiments

e write a detailed report for consumers comparing different products

Source: Australian Curriculum Assessment and Reporting Authority (ACARA)




+ In this chapter you will ...

Science Inquiry Skills

identify and correctly name laboratory equipment

list safety rules for the science laboratory

demonstrate the correct use of a Bunsen burner

do a planning and safety check for a science experiment

write a report of a science experiment, using the correct headings
make accurate observations and record them

Based on Australian Curriculum, Assessment and Reporting Authority (ACARA) materials
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A science laboratory (la-BOR-a-tory) is a specially designed

room where you can carry out experiments safely.

® How is a science laboratory different from other
classrooms in the school? Discuss this in a group.

® Draw a large floor plan of your laboratory. Show the
position of each of the following items,
labelling them clearly:
}» workbenches

teacher's bench

gas taps and emergency shut-off tap

water taps and sink ‘ 3

power points and emergency trip switch

preparation room

doors (including emergency exit)

80
'
fume cupboard
\

heating equipment cupboard /v
glassware cupboard 4

rubbish bin and broken glass bin
fire extinguisher

fire blanket

sand bucket

first aid kit

safety shower and eye bath.

Make sure you know why your laboratory contains each
of these items.




Chapter I- Working in a laboratory 3

»

I.I Laboratory equipment

In the science laboratory you will find many [ —
different pieces of equipment. Before you can
begin experimenting, you need to be able to
identify these items and know what they are used
for. You also need to be able to spell their names
correctly, and to draw them when you write
reports of experiments.

Containers and other useful items '

q'
“

! y

>
a—
)

A

)

N —1
— =
-/
beaker conical flask test tube measuring cylinder petri dish
for measuring
volumes

@ of liquids

watch glass

spatula

evaporating basin for heating solutions for picking up small
for heating liquids and holding small amounts of solids dropper
strongly amounts of solids \
dropping bottle L
test tube brush forpdﬁsp%nsing ‘
fu_nne! for dispensing liquids
for filtering a drop at a time

glass stirring rod

Note: Containers come in different sizes, depending on how much you want to put in them. Some, like beakers,
can be made from glass or plastic.
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I Holding things )

/%
Vogi.

for holding small objects,
especially when heating

test tube holder %
test tube rack

for holding test tubes containing _—-ﬁ

liquids or solids. The pegs are
used for drying test tV
‘ bosshead ij:hl:@

for attaching
clamp to stand

metal
retort stand

stand and clamp
~ for supporting apparatus
Heating apparatus '

gauze mat
to spread the
heat evenly

Bunsen burner

tripy

heatproof mat
to protect the bench




Drawing science equipment

It is best to keep drawings of science equipment
simple. Look at the drawings on this page. The
ones on the left are three-dimensional and have
been drawn by an artist. The ones on the right
are simple two-dimensional views, and this is
how you should draw equipment for your science
investigations. Note how much simpler the right-
hand drawings are. For example, there is no line
across the mouth of the test tube, beaker or flask.
When science equipment is put together for
a purpose, such as heating water in a flask, it is
called apparatus (see the photo below). Notice
how much simpler the diagram on the right is.
For example, the tripod has been drawn with only
two legs.
When you are drawing apparatus like this you
should:
e use a pencil, for ease of correction if you make
a mistake
o label the drawing using label lines
e use a ruler for all straight lines
e not use shading or colouring.

Note: There are plastic templates available for
drawing scientific apparatus.

Chapter | — Working in a laboratory °

test tube —_— U
o)

beaker

L
/A

filter
funnel

<
conical
flask i

Bunsen
burner _)
)

flask———

=

water
gauze -

. mat

tripod—

burner

heatproof Q

mat ~ ;’

Fig 1 Apparatus for heating a flask of water
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Skillbuilder

In the next activity you are going to look at a

number of pieces of laboratory equipment. You

will record the name of each piece and what
it is used for. A way to record information so
that it is easy to read and understand is by
drawing a table.

In other investigations you will have
to record results that include numbers or
measurements. These numerical results are
called data. You record data in a data table.

For example, suppose you counted the
number of people in your class with blue eyes,
brown eyes and green eyes. The results are
easy to read if they are in a data table like the
one shown.

Activity B

Your teacher will place about eight pieces of
numbered equipment on your table.

Your group’s task is to identify the
equipment by using the information on the
previous pages.

For each piece of equipment, record its
number, name, size (if it is a container) and
what it is used for. Record this information in a
data table like the one below.

Equipment Equipment

hame

number

Size
(if container)

2 Draw a data table
similar to this.

Eye colour | Number of people
blue 8
brown 11
green 9

Exercise

Sam and Amanda were investigating how long
it takes bean seeds to germinate at different
temperatures. They recorded their results in a
data table.

At 10°C the bean seeds took on average
8 days to germinate. At 20°C they took 6 days.
At 5°C they took 12 days, and at 30°C they took
4 days. None germinated when the potting mix
was at 50°C.

Draw up a data table for the results.

Diagram of

What is it used
equipment

for?




Dr Josh Mylne is a plant biologist working on
how plants know that winter has passed. Winter
makes plants flower faster, and many crops

wait until after winter before they flower and
make seeds.

Most of Josh’s work is done in his laboratory
using some of the equipment you have seen and
identified. His plants are grown on plastic petri
dishes in growth rooms or in soil in glasshouses.

Look at the equipment in the photo of Josh’s
laboratory. Make a list of as many pieces of
equipment as you can recognise.

Try doing the

2 Draw simple two-dimensional drawings of
the following pieces of equipment:
¢ round-bottom e stand and clamp

!

1 Match each item of equipment listed below flask e filter funnel
with its use. Write the correct pairs in your e measuring e evaporating
notebook in a table as shown. cylinder basin

Apparatus | Use 1 * tripod

Check with your teacher that you have
- WU e drawn them correctly.

tripod a general purpose glass 3 Which equipment would you need to:

container for small a measure out exactly 20 mL of water?
amounts of material b heat a small volume of liquid?
gauze mat for holding hot objects ¢ heat a small amount of solid strongly?
. d take a small amount of powder from a
spatula placed on top of a tripod . .
bottle and dissolve it in water?
to spread the heat . L
. e test whether a small piece of fabric will
test tube you stand equipment on burn?
this when heating things f  boil about 200 mL of water?
beaker for picking up small g add 2 drops of liquid A to about 5mL of
amounts of solids liquid B?
Bunsen burner  a general purpose glass 4 Look at the equipment in Fig 1 on page 5.

container with a pouring lip What other container could you use to heat

stand and clamp used for heating things water? What is the advantage of the flask?
metal tongs for holding equipment in
place

L T U I USSP SR A SR

...................................................................................................
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I.2 Safety in the laboratory

A laboratory is a place for doing things. You

will enjoy working there. However, to make the

laboratory a safe place for everyone, there are two

main rules to follow.

1 Know what you are doing in the laboratory—
read the instructions carefully before you start.

2 Always think of others and behave sensibly.

Follow the safety rules on the right and accidents
should not happen. Many accidents can be
avoided by keeping alert and using common

sense. Read about the types of accidents that can

occur and how to avoid them. If an accident does

occur, report it to your teacher.

Eye injuries can be caused by liquids splashing
into your eyes during investigations.

e Always wear safety glasses whenever there is

a chance of liquid splashing into your eyes,

especially when heating things.

Always wear safety glasses when you see the

safety glasses symbol on investigation pages.

e Never point a test tube towards yourself or
anyone else. If you get a chemical in your eye,
wash your eye immediately with lots of water,
and tell your teacher. Your laboratory may
have a special eye bath to make this easier.

Always wear
safety glasses.

&, Point the tube
away from
yourself or
anyone else.

l

SAFETY RULES
1 Do not enter the laboratory

unless you are with g
teacher.

2 Never touch
equipment in the
laboratory unless you
are told to use jt.

3 Don't eat or drink in the
laboratory,

4 Always walk-never ryn

5 Wear protective clothing—
a laboratory coat or
apron—and, when
appropriate, safety
9lasses.

6 Never taste anything.

7 Don't use paper to light
Bunsen burners, and don’t
put burning or hot things in

l the rubbish bin,

8 Keep books, Paper and clothing
away from flames, Tie up long hair.

9 Always point test tubes away from people.

’

l 10 Check with your teacher on how to dispose of waste

11 (f you spl:ll someifhing onyour skin or clothes, wash
It immediately with lots of watey, Tell your teacher.

12 Report all accidents and breakages to your teacher.

13 After heating equipment, let it cool on g heatproof
mat before picking it up. This will avoid byrns,

14 Clean all equipment after '
. use and put it back wh
you got it from. Clean and dry your work bencz. b

—



Poisoning can be caused by breathing in fumes
during an investigation, or by tasting chemicals or
spilling them on your skin.
e Never taste anything, and never bring food

or drink in the laboratory.
e Check the labels on chemicals before you

use them.

Activity L)

In a small group discuss what each of these
labels or symbols means.

Give examples of where you would find
each of these.

\
2| (%] =
7N ol |
toxic flammable corrosive
a.a| [HAZCHEM
4 D
radioactive

Cuts are caused mainly by broken glass.

e Use gloves and a brush and shovel or dustpan
to clean up any broken glass and put it into
the special bin.

Burns can be caused by touching hot equipment,

or by spilling hot liquid.

e Treat these types of burns with cold running
water for about 10 minutes.

e More serious burns can occur when using
a Bunsen burner. If this happens, tell your
teacher immediately.

Fires are always possible when using burners.

e Don’t use paper to light a burner, and never
place burning things in rubbish bins.

o If you have long hair, it is essential you tie it
back whenever you are using a burner.

o If there is a fire, stay calm and call for help.
If a person’s hair or clothing catches fire,

Chapter | — Working in a laboratory o

remember the three rules: stop, drop and roll.
The person must stop moving around, drop to
the floor and roll. While the person is rolling,
a fire blanket should be quickly wrapped
around the person to smother the flames.

Damage to clothing and skin can occur when
chemicals, especially corrosive liquids such as
acids and alkalis, are spilt.

Wear a lab coat or other
protective clothing when
doing investigations.
If there is a spill, wash
the area immediately
with lots of water and
send someone to tell
the teacher.

In serious cases it
may be necessary
to use the safety
shower.

Activity

1 At the start of the year your teacher may
have given you a copy of the laboratory
safety rules for your school.

Work in a small group and compare
the rules in the list on page 8 with your
school’s rules.

e \Which rules are the same?

e \Which are different? Suggest why
these rules are different. Your teacher
may want to discuss this with the
whole class.

2 Without looking at the information on this
page, make a dot-point list of the things
you would do in the following situations:

e You have spilt a chemical on your skin.

e Your friend has picked up a very hot
piece of glassware.

e You have splashed a liquid in your eye.
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Disposal of chemicals

To protect our environment it is essential to
dispose of chemicals properly. You should
never put leftover solids down the sink. Some
liquids can safely be poured down the sink, but
others cannot, so always follow your teacher’s
instructions.

At home, you must also be careful how you
dispose of chemicals. You should not put oil
or petrol or corrosive substances like caustic
soda down the sink. These substances may pass
through sewage treatment plants into creeks and
rivers and harm the plants and animals that live
there. Councils usually provide places at the local
dump where you can take liquids such as used
oil and mineral turpentine. Industries must also
take special care in the disposal of chemicals,
and there are laws to enforce this.

4 Explain two things that are unsafe in the
following situation.

1 Select three of the safety rules from the
list on page 8 and explain why each is
important.

2 Design a poster to illustrate one of the
safety rules.

3 Look at the cartoon showing lan and Penny
in the laboratory.

a What has happened to lan?

b What was he trying to do?

¢ What did he do wrong?

d What should Penny tell him to do?

Here...let me YA‘AGH!

5 A school has the following rules for its
science laboratory:
e |eave bags outside.
e \Wear shoes with leather uppers.
e Clean and put away all equipment
when you are finished with it.

Explain why you think each of these
rules is necessary.

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



1.3 Using a burner

In the laboratory a Bunsen burner is used to

heat things. The burner is named after a German
chemist called Robert Wilhelm Bunsen. He found
that he could get a cleaner and hotter flame if

he allowed air to mix with the gas before it was
burnt. This piece of technology quickly became
essential in science laboratories, and led to
improvements in gas burners used in everyday life.

As the gas flows through the gas jet, air is
drawn in through the air hole. This mixture of
gas and air then burns at the top of the barrel to
produce a flame.

You can control the temperature of the flame
by turning the metal ring or collar. As you rotate
this collar, you either open or close the air hole,
which then changes the amount of air mixed with
the gas. The more open the air hole is, the more
air is drawn in, and the hotter the flame.

Rir hole closed—yellow safety flame
This yellow safety flame is easy to see. Use it if
you want to leave the burner on for a short time
without using it for heating.

Air hole open—blue heating flame

This blue flame is very hot and hard to see, and
can cause serious burns. The hottest part of the
flame is about 1500°C—
higher than the
temperature needed

to melt silver and gold!

e barrel

collar
air hole
(gas jet inside)

gas hose

Chapter | — Working in a laboratory °
WEBwatch {.C) ~

Robert Bunsen spent most of his life working in a
laboratory. He nearly killed himself with arsenic
poisoning and he lost one eye in an explosion
when a small piece of glass went into his eye.

Go to www.OneStopScience.com.au and

access the webwatches. To find out more about
this interesting scientist, follow the links to
Robert Bunsen.

You could also search for Robert Bunsen on the
internet. You will find a number of websites.

What did you find most interesting about Robert
Bunsen?

LOneStopScience‘

)
J

L0

Before you start an investigation, you need
to understand what you are doing. You
should read through the steps, look at the
diagrams and prepare data tables where
necessary.

To help you make the most of the
investigations, there is a Planning and Safety
Check. Read the one on the next page.

You can avoid most laboratory accidents
if you are aware of any risks to your
safety before you start. You can do this by
completing a risk assessment.

Read through Investigation 1: Using a
burner.

1 In a group, list the risks involved in this
investigation, using what you have learnt

on pages 8 and 9.

2 For each risk, discuss which safety

Activity

precautions you will need to take.

To see how the Bunsen burner works go to

and open the
animation.

ot

 OneStopScience
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Investigation 1

Aim
To use a Bunsen burner correctly.

RULES FOR SAFE USE

1 Keep the burner awa
Vaterials edge of the bench.
Use a heatproof mat under the burner
Always light the burner with the air ho.le closed
Switch to a yellow safety flame when not heatin'g

y from books, and away from the

e Bunsen burner
¢ heatproof mat

e tripod
e gauze mat SAFETY GLASSES ;’lebtm g' ‘;f the burner gets very hot. If you have to move
I, turn it off first. Move i i
: matches | the gas hose. Ve it by holding the base or
piece of copper wire Check th i
e metal tongs Ck that the gas is off Properly when you have finished

e 250mL beaker

W Planning and Safety Check 4 Ob.serlve the flame with the air holg closed.
This flickering yellow safety flame is not very

o Read through the experiment carefully before hot, and is very sooty.
W you do it, then answer these questions.
Why should you light the match
before you turn on the gas?
What does the sign /*f mean?
What is the purpose of Part C?

5 Gradually open the air hole, noting carefully
what happens to the flame. This roaring bluish
flame is the one you use for heating. You can
change the size of the flame by adjusting the

gas tap.
/“Jn your science Note: Whenever
notebook, draw you see the sign

- . . diagrams of the :/ it means that
U [ ighting the burner yellow safety flame there is something
and the blue heating to record in your
1 Place the Bunsen burner on a heatproof mat. flame. Use coloured science notebook.

Connect the gas hose to a gas tap. pencils.

E PART B How hot is the
flame?

1 Turn the gas on fully and open the
air hole.

Rotate the collar so that the air hole is closed.

Light a match, turn on

the gas, and bring the
match close to but not
over the top of the barrel,
as shown. The gas should

ignite. 2 Use metal tongs to hold a piece of

copper wire in the flame. Note how
long it takes for the wire to become
red hot.

If a hissing noise comes
from the burner or a
flame burns at the jet,
immediately turn off the
gas. The burner is said
to be ‘burning back’ and
needs cleaning. Report
this to your teacher.

3 Let the wire cool down and then
repeat Step 2 in other parts of
the flame.

:/ On your diagram of the blue
flame, mark in the hottest part.
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m [:Urnpar'[ng Aames 3 Light both burners. Leave one with the air hole

closed (yellow flame) and the other with the air

For Part C you will need to work with another hole open (blue flame).

group. One group will use a yellow flame and the 4 Start heating the beakers at the same time, and
other a blue flame. time how long the water takes to boil for each.
1 Add 50mL of water to a beaker. (Use the \‘/ Which flame boiled the water first?

graduations on the side of the beaker.)
Discussion

1 Which flame was hotter?

2 Set up the heating apparatus as shown below.

2 When the beakers are cool, lift each one and
check underneath. What do you observe?

Which flame was easier to see?

4 \When you are not using a burner you should
always leave the air hole closed. Why?

5 Suggest why it is important to light the burner
with the air hole closed.

6 What is the purpose of the gauze mat?

7 What is the purpose of the heatproof mat?

1.9 Science is investigating

Scientists like Dr Josh Mylne carry out their
investigations in the laboratory and in the field
to answer questions, such as why plants need
cold weather to flower and fruit.

Josh plans his investigations carefully and
makes many observations. An observation is
something you can find out with your senses.
We mainly use our sense of sight, but you can
also feel the texture of an object or whether
it is hot or cold.

Scientists also take measurements during
investigations and record them in data tables.
Here Josh is counting and marking the leaves
of plants that have been in the coldroom.
Notice the data table in his recording book.




a Sciencellorld 7 Australian Curriculum edition

Writing reports

As well as planning his investigations carefully,
Josh plans how he is going to record his
observations and write how he conducted his
investigations. He does this in a report. A report is
important because other people can find out what

he did and what he discovered.

A report is organised using seven headings.

TITLE the name of the investigation, your
name and the date.

AIM you say why you did the
investigation. Sometimes this is a
question.

MATERIALS @ list of equipment and chemicals

you used in the investigation.

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

RESULTS you record the data. Data includes

qualitative observations (words)
and measurements (numbers).
Usually these are recorded in a data
table. This makes the data easier to
read.

DISCUSSION You try to explain your results,
and list any problems that you

experienced. You might also
explain how you could improve
the investigation.

CONCLUSION You answer the question posed in
the aim.

Sometimes in your conclusion, you can write a
general statement or generalisation—one that
seems true in most cases. For example, a student
investigating the stopping distances of toy trucks
concluded: The heavier the truck is, the longer it
takes to stop.

You will not always be able to make a
generalisation like this, and in some cases it may
not be possible to make a conclusion at all.

In Investigation 2 on the next page, you can
practise writing your own report.

Skillbuilder

In Investigation 2 you are going to filter a solid
from the liquid in a beaker.To do this, you will
need to know how to fold a filter paper and set
up the apparatus for filtering.

The diagram below shows how to fold a
filter paper. Your teacher will give you a filter
paper to fold.

1 2

—_—

Fold into
halves

Fold into
quarters

—_—

Open out into
a cone shape

The apparatus for filtering

Your teacher will give you some cold tea with
lots of tea leaves in it. Your job is to filter the
tea.

A quick way to do this is to decant the
tea (pour off most of the tea, leaving the tea
leaves behind), then filter the remainder.




Investigation 2

Aim
To find out if glue can be made from milk.

Materials

skim milk (about 100mL)

white vinegar (about 25mL)
baking soda (about 5g)

two 250mL beakers

spatula

stirring rod

filter funnel and paper

stand and clamp (or filter stand)
Bunsen burner

tripod, gauze mat and heatproof mat
matches

&

SAFETY GLASSES
MUST BE WORN

Planning and Safety Check

e Carefully read through the method and
list safety precautions you will have to

take. Discuss this with your teacher
before you start.

Why should you wear safety glasses
during this investigation?

Method

1

About one-third fill a 250 mL beaker with
skim milk.

Add 25mL of vinegar to the milk.

Set up a tripod, gauze mat, Bunsen burner
and heatproof mat.

Heat the mixture slowly, stirring all the time
with the stirring rod. When you see small
white clumps (called curds) forming, turn off
the burner. The curds will fall to the bottom of
the beaker. You have made cottage cheese!

While the mixture settles and cools, set up the
filtering apparatus.

Decant the clear liquid (called the whey) into
another beaker, and try not to lose any of the
curds. Pour the liquid down the sink.

Chapter | — Working in a laboratory °

' 2© ) Making milk glue

7 Fold the piece of filter paper, and put it in the

funnel.

8 Pour the curds into the filter paper. When all

the liquid has filtered through, gently scrape
the curds into a beaker.

9 Add 20mL water and one spatula of baking

10

11

soda to the curds.
Stir to make a paste. This is the milk glue.

Test your glue by sticking paper or ice-cream
sticks together.

.} Record your observations when the glue
dries.

S

-—

IR

Writing your report

write a full report of the experiment, using the
headings from the previous page.

l

| 1

n this case the TITLE and AIM have been written

for you.

in your words, what

METHOD you should write, s, ¥
! : r description.

was done. Include diagrams to help you

Under RESULTS record your observations of what
happened during the investigation.

In the DISCUSSION try to expl

any improvements you would make to the method.

In the CONCLUSION write down an answer to the

question in the aim.

ain your results and list

.

( Compare your report with the one on the
next page, but don’t look at it until you
. have written your own.
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Skills for investigating

In this chapter you have learnt how scientists
make careful observations of their investigations
and then record them in a report. Making
accurate observations and recording them are
important skills in science.

These skills are also used in other fields. If you
have read mystery stories or watched them on
TV, you will know that many crimes are solved
because somebody has made careful observations
and written accurate reports.




Investigation 3
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' :© ) Dbserving and recording

Aim

Planning and Safety Check

Carefully read the instructions for @

each of the four parts.
Look at Parts A, B and C.
For each part say why you s
need to wear safety glasses.
:/ In your notebook draw up a table like
the one below.
Use as many senses as possible—sight,
touch, smell and hearing—but do not taste
. any of the chemicals.

Part Observations
A

B

' PART A

Materials

e |imewater
e drinking straw
e flask (eg 250mL)

Method

Pour about 50mL of limewater into the flask.
Blow through a drinking straw into the limewater.
.} Record what happens.

To practise the skills of observing and recording.

: PART B

Materials

e testtube

e small piece of zinc

e dilute hydrochloric acid (1 M)
in dropping bottle

Method

Place a small piece of zinc in the clean test tube.
Cover the zinc with dilute hydrochloric acid.

.} Record as many observations as

you can.

' PART C

Materials

e testtube

e gspatula

e sodium thiosulfate crystals (hypo)
e dilute hydrochloric acid (1 M)

Method

Use the spatula to add about a teaspoonful of
sodium thiosulfate to the test tube. One-third fill
the test tube with water and shake to dissolve
the crystals.

\7 What do you notice when you feel the

test tube?

Add about 10 drops of dilute hydrochloric acid to
the test tube.
/" What happens now?
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m 3 Place the ink pad and your fingerprint chart on

the edge of the bench. Roll your right thumb on
Materials the ink pad, then carefully roll it over the right
thumb spot on the chart as shown below.

e ink pad
e methylated spirits and paper towel (for 4 Repeat this procedure for all fingers, on both
cleaning up) hands.
* handlens 5 Use the methylated spirits and paper towel to
clean your fingers.
Method yourting

6 Use a hand lens to examine your fingerprints.

1 Examine your fingers using the hand lens. Can
Are any of them the same?

you see the fingerprint patterns?
\"/ Use the photographs below to try to
classify your prints as arches, loops or whorls.
(A composite print has several of these
patterns joined together.)

Thumb Index Middle Ring Little \‘/ Collect data from the whole class on
the numbers of arches, loops, whorls and

2 Prepare a fingerprint chart on white card or
paper, as shown. Each box needs to be at least
3cmx 3cm.

Right o . . .

h;gnd composite fingerprints. Which type is most
common”?

Left

hand

right hand
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Look closely at your fingers and you will see a
pattern of ridges on your skin. In Investigation 3
when you put ink on your fingers, these ridges
formed fingerprints when you placed your fingers
on paper.

Your fingers are normally covered by small
amounts of sweat and fats that have been given
off by the tiny glands found in your skin. When
you touch something, you leave behind traces of
sweat and fats that were on the ridges of your
fingers. These prints are usually invisible, but
when they are dusted with powder that sticks to
the sweat and fats, they can be seen clearly.

You may have found out in Investigation 3
that everyone’s fingerprints are different. Scientific
investigators use this knowledge to test for finger-
prints at crime scenes to hClp identify suspects. Go to www,OneStopScience,com,au and access

the webwatches. Follow the links to Fingerprints.
You could also search for fingerprints on the

internet.
= : 1
- OneStopScience
4  Why is it important to turn off the gas if a
burner flame goes out?
2 .
1 Draw a Bunsen burner 5 Copy and complete this table.

in your notebook. Label
the five major parts

shown in the diagram. _3 )
41 What colour is
1 the flame?
Is the flame
easy to see?
5t I Does the flame
Give two reasons why the blue flame is a make a noise?
hazard. Why is the yellow flame called a
safety flame? 6  You are heating a beaker of water when

you have to get some extra equipment.
What should you do with the Bunsen
burner? Explain.

3 Alistair's teacher asked him to write in point
form the steps in lighting a Bunsen burner

so that other students could follow it.
7 List the seven headings you use when

writing a report. Briefly describe what each
heading means.

Alistair wrote the first step:
1 Connect the burner hose to the gas tap.

Complete Alistair’s task.

P S S S S PP PP —————

o ————————————— el e e e e e e e e et
N
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___________________________________________________________________________________________________

8

10

11

12

Josh Mylne, like other scientists, writes

full reports of his investigations. He details
what he does in the investigations and lists
all the results. He posts his investigations
on the internet and often publishes them in
science journals. Suggest why scientists do
all of these things.

Look at the diagram below. Write down
how you would set up this apparatus, by
putting the sentences below in the correct
order.
A Put a gauze mat on the
tripod.
B Put the burner under
the gauze mat.
C Halffill the beaker with
water.
D Adjust the air hole so it
is open.
E Put the beaker on the
tripod and gauze.
F Put the tripod on the
heatproof mat.
G Light the burner.

(e]

=1

You want to add a few crystals of copper
sulfate to about 3 teaspoons of water, and
heat the water to dissolve the crystals.
Make a list of the equipment you think is
most suitable for this task. Beside each item
of equipment explain why you chose it.

Compare the skills used by a scientist doing
an investigation to those of a detective
trying to solve a crime.

Look at the drawing below of an insect for
10 seconds, then cover it up. Now try to
draw the shape as you remember it. Finally,
compare your drawing with the one here.

13 When making observations, you often
compare and contrast what you are
observing with something else.You do this
by looking for similarities and differences.
Here is an example:

Mars is similar to Earth in size and gravity.
It is different from Earth in that it is much
cooler.

For each pair of objects below write a
sentence using ‘similar to’ and a sentence
using ‘different from’. In each case explain
how the objects are similar or different.

14 The cartoons show two ways of smelling
a gas. Which one is safer? Why?



e - - = - - ==

15 How good are you at observing? Can you
spot the six differences between the two
cartoons below?

Chapter | — Working in a laboratory °
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16 People who witness a crime often have to
record their observations of a suspect they
saw at the crime scene. Study the photo
below for 15 seconds. Then shut the book
and try to record as much information as
possible to help police identify the suspect.

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

Challenge

4

1 A gas stove burner needs to give a clean flame so

that it doesn't make saucepans sooty. The flame must
also be easily controlled. The diagram here shows the
design of a typical burner.

In what ways is this gas stove burner similar to a
Bunsen burner? In what ways is it different?

Somebody gives you a clear, colourless liquid in a
bottle. What could it be? What observations could you
make to try to find out what it is?

Collect five similar items; for example, five leaves,

five insects, five shells or five pieces of laboratory
glassware. Label them 1-5. Choose one of the items
and write a detailed description of it, without naming it.

Pass your description to another student and ask them
to pick which one of the five items you described. If
they cannot tell which it is, you need to make your
description clearer or more complete.

outer view /.“sjittti-;y
—a ] j
- air/
cutaway view e J J
gas —-)I;-:\: —— )
air/r
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. Copy and complete these statements to make a summary of this aim
chapter.The missing words are on the right. apparatus
1 You must be able to correctly identify the equipment in a science Bunsen

_— conclusion
2 There is a standard way to draw scientific . disposal
3 You must obey the rules for the science laboratory. glasses
laboratory
4 You need to know how to use a burner correctly. ;
observations
5 Itis important to wear safety whenever there is a chance of safety
anything getting into your eyes.
6 You must take special care in the handling and of chemicals.
Accurate and recording are essential skills in science.

A good report of an investigation usually has the following headings:
title, , method, results, discussion and

Try doing the Chapter 1 crossword at

<

OneStopScience

1 Look at the cartoon below. Make a list of the laboratory rules that are being broken.
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2 Write the correct terms for the following. Make
sure your spelling is correct.
a aroom with special equipment for

conducting science experiments

b equipment put together for a science

experiment

a device used for heating in the laboratory

d a tool used for holding small objects,
especially when heating

@ an item used for stirring

f a piece of equipment which spreads the heat
evenly from a burner

g the purpose of an experiment

3 What should you do if:
@ you burn your finger on a hot tripod?
b you drop a test tube of hot acid on the floor?
€ you splash some liquid in your eye?
d your sleeve catches fire when you are
using a burner?

(]

4 Why are safety glasses such an important safety
item in the science laboratory? Give examples
of when it is important to use them.

5 Which of the following statements are true and
which are false? Rewrite the false ones to make
them correct.

a Test tubes hold less than flasks.

b A spatula is used for stirring.

€ Immediately treat burns with cold
running water.

d If you spill acid on yourself, wipe it off
with a cloth.

@ When lighting a burner, turn on the gas
before striking the match.

f You should always put a gauze mat under a
Bunsen burner.

g The hottest part of a Bunsen flame is near
the top of the barrel.

h To heat a test tube gently, you should use a
small blue flame.

6 Draw a labelled diagram of the apparatus you
would need to boil water in a beaker.

Wth zg
Go to

\ork; /)ZQ
Do, | Y

to access
interactive activities to help you revise this chapter.

71 Many homes have gas stoves for cooking.
The flame is produced by the Bunsen burner
method. Do you think the air hole will be open
or closed? Explain your answer.

8 Suggest a safe way of disposing of each of
the following chemicals.
a dilute hydrochloric acid
b mineral turpentine (used with oil-based
paints)
€ copper sulfate crystals

Questions 9 and 10 refer to the animals shown
below.

O £
9 Match each of the following observations with

the animal it best describes.
@ This animal has three sharp spines on its

back.
b This animal has a coiled shell.
€ This animal has a round body and eight legs.

10 List at least three features of animal D.

Do this test in pairs. Your partner will watch what
you do and note any errors you make. He or

she will discuss these with you when you have
finished. Then swap jobs and check your partner’s
skills. Here is the task.

Light a Bunsen burner. Then one-third fill a test
tube with water and boil it using the burner. Heat
the tube carefully so that the water does not splash
out of the tube.

Check your answers on page 266. '
OneStopScience‘

LAB REVIEW
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Science Inquiry Skills % ’

Observing and recording

Making accurate observations and recording them are
important skills in everyday life—not just for a scientist SIGHT
like Josh Mylne or a crime scene investigator. Whatever
job you have later in life, it will be an advantage if you
can make detailed observations and record them for other
people to read.

Imagine you are a Martian visiting Earth for the first i

time. You discover two strange objects: . .
e asugar cube (there is no sugar on Mars) o 00
e a burning candle (things don’t burn on Mars). @

Your job is to note as many observations as possible to
record in the spaceship’s log.

Use as many senses as you can—sight, hearing,
touch, smell and taste. It may be a good idea to take
measurements, and you may want to do something to
the object; for example put the sugar cube in water.

You should also observe the candle before, during and
after burning.

Work in a group of two or three, and record detailed
observations using complete sentences (not in note form).
A sentence must contain a verb and, of course, should
always begin with a capital letter and end with a full stop.

When you have finished, join with another group to
compare your observations. How many observations did
you make of the burning candle? A good observer should
be able to make about 50!

HEARING

i




Science Inquiry Skills
make inferences and predictions, based on observations
accurately read the scale on various measuring instruments
display data in bar graphs and line graphs
design an experiment to answer a question or solve a problem
write an experiment report based on second-hand data
work collaboratively or individually to identify a problem to investigate

Based on Australian Curriculum, Assessment and Reporting Authority (ACARA) materials
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Getting started

You and your group time travel thousands of
years back in time.

Each night you look up in the sky and notice

a white shining object that people call the
moon. You observe that it changes shape from
a round object to a thin crescent then back to a
round object.

Work in your group and write as many

inferences as you can to explain your

observations.

Is there any way to test your inferences?

On a particular night you notice that the

moon has a very thin crescent shape.

Predict the shape of the moon five days later.

How did you arrive at your answer?




Science skills

- The face’ on Mars taken by the Viking - The face’ on Mars taken by the Mars Global
spacecraftin 1976. The dots correspond Surveyor in 2001. If you half close your eyes,
to areas where data was lost during you can still make out the ‘eyes’ and ‘nose’ of
transmission from Viking to Earth. the ‘face’.

2.l Inferring and predicting

Look at Figs 1 and 2. Both are photos of the same Inferring is an important skill in science, and
structure on the surface of the planet Mars. Fig 1 you need to remember three things about it.
was taken in the late afternoon in 1976. Fig 2
was taken 25 years later in 2001.
In 1976 scientists wondered about the origin
of the ‘face’. People thought the massive structure
may have been carved by an ancient Martian
civilisation. Or maybe it was formed from erosion
of the Martian surface, and the face is an optical
illusion.
These two statements are called inferences. An
inference is an explanation of an observation. In
1976 these two inferences were made to explain
the face, and one of them was almost certainly
wrong. The photo taken in 2001 showed that
the ‘face” was simply a geological structure,
more than likely formed by erosion. So the first
inference was wrong.
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| Hey! You've got rats. |

wanting to come in. [

Fig3  Differentinferences from the same
observation.

Fig4 Inferences can be wrong.

Making predictions

Another important skill is predicting.
This is making a forecast of what a future
observation may be.

Predictions are based on your
observations and what you already know.
For example, if you have been observing
the moon for a number of nights you can
confidently predict whether there will be a
full moon tonight. Otherwise you can only
guess, and you will probably be wrong.

Nar.. its just the cat 4

Skillbuilder

Averaging

In Investigation 4 you are going to repeat
measurements and average your results. Repeating
measurements improves the accuracy of observations.
For example, suppose you timed how long a model
car took to go down a ramp four times: 5 seconds, 7
seconds, 8 seconds and 8 seconds. You only want one
measurement, so you calculate the average.
To do this you:
¢ add all the measurements together, and
e divide this total by the number of measurements.
The average is more accurate than if you had taken
the first measurement of 5 seconds.

28 _

5+7+8+8=28 average:T 7 J

-~

The average is more accurate than if you had taken

the first measurement of 5 seconds.

Science as a
Human Endeavour

Predicting Pluto

In the last eight years of his life, astronomer
Percival Lowell (born in Boston 1855, died 1916) |
searched the night skies for Planet X

—the planet he predicted had to be beyond
Neptune.

Lowell based his predictions on calculations
he had made observing the positions of the two
planets Neptune and Uranus. He reasoned that
the movement of the two planets was influenced
by another planet. He called the predicted
planet, Planet X, since the planet couldn’t be
named until it was discovered.

Pluto was finally discovered by Clyde
Tombaugh at the Lowell Observatory in
Arizona on 18 February 1930. Although the
International Astronomical Union declared
Pluto a proper planet in 1999, it was reclassified
by the Union in 2006 as a dwarf planet.
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Investigation 4 : ;© ) Pendulum predictions

Aim
Does the distance of swing or the length affect

the time it takes for a pendulum to make
one swing?

Materials

e stand and clamp

e string (about 50cm)

* l|arge paperclip

e blank piece of A4 paper and adhesive tape
® a weight, for example a steel nut

e ruler

e stop watch

. Planning and Safety Check

You need to work in a small group of at least
three people. Read through the method

and design data tables for your results. The
* data tables are a very important part of this
B investigation. Don't start without them!

IR Chanoing the
distance of swing

Method

1 Set up the apparatus as shown
in the diagram.

M

2 Draw aline on the
paper directly under

This is the zero mark.
30cm

. string
Fig 5 Apparatus for
measuring

swing

paperclip

weight

Tape paper
to the table.

il

mark on
paper

the hanging pendulum. % g I

3 Measure 5cm from the zero mark and draw a
line parallel with it. Hold the ruler vertically on
this line.

4 Now pull the weight out so that it touches the
ruler. Let the weight go and pull the ruler away.
Have another person time how long it takes to
swing out and back to the 5¢cm mark.

-, . .
/_J Record the time in your data table.

5 Repeat this another three times.
(You can get more accurate results if you
time four swings and divide by four to get the
average time.)

6 Repeat Steps 3 to 5, but this time pull the
weight out 10cm.
/" Record your results and find the average
time for a swing.
\7 Predict what will happen if you pull the
weight out 15¢cm or 20cm. Test your prediction.

Discussion

1 Suggest why you used the zero mark on
the paper.

2 Why did you hold the ruler vertically just
before you let the weight go?

3 Wirite a report of your investigation using the
headings on page 14.

4 Why did you time two distances of swing
before you made your prediction? Why not
make a prediction after the first distance?

. PART B Changing the
length

In this part of the investigation, keep the
swing distance the same (say 5¢cm), and the
mass the same but change the length of the
pendulum.

Shorten the string length by 5cm. Time the
swings. Then shorten the length by another
5cm. Time the swings.

Use the results to predict what will happen if
you shorten the string by another 5¢cm.
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Look at the cartoon below.

a What was the boy’s inference?

b On what observations did he base his
inference?

¢ Was his inference correct?

What a nice

2 Explain, in your own words, the difference

between an inference and a prediction.

Which of the following are observations,

and which are inferences?

a The leaves of this plant are drooping.
| think this is a sugar solution.

The inside of the Earth is molten rock.
The temperature of the water is 23°C.
This toy must have a magnet in it.

[1- 20— I —

When Sven saw the burning candle below

he made the inference that the
candle must be in a draught. x/,./—-»»f_'_'_j;y:f—l
What observations made 1

him think this? Use his
inference to predict what
might happen to the
candle if it keeps
burning.

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

C a2 In2seconds
he will drop
the bar. S
b  Thebarisvery =
heavy. .
¢ Heis lifting the <
bar. h
D a Theminute handis . _ . e
on the 6 and the ' the big hand |
hour hand is Qﬁ?{t ° |

---------------------------------------------------------------------------------------------------

5 For each situation below (A-D) decide
which statement is an observation, which
is an inference, and which is a prediction.

a The left-hand end of the see-saw is
lower than the right-hand end.

b If the person on the left-hand end
gets off, the right-hand end will fall.

¢ One person is heavier than the other.

between 8 and 9.
b The time is 8.30 am.
¢ In half an hour the
bell will ring.

L PP ——
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Look at the cartoon below.

a What observations has the
adult made?

b  What two inferences could

he make?

Cameron has a mouse in a cage. The mouse

has an exercise wheel with a counter on it.

Cameron wrote down the counter reading

each morning, but his little brother tore the

corner off his data table.

a Predict what the counter reading for
day 4 should be (approximately).

b  Explain how you made your prediction.

Counter

Day 1 49
Day 2 100
Day 3 152

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

T

Challenge

S

1 Make up your own example (as in Check 5) to

show the differences between an observation,
an inference and a prediction.

The weather bureau’s predictions about the
week's weather are sometimes wrong.
Suggest a reason for this.

Five students were discussing the results of an
experiment.

Duncan: The plants in pot C are the tallest.
Rohan: Yes, that's because we watered them
more often than the others.

Cameron: No, pot C must have better sall,
because we gave all the pots the same amount
of water.

Jess: That could be, but | noticed that pot C was

Would you class this information as scientific
predictions? Give a reason for your answer.

5 Look at these tracks made on the beach.

v

9

§

4

'

&

closer to the window than the others. a Infer what made the tracks.

Gavin: Anyway, the plants in pot D certainly b Infer the order in which the tracks were made.
didn’t grow very well. Discuss your answers with others.

Draw up a table and put the students’ 6 a What observations can you make about the
observations in one column and their inferences surface of Mars on page 27?

in anotner. - - b Is the sun shining from the left or the right of
You look up your star sign information in the the photo taken in 19767 Is your answer an
newspaper. Today it says that you will meet a observation or an inference?
darkchalrediperson, you willtravelloverseas ¢ Which inference about the face do you think

soon, and your lucky numbers are 2, 5, 11
and 21.

is correct? Why?
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Without the units the number has no meaning.

A friend may tell you she has 1000 in the bank.
You may think she is rich, until she says it is
1000 cents. So the unit is just as important as the
number.

Some measuring instruments have digital
readouts, for example digital watches. Other
instruments have a scale with numbers on it and a
pointer that moves along the scale. To read these
instruments, you must estimate the position of the
pointer against the scale.

Reading a scale is simple if you follow the five
steps in the Skillbuilder below.

c.2 Measuring

There are two different types of observations. One
is a description in words, such as the colour of a
car or the smell of a flower. These observations
are said to be qualitative (KWAL-i-tate-ive). The
other type of observation involves measurements;
for example a 70 kg person or the 9cm tail of a
mouse. These measurements involve numbers, and
are said to be quantitative (KWONT-i-tate-ive).
Note that measurements are made up of a
number and a unit. For example, your height
might be 167 cm. Centimetres are the units used.

Notes on the table

Y | Instrument . Comoh[HNIS 1 Use these prefixes for smaller and
length metre rule or tape millimetre mm (/1000 M) larger units:
measure centimetre cm (1/100 m) micro (y) = one-millionth
metre m miIIil(m) = one-thousandth
kilometre km (1000 m) Eﬁgh(é)c )= 222;212?]?%
- =
mass balance airligragwf {(19000 ko) mega (M) = amillion
2 The volume of solids is more
- tonne ¢ (1000 kg) commonly measured in cubic
time watch or clock second s centimetres (cm3) or cubic metres
minute min (m3). One cubic centimetre is the
hour h \1/o|ume of a cube with a side of
cm.
temperatgre. thermometer . dgg@e Celsius °C 3 When measuring the volumes of
volume (liquids measuring cylinder millilitre mL (1/1000 L liquids and gases, 1cm3 is
q gcy
litre L the same as 1 mL.

Skillbuilder :

R
N ;

How to read a scale . Example

1 Decide which way the scale reads— - The scale reads from top to bottom.
up, down, or left to right. ~ 100 In between 0 and 50 there are five

2 Work out what each division on the - divisions, so each division
scale stands for. ’-_ 150 represents 10 units.

3 Find the closest numbered division C The closest numbered division
before the pointer. 2 200 before the pointer is 100.

4 Count the number of divisions from :_ There are four extra divisions after
the numbered division to the pointer. C the 100. Each is 10 units, which
Calculate their value. ~ 250 gives an extra 40 units.

5 Add the value of these divisions to the C So the scale reading is:

C 100 + 40 = 140.

numbered division.




Estimating readings

When reading a scale, you will often find that the
pointer lies between two lines. In these cases you
have to estimate the reading. For example, on the
scale below, the pointer is between the 0.6 and the
0.7 position, but not exactly in the middle. The
reading is more than 0.65 but less than 0.7. It can
be estimated as 0.67.

1 1 1 1 1 ‘I 1
0 0.20 0.40 0.60 0.80

i)
1.00

Accuracy

Remember—you cannot get a better measurement
than your measuring instrument allows. All
measuring instruments are accurate only within
limits. Scales used on any instrument are marked
off into smaller and smaller divisions. The
smallest division determines the accuracy of the
instrument. For example, in Fig 6 (bottom left),
thermometer B can measure the temperature of
the water more accurately than thermometer A.

thermometer A

thermometer B

— warm water

Fig 6 Why does thermometer B give a more
accurate reading than thermometer A?

Chapter 2 — Science skills @

Errors

It is difficult to say any measurement is exact.
Mistakes or errors occur in all measurements.
These errors can occur when you make a mistake
reading a scale or writing down the measurement.
They can occur because an instrument is not
working properly or because you are not using

it correctly.

Parallax error

Parallax error occurs when you don’t look
straight over the pointer. You need to look square
on to a measuring instrument.
The student on the left

will be able to make an
accurate measurement, but
the student on the right
will have parallax error
in his measurement.

P

Reading the bottom of the meniscus

To avoid errors when measuring liquids in
measuring cylinders, always read the bottom of
the meniscus (men-IS-cus)—the curved water
surface. Keep your eye level with the meniscus.
The volume of water below is 87 mL, not 88 mL.
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Investigation 5

:© ) Measuring things

Aim
To measure length, temperature, mass, time and
volume accurately.

@ Planning and Safety Check

a Make a list of the equipment you will need for

& each part of the investigation. You will need
p 0 design data tables for some parts.

VI | cngth

Is the length of the index finger and the hand
span of your right hand the same as for your left
hand?

"} Your data table should look something like
this:

Length of
index finger

Hand span

left hand

right hand

-\7 Suggest how you could improve the accuracy
of your results.

\7 Are your hands smaller, larger or about the
same size as the average for the hands of other
people in the class? (Give measurements.)

index
-~ finger

ha
Ng
Sp, 3
n

AN Temperature

What is the temperature of the following?

a the air—in the shade and in the sun

b water—from cold and hot water taps

¢ crushedice

d crushed ice with several spoonfuls of
salt mixed with it

e inside a refrigerator and inside a freezer

f under your armpit

\7 Record your measurements in a data table
like the one below.

Location/object | Temperature (°C)

Compare your measurements with those made
by other students. If there are any differences,
it may be wise to check for errors.

Hints for using thermometers

1 Thermometers break easily, so take special
care with them. Do not roll them or drop them.
When putting them away, place them in their
special tube or box. If you break a
thermometer, report it to your teacher
immediately.

2 The bulb of the thermometer has to be put
into the substance so you can measure the
temperature, and left there while you read
the scale.

3 Don't hold the bulb of the thermometer, as
this changes the temperature.

4 You can't get a reading straight away. Wait
until the red alcohol (or silver mercury) column
stops moving.

5 Before reading the thermometer, turn it so that
the scale is facing you.
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m Uolume of 3 EPYYTRR Uolume of 3
. liquid solid

How can you accurately measure the volume How can you measure the volume of an

of a liquid? irregular solid?

1 Use a beaker with graduations on the side to For regular solids like cubes and spheres, you
measure exactly 50mL of water. can find the volume by measuring the sides or

diameter and using a maths formula.

For irregular solids like a stone, you can find the
. volume by a method called displacement. The
/_f Record the volume as accurately as you diagrams below show you how to do it.

can. (Remember to read the volume at the 3

bottom of the meniscus.)

2 Pour the water into a 100mL measuring
cylinder.

-, .
/_J Are the two readings the same? f
Suggest reasons for any differences. =, stone
v, = =
/_f Why are your volume measurements more measuring
H H H mL . mL
accurate when using a measuring cylinder than o_ |+~ cylinder 1004
when using a graduated beaker? 50— %0 4-
0 — new water | a0
RET 70— level 704
M 80— iz S, S <5l
50— { 00~
Rl - = e R S e 404
o— [N\ change in | g,
| 20— | original water level |3
i 9= 1 water level il
‘ll g £~ = .4;
he
v
-

Fig 7  The volume of an object can be measured
by submerging it in water in a measuring
cylinder. What is the volume of this stone?

g
=

!

Find a stone or other irregular solid and
determine its volume.

Try to solve these two problems.

¢ How would you find the volume of a large
stone that will not fit into a measuring
cylinder?

e How would you find the volume of an
irregular piece of styrofoam? (Styrofoam
floats in water!)
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How can you measure the mass of an object?
The most common balance in school laboratories
is the electronic balance with a digital readout.

Method

1 Make sure the balance is on a firm surface
such as a lab bench. The reading can be
affected if the balance is unsteady.

2 Turn on the balance and wait until the screen
reads 0.00g. If it doesn't, press the zero key.

3 Place an object on the pan and wait until the
reading is steady.
J Record the mass of the object.

4 Weigh two or three other objects.
- .
/_J Record the mass each time.

5 Ask another group to weigh your objects.
J Compare their results to yours. Suggest
reasons for any differences.

When measuring the masses of laboratory
chemicals, you should always use a container.
Knowing this, solve the following measurement
problems.

1 How can you use a beaker and measuring
cylinder to find the mass of 100 mL of water?

2 How can you measure out exactly 1gram of
a white powder?
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thermometer in
rubber stopper

Time and
temperature

How hot does water get when you boil it?

Collect the equipment you need to set up the

apparatus shown. Add 100 mL of water to the

beaker.

Light the burner. Heat the water and measure

the temperature every minute. water ——|
Record your results in the data table you :
designed in the Planning and Safety Check.
What pattern can you see in the results?
Keep your results. You will use them on
page 41.

-

L T

I/
\

- - " - - - - - - - -

3 What unit does each of these symbols
represent?

1 Copy and complete the following sentences. ; mm
a Every quantity has a of e s
measurement.
. . . d mL
b Aninstrument for measuring mass is e cms3
calleda _—
¢ The curved surface of a liquid is called a
. 4 Which of the following observations are
d For measuring volumes, a measuring quantitative?
cylinder is more than a beaker. a The gas has an odour like rotten eggs.

This soft-drink can contains 375 mL.

\
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e Measurements made during an !
The ant has six legs. {
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investigation should be recorded in a
table.

An observation that does not contain a
measurement is said to be

g Parallax occurs when you don't
look straight over the
pointer on a measuring
instrument.

Write five correct sentences
by joining words from each of
the columns in the table; for
example ‘Large lengths are
measured in kilometres'.

This rock contains large pink crystals.
The magnet did not attract the nails.
The maximum temperature was 28°C.
The water froze overnight.

The fizzing lasted about 2 minutes.

=2 — I < - B — N T —

N

= - - - - -
—n

B T T
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5 Reading a scale is a skill that requires a lot
of practice. Read the scales on this page. b
Some you will need to estimate. L

e
¢ d 60
S A5 20 ‘
A % oLttty
© % 0 2 4 6 8 45 1
30
L 9 | — = i | —
- — =" —
* = = =g
- = =N =
S — 520 Eeo
= 4 =

L -

6 A measuring cylinder is filled with water to
the level shown in a. A small object is then
dropped into the cylinder and the water
level rises to that in b. What is the volume
of the object?

LY
a1
o

I

-2
a1
o

l

mL = mL =
40—= 40—
30—= 30—
20= 20—

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

The two thermometers below were used
to measure the temperature of tap water.
Which one would give a more accurate

measurement? Why?
. —20
—30 '
—20 I
+10
10 -

thermometer A thermometer B



- - . = = = = .- -

8 Scott found the mass of a beaker of water.

He then tipped out the water and found the
mass of the empty dry beaker. Here are his
results:

full beaker 418grams

empty beaker  112grams

a What was the mass of water in the
beaker?

b What would the total mass be if Scott
added 100 mL of water to the empty
beaker?

(Hint: 1TmL of water has a mass of 1gram.)

Convert the following from one unit to
another.

250cm tom

3.5LtomL

3600m to km

0.245m tocm

3htos

430s to min

3.5kWtoW

0.00002s to us

=2 — I I < - Y — S B — i -\ ]
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10 Look at the cartoons below. For each case
say what error in measurement the student

has made.

..and your tail
measures

The air temperature
is 35°C

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

T E——

Challenge

&

1 Ann and Peter are driving to the coast. Ann is

driving and Peter (in the passenger’s seat) says
she should slow down because she is doing
more than 100km/h. Ann says he has made a
parallax error and she is doing less than
100km/h. What does she mean?

At the delicatessen section of the supermarket,
you order a large container of olives. The sales
assistant places the plastic container on the
electronic balance, presses the TARE button,
fills the container full of olives and weighs the
container again.

What does the TARE button do? Were you
charged for the mass of the container?

3 A swimming pool is 50metres long, 20 metres
wide, 1metre deep at the shallow end and
2metres deep at the deep end. What volume
of water is needed to fill it? (Give your answer
in megalitres, where
1ML = 1000m3.)

4 Suggest why some
medicine glasses
are this shape.
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.3 Displaying data

So far in this book you have learned and practised

a number of science skills. For example, you have:

* made and recorded observations

e devised data tables for these observations

e made inferences from observations

e made predictions from observations,
inferences and your experience.

As well as these skills, you have learned how to
use laboratory equipment, read a scale, calculate
averages and reduce errors.

Another important part of an investigation is
displaying your data in a graph, diagram or chart.

Bar graphs

Suppose you were investigating how long it took
different model cars to travel down a wooden
ramp. Here are the results.

Model car |

Average time to

travel down ramp
(seconds)

Line graphs

Sometimes you want to show the relationship
between two things being measured. In this case
you would draw a line graph of the data. For
example, a group of students was investigating
the growth of seedlings. They measured the height
of the seedlings every day. Here are their results:

Time (days) | Height (cm)
0 0
1 1.0
2 2.1
3 2.8
4 3.8
5 5.0
6 5.8

A very useful way of comparing data is
to draw a bar graph (sometimes called a bar
chart). In this case, the time (in seconds) is on
the vertical or y-axis of the graph, and the type
of car on the horizontal or x-axis.

Time taken for cars to travel down ramp
10

Time taken (seconds

CarA CarB CarC CarD CarE

Before you start on your line graph, you have
to decide which measurement goes on which axis.
On a line graph the independent measurement
goes on the horizontal axis. The dependent
measurement goes on the vertical axis.

In this case, time is the independent
measurement, and height is the dependent
measurement. Height is dependent because the
height the seedlings grow depends on how many
days (time) you let them grow.

Seedling growth over six days

6.0 3
5.5
5.0
45
4.0 %
£as o
% 3.0 =
825
2.0 ;
15
1.0
0.5
0

1 2 3 4 5 6
Time (days)

ﬂ\th b/ )
.0 \loseea step-by-step drawing of a curved

.SQ’
| % line graph, open the

animation at

.

OneStopScience
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5 Ella recorded data from an investigation.
She is unsure whether to draw a bar graph
or a line graph. Explain what she should do

1 The results of an investigation are shown in

the data table below. and why. E
a Write down an aim for the investigation. 6 Look at your results in Investigation 5 :
b Say how you think the investigation was Part F E
done. a Use your results to plot a line graph. s
¢ Write a conclusion for the investigation. b Which measurement is the independent E
: : T variable? Give a reason for your answer. |
Solid Melting point (°C) i
ice 0 e
mothballs 80
wax 44 [ ]
hypo (photographic fixer) 48 cha“enge i ,m

1 Fifty students were asked ‘What is your favourite
flavour of potato crisps?’ The results were
recorded in a pie chart (sector graph) as shown.
Convert the pie chart to a bar graph, showing
how many students preferred each flavour.
Suggest a reason for collecting this data.

2 Philippa wrote this in her science notebook:

We measured the mass of five mice. The first mouse
Wad a mass of 155 grams. The second mouse measured
163 grams. The third mouse measured 180 grams; the
fourth 135 grams; and the fifth mouse Wad a mass of

149 grams.
salt & vinegar
4%

Record this information in a data table.

3 Adam and Duncan observed the motorbikes
passing the school in one hour.They saw 10
Suzukis, 8 Hondas, 5 Yamahas, 9 Kawasakis,
and 2 which they could not identify. Draw a
bar graph of this data.

smoky bacon
20%

cheese & onion

4  Use the data table to answer the questions 50%

below. plain salted
Student |Heightin| Student |Heightin Ads

cm cm

Belinda 133 Emma 136

Robert 138 Paul 142

Duncan 157 Vanessa 156 2 The table below shows the times of high tide

. at a beach.
Darryl 160 Chadi 135
Katherine 140  |Annalissa 139 Mon | Tue Wed | Thurs | Fri

am | 6:10 7:00 7:50 8:40
pm | 6:35 | 7:25 8:15 9:05

a What is the average height of the girls?
What is the average height of the boys?
¢ What is the average height of the 10

students? o :
. a What pattern can you see linking the times
d Which students are taller than the of theFf)wigh tides? you nKing |
? . . S
average: . b Predict the times of the two high tides on
e What conclusion can you make from Friday.

these results?
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2.9 Experimenting

You have probably heard about scientists
doing experiments and then wondered what
the difference is between an experiment and an
investigation. These terms mean much the same
thing—scientists carefully planning laboratory
or field work to show that something is true
(or not true).

An experiment always involves designing
tests to answer a question or solve a problem.
For example, when you cut an apple and leave
it for a few hours, the white flesh inside starts
to turn brown. You have an idea that it is
something in the air that causes the apple to go
brown. So your aim might be: To test the idea
that if a cut apple is covered to exclude air, it
won’t go brown. You then design tests to show
whether this is true or untrue.

Designing experiments
The important thing to remember about
designing experiments is that your aim must
be a statement or question that is able to be
tested. Such a statement is called a hypothesis
(high-POTH-e-sis). For example, the hypothesis
Plants grow better in white light than blue light,
is easy to design tests for.

When planning experiments and writing
reports, you use the same headings as you did
for the report on page 14. In other words,

you start with a title. Then write an aim, list the
materials you will need and write the method so
that others can follow it. You then collect results,
write your discussion and finally your conclusion.

On the next page you can practise designing an
experiment.

hctiviy ()

For each of the parts below, write an aim

or hypothesis that could be tested in an

experiment.

a Dark-coloured clothes seem hotter in
summer than light-coloured clothes.

b My bike’s brakes seem to work better on
a dry day than on a rainy day.

¢ When you pull the plug out of the bath,
water rushes down the hole and creates
a whirlpool motion. Does it always go

in the same direction (ie clockwise or
anti-clockwise)?

d My hot chocolate drink in a glass cup
seemed to stay hotter longer than my
friend’s hot chocolate drink in a paper
take-away cup.

e Seeds seem to germinate faster on
hot days in summer than cooler days
during winter.

f |find that raw sugar takes longer to
dissolve in a cup of tea than white
sugar does.
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Experiment

The problem to be solved 2 Testing the senses

Drop the ruler and measure how far it fell
before it was caught. Do this four times and
average the results.

Repeat the test but this time blindfold the
person or ask them to shut their eyes. They
have to catch the ruler after they hear you
shout NOW or GO. To test a person’s touch
reaction, tap them on their arm or hand.

How quickly can you catch a falling ruler?
When a person holds a ruler between their
thumb and fingers and lets it go, they see it fall
and then their fingers quickly try to catch it. You
can measure a person’s reaction time by finding
out how far the ruler fell before it was caught.

3 Designing tests
Work in a small group and design the tests
to solve the problem. Make sure you write a
draft of your method, list the materials needed
and discuss safety issues. Show this to your
teacher before you start.

4 Plotting graphs
Include bar graphs of the results in the Results
section of your report.

5 Writing your report
Write a full report of the experiment. Include
diagrams where appropriate. You could also
take a digital photo of the test to include in
your report.

The problem in this experiment is to find out
which of your senses—sight, hearing or touch—
reacts fastest to catch a falling ruler.

You could write your report using
Microsoft Word. You can also draw

Designing your experiment data tables and plot graphs using this
1 Setting up the test computer software.
Have one person hold a metre ruler (a 50cm
one can be used) between another person’s
thumb and fingers. Make sure the 0cm mark is
level with the top of their thumb and fingers.
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Copy and complete these statements to make a summary of this

. . . conclusion
chapter.The missing words are on the right.
data table
1 Aninference is an of an observation.The inference may or  cyperiment
may not be correct. s
2 Itis important not to confuse observations and . inferences
3 is making a forecast of what a future observation will be, predicting
based on past observations. quantitative
4 Measurements are observations, and are made up of a title
number and a . unit
. . >
5 The results of an experiment can be recorded in a ,and
displayed in graphs.
6 An is an investigation that involves designing tests to answer a question or

solve a problem.

71 A good report of an experiment has the following headings:
results, discussion and

, aim, method,

Try doing the Chapter 2 crossword at

1 Maria walked into her
bedroom. This is what she saw.

Which of the following are

observations, and which are

inferences?

a My new coat has been
ripped.

b The vase has been broken.

€ That awful dog has done
this.

d There are marks on my
bedspread!

2 For each statement below, decide
whether it is an aim, a conclusion, an
observation or a prediction.

a Which magnet is stronger? € Magnet A picked up 10 paperclips, and
b Magnet B will pick up more iron filings than magnet B picked up 15.
magnet A because it is bigger. d Magnet B is stronger than magnet A.
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3 The temperature
was measured at
9 am and at 3 pm,
as shown.
a What was the
temperature at 9 am?
b What was the

?
USRI 3 pm: . distance of hole from
€ What was the difference in temperature top of can 2 cm

between 9 am and 3 pm? 1,/\
hole 4cm
Dl @& stream
Y
of water
c

a Predict how high the ball will bounce if she
drops it from 75 cm onto the same surface.

b Predict the bounce height for a drop height
of 200cm.

i1

i

y

3 pm

Brent did an experiment and made these
sketches to show his results.

o
S D 3
o R S

D

d What was the average of the two
temperatures?
@i 7cm

4 Six students each measured how long it took a
tablet to dissolve in water. They used water at
different temperatures. The table below shows

their results.
a Sort out the data, and see if you can Y
recognise a pattern in it. Write a

generalisation (see page 14) for the I.'CS.ultS. oI, preE—
b Draw a graph of their results. Why is it shoots out 13 cm
better to draw a line graph for these results?

3cm

a Write a report of Brent’s experiment. Make

Student | TEmperature Dissolving sure you include the title, aim, materials,
of water (°C) | time (seconds) method, results (including a data table),
Cory 30 22 discussion and conclusion.
Katherine 25 24 b Would it be better to draw a bar graph or a
Darryl 35 20 line graph of the results? Explain the reasons
Duncan 40 18 for your choice.
Emma 0 > € Predict what would happen to the stream of
‘ water if the hole was 12 cm from the top of
Belinda 45 16 the can.
5 Heidi has dropped a ball from two different

heights, and measured how high it bounced Do this in pairs, checking your results. Discuss

each time. She recorded her results in a bar reasons for any differences in the measurements,

graph. and repeat them if necessary.

1 Measure the temperature inside and outside the

;g laboratory. What is the difference?
50 2 Work out an accurate way of measuring the
401 volume of a drop of water from a dropper.
30- Then do it.
20

107

0

50 100

Check your answers on page 267.
Drop height (cm)
Go to to access : ‘
interactive activities to help you revise this chapter. OneStopScnence

LAB REVIEW

Bounce height (cm)

N%\ga\\th le,

S

S
= <)
[=] (<)
Z N
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Science Inquiry Skills %_ )

Writing an experimental report

Imagine you are a research assistant working

for an agricultural scientist. She is going to an
overseas conference and has left you with the

page below from her notebook.

Your task is to write up an experimental
report using the usual headings—title, aim,
materials, method, results, discussion and
conclusion (see page 14).

ladybirds
species 1

ladybirds
species 2

aphids

PlantB PlantC

Plant A

Species 1 Species 2
Number of aphids
Day1 Day 2 Day 3 Day 4
Plant A 20 14 12 9
Plant B 20 12 8 5
Plant C 20 20 15 17




As you worked through the first few chapters

of this book you may have found something of
special interest to you that you would like to work
on by yourself or in a small group. You might like
to extend one of the investigations you have done.
For example, you could try to make a good wood
glue using milk glue. You could collect and classify
fingerprints. Or you could carry out an experiment
to solve one of the problems in the Activity on
page 42.

If you do a student research project like this you
will not simply be following instructions in a book.
A project involves you deciding what needs to be
done, then doing it, and reporting your results to
others.

Doing a pro]ct

Choosing a project

There are many different types of science projects
that you can do, such as:

e laboratory experiments

e designing and building things

e field work

surveys and library research. Derrick Roberts, a Year 10 student at Newington

The diagram below shows how one student College in Sydney, won a BHP Billiton Science Award
chose her project by starting with the topics in for investigating whether the diet supplements we buy
ScienceWorld 7. really work.

1 List the chapters 2 Pick the topics that 3 Write down some ideas
done so far. interest you most. and pick the best one.

Making a good
wood glue

Classifying
fingerprints

Carry out an experiment
to solve a problem
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1

Look through this textbook and

note down the topics that interest
you the most and that you would
like to know more about. Mark the
ones you think would be suitable for
a student research project.

Write down some ideas for
projects. There are suggestions

in some of the Challenges and
Try this activities, and many of the
investigations and experiments
can be extended into projects.

Read through the following list of
projects that other students have
done. You may find something that
interests you. Check the websites
on page 50 for further ideas to get
you started.

Prevention of erosion along the banks of
the Murray River

Construction of a better cleaning device
for a fish tank

Construction of a website to communicate
how human activities affect the Great
Barrier Reef

Does driving a car at 80 km/h rather than
at100 km/h reduce fuel consumption?

Imagine you are an endangered animal.
Develop an advertising campaign to try to
improve your situation.

Designing a better mousetrap

Create a device to alert you when it is
raining so that you can get the washing off
the line.

Does the phase of the moon affect the
growth of plants?

Make bricks out of various materials and
test their strength.

Finding underground water using a forked
stick—does it work?

Consider each of your ideas in
turn. You will probably ask yourself
questions like these:

e Am | really interested in this
topic? Will anyone else be
interested?

e (Can | get the equipment and
materials | need?

e (Can | getextrainformation on the
topic?

e Can | complete the project in the
time available?

Talk with teachers and other people
about your ideas. Finally, pick the
project you think would be best for
you.

Read through the hints on the
next page, then discuss with your
teacher when you will do your
project.




Doing a project @

Hints on doing your project
1 Write up a brief outline of what you plan to do. Show this to
your teacher, who will give you helpful suggestions and then
give you approval to go ahead. Do not attempt the project Hints on preparin
without your teacher’s approval. a report 9
Plan what equipment and materials you will need for your 1 Select th .
project. Check what is available at school, what you can for your fe;noor?;t %prper;;)r:atle o
get from home and what you can borrow. You don’t always written summary for the ?ee, E
need proper laboratory equipment. For example, you could or other people, a displa facﬂ?r
use glass jars instead of beakers, or measuring jugs instead library or science contes¥ S(; he
of measuring cylinders. or a talk using a POWerPoiJntngmg,
You will be doing most of the project at home so make sure presentation. You might like to
your parents know all about the project. Plan your time Include photos taken with a digital
carefully, by dividing the project into stages. An example of camera in the presentation.
a plan for a 7-8-week project is shown below. 2 Be honest in your reporting. In
your discussion in e
1 week errors and results ;louudﬁa(::l:guﬁles,

Selecting a topic
explain.

Finalising topic and preparing plans ek
el L s 3 Make sqre that your report has a
Evaluating results and preparing report 1-2 weeks ;(F)(TJ'ZESIOR ';emembeﬂ mporta
. may be the most i
orosenting 10t 1 day thing for you, but most pgggl(;rtvsirl]lt
want .to know how successful you
were in achieving your aim.

4 Ask yourl teacher about entering
your project in a science contest
(See the websites on the next '
page.)

4 Keep a project log book. This will be very useful when you
prepare your report. It could include notes you have taken
from books, photographs or drawings of your experiments,
tables of data, drawings or plans of a model at various
stages of construction etc.

5 |f you are going to do experiments, you should follow these
steps:

« Write down the aim of the experiment. This may bea
question you are testing; for example, What conditions
are needed for iron to rust?

Make sure any tests you do are fair. In a fair test you
need to change something, measure something and
keep everything else the same.
Do the experiment, and collect and record data. A
computer spreadsheet is useful here.
Duplicate your tests for more accurate results. For
example, if you are germinating seeds, set up three or
four pots for each test, not just one.
Remember, there are no incorrect answers when doing an
experiment—only unexpected ones.
6 You will need to prepare a bibliography as part of your
report, so keep careful notes of any books, magazines and

websites you use.
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WEBwatch O 3 N

science® |
Go to www.OneStopScience.com.au and follow the links to the i b s

websites below.

Double Helix Club BHP Billiton Science RAwards

This site has a list of cool experiments you CREST
can do yourself. If you join the club, you will
receive a magazine six times a year and you
can go to regular club events in your local area.
You can even work with some of Australia’s
leading scientists doing real research. For Science Talent Search
example, in 2007 club members participated
in Millipede Madness, in which they mapped
the distribution of Portugese millipedes across Young Scientist Awards
Australia. These black bugs have invaded Science Teachers Association of NSW
homes in all states except Queensland.

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

Science Teachers Association of Victoria

Science Contest
Science Teachers Association of Queensland

Oliphant Science Awards

South Australian Science Teachers Association

Science Project

The site has a list of ideas for science projects,
classified by year level and subject.

Student Projects
This site has project reports done by students.
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In this chapter you will ... )

Science Understanding

investigate the effects of applying different forces to familiar objects

investigate common situations where forces are balanced (e.g. stationary objects) and
unbalanced (e.g. falling objects)

explore how gravity affects objects on the surface of the Earth
consider how gravity keeps planets and moons in orbit

Science as 3 Human Endeavour
understand the importance of the work of Isaac Newton

Science Inquiry Skills

design and carry out controlled experiments to answer questions about friction and gravity

draw a line of best fit to show a pattern in the results

. Based on Australian Curriculum, Assessment and
of an experiment

Reporting Authority (ACARA) materials
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Work in a small group to solve one or more of

the following problems.

@® Suppose a large asteroid has been detected
on a collision course with Earth. What could
be done to prevent the collision?

@® You want to find out which type of adhesive
tape is best for sticking things to the bench.
Design an experiment to find out.

@® You want to design and build a billycart that
will beat all others in a 100-metre downhill
race. Discuss the features you would include
in your design.

@
Getting started Be




J.1 Forces around you

When you lie in bed at night everything is so still
it seems that nothing moves. But your chest moves
up and down as you breathe, and your heart is
pumping blood throughout your body. While this
is happening, the Earth is hurtling through space
at 100000 kilometres per hour! All this motion is
caused by forces, which affect you every moment
of your life.

Forces are pushes or pulls. They can start
objects moving, and they can stop, speed up,
slow down or change the direction of moving
objects. They can lift things, or cause them to
turn, bend or twist. They can also prevent motion;
for example, a handbrake on a car stops it from
rolling down a hill.

Chapter 3 — Forces .

_Activity - /)

Look at the cartoon below. Find examples of:
a pushing forces (what is doing the

b pulling forces (what is doing the pulling?).
Which of the examples are:

pushing?)

forces caused by gravity?

lifting forces?

forces where something bends?
muscular forces?

electrical forces?

magnetic forces?
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Investigation 6

Aim
To experience a range of
different forces.

: :© ) Everyday forces

&y Planning and Safety Check

. This experiment has five parts. Discuss with your teacher whether
% you will do all parts or whether different groups will do different
| parts. Make sure you read the instructions before you start.

e drinking straws

Method

1 Use the table tennis ball and a straw to answer

these questions.

a What happens if you blow on the ball while
it is moving towards you?

b What happens if you blow on it while it is
moving away from you?

¢ What happens if you blow on it while it is
moving across in front of you?
\7 Discuss your answers with others.

2 Play a game of blowball. This game is
played in groups
of four, with two in
each team. Use a
straw each, and
set up two goals.
See who can
score the most
goals.

T 1 Fushing T\ ) Cravitational
forces force
Materials Materials
e table tennis ball e 20 centcoin

Method

1
2

scissors and paper

Cut out a piece of paper the size of the coin.

Hold the piece of paper in one hand and the
coin in the other, at the same height. Drop them
both at the same time.

-, . . .
/_J Write an inference to explain what
happened. Say what forces were acting on
the coin and the paper, and in which direction
they were acting.

Roll the paper into a ball and drop it and the
coin again.

:/ Write an inference to explain what
happened.
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m Electrostatic forces

Materials
e piece of paper
e plastic pen or ruler

Method

Tear a piece of paper into small bits. Rub a
plastic pen briskly on your clothes. (A woollen
jumper works well.) What happens when you
bring the pen near the pieces of paper?

. PART Magnetic
forces
Materials
e 2 bar magnets with their poles marked

Method

1 Hold one magnet in each hand. Feel what
happens as you slowly bring the end of one
magnet close to the end of the other.

2 Repeat the test, but use the other end of one of
the magnets.

\‘/ Write a generalisation describing the
forces acting between the two magnets.

s

. PART

.:/ The force acting here is due to an electro-
static charge on the pen. Does the pen need to
be touching the paper, or can the electrostatic
force act over a distance?

Buoyancy
forces

Materials

e bucket of water
e Dballs of different types, eg golf, table tennis,
rubber, styrofoam

Method

1 Put atable tennis ball into a bucket of water.
Push it to the bottom of the bucket and let
it go.

2 Do the same with the other balls.

£} What forces act on a ball in water? In which
direction do they act?

:/' Try to write a generalisation about what
happens to different balls in water.




What do forces do to
objects?

You have seen so far that forces can:
start motion

stop motion

speed up motion

slow down motion

change the direction of motion
change the shape of an object.

Some forces act by contact and are
called contact forces. For example, when
you push something by hand, or pull it
with a rope, you are using contact forces.
Other examples are the wind blowing the
trees and ocean waves crashing on rocks.

Some forces do not need contact, and
can act at a distance. These are non-
contact forces. For example, two magnets
exert a force on each other without even
touching. Other examples of non-contact
forces are gravitational and electrostatic
forces.

Investigation

Aim
This is a ‘design-it-yourself’ investigation.

You have to design ways to show the six things
that forces do to objects (see the list at the top
of the page). Say which of the forces are contact
forces and which are non-contact forces.

Materials

You will be given a rubber band, a tennis ball,
a piece of playdough, a magnet and some
paperclips. You can use other materials, but
you will have to discuss the use of these with
your teacher.

' :© ) Demonstrating forces

Planning

1 Inasmall group, discuss how you will show
each of the six things forces do to objects.
For example, for ‘starting motion’ you might
flick a tennis ball with a ruler.

2 Think of ways to demonstrate both contact
forces and non-contact forces.

3 Show your plan to your teacher before
you start.

Writing your report

Draw up a large table with What we did, What
we observed, What the force did and Contact or
non-contact force as column headings.
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Balanced and unbalanced forces

In a tug-of-war, there are two equal forces acting
in opposite directions. There is no motion until
one force becomes greater than the other. You can
use arrows to show the direction and strength of
the forces.

BiCl]ClE forces However, your pushing force is greater than
the frictional forces and the bike speeds up. The
forces are unbalanced, causing an increase in
speed.

When you reach a constant speed the forces
are balanced. If you stop pushing on the pedals,
the forces are again unbalanced, and the bike
soon stops (unless you are going down a hill!).

To start off riding your bike, you use your
muscles to push on the pedals. This force then
turns the back wheel, which pushes on the road,
causing the bike to start moving. There are also
frictional forces that tend to slow you down.

unbalanced forces —
speeding up

balanced forces—
constant speed

unbalanced forces—
slowing down

To see what forces act on a motorbike,
open the animation at
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e Activity B
A spring stretches when a pulling force acts on it, i

and is squashed or compressed when a pushing Obtain several different spring balances,
force acts on it. The bigger the force, the more the eg 5N, 20N and 100N. If possible, obtain

spring is stretched or compressed. For this reason, some kitchen scales, eg 2kg (20N) and some
a spring can be used to measure the strength of bathroom scales, eg 120kg (1200N).

forces. A pointer attached to the spring moves as If the scale is in kilograms, multiply by
the spring changes its length, and the force can be 10 to get newtons. If the scale is in grams,
read on a scale. To measure larger forces, you use a divide by 100 to get newtons.

stronger spring. Spring balances measure pulls, and Measure a range of pulls and pushes. For
kitchen or bathroom scales measure pushes. pulls use a spring balance. For small pushes

use kitchen scales, and for large pushes use
bathroom scales.

You could measure the force needed to:
e push or pull a sliding door

e open a can of soft drink
spring e pull sticky tape off the bench
compressed i o .
e break a piece of fishing line
e turnon a light switch
e |ift a shot-put
* push a button on an electrical appliance.

/¥ Record all your measurements in a
data table.

PUSH

LR TR

kitchen scales

IRRCELRRRRRRNANRY, (OO ARL)

spring |
balance <

spring
stretched

PULL

The unit used to measure force is the newton
(N), named after Sir Isaac Newton. The table
below gives you some idea of the approximate
sizes of some forces.

force to lift an apple 1IN
force to lift a 1 kg bag of sugar 10N
force you exert by sitting on a chair 500N
force needed to launch space shuttle | 33000000N

You can also use force measurers in a
horizontal position. For example, you can use a
spring balance to measure the force needed to pull
a door open.
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3 Some forces can act over a distance, rather

e ——

than by contact.
a What does this statement mean?

1 Copy and complete the sentences below. b Name three types of forces that can do
Choose from these words: this.
direction 'puII move  push  change What forces cause a bike to slow down
a Aforceisa ora when you stop pedalling?
b When you open a door, you
¢ When you lift something, you
d A force can also the shape of an
object.
e A force can make things
f  Aforce can also make moving things
change
2 The diagrams show some forces in action.

The forces are shown with arrows.

a For each picture name the object that the
force acts on. For example, in A the force
acts on the ball.

b Choose from the list below to say what
the force is doing in each picture.

e starting an object moving

¢ slowing down an object that is moving

e changing the direction of movement

e balancing another force, and
preventing movement

¢ bending an object

e e T T e T
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e e e -

---------------------------------------------

5 Look at the spring balance, kitchen scales
and bathroom scales below.
a Write down the reading on each.

b Where necessary, convert the reading to

newtons.
¢ Which shows the largest force? Is it a
push or a pull?

6 How do the bathroom scales work?
Draw a diagram.

7 Sketch a person parachuting from a
plane. Draw arrows to represent the
forces acting on the person. When are
the forces balanced?

8 You are sitting on a chair. There are two
balanced forces.
a What are the forces?
b What would happen if these forces
were not balanced?

9 Imagine you are abseiling down a cliff.
What are the two forces acting on you?
Are they balanced?

---------------------------------------------

Challenge

1 Forces are measured in newtons. How would
you explain to someone how big a force of
20 N is?

2 ‘A car travelling in a straight line at constant
speed has no forces acting on it.” Explain why
this statement is false.

3 A cricketer hits a ball into the air. Is there a force
on the ball while it is in the air? Explain.

4 |n which direction will this boat move? Explain
your answer.

5 Sam is whirling a ball on a string in a circle
above his head. What forces are acting on
the ball?

//

TRYTHIS : & J

=

\

1 Work out a way to measure twisting forces;
for example, the force needed to turn a
doorknob.

2 Design and build your own forcemeter to
measure pushes and pulls. You will need
something that returns to its original shape
after bending or stretching.

3 The buoyancy force in salt water is much
greater than in fresh water. (This means that
the upwards force is greater in salt water than
in fresh water.) Design a test using a newton
spring balance and a mass to show that the
buoyancy force is greater in salt water.

J




3.2 Frictional forces

Friction is an example of a contact force.
It occurs whenever two surfaces in contact
move past each other.

Friction always opposes motion. Suppose
you try to push a bookcase full of books, and
it doesn’t move. This is because of the friction
between the bookcase and the floor. This
frictional force is just as large as your push but
in the opposite direction. If you get someone to
help you, and your combined push is greater
than the maximum frictional force, then the
bookcase will move.

Even when you do move an object, friction
still opposes the motion. Stop pedalling your
bike and the frictional forces soon bring you to
a stop.

Friction occurs because objects are never
completely smooth. The roughness of the two
surfaces means there are many points that catch

Fig 1 Olympic skiers need to reduce friction to ski
) as fast as possible downhill. However, some
and stick together. friction between the skis and the snow is
needed to allow them to turn quickly.

Investigation 8 | ;O ) Measuring friction

Aim
To measure the force of friction between different
surfaces.

4y Planning and Safety Check
‘ Read through the experiment and decide

who in your group will do what.

Materials ‘ .} Draw up a data table like the one shown.

e large block of hardwood with a hook

e a5 N spring balance Method

* various surfaces (see Step 4) 1 Hook the spring balance on to the block of
wood. Use the spring balance to pull the block

Surface | Force needed to pull block (N) slowly over the desk top.

tested

newton spring
balance

block of wood

——3 PULL
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2 Measure the force in newtons needed to keep Discussion
the block moving at a constant slow speed. 1 Why was it necessary to take three
This force is equal to the opposing frictional measurements each time, instead of just one?
force.

& 2 Draw a bar graph of your data.

£/ Record this reading in your data table.

3 Which surface produced the most friction?
3 Repeat the measurement and check to see Which produced the least?

whether it agrees with the first result.
- 4 \Why does a concrete path produce greater
/_J Repeat it a third time, and take an average friction than a lino floor?

of the three results. (If you have forgotten how

to find an average, see page 28.) -
. Inquiry
4 Predict the force needed to move the block

over other surfaces, such as: Investigate one or more of the following. Work in
e carpet a small group to design the investigation. Write
e lino a report using the usual headings.

* aconcrete path 1 How can the frictional force be reduced? You
* abitumen path could put pens, pencils, marbles or wooden
* sandpaper dowels under the block. Or you could try

e the smooth and rough sides of masonite. lubricants; for example, talcum powder,

/¥ Record your predictions in the data table. water, liquid detergent or glycerine.

5 Put the block of wood on each of the surfaces, 2 What happens to the frictional force if you
and record the force needed to move it. increase the mass of the block? You can do
(Remember that you need to measure the force this by placing blocks on top of each other.
three times for each surface, and then find the 3 How does the area of contact between the
average.) block and the surface affect the frictional
\7 Record all your results. How accurate were force?

your predictions?

As you found in Investigation 8, friction
depends on the type of surfaces that are rubbing
together. Rough surfaces generally produce
more friction than smooth surfaces.
The friction also depends on the
weight of the object. For example,
it is much harder to push a
bookcase full of books than it is
to push an empty one.

Small weight—small friction Large weight—large friction



Reducing friction

'I A rolling object meets with less friction than
a sliding one. This explains how the ancient
Egyptians were able to move the huge blocks
needed to make the pyramids by putting logs
under them. It is also how ball bearings reduce
friction between a wheel and an axle.

E Lubricants (LOO-bri-cants) such as oil and
grease are used to reduce friction between the
moving parts of machines. For example, the
bearings of bicycles and roller blades are oiled
or greased to reduce wear and make the wheels
turn more easily.

Our bodies, like machines, also have moving
parts. Where bones slide over each other at
joints, there is a lubricating fluid between
them to make them slide more easily. If this
lubricating system doesn't work properly, you

get swelling and pain in your joints. This is called

arthritis.

hip bone
lubricating

cartilage ligament

Fig2  The human hip shows how friction is
reduced at joints.

Chapter 3 — Forces @

3 Surfaces in contact can be polished so that they

slide over one another more easily. For example,
the hulls of racing yachts are polished so they
slide through the water more easily.

q If air is blown between two surfaces, the friction

becomes very small. This is how a hovercraft
works.

5 Air resistance is the friction between a moving

object and the air it is moving through. Without
air resistance, parachutes would not work

and kites would not fly. On the other hand, air
resistance can be a nuisance, and modern cars
have a streamlined shape to reduce this air
resistance. Streamlining is also important for
objects moving through water, eg surfboards,
speedboats and fast-swimming fish.

Fig3  Surfboards have a streamlined shape
and a very smooth surface to reduce the
resistance in water.
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Friction in everyday life

We use friction every day. Sometimes we need
friction, and at other times we try to reduce it.
When we walk we use the friction between our
shoes and the ground. Imagine trying to walk if
there was no friction. This would be like walking
on ice or a highly polished floor. You could not
stop a car without friction. You could not start
it moving either—the wheels would just spin
without the car moving. And everybody knows
what happens if you go too fast around a corner
or if the road is slippery. Friction also prevents
knots from coming undone, and holds nails and
nuts and bolts in place.

Fig4  Ice hasreduced the friction between the
tyres and the road surface, making the car
spin off the road.

Friction produces heat. This can be useful
when you rub a match on the side of a matchbox,
but it can cause a car engine to overheat. Friction
also causes wear and tear.

Look at the diagrams on the right. Copy and
complete the sentences below, selecting the
correct word for each.

a Diagram A shows (sliding/rolling)
friction.

b The frictionin B is (greater/less) than
in A.

¢ Rolling friction is (greater/less) than

sliding friction.
d When an object slides, there is
(more/less) resistance to movement than
when it rolls.
e With lubrication (diagram C) you need
(more/less) force to move an object.
f  Lubrication (increases/decreases)
friction.

...................................................................................................
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2 Which two factors influence the size of a 5 The cartoons below show friction in action.

frictional force? For each example:

a name the two surfaces between which
the friction acts

b say what the force of friction is doing

¢ say what would happen if the frictional
force suddenly disappeared.

3 Copy and complete the paragraph below.
Choose from these words:

carpet  force rough more
glass rubs smooth less

Things move more easily across a

surface than a surface.This is
because of friction. It happens when one
surface on another. Rough surfaces
like produce friction than
smooth surfaces like

A water skiing

Use your knowledge of friction to explain

the following.

a Gymnasts put resin on their hands
before competing.

b Cars that travel in snow have to carry
chains that fit around the tyres.

¢ Surfers wax their surfboards.

d A car uses more petrol when it is fitted
with a roof rack.

e When you drive a car in city traffic for
some time the brakes become quite hot.

f  The front and underneath of the space A
shuttle (below) was covered with special B abseiling
heat-resistant tiles.

C writing

D using a nail
file

E belt driving
machinery

F running

6 For each of the following, describe how
friction is reduced.
a roller blades
b awater slide
¢ ajetflying at high speed
d adoor hinge
e abobsled.

...................................................................................................
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Challenge

KD

1 What is the purpose of the tread on a tyre? How
does it work on a wet road?

2 a Racing cars use ‘slicks—wide tyres with no
tread. Discuss the advantages and
disadvantages of these tyres.

b How does the rear ‘spoiler’ improve the car’s
performance?

3 Explain why frictional forces depend on the:
a surfaces in contact
b weight of the object.

4 The cartoon below shows a perpetual motion
machine—a machine that will keep going
forever, after an initial force is applied to it. Use
what you have learnt in this chapter to
explain why such a machine will not work.

OF COURSE, | ORIGINALLY SET
OUT TO DESIGN A MOUSE TRAFR

N2

WEBwatch

Many people over hundreds of years have tried
to invent perpetual motion machines. Use the
internet to find out more about perpetual motion
machines.

Go to www.OneStopScience.com.au and follow
the links to Museum of hoaxes (search under

perpetual motion). ‘P

. OneStopScience

(&

_TRY THIS @ )

1 Write a short story about a world without friction.

2 Design an experiment to test an oil company’s
claim that its brand of engine oil reduces friction
more than other brands do.

3 Make a hovercraft from a metal lid with a very small
hole in it. Glue a 2 cm one-holed stopper over the
hole, as shown on the right. Blow up a balloon (not
too much), and hold its neck while you fit it over
the stopper.

Now hold the hovercraft on a smooth, level desk,
and slowly release your fingers.

Use what you have learnt about forces to explain
how the hovercraft works.

AN

balloon

one-holed
stopper

metal lid with
small hole

/!




3.3 Gravitational forces

You are sitting at the top of the Tower of Death,
a 100-metre tower at the amusement park. The
catch is released and you plummet towards the
Earth. You and everyone else in the car are being
pulled towards the Earth by the force of gravity.

Over the centuries people have suggested many
inferences to explain gravity. In the 17th century,
Sir Isaac Newton came to the conclusion that
gravity is the force of attraction between objects,
and that the size of this force depends on the
mass of the objects. The mass of an object is the
amount of matter in it.

All bits of matter attract each other. There
is a force of attraction between you and other
people. However, this force is very, very small
because the mass of a person is very small.

The greater the masses of the objects, the
greater the force between them. You are attracted
by the Earth and the Earth is attracted by you.
This is why you don’t fall off the Earth. Most
of the force of attraction is due to the enormous
mass of the Earth. Note that this gravitational
force acts towards the centre of the Earth.

Spring balances and scales actually measure
the force of attraction between an object and the
Earth. This is what weight is. Because it is a force
it is measured in newtons.

Chapter 3 — Forces Q

Gravitational force is a non-contact force
because it exists between objects even when they
are not touching. The gravitational force between
the Earth and the moon keeps the moon in orbit.
Similarly, a gravitational force keeps satellites in
orbit around the Earth, and all the planets in orbit
around the sun. Gravitational forces can act over
the huge distances of space; for example, between
stars and between galaxies.

The moon has less mass than the Earth. This
is why gravity is less on the moon than it is on
Earth. If you jumped on the moon you would
not come down as quickly as you do on Earth.
Similarly, larger heavier planets such as Jupiter
have more gravity than smaller lighter planets
like Mars.

Gravity on the moon is only about one-sixth
of Earth’s gravity. As a result, walking and
jumping on the moon are very different from
what they are on Earth.
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activiy {1

We use a range of devices to make use of
gravitational force. Look at each of the photos
and say how we are using gravity in each case.
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Drawing lines of best fit

In the following experiment you are going to
hang different masses on a spring. After you
take measurements, you are going to plot a line
graph of the results.

Graphs are very useful when you are
looking for a pattern in your results. However,
sometimes you have to draw a line of best fit so
that you can see this pattern clearly.

For example, in an experiment on fitness,
Matthew recorded Sarah’s pulse rate and

140
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Experiment
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breathing rate. He then plotted the graph
below.

Notice that the points lie roughly on the
straight line. This is called a straight line of
best fit.

Drawing lines of best fit takes practice! The
line doesn’t need to go through all the points. It
has to pass close to as many points as possible.

ETD
Draw a straight line of best fit for the following
data.
 Time Growth of
(days) seedlings (cm)

0 0
1 1.0
2 2.1
3 2.6
4 3.8
5 5.0
6 5.8

In Chapter 2 you designed an experiment to
solve the problem—how quickly can you catch a
falling ruler?

There is another experiment in which you have
to design tests to solve a problem.

1 The problem to be solved
What happens to the length of a spring when
the mass attached to it increases?

2 Designing your experiment

You will be given a spring and some masses.
You can use other materials, but you will have
to write a list of your requirements to give
your teacher.

Work in a small group and decide how you are

going to solve the problem. Write a draft of your

method, list the materials needed and discuss
any safety issues.

3 Results
Design a data table for your results and plot a
line graph of the results.

4 Writing your report

Write a full report of the experiment including
diagrams where appropriate. In the discussion,
use the graph to write a generalisation about
the mass on the spring and the stretch of the
spring.

You could also take a digital photo of your
equipment to include in your report.

se a computer to write your report and

raw graphs.




Isaac Newton was born in 1642. His parents lived
on a farm in England, and his father died the day
before Isaac was born.

Isaac was quite a sickly young child, and very
shy. He didn’t do very well at school, and he was
often bullied by the bright boy in the class. So
Isaac worked extra hard until he was the best in
the class.

During his boyhood years, Isaac liked making
things, and he was very good at solving everyday
problems. For example, he made a model
windmill which was driven by mice running in
a treadmill. He also made a water clock and a
sundial, and flew kites with lanterns attached to
them.

By the time he was 18, Isaac was very interested
in mathematics. His uncle said he would make a
poor farmer, and talked his mother into sending
him to Cambridge University. He did very well
there, and when he was 27 he became a professor
of mathematics, and made many important
discoveries. Perhaps the greatest of these was his
theory of gravitation (see page 67). He also passed
sunlight through a prism, and found that white
light is a mixture of the colours of the rainbow.

Newton had a good imagination. For example,
he imagined a very tall mountain from which he
could fire a bullet. His idea was that if you could
fire the bullet fast enough, it would continue to
circle the Earth, just as the moon does. (Look at
the cartoon below.)

One of Newton’s faults was that he couldn’t
take criticism, and he spent a lot of time quarrelling

Now, if my theory is correct
"\ and the speed is right
|
e
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with other scientists. He never married, and
throughout his life he avoided publicity. When he
was 50 he had a nervous breakdown, and he died
at the age of 84. He was the first scientist to be
buried in Westminster Abbey in London.

Questions

1 In which century was Isaac Newton born?
Did he do well at school?
What did he make when he was a boy?
What was Newton’s greatest discovery?
What were Newton’s ‘good’ points and
‘bad’ points?
Use library resources, including the internet,
to find out two other things that Newton
discovered.

the cannonball should keeg circling the Earth.
| wonder if I'll ever be able to prove it...
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b If the bag of apples was taken to the
moon, would its mass and weight be
the same? Explain your answer.

1 Look at the diagram below. Choose the

correct word to complete each sentence in 3 Imagine you are going on a space trip.

Your travel agent has given you this table

200 17

300 23

[ |
Challenge E)

1 The moon has no atmosphere. Suggest a reason
for this. (Hint: gases such as oxygen have mass,
even though the mass is very small compared to
a solid.)

2 If arocket was launched from Earth and travelled

close to the planet Mars, it could go into orbit
without the rocket

400 32

h Which measurement is the independent E
one? Give a reason for your answer. s
i Using the data in the table or your line E
graph, predict how much a 50N weight !
would stretch the spring. E

2 The shop assistant said the bag of apples ( |
had a weight of 1kg. ?n%nas belngld from Earth
a lIsthis correct? What is the weight in ige5 ot/ 00k

newtons? this happen? I

E your notebook. E
| showing the force of gravity on the planets, |
E the moon and outer space. E
E Place Gravity (compared E
: , with Earth) :
; -— spring i
E Mercury 4 {
E Venus 9 E
E ~- pointer Earth 10 :
E outer space 0 ;
! moon 1.6 E
E Mars 4 :
E a The force of gravity is a (push/pull). Jupiter 2 E
: A force pulls the spring (up/down). Saturn 11 :
f The heavier the object, the (less/ Uranus 9 E
1 greater) the force. Neptune 1 s
E i The stronger the force, the (more/ d E
1 less) the spring stretches. a Where would you weigh the most? s
E e A 10N weightis a (larger/smaller) What difference would this make to E
y force than a 20N weight. getting around on the planet? |
E f A 20N force stretches the spring b Where would you be weightless? E
} (twice as much/half as much) as a ¢ Suggest why the gravity is similar on s
E 10N force. Mercury and Mars. E
) g Use the data in the table to draw a d  On which planet would you need the ¢
E straight line of best fit. Remember to least fuel for blast-off? E
! label the axes and give the graph a title. e How high can you jump on Earth? s
; . Predict how high you would be ableto |
: Weight (N) Stretch (cm) jump on the moon? ;
E 100 I B e ’
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Copy and complete these statements to make a summary of this

. - . directi
chapter. The missing words are on the right. recton
friction
1 Forces are pushes or .You can use arrows to show their gravity
strengthand _ lubricants
2 Contact forces act on contact, and non-contact forces (eg magnetic
forces) act at a distance.
mass
3 The forces on an object may be balanced or unbalanced. If they newtons
are , the object will start moving, speed up, slow down or pulls
change direction.
surfaces
Forces are measured in (N) using spring balances or scales. unbalanced
5 is a contact force that occurs when two things rub against weight
each other. It slows down or prevents motion.
6 Friction depends on the roughness or smoothness of the , and the weight
of the object.
1 There are several ways of reducing friction, eg ball bearings, and
polishing.
8 is the force of attraction between any two objects, eg between the Sun
and a planet. It depends on the masses of the objects.
9 The of an object is the downwards pull of gravity on it.The of an

object is the amount of matter in it.

Try doing the Chapter 3 crossword at

d

' OneStopScience

1 Match the words with their correct meanings. 2 A 1kg can of baked beans was suspended
force unit of force from a spring balance. The spring balance
carpet reduce friction reading was 9.8 N. The can was bought by
friction a pull from a large body an astronaut, who took it to the moon. Here
newton push or pull the can was again suspended from the spring
gravity surface with large friction balance, and the reading was only 1.6 N.

spring balance force that exists when one

surface rubs on another
lubricants produced when there is friction
heat measures force

Explain the different readings on the spring
balance.

Give two examples of contact forces and two
examples of non-contact forces.
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4 A truck has become bogged in mud, and the 9 Christina was using a spring balance to
back wheels are spinning because of a lack of measure the force needed to move a block
friction. Which of the following actions could of wood over a number of different surfaces.
help move the bogged vehicle? (There may be She measured the force four times for each
more than one answer.) surface. (See the table below.)

A Put more weight into the back of the truck. @ What was the average force needed

B Place rubber mats under the wheels. to move the block for each of the five

C Pour water around the wheels. surfaces?

D Let most of the air out of the back tyres. b Draw a bar graph of the results. (Use the
For each action you select, say why this would average force for each surface.)

increase the friction.

5 When Kieran stands on some bathroom scales Surface Al
in a stationary lift, the reading is 700 N. As the Triall |Trial2 |Trial3 |Trial4
lift descends rapidly, what is the reading on the concrete 20 23 20 18
scales likely to be? newspaper 9 8 8 8
A ON c 700N vinyl tiles 4 4 3 5
B 600N D 300N sandpaper 34 32 36 35

grass 16 18 17 19

6 In which of the following situations is
friction an advantage, and in which is it a
disadvantage? Explain your answers.

a Stopping in a hurry

b Pushing a fridge across the floor
€ Running a car engine

d Parachuting from a plane

10 The van is travelling to the left at a constant
speed.

7 A boat floating on still water is said to be under

the action of forces that are balanced because 2 Tn which direction do the frictional forces

the downward force on the boat is: act to slow down the van?

A greater than the upward force of the water b In which direction does the weight of the

B the same as the upward force of the water van act?

C less than the upward force of the water. € Are the forces on the van balanced? Explain
8 Sometimes you want to reduce friction, and your answer.

sometimes you want to increase it. Explain, 11 Lorna hits a tennis ball. What forces are acting

using the cartoon as an example.

on it as it moves across the net? (There may be
more than one answer.)
A the force of gravity

the force of friction

B
C the force of the hit
D

no forces

- Check your answers on page 268. '

%\ Go to to access : .
interactive activities to help you revise this chapter. OneStopScne nce
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Science Inquiry Skills %% )

Drawing and interpreting graphs

Experiment 1 Experiment 2

Jack decided to check whether friction is

greater for heavy objects than for light objects.

He used a spring balance to pull a wooden

block across the desk. Then he pulled two

blocks, one on top of the other, then three and

four. Here are his results. Lia put a 2 kg weight on top of a bed spring
and measured the height of the spring. She then

Force needed to pull blocks added more and more weights, and recorded

Number (N) the results, as shown.

of blocks

Trial1 Trial 3

1 31 23 3> We|g:1kt9a;dded ‘ Height of spring
2 6.7 6.4 6.4
3 9.8 95 10.0 0 10.0
4 12.8 12.6 131 2 8.8
4 7.6
1 What was the aim of Jack’s experiment? 6 6.4
2 Why do you think Jack did each test three 8 5.2
times? 10 4.0

3 Calculate the average force for each test. _ -
4 Use graph paper to draw a line of best 1 Draw a line of best fit graph of Lia’s data,

fit graph of Jack’s data, with the number with the weight added on the horizontal axis.
of blocks on the horizontal axis. (See the 2 Write a generalisation linking the height of
Skillbuilder on page 69.) the spring to the weight added. _
What pattern can you see in Jack’s results? 3 Suppose you -’{dd aSkg Welght to the spring.
6 What conclusion can you draw from the Predict the h?lght of the spring. '
results? Try to write a general statement 4 If the spring is compressed to 5 cm, predict

or generalisation—one that seems true in the weight on it. . .
MOSt CaSes. 5 1If more than 10 kg is added to the spring,

the graph is no longer a straight line. Suggest
a reason for this.

wn
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Science Understanding

group a variety of organisms on the basis of similarities and differences in particular features
use a key to classify organisms
consider how biological classifications have changed over time

Science Inquiry Skills

use observations of various organisms to classify them into groups

use appropriate laboratory equipment to observe the structural features of the same
animals and plants

Based on Australian Curriculum, Assessment and Reporting Authority (ACARA) materials
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Getting started

Read through this list of living things:

frog, snake, pine tree, magpie, spider, fern,
worm, mosquito, dolphin, bat, horse, rose,
starfish, moss, gum tree, fish, lizard, chicken,
seaweed, sugar glider, platypus

Sort the organisms into three or four groups
so that the organisms in each group have
similar features.

Which features did you use to group the
organisms? Compare the way you grouped
them with the way other people did.
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Suppose you wanted to buy some scorched

almonds, corn chips and peanuts for a party. I ) q ]

Fortunately, your local shopkeeper, Mr Smith, \‘

has organised these party foods into groups choc-coated nuts? :
@s @@@l@@@

- - » == ' > @

| @@@@@@ Nes @@% ol 55’5

\ : = @& Q \ A 4

’

in his shop to make finding and selecting the
BRE wEERR

goods a lot easier.
One group contains sweets that have chocolate groups. This process is called classification. Each

in them—bars of plain chocolate, nut chocolate, group contains items with similar features. The
caramel chocolate and many others. This group diagram below shows how Mr Smith classifies his
also contains chocolate-covered nuts and sultanas,  party foods.
as well as sweets that have chocolate centres, like Classifying foods makes it easier to find goods
Jaffas and Smarties. in your local store or supermarket because you
Mr Smith uses certain characteristics or know that each group contains things with similar
features of the confectionery to sort them into features.
PARTY FOODS
SWEET NOT SWEET
CONTAINS DOES NOT CONTAINS DOES NOT
CHOCOLATE CONTAIN NUTS CONTAIN
CHOCOLATE NUTS
Smarties jelly beans salted peanuts potato crisps
Jaffas Minties cashews corn chips
scorched almonds Kool Fruits macadamias Cheezels

pistachios Twisties
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Like the items in Mr Smith’s shop, the living
things on this planet can be classified into groups.
For example, the ancient Greeks used their
observations to classify living things into two
large groups—animals and plants. They further
classified the animal group into three smaller
groups, as shown below.

ALL LIVINGTHINGS

ANIMALS PLANTS
ANIMALS ANIMALS ANIMALS
THAT LIVE THAT LIVE THAT FLY
ON LAND IN WATER

Using keys

Objects can be classified using a key. Mr Smith
used a key to classify his party foods. The Greeks
used a key to classify living things. By using a
key, you can easily classify objects or identify an
unknown object, like the buttons in the key below.
The best way to make a key is to have two
alternatives for each characteristic. For example,
in the key below, buttons are first classified into
two groups—plastic and non-plastic. Each of
those groups is then classified into two smaller
groups, and so on.

Activiy B

1 Into which groups would you place the
following food items using Mr Smith’s
method of classification.

jelly babies, Freddo Frog, Kool Mints,
caramel popcorn, Burger Rings, M&Ms,
butterscotch, Maltesers, jelly snakes,
Mars bar, rice crackers, Crunchy bar,
beer nuts, Cherry Ripe, nougat, licorice
Draw a key and add the foods to the
appropriate group.

2 Use the ancient Greek method of
classifying animals to place the animals
in the list in Getting started on page 76
into their appropriate group.
£/ Can you see any problems with

this classification method? Explain with
examples.

3 Work in a small group for this activity.
Your teacher will give you 10 or 12
assorted buttons.

Use the button key below or make up
your own to classify the buttons so that
each button is in a separate group.

‘\7 If you have made up your own key,

draw it on a large piece of paper and
present it to the class.

| ALLBUTTONS |

]

]

| NON-PLASTIC | | PLASTIC
|
[ meTAL | | NON-METAL | [ rounD | NOT
ROUND
[ ] [ 1 [ ]
CLOTH TWO MORE THAN
PAINTED || UNPAINTED | | WOODEN COVERED o MORE THAN
| | | | T T
A B C D E F G
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Activity : A‘

Work in a group of three or four for this activity. * earlobe attached/unattached

Your task is to make a key which you can e folds arms left over right/right over left
use to classify the people in your class into a e freckles on nose/no freckles
number of different groups. e second toe longer/shorter than big toe

1 Look for characteristics where the

differences are clear-cut, permanent and 2 llgriFeoiouee) [elle s ey

likely to be agreed upon by others. * blue eyes/not blue eyes
2 Make sure there are two alternatives for 3 Make a draft copy of the key.

each characteristic. For example, male L/ Compare your key with those made
and female, or can roll your tongue and by other groups.
cannot roll your tongue. 4 Test the key by classifying the people in
Here are some other characteristics that your class. Modify your key if necessary
you may find useful. and test it again.

What makes things [lumg? There are seven characteristics used to tell

whether a thing is living or not living.
In Getting started, you devised a way to classify 8 8 &

about 20 living things. How do you know
something is living? Living things

Look at the rock-like things in the photo
below. These things are actually alive. They

are able to move

belopg in the same plant group as cactuses, and * need oxygen
live in very dry areas of Australia and other .
countries. They are called rock plants. heed food or nutrients

produce and eliminate wastes
grow

respond to changes
reproduce

Biologists (scientists who
study living things) know
that rock plants are alive.
They have all of the seven
characteristics in the list
above, even though some of
the characteristics, such as
their movement and their
response to changes, are
very hard to see!



Any living thing is called an organism,
regardless of whether it is the size of a massive
blue whale that weighs 170 tonnes, or a
microscopic euglena (you-GLEEN-a) that weighs
only a millionth of a gram.

The euglena in the photo above consists of
one cell. A cell is the basic unit of organisms,
and all organisms are made of one or more cells.
The euglena is called a unicellular organism,
while organisms made of many cells are called
multicellular organisms.

A blue whale is made of billions of cells
that have different shapes and functions.

There are skin cells, liver cells, muscle cells,
and bone cells.

Classifying living things
You may have found in the activities on the
previous page that there are problems in
classifying animals using the ancient Greek
method. For example, animals that live in water
include dolphins, starfish, fish, platypuses and
frogs, but these five animals have little else in
common. You could also use colour or size to
classify these animals. However, there is so much
variation in colour and size that this method
would also prove unsatisfactory.

Over the last 200 years or so, biologists
throughout the world have developed a better
method of classifying living things. What

Sciencellorld ? Australian L‘.ur"’r'/ilulum Xilkdion

characteristics do a dolphin, platypus, fish

and frog have in common? One of these is the
presence of bones, including a backbone. Animals
that have backbones are called vertebrates (VER-
te-brates). This is similar to the word vertebra,
which is one of the bones in the backbone.
Animals without backbones are commonly called
invertebrates.

The presence of a backbone is part of an
animal’s structure. The use of structural
characteristics is one way in which biologists
classify organisms. The number of legs, the
presence or absence of lungs or gills, feathers and
a scaly skin are all structural characteristics.

The way an organism functions is also used to
classify living things. For example, mammals and
birds have a fairly constant body temperature,
while all other animals have a body temperature
that changes with the outside temperature. Body
temperature is a functional characteristic.

The key on the next page can be used to
classify animals.

Fig1 A dolphin is a mammal and has a constant
‘ body temperature.
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backbone

(VERTEBRATES)

constant body

temperature

feathers

no feathers

changing body

temperature

BIRDS
eg emus,

MAMMALS
eg humans,

penguins, cats, possums,

pigeons

whales

breathe by lungs
or air tubes

breathe

by gills

eg goldfish,
sharks, tuna

FISH

scaly skin

moist skin

I

REPTILES
eg snakes, lizards,
crocodiles, turtles

AMPHIBIANS
eg frogs and

toads

no backbone
(INVERTEBRATES)

jointed covering no jointed
over body covering
ARTHROPODS
eg insects, spiders,
crabs, lobsters
usually have no shell
a shell
MOLLUSCS WORMS
eg snails, oysters eg leeches,
seashells, slugs earthworms

Note: Not all animal groups are included in this key.
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Investigation 9

Aim
To classify animals using a key.

Materials (per class)

e at least 20 different live or preserved animals,
each with a number
¢ hand lens (optional)

Planning and Safety Check

e Work in pairs and read through the Method.
Then design a data table for at least eight
animals that you have to classify.

Many of your animals will not be alive, so
you will have to research some of the
functional characteristics of these animals
or rely on your general knowledge of them
before you can classify them fully.

: :© ) Animal keys

Method

1 You have to classify at least eight animals.
Choose one animal and work through the
animal key on the previous page.

Discuss the animal’s characteristics with your

partner and then classify it.

\‘/ Record the name or number of the animal
and the group in which you have classified it.

2 Use the key to describe the animal. For

example, SPECIMEN 2—REPTILE (lizard) has
a backbone, changing body temperature,
breathes by lungs and has a scaly skin.

3 Repeat Steps 1 and 2 for each of the other

animals.

\‘/‘ Record all your observations and
descriptions. Be prepared to discuss your
results with other members of the class.

1 Each group below contains one item which
has different characteristics from the other
three. Choose the odd one out and give a
reason for your choice.

a iron, steel, copper, plastic

b shirt, tablecloth, socks, skirt

¢ pencil, felt pen, rubber, crayon

d surfboard, skateboard, bicycle,
rollerblades

2 Copy and complete the following
sentences.

a The process of sorting things into
groups with similar characteristics is
called
Animals with backbones are called

¢ Animals are classified using

characteristics.
Living things are called
Living things can be classified using a
diagram called a

f There are characteristics used to
tell a thing is living or non-living.

and

__________________________________________________________________________________________________

3 Use the button key on page 78 to answer

the following.

a Describe all the buttons in group E.

b Into which group would you place a
painted metal button?

¢ Into which
group(s)
would you
place these
two buttons?
How would you change the key to
classify them?

d Describe the differences between the
buttons in groups A and D. In which
ways are they similar?

wood

4  Classify the objects in each of the lists
below into two groups, and write down the
characteristics you used to classify them.

a apple, pear, capsicum, banana, tomato

b  brown snake, sea snake, turtle, tree
snake, lizard, python, goanna

¢ surfboard, sailboard, canoe, skateboard,
dinghy, surf ski, catamaran
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__________________________________________________________________________________________________

with your partners. 11 In which ways are birds and mammals

6 Why do biologists use body structure and similar? In which ways are they different?

function instead of size, colour or behaviour .
12 How can you tell a reptile from an

amphibian, and a fish from an amphibian?
7 List the seven characteristics used to decide srmmrrrssrrsmnscsnncccnnccnnccnno s nmcnnnnn oo

whether something is living or non-living. r 1
1
Challenge ;

(The order is not important.)
1 Look at the arthropods below.

a Use the animal key on page 81 to describe
the features of arthropods.

b Design a key that could be used to classify
the arthropods below. Did you put more than
one in the same group? Why?

5 The list of characteristics below could be 9 Use the animal key to name the group to E
used to classify organisms. which each of the following animals belong. |
e feeds its young with milk a This animal has no backbone and has a E
¢ has two large eyes on the front of soft body with a shell. s

its head b This animal has a backbone, a changing E
e changes body colour and pattern with body temperature and gills. !

different backgrounds ¢ This animal has a hard, jointed covering i
* has two large canine teeth in each jaw over its body and no backbone. :
e squirts out black ink when disturbed d This animal is a vertebrate with a i
e hibernates during very cold weather constant body temperature and s
For each characteristic, decide whether it feathers. i
is structural or functional and make two 10 Write a sentence using the word I
lists. For those characteristics that you ‘multicellular’ so that a reader will know i
are uncertain about, list them under the what the word means. Give examples of {
heading ‘uncertain’. Discuss your decisions multicellular organisms. E

when classifying animals?

} 8 Use the key on page 81 to describe the
E characteristics of each of the animals below.

A fruit bat and a parrot are about the same size,
they both have wings and fly, and both eat the
same sorts of foods. Suggest why biologists
classify them in different groups.

3 Not all animal groups are shown in the key on
page 81. For example, the groups to which
starfish and jellyfish belong are not shown. Use
the library or the internet to find out the names of
these two groups and the characteristics of the
animals in these groups.
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4.2 The five kingdoms

Until the beginning of last century, biologists
classified all living things into two groups—
animals and plants. These large groups are called
kingdoms.

When bacteria (microscopic organisms) were
first observed and identified, biologists did not
know which kingdom to put them in because
they had features that were quite different
from microscopic plants and animals. Some
biologists began using a three-kingdom system
of classification. Bacteria were grouped with

microscopic plants and animals, and these were
placed in the third kingdom.

However, with the invention of very powerful
microscopes and new scientific techniques, other
important differences between organisms in
these three kingdoms were identified. It became
obvious that the three-kingdom system was not
a satisfactory method of classification. Most
biologists throughout the world now recognise
five kingdom:s.

Fungi were originally placed in the plant
kingdom. But fungi cannot make their own food
like plants. Because of this important difference
they were placed in a kingdom of their own.

The five kingdoms

All living

things

PLANT KINGDOM

FUNGI KINGDOM
(contains moulds, mushrooms,
toadstools, yeasts)

PROTIST KINGDOM
(contains algae and
microscopic organisms)

MONERA KINGDOM
(contains bacteria and
blue-green algae)




Animals

The organisms in the animal kingdom eat other
organisms to obtain energy and materials for
growth and movement. There are many different
types of animals, but they are all multicellular
organisms. Some live on land, others live in the
sea or in fresh water, and others can fly.

All large land animals are vertebrates. The
system of bones in these animals gives support
and allows them to live on land successfully. The
largest vertebrate that has ever lived on Earth is
thought to be the blue whale. It can measure up
to 35 metres in length and weigh 170 tonnes! The
water of the ocean helps support its huge weight.

Plants

These multicellular organisms contain the

green pigment chlorophyll (KLOR-oh-fill). This
substance is able to absorb the energy from
sunlight. The plants use this energy to make food,
in the form of sugars, from carbon dioxide and
water, and give off oxygen. This process is called
photosynthesis (foe-toe-SIN-thu-sis). The word is
made up from the words photo, meaning ‘light’,
and synthesis, meaning to ‘make’.

PHOTOSYNTHESIS

carbon energy
dioxide ¥ water mm) sugars + oxygen

-
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sun

oxygen

sugars

i'produced G

'f Fig 2 T| Photosynthesis occurs when sunlight is
absorbed by the green chlorophyll in plants.

Plants cover much of the surface of the Earth.
They vary in size from very small mosses a few
millimetres wide to the largest living thing—the
mountain ash of southern Australia, which grows
to over 100 metres in height. The plant kingdom
also contains the oldest living organism—King’s
Iomatia, which is found in the rainforests of
Tasmania and is thought to be 43 000 years old.

The plant kingdom is divided into four groups
—mosses, ferns, conifers and flowering plants.

"Fig3 | King’s lomatia
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Fungi

The organisms in this kingdom include
mushrooms, toadstools, bread mould and
yeasts. They are similar to plants in that they are
generally fixed to the ground and do not move
around.

Fungi do not contain chlorophyll, so they
cannot make their own food. Therefore, they
have to obtain nutrients from other sources.
They do this by growing on things they can use
as a source of nutrients, such as dead plants or
animals. Chemicals released from fungi break
down the remains of the plant or animal into
simpler substances that can easily be absorbed by
the fungi.

Fungi reproduce by spores. These are made in
caps or bulbs that stick up from the rest of the
fungus. For example, in a mushroom, the dark-
coloured gills under the cap are the organs that
make spores. The rest of the mushroom grows on
or under the ground (see Fig 4 below).

Spores are tiny cells with a hard coat around
them to stop them from drying out. They are
very light and are easily carried on the wind. A
single mushroom can produce up to 2000 million
spores!

edible part
of mushroom

rest of “
mushroom oA/
growing in spores form
decaying under cap
leaves

~ The edible part of a mushroom is where the
spores are made. The rest of the fungus
grows in the material it breaks down for food.

Helpful and harmful fungi

Fungi are very important organisms because
many of them break down or decompose dead
organisms. These fungi are called decomposers.

Fungi such as mushrooms can be eaten, and
yeasts are used for making bread, beer and wines.
Other fungi are used to make medicines such as
antibiotics.

Some fungi grow on living things and are
called parasites. They obtain all their nutrients
for growth from the organism they grow on. For
example, ringworm is a fungus that grows on
human skin. It takes its food from the cells in the
skin and makes the skin itchy, inflamed and sore.
Powdery mildew is a fungus that grows on leaves,
and it may eventually kill the plant.

u The fungi growing on this orange will
decompose it until very little remains.

Powdery mildew is a parasitic fungus that
grows on the leaves of some plants.
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For these activities you will need a large, flat,
field mushroom, some bread mould and a
hand lens or microscope.

1 To grow bread mould, moisten some stale
bread and leave it in an open container
for a day. Then cover the container and
leave it in a warm place for a few days.

Place a small piece of bread mould on

a slide. Use a hand lens or microscope
to observe the thread-like filaments of the
mould and the round spore cases.

Activity

spore

filaments
in bread

2 Observe the dark gills on the underside of
the mushroom cap. To collect the spores,
tap the cap over a piece of white paper.
You may need a hand lens or microscope
to observe the spores.
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Go to www.OneStopScience.com.au and
access the webwatches below.

Fun facts about fungi

Interesting and easy-to-read site with
information on types of fungi, examples
and photos.

Fungi of Australia

A very informative site that covers types

of Australian fungi; uses of fungi, including
Aboriginal uses, and information about
interesting examples of fungi.

OneStopScience‘ Y
N

@

Protists

The Protist kingdom includes organisms that
have a very simple structure. Most of them are
unicellular and most live in water—either fresh
water or sea water. Algae (singular: alga) are
included in this group. Many types of algae are
unicellular, but some, like the seaweeds you see at
the beach, are multicellular.

Like plants, algae contain chlorophyll and can
photosynthesise. However, algae are classified
as protists because they have a much simpler
structure than plants—they have no roots, stems
or leaves.

Algae are different from plants
because they do not have stems,
roots or leaves.



Monerans

The organisms in the kingdom Monera
(MON:-er-a) have the simplest cell
structure of all living things. They are
all microscopic, unicellular and have a
very simple cell structure. They include
bacteria and blue-green algae. Organisms
in this kingdom are called monerans.
(Note: Blue-green algae are different
from green algae which belong to the
Protist kingdom.)

Bacteria are very important because
many of them break down dead animals
and plants. Some bacteria cause diseases
in animals and plants; for example,
tetanus and tuberculosis. Other bacteria
are used to make cheese, yoghurt and
antibiotics. Many of the differences
between the organisms in the five
kingdoms can be seen in the structure of
their cells.

Fig 8 These rod-shaped bacteria, magnified
20000 times, are found in the wastes of
animals including humans.

Activity : . o The table below shows the characteristics of
i the cells in each of the five kingdoms.

Types of cells /J Use the information in the table to design

All cells are held together by a structure a key that can be used to classify the cells of

called a cell membrane. Plant cells have a organisms from the five kingdoms.

firm cell wall made from cellulose around the :/ You observe a unicellular organism that

cell membrane, whereas animal cells have no has chlorophyll and no cellulose in its cell

cell wall. Fungi also have cellulose cell walls, wall. What problems would you have in

but the cells do not contain chlorophyll as classifying it?

plant cells do.

Animals ’ Plants | Fungi | Protists ‘ Monerans
Multicellular Multicellular Multicellular Mostly unicellular Unicellular
No cell wall Cellulose cell wall Cellulose cellwall | Some have a No cellulose
cellulose cell wall in cell wall
No chlorophyll Have chlorophyll No chlorophyll Some have Some have
chlorophyll chlorophyll




Viruses—are they alive?

Viruses are extremely small (much smaller than
bacteria) and are not made of cells. Viruses have
features of both living and non-living things. For
example, they can form crystals like non-living matter,
but they reproduce like other living things.

Viruses are completely parasitic because they rely
on another organism (called the host) for all their
requirements. They can reproduce only inside another
organism, where they invade the organism’s cells and

Investigation 10 : ;

Aim
To classify various organisms into kingdoms.

Materials (per class)

e about 20 stations around the laboratory
each containing a numbered specimen or photo
e hand lenses or stereomicroscope

Planning and Safety Check

y » Do not remove from its container any
specimen that has been preserved in
formalin. This substance is harmful to the

skin and has harmful vapours.

Read through the Method and draw up a
data table for your results.

To observe some of the specimens, you will
need a hand lens or stereomicroscope.

Method

1 There will be a living or preserved organism, or
a photo of one at each station. For each one,
record its number and observations about its
structure, size, colour and any other features
that may help you classify it.
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use the cell materials to make new viruses. In this
process, some of the cells are often destroyed, making
the organism sick or causing its death. Human diseases
caused by viruses include influenza, mumps and AIDS
(HIV).

WEBwatch O

To find out more about the virus that causes
AIDS go to www.OneStopScience.com.au and
follow the links to How AIDS works.

d OneStopScienc ﬁ

2 Observe at least 10 organisms. Then work in a
group to classify the organisms into kingdoms,
using the information on pages 84-88.

Discussion

1 Your group may be asked to present your
results for two or three selected specimens to
the class. For each specimen, give its number,
its kingdom and the reasons why you placed it
in this group.

2 Make a list of the kingdoms represented in this
investigation and the special characteristics of
the organisms in each.
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Explain what each of the following words
means by writing a sentence to show its
meaning. Then check your explanation with
the one in the text or in the glossary.

photosynthesis vertebrate
decomposer parasite
kingdom spores

Copy and complete the following sentences.

a The green substance absorbs the
energy of sunlight and uses it in the
process of

b Bacteria are classified as because
they have a very simple structure.
¢ Fungi do not contain therefore

they rely on other organisms for ____

d The kingdom Monera contains ______
and

e Seaweeds are a type of that
belong in the kingdom.

f Sporesareverytiny .

Use the list below to match each organism
to its description.

animals
bacteria

fungi
protists

algae
plants

a The organisms which belong to this
kingdom are mostly unicellular.

b These organisms are multicellular and
contain chlorophyll.

¢ These organisms are plant-like, but do
not contain chlorophyll.

d These organisms are very small and
have a very simple structure.

e The organisms in this kingdom are
multicellular and eat other organisms
for food.

f  These organisms contain chlorophyll,
but do not have the structures common
to plants.

4 Fungi are often called decomposers.

a Why is this? What other organisms
could also be called decomposers?

b Is there a difference between a
decomposer and a parasite? Explain
your answer.

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

___________________________________________________________________________________________________

The photo below shows an organism
growing on a dead tree.To which kingdom
do you think this organism belongs? Give
reasons for your answer.

Challenge

1 Below are two organisms; one is classified as a

protist and the other as an animal.

a Both organisms are microscopic, but one is
five times larger than the other. Which one is
smaller? Suggest why.

b Suggest why they are placed in two separate
kingdoms.

¢ Suggest how the protist is able to move.

legs [/

) <y \\

o : \
. eggs —», eye
‘\ ‘ He spot

chlorophyll

In a science fiction story, organisms called blobs
have the characteristics of protist organisms
but are as

Actually Smerg, I'm a bit upset.
W I justreadin Science World'
that our gxistence is impossible!

large as a car
or a house.
Suggest why
protist-like
organisms
could not be
this size in
real life.




4.3 Animals and plants

The animal and plant kingdoms contain the
organisms that are most familiar to you. If you
were asked to name a type of organism, it is likely
you would name an animal or a plant.

The animal kingdom

On page 81, the key shows you how animals can
be divided into two large groups—the vertebrates
and the invertebrates. Of these, the invertebrates
contain many more types of animals than the
vertebrates. There are about 950000 different
types of animals on Earth. Of these, about
800000 are arthropods!

Arthropods are invertebrate animals with a
jointed body-covering that supports and
protects their bodies. This covering is called an
exoskeleton (exo means out) because it is on the
outside of the arthropod’s body.

Most arthropods are insects. Members of
this group of arthropods have six legs and three
distinct body segments—a head, thorax and
abdomen. Arachnids belong to another group of
arthropods that includes spiders and ticks. These
animals have eight legs and only two distinct
body segments. Crabs, prawns and lobsters are
called crustaceans and breathe through gills. Most
crustaceans live in water.

A lobster is

an arthropod.
Its exoskeleton
supports and
protects its
body.

Fig 9
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head

thorax

e ——
SRy
7

abdomen

Insects have 6
legs and 3 body
segments.

Spiders have 8 legs
but only 2 body
segments.

Fig 10 The differences between insects and spiders

The second largest group of animals is the
molluscs. Most of the animals in this group have
shells; for example, snails and oysters. Molluscs
live in water (both sea water and fresh water) or
in moist surroundings. This is because they take in
oxygen through a delicate membrane underneath
their shells which has to be kept moist. When
conditions are dry, many molluscs can withdraw
their bodies into their shells. They seal the
opening and can stay like this for long periods of
time until water is again available.

Some molluscs have no shell (eg slugs and
octopuses) or a small internal shell (eg squid and
cuttlefish).

The vertebrate animals are those with an
internal skeleton or endoskeleton. Biologists have
classified these animals into five groups. There are
photos and descriptions of them on the next page.

Fig 11

Molluscs, such as these periwinkles, move by
sliding over the ground on a film of mucus.
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The vertebrates

Fish The animals in this group live in water and
breathe the oxygen dissolved in the water through
gills. Fish have a changing body temperature
(they are incorrectly called cold-blooded). Most
fish lay their eggs in water and the young hatch
outside the mother’s body. Sharks and rays are
fish, but have a skeleton made from cartilage
instead of bone.

Amphibians These animals have a moist skin
and include frogs, toads and salamanders. Their
eggs have no protective covering and are laid in
water. The larvae of amphibians live in water and
breathe through gills, while the adults live on land
and breathe through lungs. These animals have a
changing body temperature.

Mammals These animals have a constant body
temperature and usually have hair or fur that
keeps them warm in cold weather. They breathe
air through lungs. Most mammals give birth to
live young and feed them on milk. Humans are
mammals.

Reptiles These animals have a dry, scaly skin
and a changing body temperature. Turtles,
snakes, lizards and crocodiles belong to this
group. They all lay eggs with a tough, flexible
covering, and all breathe air through lungs.

Birds All the animals in this group have a
constant body temperature (they are warm-
blooded). They have feathers and breathe air
through lungs. They lay eggs with a hard outer
shell.

r



Investigation

Chapter 4 — The living world @

;O ) Dbserving animals

Aim
To observe the features of animals that belong to
different groups.

Materials

e a freshly-killed fish, preferably with gills (from
the fish markets or a fish shop)

e part of a cooked crab, eg a leg or claw

e dissecting board or dish

e dissecting scissors, probe and forceps

e disposable gloves

e aninsect and a spider (either freshly killed,
preserved or a good photo) for Part C

e hand lens

e stereomicroscope (optional)

e glass dish, eg petri dish

Y i 0bseruing a fish

1 Observe the outside of the fish.
\“/ Sketch the shape of the fish and label the
various structures that help it live successfully
in water.

2 Look inside the fish’s mouth and observe the
gills. Then open the gill covers on the outside
behind the head.

J What do you think is the function of the gill
covers? Suggest why fish open and close their
gill covers when they swim.

gill cover
removed

one gill
section

gill filaments

3 Use scissors to cut one gill section from the
fish. Use the hand lens (or stereomicroscope)
to observe the gills.

4 Place the gills in a shallow dish of water.
Observe the gills again with the hand lens.
\7 What differences do you see when the gills
are in water? Suggest how this helps the fish
survive.

5 Use scissors to cut the flesh away from the
backbone. This flesh is the muscles that move
the backbone.

:/' Observe the flexibility of the bones and the
joints in the backbone.

- Observing an
. PART 9
exoskeleton
1 Use the crab leg to observe the exoskeleton
(shell). Look at the joints to see how the hard
pieces of exoskeleton are connected.

J Sketch the crab’s leg and label the hard
and softer parts.

2 Break some of the shell away to expose the
white or pinkish flesh. This is a muscle which
moves part of the leg.

Keep breaking away the shell and remove the
muscle until you find a piece of hard, shiny,
white tendon. Try pulling on this tendon to
move the leg.

¥ 4

exoskelet
- ‘
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. abdomen with the hand lens. You will see tiny
m Obseruvin g other holes through which it breathes.
arthro po ds \“/ Make a labelled sketch of interesting
structures on each arthropod.

1 Look at the insect and the spider. Compare

the number of legs and the number of body Discussion
segments. 1 What happens to gills in and out of water?

Suggest why fish suffocate and die when they

2 Compare the thickness of the exoskeleton of
are left out of water.

the insect and the spider with that of the crab.
2 Suggest why fish have such large muscles

along their backbones. Do they have a similar
bone arrangement to humans? For example, do
they have ribs?

3 Use the hand lens to observe the various
structures of each arthropod. If you can find
a grasshopper, look along the side of its

3 Suggest why the thicknesses of the
exoskeletons of the crab, insect and spider are
different? Would it help the insect to have a very
thick exoskeleton?

breathing 4 Arthropods do not grow as large as most
holes vertebrates. Use your knowledge of
exoskeletons to suggest why this is so.

)
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The Tasmanian tiger or thylacine (THIGH-Ia-
scene) looks similar to modern day dogs, but is
classified as a marsupial. Marsupials, like possums,
koalas and wallabies, give birth to immature young
which then develop further in a pouch.

The thylacine is now considered extinct. The

last documented animal died in captivity in Hobart The thylacine was an amazingly unique
Zoo in 1936. However, many people believe that Australian marsupial. Use the website links to
others exist in the undisturbed forests of central answer the questions below.
Tasmania. 1 How was the thylacine similar to present-day
In 1999, a project was undertaken by a team of dogs? How was it different?
biologists from the Australian Museum to bring the 2 What factors may have caused the animal’s
thylacine back to life just like the dinosaurs in the extinction on mainland Australia? In
film Jurassic Park. Tasmania?
Cells from a preserved thylacine pup were 3 How did they propose using the cells of the
extracted in the hope that the DNA (the substance thylacine pup to produce offspring?

that carried the animal’s genes) could be used to
produce offspring. However, the project proved
too difficult and was scrapped in 2005. New

technologies and techniques might be used to Go to www.OneStopScience.com.au and access the a -
g g . . Mo
continue the project in the future webwatches. Follow the links to Thylacine to find out | g«
K more about the history of the _ ‘J e
s "% %@ Tasmanian tiger (thylacine). OneStopScience w v
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The plant kingdom

This kingdom includes all the multicellular
organisms that can photosynthesise and make
food from carbon dioxide and water, using the
energy of sunlight.

Look at the plant key below. This is another
way to draw a key. Both types of keys are used
by biologists when studying living things.

You can use this plant key to identify the
four main groups in the plant kingdom.

Plant key
Mosses
1 NO SEEM.iiiieenmsnneneens
GHEIM vererereemsnnesesmsssssesnssess goto2
2 MaKeS SPOYES .oovvvrvvsssssssses: Ferns
Makes SEES ...ovirrrsereeenns goto3 '
3 Has flowers .. Flowering plants
NO fLOWEYS ovvecccrrirreresssssssess Conifers
Mosses

Mosses are the simplest plants. They have simple
leaves, very simple roots and no stem.

In larger plants, water from the ground is
carried up to the leaves in the stem. Because
mosses have no stem, their leaves have to be close
to the water on the ground. This is why most
mosses grow only to a few millimetres high and
live in moist places.

Mosses reproduce by spores. These tiny cells
are found in spore cases that grow at the top
of the plant. When the conditions are right, the
spores are released. If they fall on to moist ground
they will form new moss plants.

Ferns

Ferns are much larger than mosses. They have
a stem as well as leaves and roots. The stem

is called a rhizome (RYE-zome) and it grows
horizontally under the surface of the soil.

The fern that you see is the leaf or frond. These
grow up from several places along the rhizome.
The new fronds are curled up, but as they grow
they uncurl (see Fig 13 right).

Fig 12  Mosses are very simple plants. They are small
and have a very simple leaf and root structure.

If you cut a rhizome and observe it under a
microscope you will see tiny tubes. These tubes
carry water and food to all parts of the fern.
Because it has these tubes in the stem, roots and
fronds, ferns can grow much taller than mosses.
Mosses have to be close to the ground so that all
parts of the plant are near a supply of water.

fronds

AT

new frond
uncurling

\ =5/

rhizome

Fig 13 Fern stems or rhizomes grow horizontally
under the ground.



Fig 14 Spore cases on the underside of a fern frond

Ferns, like mosses, reproduce by spores. At
certain times of the year, ferns grow tiny rows
of brown spots under their leaves. These brown
spots are spore cases and are filled with thousands
of spores. When the spores are mature, the spore
cases break open, and the spores fall out and are
dispersed by the wind.

Conifers

Conifers have stems, roots and leaves and
reproduce by seeds instead of spores. Seeds are
larger and more complex than spores. Conifers
include pines and fir trees. These all have cones
that contain the seeds. Male cones are small and
produce pollen, while female cones are mostly
large and woody and produce eggs.

Fig 15 Waterlilies are flowering plants.

Flowering plants

Flowering plants have stems, roots and leaves and
reproduce by seeds. They include grasses, bushes,
shrubs, most trees and even water plants such as
waterlilies. The flowers produce pollen and eggs,
although some types of flowering plants produce
only pollen or only eggs. When the eggs are
fertilised by the pollen, they develop into seeds.
These seeds are contained in a fruit that may be
fleshy and edible—such as in a pumpkin, apple or
grape, or hard and woody as in a walnut, wattle
or eucalypt.

Fig 16  The seeds of apples, watermelons, pawpaws,
kiwifruit and grapefruit develop inside fleshy,
edible fruit.
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on a wound. Ointments were made by mixing crushed
leaves in animal fat.

Plant medicines

For thousands of years, plants have been the source of

medicines for illnesses and injuries. Today chemists often use the active substance

from a plant to make a synthetic ‘copy’ that is then

Early Europeans scraped the bark of the willow tree . -
used in modern medicines.

and used it to ease headaches and pain. We now know
that the bark contained a chemical called salicylate
which chemists use to make aspirin.

Australian Aborigines had a wealth of knowledge
about plant medicines. Medicines were prepared by
crushing the plant and soaking it in water, often for a
long time. The patient would drink it or have it rubbed

1 Use the list below to match the organism to

its description.

ferns
mammals

mosses
reptiles

arthropods
conifers

a These plants produce seeds in a cone.

b The organisms in this group have a
constant body temperature.

¢ These organisms contain chlorophyll but
do not have a stem.

d These organisms include arachnids and
crustaceans.

e Female organismsin this group lay eggs
with a tough, flexible covering.

f These plants produce spores but have a
stem and leaves.

2 How would you tell the difference between:

a aconifer and a flowering plant?
h afern and a conifer?
¢ amoss and a fern?

3 Amphibians usually live close to water. In

times of drought, they often burrow into
moist soil. In the colder months of the

year they hide in burrows or under logs
and rocks.

For each of the three sentences in the
description above, suggest why amphibians
show this behaviour.

WEBwatch .

Go to www.OneStopScience.com.au and access
the webwatches. Follow the links to Aboriginal
medicines to find out more about plant medicines.

LOneStopSoence‘

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

4  Why are snakes and earthworms classified
in different groups (see page 81)?

5 Use the key on page 95 to write a
description for the plants in the photos
below.

6 There are two ways of drawing keys. Use
the information in the key on page 95 to
draw the other type of key.

7 Whales and dolphins spend all their life in
water. Why are they classified as mammals?

8 Inthe two polar areas on Earth where snow
and ice are present all year round, some of
the following animals might be seen on the
icepacks—polar bears, penguins, seals and
sea lions.

To which groups do these animals belong?
How can they survive when other animals
such as insects, reptiles and amphibians
cannot?

___________________________________________________________________________________________________



@ Sciencellorld ? Australian Curriculum edition

Challenge

1 The animal key on page 81 contains three

invertebrate groups—arthropods, worms and
molluscs. However, there are a number of other
invertebrate groups. Use the information below
to redesign the invertebrate part of the animal
key on page 81.

Arthropods (insects, spiders, crabs): jointed
covering over body

Molluscs (snails, clams, oysters, mussels, squid,
octopuses): soft body, not segmented, usually
with a shell

Echinoderms (starfish, sea urchins, sea
cucumbers): hard, spiny skin, all live in the sea

Flatworms and roundworms (tapeworms, liver
flukes, threadworms, nematodes): long, flat or
round soft body with no body segments, poorly
developed gut

Segmented worms (earthworms, leeches, beach
worms): long, round and soft body divided into
segments, well-developed gut

2 Tan and Kif were studying mangroves—
flowering plants that grow in salty water along

river banks. They used the key below to identify
the mangroves they observed when they were
on a field trip.

a Tan observed a mangrove that had salt
crystals on its leaves, and its leaves were
growing alternately on the stem. Which
mangrove was Tan observing?

b There may be terms in the key that you have
not seen before. Draw a sketch of what you
think buttress roots and ‘knobbly knee’ roots
are. Discuss your sketches with other people.

¢ Write a description for the yellow mangrove.

d Kif noticed a mangrove with opposite leaves
and aerial prop roots. Which mangrove was
he observing? What further observation
would be necessary to be sure of the type of
mangrove it was?

e Inwhich way is a black mangrove different
from an orange mangrove?

MANGROVES

I
leaves grow
alternately on stem

|
leaves grow opposite
each other on stem

| | .
| leaves not grey on leaves grey on
. . the underside the underside
milky sap sap not milky ;
. GREY MANGROVES
MILKY
MANGROVES
aerial prop no aerial prop
roots roots
I
salt on leaves salt not present SPOTTED
on leaves MANGROVES
| | ,
RIVER BLACK ’knobbly knee’
MANGROVES MANGROVES TS roots
| 1
YELLOW ORANGE

MANGROVES MANGROVES
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Copy and complete these statements to make a summary of this

algae
chapter. The missing words are on the right. Al
1 Living things can be into groups by observing their classified
similarities and differences. A good way to do this is to use a conifers
2 Biologists find and functional features much more useful to decomposers
classify organisms than features such as colour, shape or size. fungi
3 The need for and food, and the ability to are some key
of the seven characteristics used to show something is living. kingdoms
4 Biologists usually classify organisms into five :animals, mosses
plants, , protists and monerans. oxygen
5 Most are unicellular organisms and have very simple cell protists
structures. are plant-like protists which contain chlorophyll reproduce
but have no stem, roots or leaves. S
6 Fungi do not contain and reproduce by spores. Most fungi vertebrates
are because they help break down the bodies of dead
organisms.

7 Animals can be classified into two main groups: which have bones, and

invertebrates which do not.

8 The plant kingdom is divided into four main groups: , ferns, and
flowering plants.

Try doing the Chapter 4 crossword at

-

 OneStopScience

3 Zian classified the two animals in the diagram
below in the same group because they both live
in the ocean, have a similar shape and feed on
fish. Bruno disagreed with her and said they
belong in different animal groups.

Who was correct and why?

1 Leon catches an animal in a pond. Which
characteristic would be the most useful in
classifying the animal?

A whether or not it has a backbone

B what type of food it eats

C whether it lives in a group or on its own
D its colour

2 In which kingdom
does this organism
belong?

A plant
B protist
C monera
D fungi
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Which characteristic can be used to tell a fern

from a conifer? a
A where it grows b
B whether it has a stem or not

C its colour c

D whether it produces seeds or spores

9 How can you tell the difference between a
reptile and an amphibian?

6 Into which group would you put this organism?
It is green in colour, has very small root-like
structures, is quite small (about 10 mm across)
and lives in moist places.

71 Which of the following statements is
incorrect?
A Turtles and lizards belong to the reptile
group of the animal kingdom. a
B Flowering plants, conifers and ferns all
produce seeds. b
C Mammals and birds are two groups of
vertebrates which have a constant body c
temperature.
D Bacteria and fungi are decomposers because
they break down the bodies of dead

organisms.

8 Look at the diagrams of the four organisms.
In which two ways are they similar?
How is organism D different from

the others?

Make up a key that could be used to
classify these four organisms.

9 The key below was used to classify some
organisms in a pond.

Describe in one sentence the characteristics
of mites and water spiders.

How are flatworms and leeches similar?
How are they different?

You observed a frog and some fish in a
pond. Why would this key be unsuitable
for classifying these animals?

| ANIMALS IN POND |

shell or hard covering

no shell or hard covering

body divided into body not divided
segments into segments

FLATWORMS

hard shell jointed covering
(exoskeleton)
]
MUSSELS | |
3 pairs more than 3
of legs pairs of legs
| WATER BEETLES | | MITES, WATER SPIDERS |

to access
interactive activities to help you revise this chapter.

- Check your answers on page 268. ’

OneStopScience‘
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Science Inquiry Skills M ’

Becoming a trained observer
1 Look at the sketch on the right.

e What does it look like to you? ®
e What do other people see in it?
e Why do you think different people see

different things?

Did you see two different animals—one facing
the right and one facing the left? Different
people will make different observations,
depending on their past experiences.

2 A medical student watches two radiologists
studying a chest X-ray and discussing, in
technical terms, what is wrong with the
patient’s lungs. The student is puzzled because
all he can see in the X-ray are the shadows of
the heart and ribs and a few spidery blotches
between them. However, as the weeks go by
and he looks at many different chest X-rays
he realises that he has to forget about the ribs
and try to see the lungs behind them. Once he
does this, he sees so much more than he could
before.

e Why can the student now make better
observations of chest X-rays than he
could before?

3 Look at the photo on the right. The red

material on the rocks is a living thing called

a lichen.

e Into which of the five kingdoms described
in this chapter would you classify it? Why?

Without a good knowledge of biology your

answer is probably not much more than

a guess. For hundreds of years, biologists

thought lichens were single organisms.

However they now know that a lichen is two

different organisms living together. Most of

the lichen is a fungus, but it also contains

unicellular algae.

e With this knowledge, how would you now
classify the lichen? Explain your answer.
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Science Understanding

compare times for the rotations and orbits of the Earth, sun and moon

use a model of the Earth to answer questions about day and night

explain the seasons as a result of the tilt of the Earth’s axis as it orbits the sun
use models to understand phases of the moon and eclipses

relate the tides to the positions of the Earth, moon and sun

Science Inquiry Skills
give examples of different types of models and how they are used in science

Based on Australian Curriculum, Assessment and Reporting Authority (ACARA) materials



Earth in space 103

Getting started ;

In a small group, discuss each of these
questions:
The photo of the Earth on the previous page
was taken from the moon. What do you notice
about the surface of the moon? Why can you
see only half of the Earth?
Who was the first person to walk on the
moon? When did this happen? Why was a
spacesuit needed?
The photo below was taken by pointing a
camera directly south in the night sky and
leaving the shutter open for many hours. How
can you explain the circular star trails?
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5.1 How the Earth moves

Once people thought the Earth was flat. Today
we know that it is approximately spherical—
round like a ball. The Earth is divided into two
hemispheres (half-spheres) by an imaginary

line called the equator. The part that includes
Australia is called the Southern Hemisphere, and
the other half is called the Northern Hemisphere.
Astronomers have found that the diameter of the
Earth is about 13000 km. They have also found
that it is slightly flattened at the poles.

Each day you see the sun rise in the east and set
in the west. Does this mean that the sun moves?
For thousands of years people thought so. For
instance, people in India believed the Earth was
a circular disc surrounded by the ocean. In the
centre of the world was a great mountain. The
sun went around the mountain once a day. At
sunset the sun went behind the western side of
the mountain. It travelled behind the mountain
during the night and came out on the eastern side
at sunrise. We now know that it is the Earth that
moves. It only appears as though the sun moves
around the Earth.

. 235%°
axis side in
sunlight

2
Northern
‘Hefnisphere

darkness

Fig 1 The Earth rotates on its axis in an
anti-clockwise direction when viewed

from space above the North Pole.

Earth's rotation

The axis of the Earth is an imaginary line through
the centre of the Earth from pole to pole. This axis
is tilted at an angle of 23%2 degrees. The Earth
rotates or spins on this axis, rotating once every
24 hours. This means that people on the equator
are moving at 1700 km/h! You don’t feel or see
movement because everything else around you
moves at the same speed.

As the Earth rotates from west to east, the
sun, moon, stars and planets all seem to move
the other way—from east to west. This is why you
get the circular star trails in the photo on the
previous page.

It is because the Earth rotates on its axis
that we get night and day. As the Earth rotates,
only one half of it faces the sun at any one time.
While this half is in sunlight, the other half is in
darkness.

OH, WHAT A
BEAUTIFUL OF COURSE, YOU KNOW,
SUNRISE. THE SUN DOESN'T

ACTUALLY RISE. THE
EARTH ROTATES ON
ITS AXIS AND ASIT
TURNS, THE SUN
COMES INTO VIEW.

YET ANOTHER ROMANTIC MOMENT ELUDES
THE SCIENTIFIC BRAIN.
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Earth’'s revolution

As well as rotating on its axis, the Earth
travels through space around the sun. This is revolution
why the stars appear to change position in the
sky throughout the year. For example, Orion
(the Saucepan) appears in the north-east in
summer and disappears in the north-west in
autumn. We say the Earth revolves around
the sun. The path it follows is called its orbit.
This orbit is almost circular, but slightly oval.

The time taken for one complete revolution
of the sun is one year. During this time the
Earth rotates 365% times. This means there
are 365% days in a year. This is very difficult
to divide into equal parts for our days and
weeks. So we consider each year as having
just 365 days and every fourth year, or leap
year, has 366 days.

The Earth stays in its orbit because of
the gravitational force of attraction between
it and the sun (see page 67). In the activity

below you can use a model to help you "Fig2  The Earth rotates on its axis and revolves around
understand this force. the sun, both in an anticlockwise direction (viewed
from space above the North Pole).

rotation

A

It is best to do this activity outside where you

Activity

have plenty of room.
1 Fasten a piece of thread to a styrofoam
ball. Pass the thread through an empty
pen case or piece of plastic pipe. Tie ball (EARTH)
the other end to a small rubber stopper empty pen case
or similar weight, as shown. (SUN)

2 Hold the pen case and whirl the ball in a
circle so that it stays the same distance
from your hand.

’:/ In your model, what force keeps the thread
ball in orbit?

£} What will happen if you cut the string
while the ball is moving? Try it. (Cut
between the pen case and the weight.) . rubber stopper

/7 What force keeps the real Earth in
orbit around the sun?
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-
Skillbuilder | YA
Models

A model is a way of representing something
that is too small to be seen, or too large or too
complicated to be studied easily. For example,
in primary school you might have made a
model of a volcano.The model helps you to
understand how a volcano works. You may
have seen a classroom model of an eye, which
shows what the inside of the eye is like and
how it works.

You can’t look from space and see the
Earth and the planets moving around the sun.
However, if you build a model you can see the
relative sizes of the planets and how far apart
they are. In this chapter you will use models to
represent or show how scientists infer that the
sun, Earth and moon move in relation to each
other.

Models of aircraft are tested in wind tunnels
before being built. Models of buildings can be
tested in earthquake simulation machines. As a
result of these tests, the plans may need to be
modified.

Scientists use computer models to make
predictions about the future. If these predictions
are accurate, then the model is a good one.

If the predictions are not accurate, then the
model needs to be modified or discarded.
The illustration at top right shows a computer
model prediction for global warming in the
year 2030.

Sometimes you can think up your own model
to represent something you don’t understand

sound travels this way s

Fig 3 Jack’s model to explain how sound travels

Predicted temperature change (°C)
for the year 2030

l

very well. For example, Jack wanted to explain
how sound travels through air. He imagined a
line of toy soldiers, each soldier representing

an invisible particle of air. When a soldier is
pushed sideways it springs back up again—

it vibrates. The soldier pushes the one next to it,
and in this way the ‘push’ gradually goes down
the line, like a wave on the ocean. The soldiers
stay in position, but the wave travels along the
line of soldiers.

Exercises

1 a Inthe activity on the previous page, what
does the ball represent? What does your
hand represent?

b Is it a good model of how the Earth orbits
the sun? Explain your answer.

2 Why do scientists make models of atoms
and molecules?

3 Why would high-rise buildings need to be
tested in wind tunnels?

4 Your teacher will show you some classroom
models. What do they show that you can'’t see
with the real thing?

5 a What was Jack trying to explain with his

toy soldiers?
b Why did he need to use a model?



What causes the seasons?

We divide the year into four seasons—spring,
summer, autumn and winter. Summer is much
warmer than winter, and the days are longer.
Seasons are caused by a combination of the tilt

of the Earth’s axis and the Earth’s revolution
around the sun. The particular season depends on
whether the Earth’s axis is tilted towards the sun
or away from it.

In the model in Fig 4 the Southern Hemisphere
is tilted towards the sun. This means the Northern
Hemisphere is tilted away from the sun. Let’s
represent sunlight by torch beams. Torch beam
A hits the Southern Hemisphere square-on, and
shines over a small area. Beam B hits at an angle
and is spread out over a larger area of the Earth.
Beam A warms the Earth more than beam B. So,
where beam A hits the Earth, it would be summer,
and where beam B hits it would be winter.

Summer in Australia is when the Southern
Hemisphere is tilted towards the sun, as on the
left in the diagram below. In this position there
is more of the Southern Hemisphere than the
Northern Hemisphere in sunlight. Six months
later we are on the other side of the sun. The

Spring (Sept-Nov) : The South Pole starts to
tilt towards the sun. During spring, days and
nights are each about 12 hours long.

Summer (Dec—Feb): The South Pole
tilts towards the sun. Days are longer
than nights.

Chapter 5 — Earth in space @

Fig 4 Using a model to represent summer in the

Southern Hemisphere (beam A) and winter in
the Northern Hemisphere (beam B).

Southern Hemisphere is now tilted away from the
sun, and it is winter.
The seasons in the Southern Hemisphere
are the opposite of those in the Northern
Hemisphere. If the Southern Hemisphere is tilted
towards the sun (summer), then the Northern
Hemisphere is tilted away from the sun (winter).
Investigation 12 should help you to understand
day and night and the seasons.

The seasons in Australia

Diagram not to scale

Winter (June-Aug) : The South Pole
tilts away from the sun. Nights are longer
than days.

Autumn (Mar—May) : The South Pole starts to
tilt away from the sun. During autumn, days
and nights are each about 12 hours long.
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Investigation 12 : ;O ) A sun-Earth model

Aim You now have a model of the Earth. Of course
To use a model to explain how the Earth’s motions there is no real axis going through the centre
in space cause day and night and the seasons. of the Earth. The model simply helps you

understand how the Earth rotates.
Materials

e polystyrene ball (about 7cm in diameter)
e wooden cooking skewer or knitting needle

Note: Instead of the ball and skewer you could
use a geography globe.

e projector (overhead projector or slide projector) 2 Draw a rough sketch of Australia in the bottom
e 2pins half (Southern Hemisphere) of the ball. Also
draw in the directions north, south, east and

. west.
Planning and Safety Check
Read both parts of the investigation carefully

before you start. You will need to make . . _
accurate observations, so work in a group and 3 Turn on the projector. Hold the ball in the light,

make sure you know who is doing what. and observe from the side.

:/ What does the lit half of the ball represent?
What does the dark half represent?

4 Tilt the top of the ball away from the projector
i PART A Da y an d niq ht as shown, keeping the pin representing you on

the light-dark line.

Represent yourself by a pin stuck in the ball
where you live.

Method \‘/ What happens at this time of day?

1 Carefully push the skewer through the centre of Turn the ball slowly from west to east. Notice
the polystyrene ball. Be careful—it has a sharp that the sun rises in the east.
point.

5 Keep turning slowly until your pin reaches the
light—dark line on the other side of the ball.

\7 What happens at this time of day?

el /7 In which direction do you look to see the

sun set?

6 Watch your shadow (from the pin) as
you move from sunrise to sunset.
\'/‘ How does its length and position
change?

:/' How can you tell from your

projector et
shadow when it is midday?

7 Do all places in Australia have day and night at
the same time? Use your model to find out.

Discussion

Do you think this is a good model to explain day
and night? Explain.
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m The seasons

1

Stick another pin in the ball to represent a
person in the Northern Hemisphere. Place it so
that the other person is directly north of you—
between you and the North Pole, as shown.

:/ With the axis tilted this way, is it summer
or winter in Australia?

Keeping the ball tilted, rotate it from the
sunrise position to the sunset position.

:/' Where does the sun rise first—at your
place, or in the Northern Hemisphere?

.’ Where does the sun set first?

:/ Was the day the same length for both
people? Explain.

:/ Is there any place on the Earth at this time
of year where the sun doesn't set? Is there any
place where it is dark for 24 hours?

person in
Northern
Hemisphere

projector

\‘/‘ What is the relationship between the
seasons and the length of the day?

f  movement of one body around

around the sun? How many times does the
Earth rotate on its axis in this time?

3 Repeat Step 2, but this time tilt the top of the
ball towards the projector. 4 |f the Earth’s axis was not tilted, would the day
£} In this position is it summer or winter in be the same length for both people? Use your
Australia? model to find out.

g 2 Copy and complete these sentences. E
a The Earth takes hours to rotate '
] . . 1
) . once on its axis. i
1 1 gﬂi:ﬁrilie?hb()fl tlxse terms with the b We have seasons because the Earth’s :
E etintions below. axis is i
] axis orbit ¢ Insummer the are longer than t
E hemisphere revolution the i
1 model rotation d The Earth’s axis is tilted at an angle of :
; a away of representing something that L . o i
! cannz,)t be :bserved ?}Iirectly d e When itis spring in Australia, it is {
E the spinning of a body on its axis i lrnhthg I\rlt(;rﬂ:ern !—iem;)s_tphere. dth i
) the path followed by an object in space b era ? aysin orf itaroun esun |
! as it revolves around another object | egause ob . the Sc ?[LC(;' le is tilted !
) d imaginary line about which an object in g In ecetrl_? ef, the sou ole s tiite i
! space spins ——— e sun. ¢
5 e half of a sphere 3 How long does it take the Earth to revolve E

another body

___________________________________________________________________________________________________
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___________________________________________________________________________________________________

4  Write a description of how the Earth moves
by comparing it to a sideshow ride.

(3]

Suppose you lived at point X on the Earth's
surface. Would it be day or night? Would it
be summer or winter?

6 Why do shadows in the southern half of
Australia point south at midday?

- —————

SUN

B o o o .

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

? Challenge 6

1 Two penguins are standing at the South Pole.
One walks northwards, and the other turns and
walks in the opposite direction. What direction
is this? Explain. 8

2 How do we know that the Earth is spherical?

Give at least two reasons.

3 The diameter of the Earth is about 13000km.

Calculate its circumference. 9

4 In winter the sun is more to the north (lower in
the northern sky) than it is at the same time in
summer. Why is this?

5 Find out the meanings of the terms solstice and
equinox.

Where is the ‘Land of the Midnight Sun’? Why is
it called this?

In Darwin, the Earth’s surface is travelling at
about 1500km/h. In Melbourne it is travelling at
only 1000km/h. Why is this?

The planet Mercury is not tilted. It rotates slowly
on its axis once every 59 Earth days, and
revolves around the sun in 88 Earth days. What
would the days, nights, years and seasons be
like?

Look back at the photo of the star trails on
page 103. If you were at the equator and
pointed the camera straight up, the trails would
be straight lines. Try to explain this.

/'

-
TRYTHIS | @

-
By making a few measurements you can calculate
the distance to the sun (if you know its diameter).

1 Obtain two small pieces of cardboard. Use a
pin to put a small hole in one of them.

Attach the two pieces of cardboard to a metre
ruler 50cm apart, as shown.

Tilt the ruler until the spot of light from the
pinhole is circular.

Carefully measure the diameter of the spot
(in millimetres).

distance to sun

5 Use the formula below to calculate the
distance to the sun.

distance from pinhole to spot (500 mm)

diameter of sun (1400000 km)

distance to sun (in km)

diameter of spot (in mm)

500 x 1400000
diameter of spot (in mm)




5.2 A trip to the moon

It is the year 2029 and a ripple of excitement
runs through the Moresby Space Port as the
announcement comes from the voice-synth

system. “Luna Tours Special anniversary moonflight &

will depart from Bay 3 in 30 minutes. Passengers
please assewmble inthe departure lounge.”

The fare of $99 999 seemed such a lot when
I started saving a few years ago, and I did need
help from my family to raise the last bit. But
this trip will be worth it. Not many people have
the chance to stand on the moon on the 50th
anniversary of Neil Armstrong’s first landing. It
will be the trip of a lifetime.

As I climb into the shuttle, the moon is rising.
I think that dark area on the left must be the
Sea of Tranquillity where we will land, but I can
never see the ‘man in the moon’ or the rabbit
that some people say they can see.

This is it, lift-off! From my window seat I
have a fabulous view of Cape York and the coast
of Papua New Guinea as we leave the Earth
behind. We surge upward and the scene fades to
an inky blackness. There is something odd about
the stars—of course, they no longer twinkle!

Even though we are travelling at over
5000 km/h, it will still take us three Earth days
to reach the moon. To fill in some time I flick on
the DVD in-flight guide.

‘The moon (s about 3500 Kilometres in diameter.
This is about the distance from Sydney to Perth. The
reason the moon appears $o Small is that it is So
far away from the Earth.

The wmoon iS a natural satellite, in orbit
around the Earth. It Stays in orbit because of its
own movement and the gravitational force of
attraction between it and the Earth. It takes 291/
days (about a month) for the moon to complete one
revolution. The moown also rotates on its axis, and
amazivgly it does tHis in the Same time—291/2 days

Now that explains something that has always
puzzled me. Why we always see the same marks
on the moon’s face. The same side always faces
the Earth.
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Can you spot the four different types of motion?

The DVD has a diagram of the sun-Earth—
moon system. Apparently there are four different
types of motion, and I think I can work them out.

Time passes quickly and we are soon in lunar
orbit. It’s obviously time to turn off the computer
and do some sightseeing. That must be the crater
Copernicus, named after the famous astronomer.
It’s 932 km across (according to the DVD) and
scientists think it was formed when a meteorite
crashed into the moon. The rays around the
crater are probably the material splattered around
during the impact. From here it is obvious that




the ‘seas’ are just large flat plains. When Galileo
first saw them through his telescope, he thought
they were oceans.

What’s that?>—an announcement from our
guide. “Passengers on the port side can now see
the far side of the moon. THis (s the part of the
moon that we never See from the Earth. It wasn't
until 1959 that Luna 3 took the first photos of it.
You will be able to tell your friends and family that
there are wore craters and mountains Here than on
the near Side. But they may not believe that moon
mountains are even Migher than those on Earth.”

We complete our orbit of the moon and
the descent engines are fired, sending us down
towards our destination at Armstrong Base in
the Sea of Tranquillity. The DVD told me about
the need for protection from meteorites and
high daytime temperatures, so I’'m not surprised
that only the landing pad is above ground.

I lose sight of the barren surface below us
and then we have landed. I can easily imagine
how Neil Armstrong felt when he stepped onto
the moon in 1969. A giant elevator takes us
down to the underground base. The low gravity
takes some getting used to, but I manage to get
a good eight hours sleep before our trip out
onto the surface ...

I struggle to put on the bulky spacesuit. It
has many layers to protect me from the low
pressure here, the ultraviolet radiation, the
micro-meteorites and the extreme heat and cold.
A day on the moon lasts almost 15 Earth days,
and at midday the temperature is high enough
to boil water! At night it drops to —170°C.

The spacesuit also contains my air to breathe
and a radio for communication. With all this
gear it is difficult to walk, but I manage a few
bunny hops. Without this suit on I bet I could
jump six times higher than I can on Earth.

Nothing much changes here. Because there is
no air, there are no sounds and no wind. There
are no clouds and no water to wash away the
footprints made by the astronauts 60 years ago.
It’s so eerie—completely silent, with that black
sky and the stars in the sky in the middle of
the day!
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Our robot rover was an improved version of the vehicle used
by Apollo 17.

Activity L)

Use A trip to the moon to answer these

questions.

1 In what year did Neil Armstrong land on
the moon?

2 How do scientists think the craters on the
moon were formed?

3 Why is it that the far side of the moon was
unknown until 19597

4 \What are the main features of the moon’s
surface?

5 Suggest why the footprints of astronauts
who walked on the moon in 1969 are still
there today.

6 Why would the writer of the story think he
could jump six times higher on the moon
than he could on Earth?

7 Calculate how far it is from the Earth to
the moon.

Suggest why the stars don’t twinkle when
seen from space or from the moon.



_Activiy B

Why do we see only one side of the moon?

You and two partners can make a model of
the Earth, moon and sun. Ask your partners to
help you as shown. Partner A represents the
moon, and partner B the sun. Ask partner A to
walk slowly around you (the Earth) while you
rotate on your chair in the same direction.

1
2

How many sides of A's body do you see?

How many times does A turn around
(rotate) in one revolution? (Ask partner B.)
How many times does the moon revolve in
29> days?

How many times does the moon rotate in
29> days?

How many sides of the moon (A) can you
see from the Earth as it revolves? Why?

For how long did B (the sun) see all or part
of A’s front?

Studying lunar craters

Look at the photo below. Which are craters and
which are mounds? Now turn the photo upside
down. Do you notice something strange? What
you inferred was a crater now appears to be a
mound! Sometimes you can make errors

Chapter 5 — Earth in space @

Partner B
(sun)

-----
......
i

o

Partner A
(moon)

7 How long does the sun shine on one
particular place on the moon as it
revolves around the Earth?

8 Does the same side of the moon always
face the sun?

inferring from a photograph. In this case the
direction of the sunlight is very important. If the
sunlight is from the top right, then you have a
large crater with mounds in the middle. If the
sunlight is from the bottom left, then you have a
large mound with craters in the middle of it.
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Aim
To investigate the formation of craters by
dropping ball bearings into sand.

Materials

e shallow cardboard box (about 5cm deep)
e very fine sand (enough to half fill the box)
e marbles or ball bearings of different sizes
® light source, eg torch

e safety glasses

Method

To make craters, drop marbles or ball bearings
into the sand. Note the size and shape of each
crater and the height of the rim.

-

. surface when the playdough hardens.

e What happens when you vary the height from
which you drop the marble?

e Meteorites sometimes hit the moon’s surface
at an angle. Experiment to see what happens
in this case. (Set up your experiment so that
nobody can be hit by a marble.)

e Use the light source to investigate the shadows
cast by your craters.

Write a full report of your experiment, explaining

your results and suggesting how you might be

able to improve your method.

Teacher note: If you mix the sand with
playdough you will have a permanent moon

Activity : A‘

Look at the photograph below of part of the

moon’s surface. The sunlight is coming from
the left.

[} Which of the two large craters is older?

Explain your inference.

£} Which of the two craters do you think is

deeper? Explain.

':/ If the largest crater is 35km across, what
is the size of the crater (bottom left) marked
with an arrow?

/7 On the right of the photo is a long narrow
valley called arill. If the sunlight was from the
right, how would your interpretation of this
feature change?
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Are these statements true or false? Change

the sentences if necessary to make them

true.

a The moon revolves around the Earth in
24 hours.

b  The same side of the moon always faces
the Earth.

¢ There is no weather on the moon.

d One moon day and one moon year are
the same.

e The Sea of Tranquillity is a dried-up
ocean.

f  Gravity on the moon is six times greater
than it is on Earth.

’

If a spacecraft goes close enough to the
moon at a certain speed its path curves
automatically as shown. It goes into orbit
around the moon. Why is this?

goes into orbit
around moon

spacecraft
from Earth

Why does the moon’s surface get so hot
during the day?

Suggest why there is no life on the moon.

PSSP PSSP PSP PSPPSR ———_

A

1 Write inferences to explain why:

a there are more craters on the moon than on
Earth

b there are more craters on the far side of the
moon than on the near side.

Our view of the moon is upside down to how
people in the Northern Hemisphere see it. Use a
diagram to explain this.

Exploration of the moon is extremely expensive.
What have we gained from this exploration, and
should we continue?

What would you need to survive on the moon for
several years? Draw a sketch of what a future
moon colony might be like.

f

 TRYTHIS | & J

p

1 Observe the moon when it is between a quarter

and three-quarters full. (It is difficult to see the
craters and mountains on a full moon because
at that time they cast no shadows.)

Can you see the ‘man in the moon’ or any other
shapes?

Can you identify any of the seas and craters
marked on the map here? (If possible, use a
pair of binoculars.)

Use the internet or library resources to find out
why Copernicus was famous.

Complete the second half of A trip to the moon
by describing an excursion to Julius Caesar
Crater.
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5.3 Sun—Earth—moon
Phases of the moon

The moon produces no light of its own. We
see it only because it reflects light from the sun
(Fig ). If any part of the moon’s surface is not
in sunlight, we cannot see that part because
space (the background) is black too. Because the
moon revolves around the Earth, we see different
amounts of its surface lit up during its 29%-day
cycle.

Look at Fig 6 below. When the moon and
the sun are on opposite sides of the Earth
(position 5), you see a full moon. The entire side

of the moon facing Earth is lit up by the sun. Fig 5 The moon produces no light of its own.
When the moon and sun are on the same side We see it only because it reflects light from
of the Earth (1), there is a new moon—the side the sun.

facing the Earth is in darkness. You see quarter

moons when the moon is one-quarter (3) and The changing shapes are called phases of the
three-quarters (7) of the way from the new moon moon. On the next page you will use a model of
position. In between are crescent moons (2 and 8)  the sun, Earth and moon to help you understand
and gibbous moons (4 and 6). what causes these phases.

Fig6  We see different parts of
the moon’s surface lit up
during its 29%-day cycle.
These changing shapes
are called phases.

Note: When viewed from
the Southern Hemisphere
the moon appears to
orbit the Earthin a
clockwise direction.

sun's
rays

p you understand what causes the phases
 of the moon, click on the _
' animation at | OneStopScience

(6606 )H)

crescent qjiarrstter gibbous n:gl)ln gibbous qJZ?tter crescent
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Activiy B

For this activity you will need to work with a
partner. You could also do it as a class activity.
1 Ask your partner to sit in the middle of
a darkened room with a notebook and
pencil. This person represents the Earth.

2 Stand about two paces away from your
partner. Hold a basketball above your
head as shown. The ball represents

the moon.

3 Turn on an overhead projector so that it

shines on the ball.

4 Walk slowly around your partner in a
clockwise direction. Stop in the eight
positions of Fig 6 on the previous page so

that your partner can draw the shape of

the lighted part of the ‘moon’ as it orbits

the Earth.

5 When your partner has completed the
diagrams, swap jobs and repeat the

activity.

Solar eclipses

Because the Earth and the
moon are so much smaller than
the sun, they always cast cone-
shaped shadows into space,

as shown. Once a month the
moon passes between the Earth
and the sun, as shown. This is
the new moon phase. Normally
the moon’s shadow misses the
Earth. Sometimes, however,

the shadow touches the Earth.
When this happens, the light
from the sun is blocked. This is
called an eclipse of the sun, or a
solar eclipse. Eclipses of the sun
do not happen very often. They
can be seen only over a narrow
strip of the Earth.

6 Compare your diagrams with Fig 6.
Where was the ball when you saw a full
moon? Where was it when you saw a
new moon?

y

WARNING: You should never look
directly at the sun—especially during
an eclipse. It can damage your eyes.

moon’s orbit

shadow
cone
of moon

'~

An eclipse of the sun is observed
from this region of the Earth.

sunlight
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Lunar eclipses

At the full moon position the
Earth’s shadow sometimes

falls across the moon’s orbit,
causing an eclipse of the moon,
or a lunar eclipse. As the moon
passes through the Earth’s eclipse ending
shadow, it grows darker. It —
turns not black, but a reddish

colour. The Earth’s shadow

is so wide that it sometimes

takes the moon several hours

to move through it. Each year moon’s orbit
there may be one or more

lunar eclipses. It is quite safe to

watch a lunar eclipse.

Earth’s shadow cone

moon fully eclipsed

sunlight

ActiVity ] ‘D ~——————— 3 metres

Use a projector, ball and globe to

show how eclipses occur. For a _,proJeCt?_r_
solar eclipse, move the ball (moon) f }__
between the projector (sun) and the ball

globe (Earth). For a lunar eclipse
move the ball behind the globe.

* Science as a Human Endeavour | €9)
In 1969 the Apollo 11 astronauts left a special
mirror on the moon’s surface. When a laser beam
is fired at the mirror from a telescope on Earth, it

bounces straight back. The laser beam travels at
the speed of light. So by measuring the time it takes

the beam to travel from the Earth to the moon,
the distance to the moon can be calculated. This X ,
distance can be measured very accurately. Scientists LT A

=
h A -~ a— solar panels
have found that the moon is moving away from NS P

the Earth at about 3.8 cm each year—about the
rate at which your fingernails grow.




Tides

If you fish or swim at any coastal beach you will
be familiar with tides—the periodic rise and fall
of the ocean. But what causes these tides?

Scientists explain tides as being caused mainly
by the gravitational pull of the moon. Look at
Fig 7, which shows the Earth’s oceans (not to
scale). The moon’s gravity pulls water towards it,
away from B and D, so that it collects at A and
bulges out. A second smaller bulge forms at C.
This is because the Earth is pulled towards the
moon and the water in the oceans is left behind.
The overall effect is to create high tides at A and
C and low tides at B and D.

As the Earth rotates, the tidal bulges stay
roughly in the same place—since the Earth rotates
much faster than the moon revolves. The Earth
rotates under the tidal bulges, and therefore each
place on Earth passes through two high tides each
day. So the tide goes in and out twice each day,
with one high tide (the one at A) slightly higher
than the other.

The sun also has an effect on the tides, but
because it is further away, it has less effect than
the moon does. When the sun and the moon are
lined up (new moon and full moon), extra high
tides called spring tides occur. When the sun and
moon pull at right angles to each other (quarter
moons), you get low high tides called neap tides.

To see how tides are formed, open the

animation at .
*

OneStopScience

__________________________________________________

1 How are we able to see the moon even
though it does not give off its own light?

Use a labelled diagram to show the
positions of the sun, Earth and moon when
a person on Earth sees a full moon.

3  Why is the new moon dark?

)

...................................................................................................
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larger
gravitational

pull

oceans

The Earth viewed from above the South Pole

Fig 7 How tides are formed by the gravitational

pull of the moon

tidalforce
from Moon
Earth, ' ‘

moon

| | Vﬁ

tidal force

from sun \ large
tidal

_ - "bulge

- @ Moon

- tidatforce
from moon

small
tidal
bulge

Earth

tidal force
from sun

Fig 8 How spring tides (top) and neap tides (bottom)

are formed

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

4 Explain the difference between a solar
eclipse and a lunar eclipse.

5 Explain why there are usually two high
tides and two low tides each day.

6 Most people like to fish at the time of the
month when there is a full moon. What
reasons could there be for this?
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midnight 6 am noon 6 pm midnight 6 am noon 6 pm midnight

Monday Tuesday

7 The tide track graph above shows high and
low tides for two days.

a How many high tides are there each
day (over 24 hours)?

b What is the time and the height of the
high tide on Monday morning?

¢ What is the time and the height of the
high tide on Monday night?

d Which is the bigger of the two high
tides on Monday? What causes this
difference?

e What is the difference between the
height of the low tide Monday afternoon
and the high tide Monday night?

f  What is the time of the first high tide on
Tuesday? How much later in the day is
this than on Monday?

S

Challenge

1 The round outline of the moon can sometimes
be seen during the new moon or crescent
phase. Why?

8 Copy the diagram below. :
a In each of the positions A, B, C and I

D shade those parts of the moon :

on which light from the sun does I

not shine. '

b  What is the phase of the moon in :
each position?

o

2 Explain why the heights of the high tide vary

moon throughout the year.
sun . O 3 The highest high tides (spring tides) occur when
A Earth e it is a new moon or a full moon, while the lowest

high tides (neap tides) occur when it is first
quarter or last quarter. Use Fig 8 to explain this.

4 New moons usually occur during the day. Why?

5 If you were on the near side of the moon, what
would you observe when the people on Earth
were having a:

a lunar eclipse
b solar eclipse?

9 If the sun is so much bigger than the moon,
why doesn’t it have a greater influence on
the tides than the moon?

10 How would the Earth's tides be affected if
the moon was further away?
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Copy and complete these statements to make a summary of this S
chapter. The missing words are on the right.

Earth
-1 Astronomical observations can be explained in terms of the lunar
positions and of the sun, Earth and moon. For example, moon
as the Earth orbits the you see different stars at different movements
times of the year. _
tides
2 The Earth on its axis once every 24 hours, causing day orbit
and night. It takes one year to around the sun.
phases
3 A gravitational force of attraction keeps the Earth in reflects
around the sun.
revolve
4 The are caused by the revolution of the Earth and the rotates
tilt of its axis.
seasons
5 We always see the same side of the . It has no water and -
no air, and has many on its surface.
6 We see the moon because it light from the sun.The changing shapes of the
visible moon as it revolves around the Earth are called of the moon.

71 An eclipse of the sun (solar eclipse) occurs when the moon casts a shadow on
the . An eclipse of the moon ( eclipse) occurs when the Earth casts a
shadow on the moon.

8 are caused by the Earth's rotation and the gravitational pull of the moon
(and the sun).

with ls

QE>

S
Z

Try doing the Chapter 5 crossword at

S
N *

' OneStopScience

1 The planet Mercury has a very short year (only 3 Suppose that over a period of time an astronaut

88 Earth days). This is because (compared to who has made a forced landing on a planet
Earth) it: records the following observations:

A revolves faster around the sun e Day and night on the planet are always of

B is further away from the sun equal length

C is a much smaller planet e Daylight lasts about 14 hours

D rotates faster on its axis. e The sun rises in the west and sets in the east.

From this information, it is most reasonable to
conclude that the planet rotates from:

A east to west once every 14 hours

B west to east once every 14 hours

C east to west once every 28 hours

D west to east once every 28 hours.

2 How long is it from sunrise to sunset on
the moon?
A one Earth day
B about 15 Earth days
C 29% Earth days
D 24 hours.
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4 The planets Frankenstein and Dracula, which
orbit the star Horror, are in the positions
shown.

/
#‘()Frankenstein
|
| @,
[ |

{ \ Horror
\ Dracula‘K
\
|

Which one of the choices below shows the
appearance of Dracula as seen by an observer
on the day side of Frankenstein?

O DD C

5 The drawings below show a few of the many
possible positions of the sun, Earth and moon.
a Which one shows the position necessary for
a solar eclipse?
b Which one shows the position necessary for
a lunar eclipse?

10

What is the difference between rotation and
revolution? Give an example to illustrate your
answer.

a Why is one day on the moon longer than
one day on Earth?
b How long is a ‘year’ on the moon?

Sarah said: ‘If the moon’s gravitational pull
causes the tides, then high tides can only occur
at night.” Write a short paragraph to convince
her she is wrong.

In science you often give the reason for one
thing leading to another. In other words, you
relate the cause (the reason) to the effect (what
occurs). Draw up two columns. Call the left-
hand column ‘Cause’ and the right-hand one
‘effect’. Consider the sentences below. For each
one, write the cause part of the sentence in

the left-hand column and the effect part in the

right-hand column.

a The tilt of the Earth’s axis causes the
seasons.

b A lunar eclipse occurs when the Earth
moves between the sun and the moon.

¢ Night follows day as the Earth rotates.

d When the moon completely blocks the sun,
a total eclipse of the sun occurs.

@ The same side of the moon always faces
Earth, because the moon revolves in the
same time as it rotates.

f As the Earth orbits the sun you see different
stars at different times of the year.

Think of all the ways in which the Earth and
the moon differ. Record these differences in a

table like this:

Earth moon
length of day 24 hours | 29% days
atmosphere (air) | ves o

Check your answers on page 269. '

Go to to access
interactive activities to help you revise this chapter.

OneStopScience4
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Science Inquiry Skills % )

Using models

The photos on this page show four different
scientific models. In a group discuss each
model and answer these questions.
e How do you think the model
is being used? What are the benefits of
using the model?
e How well does the model represent the
real thing? What are its limitations?

o ) There is information on models on page 106.
1 A computer model of a storm showing the rain

in yellow and the temperature in blue

4 A model of
the human
body

2 A'molecular model S

A model supersonic aircraftin a wind tunnel




Science Understanding
recognise the differences between pure substances and mixtures, and identify examples
of each
perform different separation techniques, including decanting, filtration and distillation
identify the solvent and solute in a variety of solutions
explore and compare separation methods used in the home

Science as 8 Human Endeavour
investigate how chromatography is used in forensic science

Science Inquiry Skills
work in a group to find a way to purify a sample of impure creek water
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Work in a small group to solve one or more of

these problems.

® Your four-wheel drive has broken down in the
middle of the Simpson Desert and you have
no water to drink. You find a damp patch of
sand near the base of a cliff. How can you get
drinkable water from this damp sand?

® Your science teacher is very angry with the
class. Someone has poured sand, salt and
iron filings into one jar! Until they are all back
in separate containers, no one can go to
lunch. How can you separate this mixture?

® Your uncle has given you a large bottle of
5¢c, 10c, 20c and 50c coins. Can you design a
device to separate the coins?

SAND
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6.1 What's a8 mixture?

Different substances have different properties.
For a start, they can be solids, liquids or gases.
But there are many other properties that allow
you to tell one substance from another. For
example, you can detect sugar by its sweet taste.
You can detect kerosene by its smell. Glass is
transparent. (You can see through it.) Diamond is
extremely hard. Beetroot is a purple-red colour. A
piece of lead is very heavy.

The materials around you can be grouped into
pure substances and mixtures. Pure substances
contain only one substance. They always have
the same properties, no matter where they come
from. Examples are sugar, gold, pure water and
helium gas. However, most materials around you
are mixtures—several different substances mixed
together. Examples are air, soft drink, concrete
and lipstick.

The amounts of each part of the mixture
(called their proportions) can vary widely. This
changes the properties of the mixture. For
example, concrete is a mixture of cement, sand,
gravel and water. Mixing these four substances in
different proportions will change the properties of
the concrete.

Fig1  Lipstickis a complex mixture.

Lipstick normally contains:
« castor oil
+  beeswax

+ carnauba (to stop
it melting)

+ esters (to make it

slippery)

*  antioxidant
(to stop it going off)

+  aloe vera (to stop lips
becoming dry)

+ mineral oil
(to make lips glossy)

*  reddye No.21
perfume

The parts of mixtures can be solids, liquids
or gases. For example, soft drink is a mixture of
water and carbon dioxide gas, plus sweetener,
flavouring and colouring.

Examples

Type of
mixture

Main parts of
mixture

black solid in coffee powder in water
coffee liquid
air gas with gas | nitrogen and oxygen
softdrink | gas inliquid | carbon dioxide in water
smoke solid in gas | tiny bits of soot, dust,
etc in air

wine liquid in alcohol in water

liquid
brass solid with copper and zinc

solid

1 Which of the following are mixtures, and
which are pure substances?

a air e orange juice
b petrol f sugar
¢ polluted water g helium gas

d gold h  concrete

2 Copy and complete these sentences.

1
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3 Explain why concrete is a mixture and not a
pure substance.

4 In your notebook, match up the following
types of mixtures with the examples.
a mixture of gases smoke
b mixture of solids air
¢ mixture of gas in liquid soil
d  mixture of solids in liquid ~ muddy water
e mixture of solids and gases lemonade

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



6.2 Solutions

When you stir sugar in a glass of water, it
disappears into the water. We say it dissolves in
the water. The sugar and water have mixed to
form a solution. Solutions are very important to
you. The food you eat is digested and dissolved in
water. It is then carried around your body in the
blood plasma, which is a solution consisting of
about 90 per cent water. The wastes produced by
your body are also carried away in this solution.
A solution is a special mixture that looks
and behaves like a single substance. It consists
of a liquid and the dissolved substance, which
is spread evenly throughout it. Consider what
happens when instant coffee dissolves in hot
water. The substance that dissolves (the coffee)
is called the solute. The substance that does the
dissolving (the water) is called the solvent. So the
solute dissolves in the solvent, forming a solution.

¢

o= T
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Two liquids can also form a solution. For
example, wine is a solution of alcohol (solute)
in water (solvent). Fuel for two-stroke motor
mowers and outboard engines is a solution of oil
in petrol.

A particular substance may not dissolve in
every solvent. For example, salt is soluble in water,
but insoluble in alcohol. Water is an excellent
solvent, but to dissolve some things you have to
use other solvents. Some commonly used solvents
are shown in the table below.

Solute ’ Solvent (dissolves
the solute)
nail polish nail polish remover
biro stains methylated spirits
grease marks on clothes | eucalyptus oil
oil-based paint turpentine
tar on car paintwork kerosene

solute (coffee) solvent (water) solution

When substances don’t dissolve

A substance that dissolves is said to be soluble. A
substance that will not dissolve is insoluble. Some
insoluble substances sink in water (settle out), and
others float on top. If you shake up an insoluble solid
(such as chalk dust) with water, it may seem to dissolve
atfirst. However, if you look closely you will see that
the liquid is cloudy and the chalk settles when you let
it stand for a while. Such a mixture is not a solution,
but a suspension. Muddy water is another example of
a suspension, because the mud settles to the bottom
when you let it stand.

solution

C |

ol

In a solution, the solid does not settle on standing.

ol

In a suspension, the solid settles on standing.

suspension

@ |
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Investigation 13 : ;© ) Soluble or insoluble?

Aim Is it soluble

To test whether various substances are soluble . PART A in water?

in water and in alcohol.

Materials Method

e test tubes (at least 6) 1 Use the spatula tp pick up a.smalll amount of .
e rubber stoppers to fit test tubes salt.—about the size of a grain of rice. Place this
e test tube rack salt in a test tube. Use the marking pen to label
the tube ‘salt’.

e gpatula
e marking pen \\
.. /
¢ alcohol or methylated spirits
(in a dropping bottle) spatula
e samples of: Flammable

salt

sugar

coffee

flour

iodine (solid)

jelly crystals

grass (ground up)

biro spot on small piece of paper

Planning and Safety Check
Before you start, check that you know the
safety rules for your laboratory. 2 Fill the test tube one third of

Read through both parts of the investigation, the way with water. Shake
then prepare a data table like the one below. the tube using the

Substance Soluble Soluble  Observations following methOd' Hold
in water? in alcohol? the test tube firmly

between your thumb
salt

and index finger. y N
sugar Then tap the bottom N
coffee of the test tube sharply with the >

index finger of your other hand.
(You may need to practise this.)

e Why do you have to be careful when using /" Record whether the substance
iodine? How do you dispose of leftover is soluble, slightly soluble (a bit

iodine? dissolves) or insoluble.

flour

£/ Record any other observations as well. For

Warning: Do not touch iodine with your fingers. example, if a solution was formed, what colour
It is poisonous. Your teacher will tell you how was it? Was a suspension formed?
to dispose of any leftover iodine. Do not wash 3 Repeat Steps 1 and 2 for each of the other

_ it down the sink. samples.




Chapter 6 — Separating mixtures @

in alcohol?
Repeat Part A, using alcohol or methylated spirits

instead of water.

dropping bottle

Discussion

1 How can you tell whether a substance has
dissolved or not?

2 Which substance dissolved most easily in
water?

3 Compare the solubilities of the substances in
water and in alcohol.
a Which substances were soluble in water
but not in alcohol?
b Which substances were soluble in alcohol
but not in water?
¢ Which substances did not dissolve in
either water or alcohol?
4 You have a biro stain on your school uniform.
How could you remove it?

Solubility

A cup of coffee is like any liquid solution. It
comes in many different strengths. If you like
your coffee stronger, add more coffee powder. If
you like it weaker, add less coffee.

We use the terms dilute (dye-LOOT) and
concentrated (CON-cen-TRAY-ted) to help us
compare solutions. A dilute solution contains
only a small amount of solute in a given volume
of solvent. A concentrated solution contains
a large amount of solute in the same amount
of solvent. You may have used the terms weak
cordial or strong coffee—but the correct scientific
terms are dilute cordial and concentrated coffee.

The colour of a solution gives you some idea
of its concentration. The darker the colour,

P
=
\

dilute

the higher the concentration; or a more dilute
solution would be lighter in colour. These
statements are generalisations.

There is a limit
to the amount of
solute that will
dissolve in a
solution. When
a solution will
dissolve no more
solute, it is said
to be saturated.
Until it reaches
this point, it is
unsaturated. If
you add more
solute to an unsaturated solution, it will dissolve.

The amount of solute needed to saturate
a solution depends on the temperature. For
example, at room temperature (around 20°C)
you can dissolve about 2 kg of sugar in a litre of
water, but when the water is boiling (100°C) you
can dissolve almost 5 kg. Most solids are more
soluble in warm water than in cold water. We say
that their solubility increases as the temperature
increases. This is another generalisation.

I have the
solution to

It's going to
pour. We'll be
saturated!

"THE SATURATED SOLUTION"
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Colloids—solutions or
suspensions?

The Yarra River in Melbourne is well known
for its brown colour. This is because the clay in
the water is so fine that it will not settle to the
bottom, as it would normally do in a suspension.
Instead, the clay particles are spread evenly
throughout the water, forming what is called
a colloid (COL-oid). A colloid has properties
that are in between those of a solution and a
suspension.

The particles in a colloid may be tiny bits
of solid, liquid droplets or gas bubbles. The
colloid may also be a solid, a liquid or a gas. The
following table lists the common types of colloids.

A liquid-in-liquid colloid is called an
emulsion (ee-MULL-shun). A common example
is ordinary homogenised milk, where tiny
globules of milk fat are spread throughout water.
It is processed by forcing the milk through small
holes to break up the larger fat globules in the
cow’s milk. This is why the cream (the fat) doesn’t
come to the top when standing.

Although it is easy to see fogs, foams and
emulsions, it is often hard to tell the difference
between solutions and some types of colloids. One
way to do this is to shine a beam of light through
them. The beam can be seen in the colloid because
it bounces off the tiny particles. This is why you
can see the headlights of a car in fog. However,
the beam cannot be seen in a solution.

Colloid | Type | Examples
solorgel [solidin most paints, starch in
liquid water, clay in water, jelly
liquid liquid in | fog, clouds, sprays from
aerosol 9as spray cans
liquid liquid in | mayonnaise, milk
emulsion | liquid
solid liquidin | cheese, butter, face cream
emulsion | solid
foam gas in whipped cream,
liquid beer froth, soap suds
solid foam | gasin pumice, marshmallows,
solid meringues

A Forming an emulsion

Shake up some olive oil with vinegar in a
stoppered test tube, and let it stand for a
while. Do the olive oil and vinegar mix?

Now add a pinch of mustard powder and
shake. Allow the mixture to stand again. What
do you observe now? (Salad dressing is
made this way.)

4"' . . .
£ J Write an inference to explain your
observations.

B Solution or colloid?

Dissolve a few crystals of hypo (sodium
thiosulfate) in a beaker of water and shine a
strong beam of light through it. When looking
from the side can you see the beam in the
solution?

Now add a few drops of dilute hydrochloric
acid and observe what happens to the beam.

47 Try to explain what has happened.



Skillbuilder

The concentration of a solution is often
given as a percentage. For example, a 5%
hydrochloric acid solution is dilute. A 30%
solution is concentrated.

If you have a dog at home, you may
sometimes wash it in a dog shampoo or
flea-killing liquid. These chemicals can be
dangerous, and have to be mixed with water in
the correct proportions. Suppose you have to
make up a 5% dogwash solution. This means
you need 5 parts of dogwash dissolved in
enough water to make up a total of 100 parts.
That is, you mix 5 parts of dogwash with 95
parts of water. This is a 5% solution.

Questions

1 How could you tell the difference between
a 1% red food colouring solution and a 5%
solution?

2 The label on a bottle of cleaner says it
contains 15% ammonia. If the bottle
contains 200 mL of cleaner, how much
ammonia is in the bottle?

3 You want to fill a 50-litre bath with dogwash
solution. The instructions say to make up a
0.5% solution. How much dogwash should
you use?

Chapter 6 — Separating mixtures @

1 Copy and complete these sentences.
a When sugar is mixed with water, it
.This shows that sugar is
in water.
Sand is

in water.
In salt water, the salt is the
the water is the

d The solute in a solution does not settle
out, but the solid in a does.

e A mixture with properties in between a
solution and a suspension is a

f A solution that can dissolve no more
solute is

g Most solids are more
water than in

h A solution is one that contains
a small amount of solute. When more
solute is added, the solution becomes
more

, and

in hot

2 Which of the following statements are true,
and which are false?

Water dissolves everything.

Solutions are always coloured.

Some gases dissolve in water.

Emulsions settle out on standing.

-0 O TN

More solute can be dissolved in an
unsaturated solution.

g Adding more water to a dilute solution
will make it more concentrated.

3 Explain in your own words the difference
between a solute and a solution.

4 How can you tell the difference between a
solution and a suspension?

5 Imagine that while doing Investigation 13
(page 128) you noticed the following:
e Nathan put his thumb over the mouth
of a test tube to shake it.
¢ Donna used her fingers to put a pinch
of salt into a test tube.

Explain to Nathan and Donna why their
methods were unsafe.

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

A solute can be a solid, a liquid or a gas.
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_______________________________________________

6 Inyour notebook, complete the table below

by putting in the names of the solute and
solvent for each solution.

Solution Solute

Solvent

a sea water

b hot chocolate

¢ turpentine in which
you have just cleaned
a paint brush

d bath water

e softdrink

7 The photo below shows three different
solutions of Condy'’s crystals in water.
a What clue in the photo suggests that the
solutions contain Condy'’s crystals?
b How do the three solutions differ?
¢ How can you explain this difference?

8 The instructions on jelly crystal packets say

to dissolve the crystals in boiling water.
Suggest a reason for this.

I always seem to
be getting into
hot water!

Challenge

ED

- - -

1

You have painted something with an oil-based
paint. Why can'’t you clean the brushes with
water?

Is fog a solution, a suspension or a colloid?
Explain your answer.

Katy shone a beam of light through some
muddy water. She could see the beam. When
she tried this again the next day, she could not
see the beam. Explain her observations.

The following solutions vary in concentration.
Arrange them from the most concentrated to the
least concentrated.

a a glass of milk with one teaspoon
of flavouring

b a glass of milk with half a teaspoon
of flavouring

¢ a glass of milk with two teaspoons
of flavouring

d half a glass of milk with two teaspoons
of flavouring

A jug contains four glasses of milk. You want to
make flavoured milk with the same
concentration as solution ¢ in Question 4. How
much flavouring would you need to add?

Which one of the following generalisations is the
most general?

a The hotter the solvent, the more solute it
dissolves.

b The hotter the water, the more sugar
dissolves.

¢ Sugar dissolves better in hot water than
in cold.

d The hotter the water, the more a substance
dissolves.

Explain your choice.

Describe how you would make a saturated
solution of sugar solution. If someone asked you
to check their solution to see if it was saturated,
how would you do it?

Design your own experiment to investigate
the factors that affect how quickly sugar will
dissolve in water.

The oceans at the poles contain 2.9% salt, but
the oceans at the equator contain about 3.5%.
Suggest a reason for this.
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6.3 Separating mixtures
Separating suspensions

You are in the kitchen and have boiled some
peas in water, but you don’t want the water. You
gently tip the saucepan so that the water runs
out, leaving the peas in the saucepan. Pouring
off the liquid like this, while keeping the solid in
the container, is called decanting. It is a way of
separating the liquid part of a suspension from
the solid part.

If a suspended solid settles very slowly, you
can speed up the separation by using a centrifuge.
This is a machine designed to separate mixtures
by a spinning motion. A spin-drier is one type of
centrifuge.

A centrifuge is also used to separate cream
from milk, and at a blood bank a centrifuge is
used to separate blood cells from plasma. When
test tubes of blood are spun in a centrifuge
(Fig 2), the heavier red blood cells settle to the
bottom, leaving the pale yellow liquid plasma on
top. The plasma and red blood cells can then be
separated by decanting.

Decanting is not a very good method for
complete separation. Some liquid is usually left
behind. Unless you are very careful, you are likely
to pour off some solid with the liquid. A better
way of separating suspensions is by filtering.

Suppose you have a suspension of chalk in
water. The chalk can be separated from the
suspension using filter paper. The filter paper
has microscopic holes in it. The water can pass

~ through these holes, but the suspended chalk
's'; ' cannot. This is similar to separating sand and
gravel using a sieve. The small sand particles pass
Fig2  Ahigh-speed centrifuge is used at the blood through, but the larger gravel particles do not.

* bank to separate the components of blood. The solution that passes through the filter
paper and collects in the beaker is called the
filtrate. The solid material
that remains in the
filter paper is called
the residue.

suspension of
chalk in water

Centrifuged blood—the
Normal blood heavy blood cells have
settled to the bottom
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In our day-to-day life we use filters to separate
solids from liquids and gases. For example, vacuum
cleaners have special bags that filter dust and dirt
from the air that is drawn in. The hairs in your nose >
filter the dust from the air you breathe. There are
filters in a car to clean the petrol, air and oil. Filters
are used to purify the water we drink, and to clean
the water in swimming pools.

Investigation 14 : ;U ) Filtering and decanting

Aim Set up the filtration apparatus as shown below.

To separate a soil-water mixture by filtering and Adjust the height of the stand so that the

by decanting. spout of the funnel touches the inside wall of
the beaker. This allows the water to flow out

Materials evenly, without splashing.

® s0il

e three 250 mL beakers

e 2 or 3 pieces of filter paper
e filter funnel

e retort stand and ring clamp
e (glass stirring rod

e teaspoon

e wash bottle

/

rod

filter

Wy Planning and Safety Check
‘ Read through Part A and describe to

soil—water
mixture

your partner what you have to do. Your

> partner will then describe Part B to you.
-

filter funnel

retort bottle
Method stand—.

1 Make a suspension by stirring
about 4 teaspoons of soil in a
beaker of water. Pour half of this
suspension into a second beaker
and let it stand for about a day.

filtrate

Fig 3 Filtration apparatus
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3 Fold the filter paper and open it out into a cone
as shown (as you did in Chapter 1).

1 2 :
I
Fold |

in half.

Then fold
again.
3 Pull this 4
single flap
away from This forms
the other a cone.

three.

4 Place the cone into the funnel. Use the wash
bottle to wet the paper so that it sticks to the
sides of the funnel.

5 Hold the stirring rod as shown in Fig 3, with its
lower end almost touching the filter paper. This
will allow the water to flow gently into the filter

paper.

Carefully pour some of the soil-water mixture
down the rod into the funnel. Don't let the water
level reach the top of the filter paper.

6 Use the wash bottle to rinse the remaining soil
from the beaker into the filter funnel. Keep the
filtrate for Part B.

7 Draw a diagram of the filtration apparatus. Draw
a simple two-dimensional view as shown on the
right. Notice how
much simpler it
is than the three-
dimensional view
in Fig 3. For
example, there
is no line across
the top of the
beakers, and the
ring clamp has
been simplified.

Neatly add the following labels:
filter funnel

filter paper

filtrate

e residue

e stirring rod

MG Decanting

1 Look at the beaker containing the soil-water
mixture that has been standing for a day.

-2,
£/ What do you notice?

2 Carefully decant the water into a second
beaker. To do this, hold a stirring rod over the
mouth of the beaker as shown below. This way
the liquid runs down the rod without splashing.

Decanting

water

-,
' 4 Compare the decanted water with the
filtrate from Part A. Is it as clear?

3 Filter the decanted water.

Discussion

1 How easy was it to filter the decanted water,
compared with the original soil-water mixture?
Suggest a reason for this.

2 Explain why you:

a wet the filter paper in Part A Step 4

b used the wash bottle in Step 6

¢ poured the suspension down a stirring rod
when filtering and decanting.
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Fig 4 At this salt plant, sea water is run into large
—_—
ponds. Heat from the sun causes the water to

wo'rate, leaving the salt behind.

Separating solutions

Once a solute has dissolved in a solvent to form a
solution, you cannot separate it by filtration. The
solution simply passes through the filter paper in
the same way that water does.

If a solution consists of a solid dissolved in
water, you can separate them by heating. The
water evaporates—turns into a vapour and
seems to disappear into the air—leaving the solid
behind. Salt can be obtained from sea water by
this method.

If you want the liquid, you must somehow
trap it as it evaporates and condense it back
to a liquid. This process is called distillation.

In a solar distillation plant, the sunlight passes
through glass plates and the heat causes salty

heat from the sun

8380y,

glass plates

A

water
condenses

Ry,

salty water

Fig 5 How a solar distillation plant works

water evaporates

bore water (from underground) to evaporate. The
water vapour condenses on the glass roof, and the
water droplets run down the inside of the glass
plates into the collection gutter. The water is pure,
because the salty solutes have been left behind.
Distillation can also be used to separate two
or more liquids with different boiling points,
for example, water and alcohol. This process is
used in the making of whisky and brandy, and in
the separation of crude oil into petrol, kerosene,
diesel fuel and lubricating oil.

WEBwatch O

Go to www.OneStopScience.com.au and
access the webwatches. To find out how to
make a simple solar still, follow the links
to Solar still.

OneStopScien "4

collection gutter
(pure water)
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:© ) Evaporating and distilling

Aim
To separate the solute and the solvent in a
solution by evaporation and by distillation.

Y i Fuaporation

Materials

copper sulfate solution (0.5 M)
boiling chips (broken porcelain)
250 mL beaker

Bunsen burner

heatproof mat

~)
watch glass .3
gauze mat U
tripod SEED S

& Planning and Safety Check

Read the Method for Part A.
Suggest why you put the watch glass on
top of the beaker of boiling water, instead
of directly on the gauze mat over the
burner.
Suggest why you don’t evaporate the
copper sulfate solution completely over
the burner.

RULES FOR SAFE USE OF A BURNER

1 Keep the burner away from bo
from the edge of the bench. - barer
the burner.
o Use a heatproof mat unde_r !
3 Always light the burner with the air hole closed.
4 Switch to a yellow safety flame when not
heating.
5 The barrel of the burner gets vgry hqt. If you
have to move the burner, turn it off first. Movs
it by holding the pbase or the gas hose—not the

barrel.
6 Check that the gas is off properly when you

have finished.

oks, and away

Method

1

boiling
chips

Bunsen
burner

water

Put the tripod and gauze mat on a heatproof
mat as shown below.

Half fill the beaker with water. Add some boiling
chips to prevent bumping (violent eruption of
bubbles from the bottom of the beaker).

One-third fill the watch glass with copper
sulfate solution. Place the watch glass on top
of the beaker as shown.

Put on your safety glasses. Light the burner
and adjust to the blue flame (see page 11).
Then put it under the tripod and boil the water
in the beaker. The copper sulfate solution will
evaporate slowly.

When almost all the copper sulfate solution
has evaporated, turn off the burner and let the
apparatus cool. (If you heat the solution any
longer, it will start to splutter.)

Leave the remaining solution in the watch
glass in a warm, protected place to

finish evaporating. This process is called
crystallisation and may take a day or two.

copper sulfate
solution

«—— gauze mat

heatproof mat
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Discussion

1 What was left in the watch glass after a day
or two?

In your own words, explain how evaporation
caused the solute to be separated from the
solvent.

What was the purpose of the gauze mat
when heating?

Why is it essential to wear safety
glasses for this investigation”?

AN VAl Distillation

Materials

Same as for Part A, plus:

e conical flask

one-holed stopper to fit flask
length of glass tubing (at least
40 cm long and bent as shown
at right)

2 retort stands and clamps
test tube

Planning and Safety Check

Read the instructions and study

the diagram.

What do you think is the purpose of
the glass tubing?

What safety precautions will you
need to take?

Method

1 Set up the distillation apparatus
as shown.
2 One-quarter fill the flask with copper sulfate

solution. Add some boiling chips.

Put on your safety glasses. Light the burner,
adjust it to the blue flame, and heat the
solution in the flask.

4 As the water boils, observe the water vapour:
a rising in the flask and moving through the
glass tubing
b condensing back to liquid and dripping
from the glass tubing into the test tube.

5 Collect a sample of distilled water in the test
tube, then turn off the burner.

Discussion

1 Explain what happened in the:
a conical flask

b test tube.

The liquid you collected in the test tube is
called the distillate. Why is it clear, not blue?

The glass tubing is called an air-cooled
condenser. Suggest a reason for this name.

Design a water-cooled condenser.

retort stand

iy

one-holed
stopper
glass tubing

clamp

conical flask

N\

y:

copper sulfate
solution

distilled
water

LASSES

Fig 6

SAFETY 6
MUST BE WORN

Distillation apparatus
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Sometimes we need to separate a mixture of
solids from each other. The following four
methods all depend on differences in the
properties of the solids.

1 [Ifone solid is soluble in water and the other
is insoluble, you can add water. When you
filter the mixture, the residue is the insoluble
solid. The filtrate contains the soluble solid in
solution. It can be recovered by evaporation.
The process can be summarised in a
flowchart.

MIXTURE OF SOLIDS l

'

- Add waterto
mixture

/%
~ Evaporate

INSOLUBLE SOLID filtrate
(residue)

4

SOLUBLE SOLID |

2 Ifone solid is attracted to a magnet and
the other is not, you can use magnetic
separation. This method is used in industry
to separate the magnetic minerals in
mineral sands.

Fig 7 '>| A magnet will separate the
magnetic minerals in sand.
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If one insoluble solid floats on water and
the other sinks, you can add water to the
mixture and skim off the floating solid. For
example, you can separate sawdust and sand
this way. Sometimes this method can be used
even if both solids normally sink in water. A
special chemical is dissolved in the water, and
air is bubbled into it. A froth of bubbles floats
to the top, taking one of the solids with it.
This method is called froth flotation. It was
invented in Australia, at Broken Hill, and

is often used to separate valuable minerals
from rock.

To see how froth flotation works, open

animation at

el

OneStopScience

If one solid is heavier than the other, you
can use gravity separation. A good example
of this is gold panning. Here the water is
swirled about in the pan, allowing the heavy
gold to sink and the lighter mud and sand to
be washed off the top. This is like decanting.

\'Fig 8 | When you pan for gold, you use gravity
to separate heavy gold particles from
‘lighter” sand.
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Experiment

The problem to be solved

The normal water supply has
broken down. The only water
available is creek water, which
is greenish in colour, smells,
and has all sorts of things

in it; for example twigs and
mosquito wrigglers. How can
you make this water pure
enough to drink?

Method

1 Form a group with other students. Your teacher
will give you a sample of about 200 mL of
impure creek water. Your task is to recover as
much pure water as possible.

Observe the creek water and record what
impurities are in it.

In your group, discuss ways of purifying the
water.

:L/' Which of the separation techniques you
have learnt in this chapter could you use?

£’} The flow diagram below shows how water
is purified in a water treatment plant. Could you
modify this for use in the laboratory? How?

screening
(water passes
through
mesh)

(letting the suspension settle)

flocculation

4 Decide how you will attack the problem.

e Which technique(s) will you use?

e What equipment will you need?

e Who will do what?

e How much time will you need?

When you and your teacher are happy with
your plan, put it into action.

\7 Keep a record of what you did.

\7 What was the water like after you purified it?
\7 How much purified water did you recover?

6 If your technique isn’t successful, try another.

You may need to discuss the problem with your
teacher. You may also need to use the library.

Writing your report

Write a report describing what you did, for
someone else to read. You could prepare a poster
for presentation to the rest of the class. Include a
discussion of how successful your method was.

e |s your method practical?
e How long did it take?
e Would your method work for larger volumes

of water?

sedimentation

— ~ filtration

- alum causes
storage co(lloids to settle)
tank
drinking % .00
water T
L] o o
oo o
- 0.
. o
N
-

chlorine added
to kill germs

Fig9  Awatertreatment plant
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Separating colours

Chromatography (CROW-ma-TOG-ra-fee)

can be used to separate a mixture of coloured
substances. (Chromos is the Greek word for
‘colour’.) For example, this method will separate
the coloured substances in black ink, as shown at
the right.

¢ ., 3
P

" P - e . -

. g < e .

- -' L -

- AR

Science as a
Human Endeavour

Gas chromatography

Gas chromatography is used in industry
and in scientific research to detect very
small amounts of chemicals in mixtures.
It is used to test the purity of medicines
and to see if harmful pollutants are being
released into the air.

Forensic scientists use it to detect
poisons and drugs in blood or traces of
chemicals at crime scenes. The peaks on
the graph on the monitor in the photo
are the different chemicals in the sample
being tested.

- av .
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K
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Investigation 16

: :© ) Paper chromatography

Aim
To plan and carry out an investigation to separate

the different coloured substances in inks or food
colourings using paper chromatography. .

Materials

e various coloured inks from biros, felt pens or
marking pens (Indian ink works well)

e food colourings

e 250 mL beaker

e filter paper or blotting paper

e dropper

® scissors

e adhesive tape

e jelly beans, Smarties or similar sweets

e small paint brush

Method

Use the Planning and Safety Check and the
diagrams below to plan what you are going to do
and how you are going to do it.

Method A
Add solvent a
drop at a time.
spot of
ink or food
colouring

filter
paper

Method B
Tape strip onto pencil.
filter paper
strip
spot
solvent

(2 cm from

(1 cm below spot) end of strip)

N
Ny
..
N
L
N
|

. Planning and Safety Check

You can use one or more of the three
methods below.

Black and dark colours usually give good
results.

For some inks, eg biro, you may need to
use alcohol or methylated spirits instead of
water as the solvent.

To remove the food colourings from a jelly
bean or similar, put it in a watch glass and
add three drops of water. Brush the jelly
bean with a small paint brush until the
colouring dissolves in the water.

Allow the filter papers to dry, then label
them and stick them in your notebook.
When you have finished the investigation,
write a report describing in a few sentences
what you found out. For example, which ink
or jelly bean contains the most colours?

Method C

spot of ink or
food colouring

G

solvent

Make two cuts
in the filter to
create a tongue.
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1 Work with a partner and give each other a
spelling test of these words. Correct any

mistakes.

apparatus filter funnel

beaker laboratory

dilute solubility

distillation solute

evaporation solution A

2 Look at the food strainer below. Explain
how it works.

9  Which method would you use to do each
of the following?
a separate iron filings from sawdust
b make fresh water from sea water
¢ remove the water from wet clothes
d remove the dust from the smoke going

3  Why is filtering usually a better method of

separation than decanting? up a factory chimney
4 Suppose you filter river water that contains e separate the coloured dyes in an ink
mud, sand, dissolved salt and some plant I separate cream from milk
materials. Which of these materials will be g separate a mixture of salt and pepper
present in the: 10 A dye is known to be a mixture.
a r_eS|due? When a spot of the dye fg;‘éﬁzg
b filtrate? was put on a strip of here
5 What is a centrifuge? Where is a centrifuge filter paper and placed in 4
found in most homes? alcohol, three coloured
_ _ spots appeared, as § | green
6 Write a sentence or sentences using these shown.
words correc’fly: condensation, distillation a  Why have the parts
and evaporation. of the mixture
7 The diagram at the top of the page shows separated?
the apparatus used to distil salt water. b Which coloured § | blue
Write down the correct letter for each of the substance do you 2 | red
following: think is the most
a Bunsen burner soluble in alcohol? il
b where evaporation takes place Why? =T gglg;na
c w_he_re the vapour changes to a liquid 11 Draw a simple diagram of
d distilled water

the apparatus needed to separate a mixture
of sea water and sand so that you obtain
8 Go back to the three problems in Getting clean sand. On your diagram, label at least

Started on page 125. Can you now suggest three pieces of equipment, and show where
other solutions? the salt and sand end up.

e where the salt stays

...................................................................................................
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Challenge

D

1

2

3

4

In Investigation 14 (page 134) you used filtration
apparatus. What is the difference between
equipment and apparatus?

Why is it important to replace the filters used in
cars from time to time?

Using Fig 2 on page 138, explain how a
centrifuge works.

A chemist used paper chromatography to
investigate some ink. Her results are shown
below.

a Which different coloured dyes did the ink
contain?

b Infer the colour of the ink.

Solvent reached this far.

’ ’
|
a
—/o——]o——— -—-0---0-

/ / \ :
pure pure pure pure ink
red blue yellow green  mixture
dye dye dye dye

Kirk, Nathan, Patsy and Jade each had a
mixture to separate. The four mixtures (not in
order) were:

i mud and water

ii mud and salt

iii salt and water

iv mud, salt and water.

Patsy’s first step in her separation was to add
some water to her mixture. Kirk separated his
mixture by decanting it. Jade had more steps in
her experiment than Nathan did.

Which student separated which mixture?

After using an electric kettle with hard water for
some time an insoluble substance builds up
inside the kettle. Infer where this comes from.

Look at the photo of the swimming pool filter on
page 134. Describe how you think it works.

8 The photo below shows a separating funnel.
It can be used to separate two liquids that do
not mix, for example oil and water. Explain how
you think it works.

9 Imagine you are a waste management
engineer. You have been supplied with a
mixture that contains sand, sawdust, iron
filings and lead shot.
Your task is to separate
as much of each
component as
you can, so that
they can be
recycled.

10 Suppose you own a lolly shop. You suspect your

supplier is selling you a cheap, inferior brand
instead of Smarties, but charging you for the
real thing. How could you check this?
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Copy and complete these statements to make a summary chromatography
of this chapter.The missing words are on the right.

colloids
1 A is a substance that dissolves in a to form a concentrated
- . decanting
2 When a substance , it is said to be soluble. Substances dilute
that do not dissolve are . dissolves
3 Ina (eg muddy water), the solid settles to the bottom distillation
when left standing. Solutions do not settle. filtering
4 Many everyday substances are , With properties in insoluble
between solutions and suspensions. mixture
5 A solution contains only a small amount of solute in a properties
given volume of solvent. A solution contains a larger solute
amount of solute. solution
6 Separation techniques depend on differences in the of solvent
the substances in the . suspension
71 Suspensions can be separated by , using a centrifuge or
by .

8 A dissolved solid can be separated from a solvent by evaporation or by

9 A mixture of coloured substances can be separated by paper

R R, S Try doing the Chapter 6 crosswordat ~ —_——

-2

 OneStopScience

o

m 4 Four liquids—water, kerosene, alcohol and
petrol—were used to test the solubility of three

1 If you dissolve instant coffee in hot water, the unknown solids, A, B and C.

water is the: Georgia did the tests and recorded the mass
A solvent of solid that dissolved in equal volumes of the
B solute liquids.
g solut1oq S Grams of solid that dissolved
suspension. olven
p Solid A Solid B Solid ¢
2 If more water is added to a coloured Watar 5 6 0
solution, it becomes:
kerosene 1 1 5
A more concentrated
) alcohol 4 3 4
B more dilute
C saturated petrol 1 0 6

D a darker colour. @ Which liquid is the best solvent for solid B?

3 Wiater can be separated from alcohol by: b If solid A was accidentally mixed with
A chromatography solid C, which liquid could you use to
B filtration separate them? Explain your answer.
C evaporation € Is there any way of separating a mixture of

D distillation. A and B?
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9 Look at the diagram below.
@ What are the pieces of equipment labelled
A-E?
b Label the filtrate and the residue.
€ There are two mistakes in the diagram.

d Redraw the diagram correctly.

C

6 The apparatus below can be used to obtain
pure water from salt water.
@ What is this separation method called?
b Explain how the method works.
€ What is the purpose of the ice-cold water?

] R ice-cold
water
salt
water RS
Rin
W heat pure

water

7 When a can of fruit juice is left to stand, a
sediment forms on the bottom of the can. Is
fruit juice a solution, a suspension, a colloid
or a combination of these? Explain.

q;{\th by

&
%\ Co to to access

What are they? 9

interactive activities to help you revise this chapter.

8 a Write one complete and scientifically

correct sentence using these words:

colloid emulsion milk
b Do the same for these words:
concentrated dilute solution

The police receive a ransom note written
using a felt pen. They also have felt pens from
three suspects. How could they use paper
chromatography to find out who wrote the
ransom note?

You have a mixture of salt and dirt that Ken
collected on his recent trip to Lake Eyre. Your task
is to separate the salt by removing the dirt.

1 Work out a way of separating the salt.
2 Make a list of the equipment you will need.
3 Do the separation correctly and safely.

For Step 3, work with a partner who will watch
what you do and note any errors you make.

They will discuss these with you when you have
finished. Then swap jobs and check your partner’s
skills.

LAB REVIEW

Check your answers on pages 270. '

*

OneStopScience



Forensic science

& W1 A 16-year-old girl has been killed in a hit-and-run
P8 accident. The police send the victim’s clothing
Bl to the police crime laboratory, where a forensic
gl scientist finds a tiny chip of dark-green metallic
B8 paint on the right leg of the jeans. She subjects
the paint chip to extreme heat and allows the
vapours to pass into a gas chromatograph. A
stream of inert carrier gas pushes the vapour
through a long capillary tube, which is heated in
an oven. The inside of this tube is coated with a
liquid solvent. The different components of the
paint vapour dissolve in the solvent to different
extents. The ones that dissolve most are held
back on the column. The ones that dissolve least
are carried through by the gas. In this way, the
different components of the paint are separated.
The components reach the end of the tube at
different times, as indicated by the peaks of the
chromatogram on the computer monitor. See the
diagram below and the photo on page 141.

paint chip

crucible
heater

capillary

carrier
gas

computer monitor

detector

Different car paints produce different
chromatograms. By contacting car manufacturers
the scientist is able to identify the model (a 2011
Pajero) that used the paint found on the victim.
The police then use this information to search for

2011 Pajeros registered within a 20 km radius of
the accident. They also visit panel beaters in the
area. Eventually they find a red 2005 Pajero with
damage to the front. In the police garage they
discover that the Pajero has been freshly painted
and there is dark-green paint underneath the

red. They send a sample of the dark-green paint
to the forensic scientist. When the scientist runs
it through the gas chromatograph, she obtains
the same chromatograph as she did from the
chip from the victim’s jeans. On the basis of this ;
evidence, the owner of the Pajero is arrested for

the hit-and-run. k .

. iz
Questions |
1 Chromatogram A is of the paint from a 20

victim’s clothes. Chromatogram B is of the A
paint from a suspect’s car. Are the paints the ¥ e
4

same? Explain your answer.

w

Paint A 6

2 3 4
Time (min)

—_ -

Paint B

oy

N ¢

-
-
Time (min) P,

_

2 How is gas chromatography similar to ;
paper chromatography (page 142)? How
is it different?

3 Would you like to be a forensic scientist?
Why or why not?

Sy
L

" PRy



Science Understanding

construct and interpret food chains and food webs to show relationships between organisms
in an environment

investigate the effects of human activity on local habitats, e.g. crown of thorns starfish on
coral reefs

explain how living and non-living factors can affect the survival of organisms in ecosystems
develop an understanding of biodiversity and the human impact on biodiversity

Science as 3 Human Endeavour
present a plan to reduce the carp population in Australian waterways

Science Inquiry Skills

analyse information and draw conclusions about the relationships between organisms in
food webs

@ Based on Australian Curriculum, Assessment and Reporting Authority (ACARA) materials
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Getting started

You eat food to obtain minerals and energy for
growth. But where does food come from? List
all the types of food in a hamburger and sug-
gest where they come from.

Seals and crocodiles live in different
places and if they swapped their living
places they would die. What features
does each of these animals have to
help it survive successfully in its

living place?
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?.1 Living in a food web

Food chains

What did you eat for breakfast this morning?
The food you eat supplies you with materials for
growth, and energy for muscle movement. Let’s
find out where your breakfast food may have
come from. Take eggs for example. These are
made by hens which eat grain to make the eggs,
and the grain comes from plants such as corn
and wheat.

Plants are able to absorb sunlight as an energy
source to make food. So the energy you obtained
from your breakfast foods came originally from
the Sun’s energy, which the corn and wheat plants
absorbed.

The diagram below is called a food chain. It

shows the feeding relationships among organisms.

One organism provides the food for the second.
The second provides the food for the third, and
so on. The food chain can be written simply as:

(grain)

plaqts - (233) m)» human J

-

The arrows show the direction in which the
food passes.

Activity | ,ﬂ

1 List all the foods you have eaten in the
last 24 hours.

2 Beside each food item list the source of
the food. For example, if you ate a pie for
dinner, the meat would come from cattle
and the pastry from plants (grain).

3 Draw a food chain for each food item.

U Food chains are usually not very long.
Each food chain in the examples on this
page contains three organisms. How
many organisms did your food chains
cgntain?

£/ Did any of your food chains contain
four or more organisms? Can you think

of a food chain that might contain four or
more organisms?

Other food chains for your breakfast foods

can be drawn.

plants bees human
(nectar) (honey) -
plants cows human
(grass) - (milk) o
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Photosynthesis and respiration
Most food chains begin with plants or algae. This carbon dioxide
is because plants and algae produce their own from the air
food from carbon dioxide and water using the
energy of sunlight.

You learnt in Chapter 4 that chlorophyll, the
green substance in plants, is able to absorb the

water
energy of sunlight. This energy is used to from roots
make food from carbon dioxide and water (soil)
in the process of photosynthesis.
chlorophyll in leaf oxygen
absorbs sun’s produced
energy
The main products of photosynthesis are . ; o
simple sugars such as glucose, which are then Act“”tv | . ‘
'converted to starch for storage. The otheF . A bean plant was kept out of sunlight for a
important product made in photosynthesis is number of days. By the end of this time, the
oxygen. This is released into the air, or into the plant had lost its bright green colour and
water if the plant lives in water. looked sick.
Do green plants need sunlight to survive?
PHOTOSYNTHESIS Work in a group to discuss this question.
. Design an experiment that you think would be
carbon dioxide + water = glucose + oxygen . , . .
a ‘fair test’ to answer this question.

glucose = starch

All living things need food as a source of
energy for movement, growth and other body
functions. The process of getting energy from
foods is called respiration (RES-per-AY-shun).
Respiration occurs in cells. Here glucose, the
fuel, reacts with oxygen to release energy.
Carbon dioxide and water are given off.

RESPIRATION

dglucose + oxygen = carbon dioxide + water
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Investigation 17 | ;© ) Photosynthesis and respiration

Aim
To test for the gases given off in photosynthesis
and respiration.

Planning and Safety Check

Read through the investigation carefully, then

answer these questions.

e You need at least 40 minutes to do Part A.
Work in a group and discuss in which order

you will do the various steps in Part A and
| Part B of the investigation.
e Why have Steps 1 and 2 in Part A and
Part B been included in this investigation?
Make a list of all the safety precautions you
have to take in this experiment.

AN Testing for oxygen

Materials '|= A@‘
e small beaker \j S
e methylene blue indicator  |sarery gLasses Toxic

. . MUST BE WORN
(in dropping bottle)

e oxygen-removing solution (16 g/L sodium
dithionite/hydrosulfite, NaxS,04, in water.
Prepare the solution just before use.)

e spatula

e test tube and one-holed stopper with a
right-angled piece of glass tubing

¢ hydrogen peroxide solution

e ‘pinch’ of manganese dioxide powder

e 2 test tubes with stoppers

¢ small piece of aquarium water plant (e.g. elodea)

Method

1 Half fill the beaker with tap water. Add 4 or 5
drops of methylene blue solution. Add drops
of oxygen-removing solution until the blue
colour just disappears.

2 To make oxygen, use a spatula to add a rice-
grain size quantity of black manganese dioxide

powder to a test tube. Pour a small amount
of hydrogen peroxide into the test tube, and
immediately put the stopper in the test tube.
Bubble the gas into the solution in the beaker.

The blue colour indicates that oxygen has
been produced.

3 To test that plants produce oxygen, first make up
a beaker with water, methylene blue and oxygen-
removing solution as in Step 1. Then follow the
instructions in the diagram below.

. s

-
™~ Fill almost to the = |
top of test tubes.

< water containing—|
methylene blue and
oxygen-removing
solution

water
plant

I

4 | eave your set-up near a window or bright light
for at least 20 minutes.

.} Record your results.

Discussion

1 Which things did you keep the same for both
test tubes?

2 Why did you have one test tube without a plant?

3 Discuss ways in which the test could be
improved?
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m Testing for carbon
dioxide

Materials

e test tube and stopper with a right-angled piece
of glass tubing (from Part A)

e bromothymol blue solution

e 2 or 3 marble chips (calcium carbonate)

e dilute hydrochloric acid (1 M)

e distilled water

e drinking straw

e 250mL beaker

\7 Record any colour change.

Method \7 Write a report of your findings.
1 Half fill the beaker with distilled water. Add 2 or

3 drops of bromothymol blue solution. |nquiry

2 Put afew marble ChipS into a test tube. Then Design a test to show that p|ants produce
add a small amount of hydrochloric acid. carbon dioxide when they respire.

Immediately put the stopper in the test tube,

and bubble the gas into the solution in the Discuss the plan with others in your group,

and write up a draft. In a well-designed test,

beaker. )
you need to compare the test (the container
Bromothymol blue turns green then yellow with the plant in it) to an identical container
when carbon dioxide is present. without a plant.
3 Empty the beaker and repeat Step 1. Make a list of the equipment you will need.
4 Use a drinking straw to blow gently into the Then show the draft plan.to your teacher for
blue solution in the beaker. approval before you begin.

Producers and consumers

Organisms such as plants and algae that can
photosynthesise and make their own food are
called producers. The algae are the producers
in the food chain on the right.

Organisms that eat other organisms are
called consumers. Animals are consumers
because they do not make their own food and
have to rely on other organisms for food.

In the food chain, the mosquito wrigglers,
frogs and snakes are all consumers. The

mosquito wrigglers are called first-order mosquito

—
consumers, the frogs are second-order . algae wrigglers

consumers and the snakes are third-order

—> frogs —> snakes

consumers.
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Food webs

Suppose you were asked to observe the
feeding relationships among the organisms in
a garden. Using these observations you then
constructed the food chains below.

plants ——>  snails

plants —> bugs ——> frogs
plants ——> beetles ——> frogs
plants ——> bugs ——> lizards

To get a more complete picture of the feeding
relationships in the garden, these food chains can
be combined to give a food web. Herbivores are consumers that eat only

Food webs show the feeding habits of all the producers.
organisms that live together in a particular place.
For example, you can see from the food web that

frogs eat beetles as well as bugs, but lizards eat
bugs only.

Food webs can be very complex since animals
frogs lizards usually eat many different foods. Biologists have
agreed to draw food webs in a standard way.

Look at the forest food web below. The
producers are placed at the bottom. Next come
the consumers that eat the producers. These
animals are first-order consumers and are also
called herbivores (HER-be-vores). After the
herbivores come the animals that eat other
animals. These are second-order and third-order
consumers and are called carnivores (CARN-e-
vores)—carne is Latin for meat.

snails beetles bugs

plants

birds

\ spiders

SECOND-ORDER CONSUMERS
(carnivores)

wasps

beetles




¢

When living things die
The photo above shows the remains of a dead
wallaby. After a while, only the bones will
remain. Animals that eat the flesh and organs of
dead animals are called scavengers. These include
ants, insect maggots, crows and hawks. In aquatic
habitats, bottom-dwelling animals such as crabs,
lobsters and prawns are very effective scavengers.
The breakdown (decay) of dead organisms
is due to microscopic bacteria and fungi. These
organisms are called decomposers.
Scavengers are classed as consumers in a
food web even though they usually eat dead
organisms. However, decomposers are not classed

- L
e .onT
P

Bk

Science as a Human Endeavour

How decomposers can help solve
murders

A body has been found just off a forest track.
Police investigators call a forensic entomologist to
help them determine the time since death.

An entomologist (ENT-a-MOL-o-gist) studies
insects and other arthropod relatives such as
spiders, centipedes, mites and ticks.

Soon after death, certain flies will lay their eggs
in body openings such as eyes, nostrils and ears,
or in wounds that may be present. These eggs then
hatch into maggots that start to decompose the

Chapter 7 — Living places @

as consumers because their method of obtaining
food is quite different. Consumers eat food and
then digest it internally. Bacteria and fungi, on the
other hand, release chemicals which break down
the organism’s body.

Decomposers are a very important part of a
food web. The materials in a dead organism’s
body are broken down into simple substances
that pass into the air, water or soil. Carbon
dioxide and other gases such as hydrogen sulfide
(rotten egg gas) pass into the air. Some substances
pass into the soil and increase the soil fertility,
and plants use these substances for growth. In
this way decomposers recycle materials in the
food web.

Fig2  Decomposers recycle materials in the food
web.

body. Certain beetles also lay their eggs in the
body. These eggs hatch into larvae that start to
decompose the body.

At the scene of the crime, the forensic
entomologist takes samples of any fly maggots or
beetle larvae. By knowing which insects attack the
body first, and the size and weight of the maggots,
the scientist can tell police how long the person
has been dead.

By observing the types of insects attacking the
body, the forensic entomologist may also be able
to infer whether the person died at the scene or
was dumped there after death.
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Activity L)

Karen and lan are two biologists who
observed the feeding habits of animals and
plants around a small freshwater creek and
pond over four months. Here is a report of
some of their observations.

‘We found a number of types of water plants .
growing in the pond and the creek that flowe
into it. Many animals such as turtles and
waterhens ate these plants. There were also'd ]
waterlilies growing in the pond. The u.nderSI e ;')
the leaves contained [ots of small animals sug’das
shails and water insects, as well as eggs. We di
not see any animals eat the leaves.

The water contained micrqscopic plants anj
algae that were eaten by the tiny waterll;le;s :l;t
mosquito wrigglers. The waterfleas could ve ;t !
seen with your eye. These waterfleas were eate
by small fish, water beetles and shrimp.

snails moved slowly over the rocks in the
creek and ate the green algae on the rocks.
Turtles also ate the algae. [ ol
' ' sma
Water beetles ate mosquito wrigglers an
fish, as well as shrimp if they could catch th;:m.
it ing beetles
At night, we observed frogs eating
and mosqguitoes. Green snakes ate fish, ﬁpgs and
beetles. During the day, herons vyould fly lmfo the
pond to feed on the beetles, snails and fish.

Draw a food web from the biologists’
observations.

2 \Which organisms are producers in the
food web? Which are herbivores? Which
are second-order consumers?

Are there any organisms in the creek
and pond that were not eaten by other
organisms?

From the food web, draw a food chain

that includes microscopic plants, snakes
and water beetles.

Could herons be in a food chain that

included water beetles and shrimp? Draw
the food chain.

6 \What would happen to the numbers of
other organisms in the creek and pond if
the number of fish suddenly increased?
Explain how you arrived at your answers.

1 Why are waterlilies important to some of

the animals in the creek and pond?

8 Do you think that this food web would be

the same through the whole year? Give
reasons for your predictions.

9 What other factors may influence the life

in the creek and pond? Which of these
factors might have a major effect on the

food web? Explain the reasons for your
answer.

You could use a computer program such as

Microsoft Word for drawing food webs.
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__________________________________________________________________________________________________

1 Copy and complete the following sentences.

a Food chains generally begin with
or .

b Animals that eat other animals are
called

¢ Infood chains and webs, plants and
algae are called because they
make their own food.

d The energy needed by plants and algae
to make their own food comes from

e and , which break down
the bodies of dead organisms, are called

2 Some of the following statements are false.
Select the false ones and rewrite them to
make them correct.

a Producers make their food by the
process of photosynthesis.

b  First-order consumers are also called
carnivores.

¢ Organisms that contain chlorophyll are
called consumers.

d A domestic cat could be classed as a
first-order consumer.

e Decomposers break down the bodies
of dead organisms and recycle the
materials in the food web.

3 Look at the food web below.
hawk

/

goanna

kangaroo grasshopper

e

grass

Which organisms are consumers?
Which of the animals are herbivores?
Which are carnivores?

Draw a food chain that includes the
goanna.

e Suppose the number of grasshoppers
increased. What effect would this have
on the food web?

o0 oo

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

4 Can an organism be a first-order consumer
and a second-order consumer at the same
time? Give examples with your explanation.

5 From the animals below, make a list of
the carnivores and a list of the herbivores.
Make another list of the animals that eat
both animals and plants. These are called
omnivores. For ones you are not sure of,
make a separate list and write NOT SURE
above it.

cow, shark, wombat, beetle, moth, tuna, fly,
parrot, goldfish, cat, mouse, bee, jellyfish,
wallaby, seagull, human, guinea pig, blue
whale, seal, tadpole, squid, dog

6 The diagram below shows a food web
containing a carnivore, a decomposer, a
herbivore and a plant. For each of the letters
in the diagram, choose the description that
matches it. (One is used twice.)

/
\\\ \‘ 7 ,,
~ 4
\\ ‘ ’ l,

7 Draw food chains to show humans as:
a herbivores
b first-order consumers
¢ third-order consumers.

Isn't that your 8
third order |
of chips? |

Yeah, well
I AM a third-
order consumer
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| Challenge m

1 Most of the food chains of the organisms that
live in the soil start with the decaying remains of
plants. For example, earthworms eat decaying
plant remains and microscopic animals that
live in the sail.

a Would you expect to find earthworms in

desert areas of Australia? Give a reason
for your answer.

b Draw a food chain that includes earthworms.

¢ To a gardener, earthworms in the soil are
a good indicator of fertile soil. Suggest a
reason for this.

2 A company wants to build a tourist resort on an
area now covered with mangroves. Suppose
you are a biologist who studies the feeding
relationships in mangroves. The local council
hires you to make recommendations about the
biological importance of the mangroves.

You make the following observations.

The mangrove leaves fall into the mud and are
decayed by fungi and bacteria. Microscopic
unicellular algae grow rapidly in areas where there

is a lot of leaf decay. Small prawns, mud whelks

and microscopic animals feed on the algae and the
bacteria. Mud crabs feed on the microscopic animals
and the decaying leaves. Small fish feed on the
prawns and the microscopic animals. Larger fish feed
on the small fish and prawns. Many types of birds,
including stilts and herons, feed on the small fish,
prawns and crabs.

Fig3 | Thereis an abundance of life in mangroves.

a Draw a food web for the mangrove area.

b The developers of the tourist resort say that it
would bring in millions of dollars to the town.
What arguments would you put forward to
keep the mangroves as they are?

3 The diagrams below show the mouthparts of
two types of herbivorous insects. They have
been magnified many times. Suggest how each
insect uses its mouthparts to obtain food.

sucking

tube
jaws e =
grasshopper’s bug’s mouthparts
mouthparts
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Why does a particular type of animal or plant live
in the place it does?

The frog in the photo below is called Haswell’s
frog. Its scientific name is Paracrinia haswelli.
The map shows the region of Australia in which
it is found.

The living place of
an organism is called
its habitat. The photo
shows the typical
habitat of Haswell’s
frog in forests or
coastal heathland
in NSW and north-
eastern Victoria.

WEBwatch . )3

, ' Wi
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Activity i ‘D

Work in groups of 3 or 4 for this activity.
Read the following description of the places
in which Haswell’s frog is found.

The frog lives in wet temperate forests and near
creeks within coastal heathland. It hides under
stones, logs and in the mud between grasses in
late autumn, and becomes active again in the
early spring nights. It breeds in late spring to
early summer, calling from grasses and beside
creeks and dams. It feeds on insects and spiders
and sometimes shrimps and worms.

Discuss each of the following questions in
your group. Be prepared to discuss your
answers with the whole class.

1 Write a description of the living place
of Haswell’s frog. In your description,
explain what you think ‘wet temperate
forests’ and ‘heathlands’ are.

2 Why does the frog hide between late
autumn and early spring?

3 Why does the frog breed at a certain time
of the year? Is the time of year important?

4 \Why does the frog become active at
night? Suggest what it might do during
the daytime?

5 Draw afood web that includes Haswell’s
frog. Extend your food web to include the
animals that might feed on the frog.

6 Look at the colour and texture of the
frog’s skin. Suggest why it hides under
stones, logs and in the mud, rather than
in the vegetation around creeks.

7 Why do you think Haswell’s frog is found
only in this region of Australia?

Go to www.OneStopScience.com.au and follow
the links to Haswell’s frog. Use the website to see
more pictures and listen to

frog sounds. XOneStopS«;ience‘J
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Organisms in ecosystems

Haswell’s frog and the other organisms that live
in and around the creek interact with one another
and depend on each other for their survival.

The organisms also depend on the non-living
things in their habitat for their survival; for
example, water, soil, minerals and temperature.
The complex system of feeding relationships

and interactions with the non-living things is
called an ecosystem.

A terrarium ecosystem

A terrarium can be set up by using a glass
aquarium and filling it with sand, soil, rocks,
algae, plants, fungi, dead leaves and bark, small
logs and even some small animals such as insects,
spiders and worms. When water is added to the
soil and the glass lid placed on the aquarium

to keep the moisture in, you have a terrarium
ecosystem. Each of the animals, plants, algae and
fungi interact with other organisms and with the
non-living parts of the terrarium.

The terrarium can operate for a long period
of time without materials from the outside being
added to it. All the materials needed for the
living things are contained in the ecosystem. No
materials are added from the outside—no food
for the animals or fertilisers for the plants. The
only input is the sunlight, which is needed for the
process of photosynthesis.

glass lid

Fig4  Aterrariumis an example of an ecosystem. It
contains non-living things such as soil, rocks
and logs, and living things such as animals,

plants and fungi.

Activiy B0

In this activity you will work in a small group
to design a terrarium and write instructions
on how it might be set up. Use the websites
below to help with your write-up.

1 Designing a terrarium
Your task is to write instructions on how
to construct a terrarium so that other
people can easily follow them. In your
instructions you should:
e |ist the non-living things you need,
e.g. soil, water, etc.

e |ist the living things that you think
should go in the terrarium, and in
which order to add them

e \rite details and draw sketches of
the layout of the terrarium.

_WEBwatch )

Go to www.OneStopScience.com.au and follow
the links to the websites below.

Terrariums
Outlines the basic steps in creating a terrarium.
Terrarium questions and answers

Useful and practical information
about setting up terrariums.

OneStopScience

-

X -

2 How the terrarium functions
Your terrarium should operate as a
functioning ecosystem. For this to occur
you need to consider the following
questions. For each question, discuss
the answers with other members of your
group, come to a consensus and then
write the group’s answer.

e How would you position the terrarium
to ensure there is enough sunlight,
without it overheating”?

e How are oxygen, carbon dioxide

and water used and recycled in the
terrarium?

e What happens when organisms die?

3 If you have time, set up the terrarium
and test your design. Take care with any
animals in the terrarium.




Why do organisms live where
they do?

There are four important reasons for this.

1 Fogr animqls, there is ample food. For plants, the
soil contains adequate minerals and moisture,

2 Therf: are few animals that feed on the
particular organism. These animals are called
predators. (For example, the Eastern small-eyed
shake is a predator of Haswell's frog.)

3 There are few other organisms that need the
same type of food, soil nutrients and living
Space. These other organisms are called
competitors because they compete for food and
living space. (Another frog called the Brown
tree frog is a competitor because it lives in the
same area as Haswell's frog and eats the same
type of food.)

4 The climate and weather conditions are suited
to the particular organism. This includes a good
supply of water and clean air,

Temperature and activity

The body temperature of frogs changes with
the outside temperature. Therefore, in the
colder weather of winter, frogs hide away in
logs or crevices.

On the other hand, the body temperature of
mammals (such as possums, wombats, mice,
wallabies, bats and humans) and birds remains
fairly constant all year round. These animals can
be active all year round.

Most animals that have a changing body
temperature live in warm climates. Those that live
in regions that become cold in the winter have
special ways to survive the lower temperatures:
they hide underground or in logs, and become
inactive. Some animals, for example many
butterflies and moths, lay eggs as the weather
becomes cooler and then die. The eggs last
through the winter and do not hatch until the
weather becomes warmer. These animals would
die without these special methods of survival.

Chapter 7 — Living places @

Activiy B

Your teacher will do this as a class activity.
You need about 10 ants in a small bottle
with a lid, and a plastic container (ice-cream
container).

1

A

Observe the way the ants move about at
room temperature.

Pour iced water into the container and
place the jar of ants into it.

WARNING: You are using living animals.
Take care of them, and when finished,
put them back outside.

iced water

plastic
container

-
£/ Observe the movement of the ants
over the next few minutes. Compare it
with their movement in Step 1.

Pour out the cold water and replace it
with warm water. Make sure the water is
‘hand hot'. (If you can leave your hand in
the water it is at the right temperature.)

Place the jar of ants in the warm water.

-:/ How did the higher temperature affect
the movement of the ants?
£} Suggest why more insects are found

buzzing around lights on a summer
evening than in winter.
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Survival—eat or be eaten

Any animal or plant in a food web can be the food
for another animal. To survive in a particular
habitat, animals have to find enough food to

eat and be clever enough not to be eaten.

To find food, an animal should

have:

1  very keen senses—sight, smell, hearing or touch

2 fast muscle reactions—carnivores need to be able to
move quickly to catch their prey

3 claws to hold prey and suitable mouthparts to eat
the prey.
V.

To avoid being eaten, an animal
might:
1 beable to move very quickly

2 avoid being seen by blending in with the colour or
texture of the surroundings

3 be poisonous to other animals or have spines, barbs

or prickly skin.
>

activiy B

In this activity you shall make inferences

about how animals survive in their particular

habitat.

You will need about six preserved animals or

coloured photos of animals.

1 Before you begin, draw up a data table
like the one shown here. Use at least
half a page.

2 Observe each animal carefully. Look for
structural features such as shape, size,
spines, claws, type of body covering and
colour.

3 Write your inferences about survival in the
right-hand column of the table. Discuss
with your group inferences about the
animal’s habitat, the foods that it might
eat, how it gets its food.

- ‘..‘
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Fig 5 Echidnas have sharp spines to keep 4

predators away.

The colour and texture of an animal’s skin
are important for its survival in its habitat. For
example, Haswell’s frog is brown and has a rough
skin texture. When hiding among stones and in
the mud banks of creeks, Haswell’s frog is not
easily seen by predators such as snakes and birds.

You could also write inferences about
what might eat the animal and how it
might avoid being eaten.

£/ What advantages do spines, horns,
poisons or stings give animals?

Lf Why do some animals ‘play dead’
and others roll into a ball shape?

Animals | Observations | Inferences




Discovering ecosystems

This page gives you an opportunity to learn
about some different ecosystems. You will find
interesting and informative websites that you can
use to discover more about these ecosystems and
the animal and plant life in them.

Polar ecosystems—Antarctica

Antarctica is the world’s coldest ecosystem (the
lowest temperature recorded was —89.6 °C in
1983). The land ecosystem on the Antarctic
continent is very simple. Plants and animals have
to be able to withstand harsh conditions.

Go to www.OneStopScience.com.au and follow
the links to the websites below.

Australian Antarctica Division—Science
This is an excellent website giving information
about science in Antarctica.

Use it to find out about:

1 the types of animals and plants in the Antarctic
ecosystem, what they feed on, their predators
and how they breed

2 how the organisms survive the harsh
conditions of the Antarctic ecosystem.

Antarctica webcam
Want to find out what the weather’s like at
Mawson Station today?

There are many other good websites on
Antarctica. Type Antarctica

: . OneStopScionce®
into your search engine. OneStopscience

L

Rocky shore ecosystems

Australia is surrounded by the sea. The coastline
contains sandy beaches, rocky headlands and
offshore rocky and coral reefs.

The rocky shores are home to a wide variety of
living things. Use the Rocky Reef website on the
right to find out about the organisms on a rocky
shore ecosystem.

e DTS B

Chapter 7 — Livin

Rainforest
ecosystems
Plants that grow in
rainforests have to
compete for food, water
and light in a habitat
where there is a dense 4
growth of plants. The i
leaves of rainforest /
plants are large to catch
as much as possible of
the sunlight that comes
into the forest.

Use the internet and library to find out where
rainforests occur in Australia and what types of
conditions are needed for their survival. Find out
why rainforest ecosystems have such a diversity
and abundance of life as compared with other
Australian ecosystems.

Go to www.OneStopScience.com.au and follow
the links to the website below.

Rainforests Australia
This is a commercial website but it has detailed
information about the animals and plants of

Australian tropical rainforests -
and useful links to other sites. | ONEStOPScience J

~

Go to www.OneStopScience.com.au and follow
the links to the websites below.
Rocky Reef

You will find a wealth of photos and information
about organisms that live in this marine
ecosystem.

MESA
Explore this website by clicking on any interesting

links. You can also type your : ‘J
search word in the search frame. | [ON€StopScience ))
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Consider the following carnivores—cat,

hawk, shark and snake.

a What features do each of these animals
have to be able to catch their food
successfully?

b What features do each of the animals
have to avoid being eaten?

Kim has a pet mouse that she keeps in a
terrarium in her house. One day she notices
that her little brother has left the lid off the
mouse house, and the mouse has escaped.
a What are the four important factors
that will determine whether the mouse
survives outside its house?
b Explain why each of these factors is
important.

Consider the following herbivores—parrot,
green leaf bug, tortoise and horse. What
features does each animal have to avoid
being eaten by predators?

Only mammals and birds are found on

the Antarctic continent.Yet in the oceans
around the land and icepacks, fish and other
animals are found whose body temperatures
change. How can these animals live there?

The jellyfish in the photo below feeds on
small fish and prawns. It does not move
very far or very quickly, and usually relies
on currents to move it from place to place.
Suggest how it might catch its food and
avoid being eaten.

Challenge

D

1 The European rabbit was originally found in
Spain. It was introduced into Australia in 1788,
and on several occasions after this to ‘enrich
the country’. By 1890, rabbits were in plague
proportions in south-eastern Australia.

a Suggest why rabbits spread so quickly
in Australia.

b What do you think ‘enrich the country’
meant to the early European settlers?

¢ Suggest why rabbits were not found
in plague proportions in Spain or the
rest of Europe?

2 Animals are found in different areas because
they can move from place to place. Plants
generally cannot move and have to rely on
their seeds being scattered over a wide area.
Each of the plant seeds below has a different
method of being distributed. Suggest what
these methods are. (The drawings show the
actual sizes of the seeds.)

win gum nut

seed
seed Tt

pine tree seed

eucalypt seeds

‘parachute’

seed —
< hooks

t-~— seed

cobbler’s peg seeds dandelion seed
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On a coral reef you will find large numbers of sea coral. These are called coral polyps. Over the past
anemones, brain coral, brittle stars, anemone fish 40 years, there have been three major outbreaks
and coral sharks. All of these organisms interact of the crown of thorns starfish on the Great

with each other in various ways, competing for Barrier Reef. In 2003, there were so many starfish
{ food and living space. Some are producers, others that large areas of reef were destroyed. On one
are consumers at various levels, while others are reef alone there were over one million starfish.
decomposers and scavengers. Why does this happen? Firstly, let’s look at some
of the features of the starfish.
Changes in ecosystems o A single female can release up to 60 million

eggs each year.

® An arm that is severed from a starfish’s body
can regenerate into a new starfish.

e It can push its stomach outside its body to
make eating the polyps more efficient.

e [t releases a poison from its spines which can
cause the death of smaller animals.

e It has few predators because its body is thickly
covered in sharp spines.
The diagram below shows part of a larger

coral reef food web containing the crown of

thorns starfish.

All natural ecosystems change from time to time.
Weather changes can cause droughts, floods,
cyclones and bushfires. This in turn changes the
types and numbers of plants and animals that live
in particular ecosystems.

If you study a coral reef ecosystem like the
one pictured above, you would find the numbers
of each type of animal vary from year to year.
Sometimes, however, there is a dramatic change.

The crown of thorns starfish is found on coral
reefs. It feeds on the small animals that make

Fig6 A crown of thorns starfish

giant triton puffer fish large fish
snail (wrasse, sweetlip)
crown of thorns leatherjacket

sta rf,ii/

coral polyps

!

microscopic plants
(plankton)
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What causes the changes?

Scientists are not sure what causes the huge
population explosions of the crown of thorns
starfish. Some ideas have been put forward.

1 Natural changes

Because one starfish produces so many offspring,
small changes in sea water temperature, the
amount of salt in the water and the amount of
food (microscopic plants) can cause more starfish
to survive. This can cause a very rapid increase in
the population.

¢ Aemoval of predators

The starfish has very few predators, so if any
are removed from the food web, the starfish
numbers will increase. For many years, triton
snails and maori wrasse, which feed on starfish,

were taken from the reef. They are now protected.

Over-fishing around the reef could also reduce
the populations of other predator fish.

Fig 7  The humphead maori wrasse is a very active
predator of the crown of thorns starfish. It
was commercially fished up until 2003, when
it became illegal to fish or keep the fish.

3 Nutrients from rivers

Rivers carry nutrients into oceans. In times of
high rainfall or floods, rivers carry extra nutrients
(fertilisers from farms) into oceans. Scientists
have found that extra nutrients in the reef waters
cause an increase in the microscopic plants, which
in turn, provides food for the developing starfish,
thus increasing their numbers.

Biodiversity

There is a huge variety of living things on
planet Earth. This is called biodiversity. It
describes the different animals, plants, algae and
microorganisms that form all the ecosystems on
Earth, such as the coral reef ecosystem in the
photo on the previous page.

Why is biodiversity important?
Ecosystems are constantly changing due to factors
such as diseases and severe weather conditions.
Ecosystems that have a wide variety of organisms
tend to be able to resist these changes. On the
other hand, in an agricultural ecosystem with low
biodiversity such as a wheat field, a disease or a
predator has a greater chance of destroying most
of the organisms. Diverse ecosystems are also a
source of new foods and medicines for humans.

Threats to biodiversity
The world has an estimated 13.6 millions species
of living things. Australia has more than one
million of these, and over twice as many as
Europe and North America combined. This means
we have a special duty to protect out biodiversity.
The photo below shows a coral reef that has
been damaged by silt which was carried into the
ocean from agricultural land. Notice there are
almost no fish. This indicates that there is now
little biodiversity on the reef.

Fig 8  Soil carried into the ocean by a river has
covered the coral on this reef, killing the
coral organisms.




There are four main threats to biodiversity:

Introduction of alien species

An alien species describes an organism that is
not native to that ecosystem. Its introduction
can cause major disturbance to the food webs
in the ecosystem. This is almost always caused
by humans, sometimes accidentally and other
times on purpose.

For example, the cane toad was introduced
into Queensland in 1935 to control the cane
beetle which was destroying sugar cane crops.
It has now spread widely across Australia and
is responsible for the reduction in populations
of frogs, reptiles, fish and mammals.

: Fig9  The cane toad was introduced into

Queensland from Hawaii in 1935 to control

the cane beetle.

. Current known distribution

.4 0 300 600
. Predicted distribution : '—k'm_'
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2 Destruction or alteration of habitats
The clearing of land for building new houses
and industries destroys the plant populations
and also changes the food webs that existed
in the ecosystem. It has been estimated that
when 100 hectares of native forest is cleared,
about 1500 birds die from exposure,
starvation and stress.

' Fig 10') Land being cleared for a housing estate

3 Chemical damage [pollution]
The unwise use of pesticides and herbicides
on farms can have a major effect on the
populations of native organisms. Most
organisms are very sensitive to these chemicals
and can be affected if the poisons are carried
into creeks, rivers and lakes. Excessive use
of fertilisers also affects the plants on the
surrounding land, and, in turn, changes the
balance of the food webs.

4 Climate change
This is a serious world-wide problem and
could be the major factor that causes loss of
biodiversity. Australia is one of the countries
most at risk from climate change. Droughts
and bushfires could result from higher
temperatures and lower rainfall. Flooding of
coastal areas could result from a rise in sea
levels due to melting polar ice caps.
On the next page you can investigate some of

the factors that can cause changes to the living
places of organisms.
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Investigation 18 | ;O ) Factors that affect organisms

Aim
To model what might happen to ecosystems

that are affected by floods or increased water
temperatures.

Planning and Safety Check

e You can do the two parts of this
investigation in any order. For each part,
read through the Method and make a list
of the materials you need. Select the
materials for each part from your
equipment store or trolley.

For each part, make a list of the safety
precautions you will need to take.

e Prepare data tables where appropriate.

" Teacher note: Fill a few buckets with tap water
a couple of days before use. This will be enough
. water for the whole class.

Materials

e methylene blue solution

e oxygen-removing solution (50 g/L sodium
dithionite/hydrosulfite, freshly prepared)

e 250mL glass graduated cylinder

e thermometer

e 250mL beaker

e mud or silt

* marking pen

e Dburner, tripod and gauze mat

e dropper

e stirring rod

e sheet of white paper

AN Turbidity

Method

Turbidity refers to how clear water is. If water is
turbid, it is cloudy. This cloudiness is due to the
amount of suspended particles of silt in the water.

1 Use a marker pen to draw an X on a sheet of
white paper.

2

7

Place a graduated cylinder over the paper so
you can see the X clearly.

Fill a 250mL beaker with some clean tap
water and pour it into the graduated cylinder
up to the 250mL mark.

:/ Is the X clearly visible? Take note of the
clarity of the water and how well you can see
the X on the paper.

Tip out the water in the graduated cylinder.

Fill the beaker with tap water and add about a
teaspoonful of silt or mud. Stir it thoroughly.

Sit the graduated cylinder over the X and
gently pour the muddy water into it. Stop when
you cannot see the X.

\7 At what mark did you lose sight of the X?

Test what happens when you add more silt.

Discussion

1

Account for the difference in the visibility
in the water.

How does this part of the investigation
model the effect of floods on a lake or
ocean ecosystem?

Explain how turbidity might affect the
organisms in a lake, creek or river, or
in the ocean.




Chapter 7 — Living places @

m Dissolved oxygen

Method

1 Pour exactly 200 mL of water from the bucket
into a beaker.

Make sure there is exactly 200 mL of water.

2 Use a thermometer to find the temperature of
the water.

\7 Record the temperature.

3 Add three drops of methylene blue to the water
and stir very gently.

Add 3 drops of
methylene blue.

4 While stirring, add oxygen-removing solution
a drop at a time until the blue colour just
disappears.

\7 Record the number of drops added.
This is a measure of the amount of dissolved
oxygen in the water.

5 Wash out the beaker and pour another
200 mL of water into it.

6 Set up a burner, tripod and gauze mat, and
heat the water to about 50°C.

7 Turn the burner off and repeat Steps 2 and 3.
\7 Record the number of drops added.

Discussion

1 Use your results to write an inference about
the effect of temperature on the amount of
oxygen that dissolves in water.

2 Suggest what might happen to the organisms
in a lake if the water temperature increased
during prolonged hot weather?

3 An electricity power plant was built beside
ariver. It used the river water in its cooling
towers and released the heated river water
back into the river. Suppose you are an
environmental engineer. What
recommendations would you give to
the plant owners? Make sure you explain
your recommendations.

Stir very gently. Inquiry

How does silt in water affect photosynthesis?

Use the procedures from this investigation to
design an experiment to answer the question.

Note: Use an aquarium plant such as elodea
in large glass jars or small aquariums. See
Investigation 17 on page 152.

Make sure you are able to compare the amount
of photosynthesis in turbid water with that in
clear water.
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Look at the food web on page 165.

a  Which organisms are producers?

b What type of consumer is the giant
triton snail?

¢ Which organism is a competitor of the
crown of thorns starfish?

The crown of thorns starfish is found in
very low numbers on a certain coral reef.
All the other organisms in the food web
on page 165 are found there. Suppose
conditions change and the number of
starfish rapidly increases. Infer what might
happen to the other organisms.

Use this food web to answer the questions
below.

kookaburras spiders

R

lizards -«—— beetles

_____» bandicoots ol

grasshoppers bugs

wallabies

.

grass leaves and berries

a Which organisms are predators
of bugs?

b Which organisms are competitors
of beetles?

¢ Which organisms might affect the
population of bandicoots? Explain
your answer.

d Suppose feral cats killed many of the
lizards in this community. Infer what
might happen to the other organisms
in the food web.

e Pesticide being sprayed on a nearby
farm drifted into the area of this food
web and killed many insects and
spiders. Suggest how the organisms
in the food web could have been
affected.

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

_________________________
_________________

a What is biodiversity?

b Explain briefly the factors that can
threaten biodiversity.

¢ Which of the factors are caused by the
actions of humans? Give a reason for
each.

Challenge

S

1

estimated
number of frogs

estimated
number of frogs

Scientists were studying the populations of four
types of frogs that lived in the same location

in southern NSW. The frogs all ate a variety of
insects including crickets, beetles, bugs and
flies. The frogs were preyed upon by snakes
and owls.

The bar graph shows populations of the four

different frogs in 2005.

Frog D

D

Frog A Frog B

Frog C

In a survey four years later, the scientists
noticed the presence of the introduced fish
gambusia (gam-BOO-see-a) in many of the

creeks. This fish feeds on the eggs and tadpoles

of frogs.

In 2010 the scientists repeated their count of the
frogs. The new data is shown below.

all_

Frog B Frog C Frog D

Frog A

a Compare the results of the two studies. What
can you infer from the results?

b Draw a food web for the organisms without
the gambusia. Suggest how the introduction
of the gambusia might affect this food web.

¢ How is the biodiversity of the ecosystem
affected by the introduction of the gambusia?

d Are the scientists justified in saying that the
gambusia is the cause of the change in
biodiversity? Give reasons for your answer.
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Copy and complete these statements to make a summary of this

. . . bacteri
chapter. The missing words are on the right. actena
biodiversity
1 Afood chain is a simple way of showing how animals and plants destruction
depend on each other for food. A consists of a number of .,
food chains linked together.
energy
2 Respiration is a process in which all living things use and food web
to produce , and give off carbon dioxide and water. -
ungi
3 Plants and algae are called because they photosynthesise glucose
and make their own food using the energy from the ; carbon b
dioxide and are used in the process. 2B
. oxygen
4 Certain and are called decomposers because they g
break down the bodies of dead organisms into simple substances. producers
sun
5 The living place of an organism is called its ; a system of -
interrelationships between living things and their surroundings is vanely
called an . water

6 Biodiversity describes the of all the living things on Earth.
There are a number of threats to biodiversity, including the
of habitats and climate change.

Try doing the Chapter 7 crossword at

\OneStopScienc'e‘

p
a Use this information to draw a food web.

1

2

b Give a name to the type of community to

Which statement is zot true for food chains? . . .
which you think these organisms belong.

A They show which organisms feed on which.
B They mostly begin with plants or algae.
C They show the number of living things in Emily and Max were observing the organisms in a small area
each step. of open eucalypt forest. They noticed bugs sucking the sap
from the eucalypt leaves and honeyeaters and butterflies
eating the nectar from the eucalypt flowers. Grasshoppers
ate the new grass shoots and mice ate the grass seeds.
Which of the following food chains is correct? Beetles and butcher birds fed on bugs. The butcher birds
also ate grasshoppers, beetles and butterflies. Hawks were
seen to attack honeyeaters and butcher birds and to eat

B grasshopper — grass — frog — snake mice. Snakes were seen to eat mice.

D They show the order in which organisms are
fed upon by others.

A grass — snake —» frog — grasshopper

C grass < grasshopper < frog <— snake )
4 In which ways are decomposers and scavengers

D grass — grasshopper — frog — snake similar? How are they different?
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P

5 The diagram below shows some of the animals
and plants that live in a pond.
a Which organisms are producers?
b Which organisms are second-order
consumers?
¢ Which organisms are competitors of small
fish? Which are their predators?

lobster

microscopic

“1/ animals

water
plants

6 Explain why an ecosystem would not survive
without decomposer organisms.

71 Matthew and Jessica drew this diagram
to show some interactions in a particular
ecosystem.

e

carbon
dioxide
in the air

K

What is the process labelled 5?
Describe what happens in 2, 3 and 4.
What do the red arrows mean?

D Qoo

of the air? Which shows it given off into
the air?

17

2,
2)
=X
(<)

S

Go to

Why is process 1 important to this food web?
Which path shows carbon dioxide taken out

to access
interactive activities to help you revise this chapter.

8 When house cats escape into the bush and feed
on native animals they are said to be feral. Feral
cats are powerful and skilful hunters and will
eat mammals, birds, lizards and insects.

Why are feral cats a threat to the biodiversity
in an ecosystem? In your answer explain what
biodiversity means.

9 Tom designed an experiment. He set up five
tubes with each containing the same amount of
water and the same-sized piece of water plant.
Tube 1 contained clear water. Tube 2 contained
water with a small amount of silt. Tubes 3,

4 and 5 contained water with an increasing
amount of silt.

Tube Tube Tube Tube Tube
1 2 3 4 5
N - r
S~
clear four other tubes with increasing
water amounts of silt in the water

Tom placed all tubes under a large
aquarium light. After 24 hours he measured
the amount of oxygen in each tube. He
expressed the amount of oxygen in Tube 1
as 100%. His results are shown in the table.

Tube | Tube | Tube | Tube | Tube
1 2 3 4 5
®)
P of |00 | 94% | ss% | so% | 73%
oxygen

a What was the aim of Tom’s experiment?

b Which factor did Tom change in his
experiment? Which things did he keep
the same?

€ Write a conclusion for Tom’s experiment.

Check your answers on page 271. '

<
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Carp— Solving the problem

an environmental Carp. are now fou'nd in such large .nu'mbers in

the river systems in Australia that it is almost
prOblem impossible to get rid of them entirely. However, ‘
Carp, a freshwater fish, were  scientists from the Bureau of Rural Sciences have
first introduced into Victoria made suggestions for managing the carp problem. —
in 1859 by Europeans who 1 Clean up waterways to reduce stagnant and
thought Australian rivers murky water and restore natural water flows.
needed large fish for angling. 2 Revegetate river banks and surrounding land £ :
Since then, carp have spread to stop the flow of mud and silt into the N ;“j{";
throughout the river systems waterways.

in Victoria, New South Wales
and Queensland, and have
been declared pests in those
states. They are now the most Ri = f o -
abundant freshwater fish in = = F w
the Murray-Darling Basin. : = 3 : .

Why are carp such a problem?
Carp have been successful in Australian rivers
because they can tolerate a wider variety of
conditions including low oxygen levels, high
water turbidity and pollutants than most native
fish. They also eat a wide range of food—snails,

native fish eggs, insect larvae, seeds and water 3 Encourage commercial harvesting of carp to

plants. supply fish shops both here and abroad, and
But it’s the carp’s destructive feeding habits that also to make high-quality fertiliser.

cause problems for other organisms. Because they 4  Kill the fish with poisoned food pellets in

stir up the bottom of the river while searching isolated waterways such as farm dams.

for food, they increase the silt in the water. The 5 Introduce viruses specifically to kill carp.

turbid water reduces the light for water plants and ;
makes it unsuitable for other native fish. Carp also Ouestions

uproot plants when they feed, which also causes 1 What sort of water conditions can carp

an increase in water turbidity. It is possible that tolerate, and how do they make the waterways

the uprooting of plants causes erosion and the unsuitable for native fish?

collapse of river banks. 2 Use the information on this page to draw a
Carp breed in large numbers. A female fish food web containing carp.

can produce more than 1 million sticky eggs. It is 3 How has land clearing made conditions in

thought that the murky waters caused by floods waterways more suitable for carp?

aid in the survival of eggs and the baby fish, and 4 Scientists are reluctant to introduce poisons

help distribute the carp over a wide area. and viruses into the waterways to kill carp.
Adult carp have no natural predators in Suggest why.

Australia. Some fish such as the Murray cod 5 Draft a plan that you could submit to the

and bass may eat baby carp if other food is not federal government that would reduce the carp

available. population in Australian waterways.

ff’, Vs : e S I ~ 9 -
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In this chapter you will ... )

Science Understanding
investigate the effects of magnetic forces on familiar objects

Science as a Human Endeavour
give examples of how magnets and electromagnets are used in everyday life
follow the historical development of our knowledge of magnetism

use Dr Cathy Foley's research with superconductors to investigate the link between
science and technology

Science Inquiry Skills

make an electromagnet and investigate ways of making it stronger
Vo .
@ map the magnetic fields around magnets

@ Based on Australian Curriculum, Assessment and Reporting Authority (ACARA) materials




Using magnets 175

In a small group, discuss each of the three
questions below.

® Some animals (for example, honeybees,
homing pigeons, salmon, whales and even
humans) have magnetic material in their
bodies. Can you suggest a purpose for this?

® This special conveyor belt can be used to
separate objects made of iron and steel from
other rubbish. How does it work?

® This magnetic metal disc is floating in the air.
How can you explain this?
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8.1 Magnetic forces

Investigation 19 | ;O ) Properties of magnets

1

Planning and Safety Check

. Read through the investigation and discuss
' with your teacher which parts you will do. Note

that in Part E and in Try this in Part B you will

¥ need to work out what to do for yourself.

' PART A

Materials

bar magnet and horseshoe magnet
box of paperclips, tacks or pins

Method

Hold the bar magnet as shown and bring it
down slowly onto a pile of paperclips.

2 Now lift up the magnet, and observe which

parts of the magnet hold the most paperclips
and which part holds the least.

:/ Record your observations using a

simple sketch.

\‘/‘ Write an inference to explain your
observations.

If possible, repeat the test with a horseshoe
magnet.

' PART B

Materials

e 2 bar magnets with poles marked (most
magnets have a dot or mark on the
North Pole end.)

Method

1 Place two bar magnets on a table near
each other as shown in a below.
£} Record whether the magnets attract
each other or repel (push apart) each other.

2 Repeat with the magnets in positions b, ¢
and d.

3 Look carefully at your results. What patterns
can you see?
\7 In one sentence, write a generalisation
about these patterns.

b

- [

Using what you have learnt in Part B, design
a way of making one magnet float on top of
another.
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Materials Which substances do magnets attract?

* barmagnet . Your teacher will give you a bar magnet and
* petri dish or small round take-away container a box containing objects made from different
e jce-cream container or bowl metals and non-metals.

e small magnetic compass Use the objects, and
any other objects you

Method would like to try, and

1 Fill the ice-cream container with water. classify them into two

groups—those
attracted to a
magnet and
those that

2 Place the magnet in the middle of the petri dish
and float the dish on the water in the container.
:/' Record what happens to the magnet and
petri dish.

3 Turn the petri dish in another direction and then
release it.
J Which way is it pointing now?

4 Use a compass to find out where north, south,
east and west are in your classroom. Make sure
you keep the compass away from other pieces
of iron or steel and other magnets. In which
direction does the magnet in the petri dish
point?

In this part you have to design a way of
measuring the strengths of magnets. Two ideas
are shown, but try to design your own method.
In a small group, discuss your design. Show
your plan and list of required materials to your
teacher, then go ahead and try it.
Write a report of your experiment.

thin hacksaw blade scale

magnet

5 Copy and complete these sentences. Move the magnet towards the

a One end of a floating magnet always points paperclip until it moves.
, and the other end points . /
b The floating magnet is acting like
a

_— Measure this distance.
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Facts about magnets

Fact 1

From the last investigation, you can see that a
magnet can push or pull something, without even
touching it. A magnetic force is a non-contact
force.

Fact 2

The magnetic force is strongest near a magnet,
and becomes weaker as you get further from it.

Fact 3

Magnets attract certain metals only—iron, nickel
or cobalt. These materials are said to be magnetic.
Steel, being an alloy of iron, is also magnetic.
Only magnetic materials can be magnetised (made
into magnets).

1 Copy and complete the sentences below.
a A substance that is attracted to a magnet
is said to be

b A magnet can exert a on a piece
of iron without touching it.
¢ Magnets can be made of ,

or

d All magnets have two

e Oneendofamagnetis called the

.The other end is called the

f  Two south poles or two north poles are
called poles.

g When two magnets push each other
apart we say they .

h Like poles , and
attract.

poles

2 Which of the following statements are true
and which are false? Change the words in
italics to make the statement correct.

a Any metal object can be picked up
by a magnet.
A magnet is strongest at its middle.
¢ A north pole will attract a south pole.

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

Fact 4

The ends of a magnet are more magnetic than the
middle. These ends are the poles of the magnet.
If you suspend a magnet or float it on water it
always points north—-south. The end that points
north is called the north pole. The other end is
called the south pole. A north or a south pole
will attract magnetic material that has not been
magnetised.

Fact 5

If you place the north poles of two magnets
together, they will repel each other. Two south
poles also repel each other. However, the north
pole of one magnet will attract the south pole
of another magnet. You can write this as a
generalisation: like poles repel, and unlike poles
attract.

__________________________________________________________________________________________________

d Like poles attract each other.
e Asyou move away from a magnet the
magnetic force decreases.

3 An electrician has a magnetised screwdriver
to help her hold screws. Which of the
following will the screwdriver attract: steel
screws, brass screws, aluminium washers,
steel washers, copper wire?

4  For each situation below, say whether the
magnets will attract or repel each other.

N SHEEN S|
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' 7

5 When you use a bar magnet to pick up
small iron or steel objects, you use the end
of the magnet. Why?

6 Use the words magnetic and non-magnetic
to explain how you can separate a mixture
of iron filings and copper turnings.

Make a list of everyday uses of magnets.

8 The magnetic couplings in the Lego train
below are either blue or red. They will link
up only if you join a red to a blue. Suggest a
reason for this.

9 Suppose you were given a bar magnet
whose poles were unmarked. How could
you use a compass to find which was the
north pole and which was the south pole?

e —————

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

Va

TRYTHIS : ®

1 Can you do the trick shown in
the photo with two magnets?

2 Use the library to find out when magnetism
was discovered. Who found out about it?

3 Most magnets are made of a substance
called alnico. Find out what this is.

&

>4
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[
Challenge E}

1 How could you arrange three magnets in a
triangle so that they all attract each other? Sketch
your arrangement, showing the poles, then try it.

2 These two magnets repel when placed like this:

S NI S

Will they attract or repel when placed like this?
Explain.

N SR X|

3 A magnet attracts a metal bar X no matter which
pole is used to do it. The same magnet attracts
and repels a metal bar Y depending on which
pole is used.

a Which metal bar is a magnet and which is a
piece of iron?

b Why is repulsion the only sure test that the
metal bar is a magnet?

S NEol Wb SRS Nigd |
N SRl SNENEEN Skad |

4 Explain why two needles, hung from the ends
of a bar magnet, lean towards each other as
shown.

WEBwatch . )

To find out more about magnets and to do
some experiments with magnets go to
www.OneStopScience.com.au and follow the
links to Magnet man.

-

° OneStopScience
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Q different directions. As a result, the magnetic
forces tend to cancel each other out.

Extra for experts

What causes magnetism?

Chotiiy B

1 Half fill a test tube with iron filings and
stopper it.

2 Bring the test tube close to a magnetic
compass. It should attract either end
of the needle, like any other magnetic
substance.

3 Now stroke the test tube along its length
about 10 times with one pole of a bar
magnet. Make each stroke in the same
direction, as shown.

unmagnetised steel

When the piece of steel is stroked by one end
of a magnet, the domains are all forced to point
in the same direction. As a result, the substance
becomes magnetised. The more domains that are
turned in the same direction, the stronger the
magnet will be. Notice that there are north poles
at one end of the piece of steel, and the same
number of south poles at the other end.

magnetised steel

Questions

Heating and rough handling of a magnet will

reduce its strength. How can you explain this

in terms of the domain model?

2 Use the model to predict what will happen
if you break a magnet in half. (To test your
prediction, magnetise a needle or hacksaw
blade by stroking it as in Step 3 of the
Activity, then cut or break it in half.)

3 Look at the diagram in the Activity. When
you stroke the test tube this way, predict
which end will be a north pole. Check your
prediction.

4 Bring the test tube near the compass
again. Is it a magnet now; that is, does 1
it attract one end of the needle and
repel the other?

5 Shake the test tube a few times. Is it still
a magnet?

On the basis of activities like the one above,
scientists have worked out a model to explain
what causes magnetism.

Imagine a piece of steel to be made up of a
very large number of tiny patches of magnetism.

These tiny patches are called domains. When
the steel is unmagnetised, the domains are all
mixed up. This is rather like what you would

get if you threw a pile of small bar magnets into
a box. The poles of the magnets would point in

Do you think there is a limit to the amount
of magnetism that can be produced in a piece
of steel by stroking with a magnet? Explain
in terms of the domain model.



8.2 Magnetic fields

When you bring two magnets together, you can
feel the force of attraction or repulsion between
them. The magnets exert a non-contact force on
each other, without touching.

A magnet is said to have a magnetic field
around it. When something magnetic is in this

Chapter 8 — Using magnets @

field, it will experience a force. The closer it is to
a magnet, the stronger the magnetic field. So, as
the magnetic substance gets closer to a magnet,
the attractive force increases. Non-magnetic
substances like your finger are not affected.

Magnetic fields are invisible. However, you can
see where they are by using a magnetic compass
or iron filings.

Investigation 20 : ;O ) Can you see a magnetic field?

Aim
To map invisible magnetic fields using iron filings.

Materials

e 2 bar magnets and a horseshoe magnet

e sheet of transparent plastic film (OHP film)
e jron filings (in a salt shaker)

e small magnetic compass

e piece of cling film

Planning and Safety Check

Before you start, wrap the magnet in some
' cling film. This stops the iron filings sticking to
e the magnet. Iron filings are very difficult to get
off a magnet!

iron filings in
salt shaker

plastic sheet SR

28 g book

magnet

Method

1 Put a bar magnet on the desk. Lay a sheet
of plastic film over it. Hold up the ends of the

it, as shown.

sheet by putting books or wooden blocks under

2 Put a compass on top of the magnet. Notice
that the compass is affected by the magnet,
and no longer points north—south. Move the
compass about. The direction it points is the
direction of the magnet’s invisible field.

3 Gently sprinkle iron filings onto the sheet, over
the magnet. Lightly tap the sheet to spread the
iron filings.

4 Observe the pattern that appears around the
magnet. Compare it with the patterns produced
by other students.

\7 Draw a diagram of the iron filings pattern.
5 Repeat the activity with the horseshoe magnet.

You can preserve your iron filings patterns by
spraying them carefully with hair spray.

Discussion

1 Where is the magnetic field of a magnet
strongest? How do you know?

2 What happens to the magnetic field as you
move away from a magnet?

Find out what magnetic field pattern is
produced by:

e two magnets with like poles together

e two magnets with unlike poles together

e a magnet near a piece of iron or steel

e a piece of magnetic plastic from a fridge.

Draw the pattern for each one.
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The Earth’s magnetic field

The ancient Chinese, Greeks and Romans
discovered independently that if a piece of
magnetite (a magnetic rock) is free to rotate, it
will line up in a north—south direction (just like
the magnet in Investigation 19 on page 177). The
first compasses used for navigation were simply
magnetised needles on pivots. However, it was
hundreds of years before anyone knew why a
compass points north—south.

In the year 1600, Sir William Gilbert proposed
an inference to explain why a compass points
north—south. He suggested that the Earth behaves
as if there is a gigantic bar magnet at its centre.

It therefore has its own magnetic field. Gilbert
was the private doctor of Queen Elizabeth I
of England, and explained his ideas about
magnetism to her.

Gilbert said that the south pole of his imagin-
ary magnet was near the Earth’s North Pole. In
this way he could explain why the north pole of
a suspended magnet always points to the Earth’s
North Pole, since a north pole is attracted to a south
pole. The imaginary magnet also needs to be at a
slight angle to the Earth’s axis. This is necessary to
explain why the Earth’s magnetic poles are not in
the same place as the geographic poles.

There is no giant magnet inside the Earth, since
the enormously high temperatures there would
destroy its magnetism. So what causes the Earth’s
magnetic field? Scientists are still not sure but they
infer that it is caused mainly by electric currents in
the molten core of the Earth.

The Earth’s magnetism has other effects as
well. It helps to trap a layer of invisible charged
particles in the atmosphere around the planet.
This layer is called the ionosphere (eye-ON-os-
fear). Radio signals can be sent right around the
world by bouncing them off this layer.

Sometimes invisible charged particles burst
out from sunspots on the sun. A stream of these
particles, called a solar wind, sweeps past the
Earth. When this solar wind hits the ionosphere
compass needles swing wildly, and we cannot
send radio signals across large distances.

Beautifully coloured lights (called auroras) can
sometimes be seen in the night sky near the North
Pole and South Pole (see Fig 2 on the next page).
The Aurora Australis can sometimes be seen from
southern Australia. It is formed when charged
particles from the sun hit the top layer of the
Earth’s atmosphere. These particles move towards
the poles because they are attracted there by the
Earth’s magnetic field.

@
geographic axis

\
\
\ .
\ magnetic
\ North Pole
\

true
North Pole

. true
magnetic |
South Pole 1 South Pole

\
\
\
\
\

Fig 1 An explanation of the Earth’s magnetic field:
the arrows show the direction in which the

north end of a compass needle points.
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m The beautiful Aurora Australis (or Southern Aurora) as seen from the International
Space Station over the Southern Indian Ocean at an altitude of 350 kilometres. The
aurora forms over the South Pole as a result of the Earth’s magnetism.

Magnetic shielding

Magnetic fields pass through all substances except
magnetic ones. Magnetic materials gather in, or
concentrate, magnetic fields. These

materials therefore act as shields, stopping the
magnetic field from passing through them.

Look at Fig 3, which shows a piece of plastic
and a piece of iron near a bar magnet. Notice
how the magnetic field near the south pole is not
affected by the piece of plastic—it passes right
through it. At the north pole however, the field is
gathered in by the piece of iron and does not go
into the area above it. Anything above the piece of
iron is shielded from the magnetic field.

Many sensitive scientific instruments need to
be shielded from stray magnetic fields. This can be
done by enclosing the object in a steel box.

In Investigation 21 on the next page, you can
investigate magnetic shielding for yourself.

shielded area

piece
of iron

magnet

piece

/ \ of plastic

magnetic field passes
through the plastic

Fig3  How a piece of iron can act as a magnetic shield
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Investigation 21 | ;O ) Magnetic shielding

Aim
To find out which materials act as magnetic
shields.

Materials

e bar magnet

e paperclip

e piece of cotton thread

e piece of plasticine

e adhesive tape

e metal stand and clamp

e sheets of various materials, eg paper, glass,
plastic, tin, iron, wood, copper, aluminium foil

) Planning and Safety Check
. Read the investigation and study the diagram

below carefully.
Which materials will you be testing as
magnetic shields?

Method
1 Set up the magnet and paperclip as shown.

&

The paperclip is attracted to the magnet
because it is in its magnetic field, but it is held
away from the magnet by the thread. What is
the largest gap you can leave between the
magnet and the paperclip?

2 Place a sheet of paper between the magnet
and the paperclip. Did the paperclip fall? That
is, did the sheet of paper stop the magnetic
field and act as a magnetic shield?

3 Use sheets of various materials to see if they
can act as magnetic shields.
.} Record your results.

Discussion

1 Write a generalisation about the types of
materials that can act as magnetic shields.

2 Consider the paperclip suspended below the
magnet. What two forces are acting on the
paperclip? Are they balanced? What
happens if the forces become unbalanced?

3 Predict what will happen if you burn the thread
with a match. Give a reason for your prediction.

Check your prediction.

ﬂ&T@é

Predict what will happen to the paperclip if you
bring a second magnet near the first one. Does
it matter whether it is a south or a north pole?

Record your observations, and try to explain
them in terms of magnetic fields.




______________________________________________

What is a magnetic field? Can you see one?
Explain.

The diagram shows a magnet and its
magnetic field. A, B and C are steel ball
bearings.

a  Which ball bearing does the magnet
attract most strongly? Which does it
attract the least?

b In which position is the magnetic field
strongest? Where is it weakest?

What makes a compass needle point to
the north?

How is the magnetic South Pole different
from the geographic South Pole?

Sketch the magnetic field around a
horseshoe magnet.

In which of the following situations would
a compass probably give an incorrect
reading?

a inthe bush

b in an aluminium dinghy

¢ inacar

d nearaniron ore mine

Why is a magnetic compass of little value
inside a submarine?

Chapter 8 — Using magnets @

Challenge

D

1 Using what you know about magnetic fields,
describe a gravitational field.

2 It has been shown that the Earth’s magnetic field
has reversed several times in the past. The north
and south magnetic poles have swapped over.
Which one of the following competing inferences
explains this swapping better? Why?

A The Earth’s magnetic field is due to a large
magnet inside it.

B The Earth’s magnetic field is due mainly to
electric currents in its molten core.

3 a Aniron tube is placed near the end of a bar
magnet as shown. Draw the magnetic field
that you would expect. Is there an area where
there would be no magnetic field; that is, is
there a shielded area?

b Trina finds that a steel ball bearing inside the
tube does not move when she brings up the
How can you explain this?

magnet.

iron tube |

magnet

ball bearing

TRYTHIS @' ®

7

North Pole wherever it is.

1 Make a model of the magnetic Earth by moulding a
ball of plasticine around a bar magnet. Roll the ball
in iron filings to show up the magnetic poles. Use a
small compass to show that the needle points to the

plasticine

. iron filings
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&

2 Hereis a way to observe magnetic fields in

three dimensions.

Put some iron filings in a small, clear plastic
or glass container, then fill the container
with cooking oil. Put on the lid and shake
the container vigorously to mix the iron
filings with the ail.

Bring the pole of a bar magnet up to the
side of the container as shown.

Repeat using two magnets, one on each
side of the container.

Iron filings are
attracted by
the magnet.

jar
containing oil — magnet

Here is a way to make your own compass.

Magnetise a large sewing needle by
stroking it with one pole of a bar magnet,
as shown. You will need to do this at least
10 times.

Push the magnetised needle through a
drinking straw as shown and plug each end
of the straw with Blu Tack. Then float it in a
shallow bowl of water. You can mark the rim
of the bowl with the points of the compass.

A

1 Credit cards have a magnetic strip that can
be read by a scanner in an ATM. How are
magnetic strips made?

Go to www.OneStopScience.com.au and
follow the links to Mad Scientist Network.
Type magnetic strip in the search box and
many sites will come up.

You can use the Ask-A-Scientist to ask

questions or browse through questions that
other people have asked (with their answers).

2 Use the Mad Scientist Network website to
try to find answers to one or more of the
following questions.

e What is magnetic therapy?

e What are magnets made from?

e Why don’t fridge magnets have poles?
e What is a magnetometer?

e What is magnetic levitation?

For other sites like this enter ask a scientist
into your search engine.

<

| OneStopScience
S
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8.3 Electricity and

maantS . ' : : o~ \ Wie carrying

a current

In 1820, a Danish scientist called Hans Oersted
was giving a lecture in Copenhagen. He did an ~  « _4"4'.' it
experiment to show (so he thought) that there was . "« 5
no connection between electricity and magnetism. &0
He put a compass needle and a wire side by side.
Then he passed an electric current through the
wire. Imagine his surprise, and embarrassment,
when the compass needle swung around. Oersted
had found, by accident, that when an electric
current flows through a wire, a magnetic field
forms around it. An Italian scientist had made this
discovery 18 years earlier, but nobody realised how
important it was.

With a single wire, the magnetic field is weak.
But if the wire is made into a coil, the field is much
stronger. A coil of wire like this is called a solenoid.
Its magnetic field is similar to that of a bar magnet.

P

Fig4  Ironfilings can be used to show the circular
magnetic field around a wire carrying an
electric current.

Activity

solenoid Check out Oersted’s discovery for yourself.

1 Put a small magnetic compass in the tray
of a matchbox. Wind about a metre of
connecting wire around the box as shown
below.

Rotate the matchbox so that the north-
pointing compass needle is parallel to
the wire.

3 Connect one of the wires to a battery.
Then briefly touch the other end to the
other terminal. Observe what happens.

4

(/)

Y

3

power pack

You can make the magnetic field of a solenoid
even stronger by placing a piece of iron (called a
core) inside it. This makes an electromagnet. This
was discovered in 1825 by a British shoemaker
called William Sturgeon when he was working on
his hobby of experimenting with electricity.

An electromagnet is a temporary magnet
because the magnetic field disappears when the )
electricity is turned off. A bar magnet, on the other 2;?5:32;:: matchbox tray
hand, is called a permanent magnet because you
cannot switch off its magnetic field.
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Investigation 22 : ;O ) Making an electromagnet

Aim
To make an electromagnet and investigate how it
can be made stronger.

Materials

e small magnetic compass

e large steel nail or bolt (at least 75mm long)

e about 2metres of enamelled copper wire
(0.8 mm diameter) with alligator clips at each
end (Note: Scrape the enamel coating off the
ends of the wire before you attach the alligator
clips.)

e ¢lectrical tape or duct tape

e power pack

e pbox of staples or pins

@y Planning and Safety Check

Read the investigation carefully. Note that you
* will use 25, 50 and 100 turns of wire around
the nail.
¢ What precautions are necessary when
‘ using a power pack?
Suggest why you need to wrap electrical
tape around the nail or bolt.

Method

1 Wrap some electrical tape around the large
nail or bolt to insulate it.

- SL;g.e

enamelled

wire electromagnet
nail wrapped in
electrical tape

Q.\“h feo

2 Wrap about 25 turns of the enamelled wire
around the nail.

3 Connect the alligator clips to a power pack.
(It doesn’t matter which alligator clip you
connect to the positive or negative.)

4 Set the power pack to 2 volts DC. Turn it on.

:} Has the nail been magnetised? Will it pick
up staples? How many?

\7 What happens when you turn off the power
pack?

5 Turn the electromagnet on again, and bring a
compass near the sharp end of the nail. Decide
whether the sharp end of the electromagnet is
a north pole or a south pole. Also test the other
end of the electromagnet.

6 Reverse the connections to the power pack.

:/' Have the poles of the electromagnet
changed?

7 Wrap 50 turns of wire around the nail.
\7 How many staples will it pick up this time?

\7 How many staples will it pick up with 100
turns?

8 Investigate the effect of increasing the voltage
from the power pack.

Discussion

1 Why is an electromagnet called a ‘temporary
magnet’? What advantage does it have over a
bar magnet?

2 How can the poles of the electromagnet be
reversed?

3 List two ways of increasing the strength of an
electromagnet.

4 Sketch the magnetic field around your
electromagnet. Show the directions of the field
lines.

%, To see how a magnetic field is created around
an electromagnet, open the
animation at

OneStopScienc =
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Uses of electromagnets

Huge electromagnets are used in scrap-yard
cranes. They are powerful enough to lift cars.
In a hospital, a surgeon can use an electromagnet
to remove a piece of iron or steel from a
patient’s eye.

e Imagine you are a crane driver in a scrap
yard. Explain the steps you would need to
take to move a car from one position to
another with an electromagnet.

*  Why would hospitals use an electromagnet
rather than a permanent magnet for
removing a metal splinter from a patient’s
eye?

Telephones earpiece

In the mouthpiece of a telephone, sound

waves are changed into electric currents. In the

earpiece of another telephone, these electric

currents pass through an electromagnet. When

the current is on, the metal disc is attracted

to the magnet, and when it is off, it springs

back. This causes the disc to vibrate, producing

sound waves, which you can hear.

e What is the main difference between a
landline phone and a mobile phone?

e What concerns do people have about the
increasing use of mobile phones?

soundwaves

metal disk

electromagnet

Metal detectors

The metal detectors at airports contain

solenoids. Anything metallic you are carrying

when you walk through these will affect

the magnetic field of the solenoid. This

immediately alerts the security officer.

e (Can someone with a stainless steel part in
their body walk through a metal detector
without the alarm sounding? Use your
knowledge of magnetic substances to
make a prediction. Then use the internet
or ask an airport security company for
information to check your prediction.
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Maglev train

Electromagnets are used in a high-speed train
called a maglev train, which is short for magnetic
levitation train. There are electromagnets on the
track (called a guideway) and underneath the
train. The electromagnets keep the maglev train
‘floating’ about 10 mm above the guideway so
there is no contact with the ground and, therefore,
no friction. There is also no need for wheels.

How does the maglev train move?

The maglev train is propelled by the

electromagnets along the guideway rather than

by an on-board engine. By changing the magnetic

fields in the electromagnets, you can make the

maglev train start, stop or change its speed.

® Use a dictionary to find the meaning of the
word ‘levitation’.

® Describe how the electromagnets would need
to be arranged to slow down or stop a maglev
train (use the diagram on the right as a guide).

WEBwatch |.CJ }} N

Use the internet to make a list of the advantages
and disadvantages of maglev technology. Go to
www.OneStopScience.com.au and follow the
links to How a maglev train works, or you might
want to try How to build a maglev train.

¢ OneStopScienc = J’)

Fig 5 The forces of attraction and repulsion between
a series of electromagnets propel the maglev
train. As the train moves forward from A, the
electromagnets in the train reverse poles at B.

___________________________________________________________________________________________________

Testl | Test2 | Test3

Leanne’s electromagnet |16 clips |18 clips |16 clips

1 How could you show that electricity and
magnetism are related?

Scott’s electromagnet |16 clips [14 clips|14 clips

this she counts how many paperclips each b Would the result have been the same if
electromagnet will pick up. She repeats Leanne had tested each electromagnet
her measurement three times for each only once? Explain.

i
| 2 Leanne wants to find out whether her a  Which electromagnet is stronger— ;
f electromagnet is as strong as Scott’s. To do Leanne’s or Scott's? :

electromagnet. Her results are as follows:



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

3 The diagram below shows a musical
doorbell.
a Explain how the doorbell works.
b When the switch is pressed and then
released, would the bell go ‘ding-dong’
or ‘dong-ding’?

pONg

: horseshoe-shaped
electromagnet

iron

springy
tal
meta ©—
fixed b press
Ixedbase  witch  battery

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

00 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 00 0 0 0 0. 0 0. 0 0.
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Make an electric buzzer using a design
something like this. You will need at least
100 turns of wire for the coil.

brass or copper

contact with
bent-over end
filed to a
point

hacksaw
blade

g

Challenge

1 Rory did an experiment using an electromagnet.
He was able to vary the number of turns in the
coil, and he could use either an iron core or a
steel core. He recorded his results in a data
table. (He noticed that when the electricity was
switched off, the paperclips dropped from the
iron-cored electromagnets but not from the steel-
cored ones.)

Electro- |Core Number |Voltage |Number of
magnet | material |ofturnsin [(volts) |paperclips
coil lifted

1 iron 10 2 2

2 iron 20 2 4

3 iron 20 4 17

4 iron 20 6 26

5 iron 20 8 28

6 iron 30 2 6

7 steel 20 3 7

8 steel 30 2 5

a How can you tell how strong each
electromagnet is?

b Write down three things that affect the
strength of an electromagnet.

¢ Which electromagnets do you need to work
out how the strength depends on the voltage?

d Copy and complete the bar graph below for
iron-cored electromagnets with 20 turns in the
coil. Is it true that the higher the voltage, the
stronger the electromagnet?

30,

201

10

Number of paperclips lifted

2

Voltage

e If you wanted to find out how the number
of turns affects the strength, which three
magnets would you compare? Why did you
choose them? How does the number of turns
affect the strength?

f lron is a better core material than steel.
Suggest two reasons for this.

2 Suppose your school has some old bar magnets
that have lost their strength. Suggest how you
could renew their magnetism.
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Copy and complete these statements to make a summary of this

. . attract
chapter. The missing words are on the right.
compass
-1 Magnets can exert a force on materials, without even current

touching them. This is a non-contact force.
electromagnet

2 The of a magnet are the places at the ends of a magnet field
where the magnetism is strongest. All magnets have two poles,

like
anorth and a .
] ) magnetic
3 magnetic poles repel each other, and unlike poles TR
each other.
poles
4 A magnetic is the area around a magnet in which a force solenoid
is exerted on a magnetic substance.
south
5 The Earth has a magnetic field. This is why a and a floating
or suspended magnet points north-south.
When an electric flows through a wire, a magnetic field forms around it.

7 An is a temporary magnet made from a coil of wire ( ) wound round
a piece of iron. The electromagnet creates a magnetic field when electricity
passes through the coil.

8 An electromagnet is similar to a magnet, but it can be turned on and off
by turning the electricity on and off.

Try doing the Chapter 8 crossword at

o

' OneStopScience

p
m 3 Electricity flows through the coil of an
electromagnet, producing a north and a south

pole. Which one of the following would reverse
the poles of the electromagnet?

Increasing the number of turns of wire
Changing the direction of the electric current
Increasing the electric current

Turning off the current

1 Magnets attract:
A other magnets only
B all other materials
C metals only
D some metals only

I — I - -

2 You want to build a box to shield a scientific 4
instrument from stray magnetic fields. Which
one of these materials would you use?
A aluminium

What are the unknown poles X and Y?

B lead b Predict what will happen in each of the two
C steel situations below.
D wood

Y

Ei
i
<
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5 How could you show that there is a magnetic
field around a bar magnet? Give at least two
different ways.

6 a Sketch what the Earth’s magnetic field
would be like if it was reversed.
b How would a compass behave?

71 Two metal rods, A and B, are placed side by

side, about 3 ¢cm apart, on a smooth table.

Predict what will happen if:

a A and B are both magnets with like poles
next to each other

b A is a magnet and B is a piece of iron

€ A is a magnet and B is a piece of brass

d A and B are both unmagnetised pieces of
iron.

8 A disc magnet has poles as shown.

LY

a Draw what you think would happen if you
dipped this magnet in iron filings.

b Draw the magnetic field you would expect
around the magnet.

¢ Explain how you could use this magnet
as a compass.

9 Two pieces of iron were each suspended from

a length of string, as shown
here. The north pole of a
bar magnet was brought
close to end A of the
first piece of metal. End ¢
A moved away from the
north pole.

with o
.2V Goto

S

orkiz,)

750/0

to access
interactive activities to help you revise this chapter.

The north pole of the magnet was then brought
close to end B of the other piece of metal. End
B moved towards the north pole of the magnet.

What can you conclude from this? (There may
be more than one correct answer.)

End A could be the south pole of a magnet.
End B could be the north pole of a magnet.
End B could be the south pole of a magnet.
End B might not be the pole of a magnet.
End A might not be the pole of a magnet.

moow>

Explain your reasoning.

10 A steel ball bearing is placed on a smooth,

flat table at equal distances from four very

strong electromagnets, as shown below. The

electromagnets are identical, except for the

number of turns in their coils, and the number

of batteries.

a In which direction will the ball bearing move
when all the electromagnets are turned on?

b What will happen if electromagnet 4 is now
turned off?

No 2:
1 battery,
many turns
1 bNa?ct:e:r b
o ‘ 2 batteries,
few turns
few turns

No 4:
1 battery,
many turns

Check your answers on page 272. .

OneStopScience‘



You have something wrong with you and a
doctor sends you for an MRI scan (photo below).
The MRI scanner uses a powerful magnetic field
made possible by the use of superconductors.
The maglev trains you read about on page 190
also use superconductors. But what are
superconductors?

Superconductors are materials that lose all
resistance to the flow of electricity at very low
temperatures. The first superconductors had to
be cooled to —270°C. This could only be done
using liquid helium, which is very expensive
and difficult to work with. Then in 1986 two
scientists in Switzerland discovered a ceramic
compound that became a superconductor at only
—-200°C. This meant that liquid nitrogen could be
used for cooling. It is much cheaper and easier to
use than liquid helium.

In Australia Dr Cathy Foley heads a team of
140 researchers at CSIRO in Sydney studying
so-called high-temperature superconductors.

Her team has developed a device called a SQUID
(Superconducting Quantum Interference Device)
for detecting extremely weak

magnetic fields. These devices

have been used to explore

for minerals and have found

make superconductors that work at normal
temperatures. In electric power lines there is
always some loss of energy as heat, due to the
resistance of the metal in the wires. If these wires
could be made cheaply from superconductors,
no energy would be lost and billions of dollars
could be saved. Many scientists also think that

it won’t be long until a completely new type of
superfast quantum computer is invented that
uses superconductors.

Writers of science fiction have imagined all
sorts of uses for superconductors and SQUIDs—
building a space elevator to carry people and
materials into space, devices to read people’s
minds and teleportation devices. If scientists
make new discoveries, some of these things may
come true in your lifetime.

Questions

Use the information on this page to explain:

o the difference between science and
technology

e how developments in science have led to the
development of new technologies.

$6 billion worth of mines
in Australia and around the
world. Dr Foley’s team are
also researching other uses
for this new technology. For
example, it can be used to
detect defects in the heartbeat
of a foetus, or to monitor
adult hearts without using
electrodes. It can also be used
to check for unwanted metal
fragments in food, and can
detect nuclear submarines.
Scientists are hoping that
they will discover how to




In this chapter you will ... )

Science as 8 Human Endeavour

evaluate studies on the safety of mobile phones and form your own opinion on the risks
involved

Science Process Skills
consider safety issues when designing and carrying out consumer tests
use real findings to evaluate claims made about a consumer product
write a detailed report for consumers comparing different products
design an experiment to test a hypothesis
suggest ways of improving an experiment to obtain more reliable results

Based on Australian Curriculum, Assessment and Reporting Authority (ACARA) materials




Ella is planning to buy a mobile phone. This
will make a large hole in her savings, so she
wants to make the correct choice. Her friends
have plenty of suggestions, but how can she
sort out this advice?
® Arrange the advice in the cartoon into
a flow chart that shows the order of the
steps Ella should take in deciding which
phone to buy.
® Compare your flow chart with other flow
charts. Discuss any differences.

LAURA: Where can || KATE: Is it MING SHANG: CHELSEA: What

you get information [ | value for B nogeribe the type of effect will buying

about the product? [ ™% - | product you need. 1 this have on the
] A2 =1 | environment?

CLINTON: | [NIKKI:Test | [ Ve LACHLAN:

Check the each of the » Find out ZACK: How well does
reliability of all || alternatives. what the this choice match

I .’ S alternatives what you wanted in

BEN: What are the the first place?

advantages and ‘ : MIKAELA:

diSOdVlGnTGQCS 01; Decide what you
each alternative: mean by quality.




3.1 Consumer testing

We are all consumers because we eat food

and belong in a food web. However, the word
‘consumer’ is used with another meaning: it is
used to describe someone who buys something.
Every time you go to the shops and buy
something, you are a consumer. It does not have
to be food. It could be clothes, electrical goods,
sporting equipment or even electricity.

Testing mobile phones

There are many articles published in newspapers
and magazines to help consumers choose which
products to buy. Choice magazine is one such
publication, and their investigators recently
tested mobile phones. The six steps used in their
investigation are shown below and on page 199.

STEP 1: Decide which product you want
to test

Mobile phones are very popular with all ages

of people. They are packed with features and
functions you may love—or never use. The Choice
investigators tested 45 different models.

STEP 2: List the features you want to
test

Choice decided to test the 10 features listed right.

STEP 3: Design a fair test for each
feature

To check for durability the testers put the
phones in an 80 cm barrel that was then turned,
simulating falls from a table or out of a shirt
pocket. After 5, 15 and 25 turns the phones were
checked for damage.

STEP 4: Do the tests and record the
results
See the table on the next page.

Chapter 9 — Consumer science @

' 1 How good is the battery? '
/’
2 Sensitivity—how well does the
phone deal with a weak signal?
3 How easy is it to use the basic |
, functions?

-

4 How easy is the keypad to use
_ (ergonomics)?

l 5 How good is it for SMSing? )
| 6 What is the sound quality? '

-
7 What is the quality of the digital camera
pictures?
-
8 How many different features does it
have (versatility)?

S
9 How big is it? How heavy is it
(portability)?

|10 How tough is it (durability)? )
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Brand/model
(in rank order)

Overall score* 68 68 63 63 61 60 59 55
1 Battery score 63 62 78 49 55 76 49 39
2 Sensitivity 80 75 69 72 70 66 74 66
3 Everyday use 76 89 81 65 73 56 47 62
4 Ergonomics 63 59 54 69 46 45 51 63
5 SMS 74 70 61 76 68 63 58 67
6 Sound 62 67 51 61 53 54 47 52
7 Picture 50 54 47 51 52 43 60 37
8 Versatility 73 68 62 63 64 49 84 57
9 Portability 59 66 41 70 67 65 49 71

10 Durability 75 65 687 61 59# 61 787 53

Battery life (h)" 5.1 6.0 77 3.9 4.8 7.6 3.8 3.0

Charge time

(min) 171 120 132 120 118 158 77 94

Voice dialling v v v v

Voice recording v v v v v v v

Email 4 4 4 4 v 4

Weight (g) 123 99 126 92 97 99 130 87

Dimensions (mm) | 88x47x23 | 93x47x25 | 98x48x27 [108x47x20 [98x53x15 | 107x46x19 [102x50x23 | 105x47x19

Price ($) 639 999 649 399 999 179 619 349

Reprinted from the June 2005 edition of Choice with the permission of the Australian Consumers’ Association (ACA).

* Combined score for features 1-10

# Defective after tumble test

t An average for different use patterns



STEP 5: Interpret the results and

write a report

Most mobile phones can take digital photos and
send them to someone else. However, the quality
is poor compared with digital cameras. While
phone A was rated the best overall, it may not be
the best on a particular feature, eg weight. So if
a particular feature is essential to you, a model
further down the table, which doesn’t have a
major weakness, may be the one for you.

STEP 6: Decide on the best product

Ualue for money
When deciding which product to buy, you should

consider value for money. With the mobile phones

tested by Choice, A and B had the same overall
score, but A was cheaper.

To find value for money for products in
containers, you can divide the cost by the net
mass, as shown below, to calculate the cost per
gram or per millilitre. With solutions, you may

need to consider the concentration of the solution

as well as the volume. For example, 500 mL of a
10% bleach solution should last longer than
500 mL of a §% solution, since you need to use
only half the amount each time.

You also need to consider the lifetime of the
product. For example, an alkaline battery that
lasts twice as long but costs three times as much
is not the best value for money.

Rating panels and surveys

It is easy to compare products when you have

tested them by measuring something, for example

the weight of a mobile phone, or by noting
whether or not it has a particular feature. Such
tests are said to be objective tests.

In other tests you cannot be as objective. For
example, the performance of a mobile phone,
eg ease of use, is based on opinion—what one
particular person thinks. Such tests are said to be
subjective tests. To make the results of such tests
easier to compare you can ask people to give the
product a rating. For example:

: borderline OK goc;d
or

very‘g'ood "
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For this sort of test you need a number of people
(a panel). If you want an overall rating you can
then average the results.

Another method used to collect consumer
information is a survey. For example, you might
want to do a survey on the reliability of various
makes of cars. When carrying out such a survey
you obviously cannot ask everyone who drives
the make you choose (e.g. Holdens).

Peanut
Bulter

295C
375g

= 0.8c/g

» Fig 1 -‘| Which is the best value for money here?
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Instead you use a sample—in this case, only
selected car users. You need to choose this sample
carefully so that it represents the whole group and
not just a part of it. For example, you would need
to sample car users of different ages from different
areas of Australia. Making the sample size as
large as possible improves the results, and helps to
overcome prejudice or bias.

To conduct the survey you can either interview
people or send them a printed list of questions
called a questionnaire. These questions must
be worded in a way that will make the results
as objective as possible. For example, instead
of asking How reliable is your cars it would be
better to ask How many times did your car break
down in the last year?

Fig2 | Taste is a subjective test. When comparing
wines, judges rate the wines on criteria such
as taste, colour and aroma.

Investigation ;O ) A taste test

Aim
To use a panel to assess the quality of a type of
drink or food.

Method

1 Select about three different brands of a particular
product, eg orange juice, lemonade, sandwich
spread, yoghurt or hamburgers.

2 Decide on the criteria you will use to assess the
product, eg flavour, colour, texture, sweetness, Discussion

smell. 1 Why were the testers blindfolded?

3 Design a data table to record your results. 2 Which product did each person give the

4 Set up a tasting panel of at least four people. highest rating? Which did they give the
Blindfold them. lowest rating?

5 Have two samples of each product. This lets you 3 Did all tasters give their highest rating to the
compare people’s ratings of the same product to same product?

see if they are 'reliable’ tasters. 4 \What is the average rating for each product?

6 Give the samples to the tasters in a mixed order,
and ask them to rate each on a scale of 1 to 10,
using the criteria from Step 2.

7 Record the ratings in your data table and Conclusion
analyse them. Write a brief conclusion for your test.

5 Can you suggest any improvements to your
test? Explain.




Experiment
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Imagine you work for a consumer magazine.

Your boss has asked you to choose a consumer
product and apply the six steps below to compare
different brands. She wants you to write up your
findings for the next issue of the magazine.

STEP 1: Decide which product you want
to test

There are lots of products to choose from, and here

are some suggested research questions.

e Which drink contains the most sugar or the most
vitamin C?

e Which stain remover works best?

e Which chewing gum keeps its flavour the
longest?

e Does a fine point pen last longer than a medium
point one?

e Breakfast cereal contains tiny particles of iron,
but which brand contains the most?

STEP 2: List the features you want to test

You can get further ideas from Choice magazine.
You could also go to www.OneStopScience.com.au
and follow the links to the websites below:

e Choice

e Science Fair Project Ideas

STEP 3: Design a fair test for each feature

Remember to apply what you have learnt about
working scientifically and doing projects.

e Write an aim that makes it clear what it is that
you are investigating. This is usually in the form
of a research question like the ones in Step 1.

e Write a plan that outlines what you intend doing
and how you will make any tests fair. It is a
good idea to test each product three times and
average your results.

e List the equipment you will need.

e Before starting your experiment check with your
teacher whether the equipment is available and
whether what you are planning to do is safe.

STEP 4: Do the tests and record the results

Present your data in a way which helps show any
patterns or trends in it.

STEP 5: Interpret the results and write
a report

e What is the answer to your research
question?

e Are your results what you expected? Did you
control the variables properly? Could you
improve your results by changing your method
or repeating measurements”?

STEP 6: Make a decision on the best
product

Your findings should be reliable. For instance,
you should be able to defend your tests if a
manufacturer says your results are inaccurate.
If someone else repeats your tests, would they
obtain similar results?

Hey Chris, did you work |
out which cereal has
the most iron in it?
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___________________________________________________________________________________________________

4 Look at the bar graph below showing the
amount of protein in an average serving of
two breakfast cereals.

1 Use the table on page 198 to answer
these questions about the mobile phone r

D
1

investigation done by Choice.

a Which is the heaviest of the phones
tested by Choice?

b Which do you think would be the best
phone if you do a lot of SMSing?

¢ Which phone would take the best
photos?

d  Which phone would be the best where
there is a poor signal?

(&)
1

I
1

N
l

Protein per serving (g)
- w

Cereal A

e  Which phones failed the tumble test? Cereal B
f  What similarities and differences are
there between the Brand A and Brand B a Based on this graph, which cereal do
phones? Which would you buy? Why? you think is better for your health?
g According to the Choice results, are the Explain.
most expensive phones the best? b The recommended daily amount of
h  What is meant by the ergonomics protein is 50-100 g. Does this change
of a phone? your answer to a? Explain.

i On average, how long do mobile phone
batteries last?
j  Which of the Choice tests do you think

5 Kyra asked three people to do some tests on
hamburgers using this five-point scale:

5 Yummy
gt .
\;v:sl,\ll:/(:rbe subjective? Explain your 4 Not bad
L . 3 Nothing special
?
k \éVhllch of the phones is the smallest? 2 Not very nice at all
Xplain your answer. 1 Yuk! I'd rather starve

2 Margarita was worried that there was too
much juice and not enough fruit in a certain
brand of tinned fruit, so she did a test. Here
are her results.

Each person tested each hamburger twice.

The results are shown below.

a Calculate the average rating for each of
the hamburgers.

mass of unopened can = 5b60g b Rate the four hamburgers in order of
popularity.

mass of opened can after = 4009 ¢ Who was the most reliable taster—that

juice has been drained off is, the person whose ratings for the

mass of empty can = 50g same hamburger are the closest?

a What is the total mass of the contents of Yasmin | Felicity Kelly
the can? (This is the net mass.) .
What is the mass of juice in the can? Fast food chain A 32 3 1 33
What is the mass of solid fruit in the Fast food chain B 5 4 4 3 4 4
can?

d What percentage of the can’s contents is Homemade 3 4 35 4 3
solid fruit? Corner store 55| 42| 5 4

3 List four tests you could use to decide which
brand of correction fluid to buy.

__________________________________________________________________________________________________



Challenge

D

1 You want to test how effective various

sunscreens are. What variables could affect the
results of your test?

Blake is looking for a new boogie board.

a What features do you think he should be
looking for?

b What tests could he do?

Choose a test report that interests you from
Choice magazine and write a summary of it.
In your summary, make sure you give the aim
of the investigation, what tests were done, the
results and the conclusions.

How would you test which of four different
science textbooks was the best?

There are three options given below for
providing nappies for a baby. List at least three
advantages and three disadvantages of each
option. Then, as a group, decide which you
consider the best option and why.

Option 1: Use re-usable cloth nappies. Parents
who use this method buy about 30 nappies
(about $2.50 each) and wash them at home after
use. Remember there are costs (about $10.50
per week) for washing powder, disinfectant, hot
water and electricity to run the washing machine
and perhaps the clothes dryer. Assume the cloth
nappies last about a year.

Option 2: Use re-usable cloth nappies and pay
a nappy service to collect the dirty nappies
and replace them with clean ones. The nappy
service washes the nappies for you. Nappy
services charge about 50 cents per nappy, and
about 60 nappies are required each week.

Option 3: Use disposable nappies. These cost
about 50 cents each.
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6 Examine the advertisement below and answer
the following questions.

a Why is the person in the advertisement a
middle-aged male with a white coat and
glasses? What is he meant to represent?

Do consumers trust this sort of person more
than others?

b There are many products whose names
suggest they are ‘green’, like Eco-gentle.
What advantages do the manufacturers
expect to gain from this?

¢ Is it realistic to say the product has no effect
on the environment?

d Can experiments prove the safety and
effectiveness of the product? Explain.

e Is there anything special about tests carried
out in universities? Why might advertisers
include this type of statement?

f What does the word ‘hypo-allergenic’ mean?
Do you think many consumers would know?
Why do you think this word was used in the
advertisement?

For tough
stains ...

You know that
you can trust
Eco-Gentle
stain remover.

* Eco-Gentle is a revolutionary
approach to stain removal.

e [t will remove stains from every
type of fabric without damage.

* University experiments have
proven the safety and
effectiveness of this product.

* It has absolutely no impact on
the environment, and is
hypo-allergenic.
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J.2 Options

There are six options for you to choose from.
Each one has something to do with making
decisions about which product to buy or about
safety aspects of a product. You can use these
summaries to help you decide which options
to do.

FOOD ADDITIVES page 210

You learn about food labels and the
different types of food additives, then
test for sulfur dioxide in foods.

UISCOSITY OF OILS page 205

You find out about the viscosity
(thickness) of oils and conduct an
experiment to find out how the viscosity
changes as the
temperature
changes.

DISPOSABLE NAPPIES

page 213

You compare the effectiveness of
different brands of disposable nappies.

TESTING GLUES page 207

You plan and conduct various consumer
tests on different brands of glue, similar
to the lines of the Choice

mobile phone tests.

T

e,

OPTION 2 OPTION |

COSMETICS page 214

You find out what an emulsion is
and then you make your
own cleansing cream
and compare it

with commercial
cleansing creams.

FIRE DANGER page 208

You investigate whether fabrics can be
made less flammable by treating them
with a fire retardant.

w
-—
—
—
o
o
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Experiment |

Research question

How does the viscosity (thickness) of oil change
as the temperature is changed?

&

& 3 WUST 8¢ HOMH

Designing your experiment stopwatch
Read through the Planning hints below and then T ball bearing
work in a small group to design your experiment. =
Make a list of the materials you will need. cooking oil in = tray (in case

Include in your design an assessment of the measuring —p = of spillage)
safety issues you will address when you do the Elisier §
experiment. = ¢

Show your draft design, materials and risk - 7
assessment to your teacher for approval. Do not g 4
start your experiment without a signed approval \_E/
from your teacher. <_,> cooking oil

Planning hints |
1 Write a testable hypothesis linking the viscosity

@ 1S @l 10 8 TEmEEE e You need to be very careful with the warm oil.
2 You can measure the viscosity of the oil by When pouring, hold the beaker with a paper
dropping a ball bearing through it. The longer it towel or a cloth and take care not to splash it.
takes to fall, the more viscous the oil. In case of spillage, it is best to work on a tray.
3 You can use a magnet to retrieve the ball If you spill warm oil on yourself, wipe it off
bearing from the bottom of the cylinder. quickly with a paper towel or cloth, then wash
4 You don'’t want the fall time to be too short, so \ PO D Gl el E ORI
you need a tall measuring cylinder. You could
experiment with a long tube, an old burette Discussion
works well. You could also use a marble or 1 Which is the independent variable in this
something similar instead of a ball bearing. experiment? Which is the dependent
5 Another method is to put the oil in a long tube, variable?
leaving an air bubble. When you tip the tube 2 How does the fall time change as the
upside down you can measure how long the temperature increases?

bubble takes to move up the tube. . . _
3 At which temperature is the oil most

6 You should do each measurement three times, viscous? How do you know?

then calculate an average fall time.
4 Use your graph to predict the viscosity of

7 To cool the ail, put it in a refrigerator. the oil at 35°C. 0°C and 60°C.

8 To warm the oil, heat it in a beaker on a

i ?
hotplate, but do not heat the oil above 50°C. 5 How accurate do you think your results are”

Suggest ways of improving the experiment.
9 Remember to control all variables except the

temperature of the oil. Conclusion

10 Graph your results and draw a line of best fit Is your hypothesis supported by the results?
through the points. (It may be curved.) If it isn’t, discuss and rewrite your hypothesis.
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Thick and thin oils

Did you find in the experiment that cooking

oil becomes less viscous (thinner) at higher
temperatures? The oil used in the engine of a car
behaves in much the same way.

Engine oil is a lubricant that reduces friction
between the moving parts of a car’s engine,
especially on the pistons as they move up and
down inside the cylinders. For good lubrication
the oil must have the right viscosity. “Thick’
liquids like honey have a high viscosity, and
flow slowly. “Thin’ liquids like water have a
low viscosity, and flow quickly.

Oil must work over a wide range of
temperatures. On a cold winter morning the

temperature may be as low as 0°C, and when the

engine is running its temperature will be between 'Fig3 ' What do you know about engine oil? You
90°C and 100°C. Technologists have developed probably know that it is usually changed when

o 1 = ) . . . . the car is serviced, and sometimes needs
special oils, called multigrade oils, by including

special additives. The viscosity of a multigrade oil I

does not decrease much as the temperature rises. Single-grade oils have only one number,

At low temperatures the oil is thin enough for the ~ between 5 and 50. The higher the number the

engine to start easily; at high temperatures it is thicker the oil. Multigrade oils have two numbers,

thick enough to lubricate the engine properly. e.g. 20W/50. This means that the oil acts like a
Look at a container of oil. The viscosity of 20 oil at low temperatures (the W stands for

the oil is usually given by an SAE number. winter), and like a 50 oil at higher temperatures.

-----------------------------------------------------------------------------------------------------------

He then turned the burette upside down
and measured how long the air bubble took
to move up the burette. He did this for four
different liquids, and recorded his results.

What is meant by the viscosity of oil?

1

2 What happens to the viscosity of oil when
it is heated? How can you explain this
in terms of the forces between the long

|

1

‘
. :
1 ‘
] !
1 {
E :
1 e A 12 [
) hydrocarbon molecules in oil? (
! B 20 !
;3 Explain the differences between the !
1 . . C 16 !
1 following oils: b c ¢
) [
1 SAE 20W/40  SAE 20W/50  SAE 40 {
) [
| 4 Suggest why an engine is easier to start if a In'which liquid did the air bubble rise E
1 you use a thinner oil. most quickly? !
] ] ] b Which one of the four liquids is the most |
' 5 Suggest why engines last longer if you use viscous? !
] . - H H
ji  thicker oils. ¢ Ifliquid C is heated, its viscosity will :
, 6 Joe filled a burette with a liquid and put a change. Which of the other liquids will it |
E cork in the top, leaving an air bubble. probably become most like in viscosity? E

D .
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Experiment i ®=h) Testing glues

Aim 4 You could also investigate how the strength
To do some consumer testing of glues, using the of a bond increases with time.

six steps from pages 197-199. 5 All glues must be handled with great care.

Avoid contact with skin and eyes, and use

Planning hints gloves if possible. Wipe any glue off your skin

1 Some features of glues which you could immediately with a clean cloth. Work in a well-
investigate are: ventilated area, and do not inhale the vapour.
* the strength of the bond formed Read the glue’s instructions carefully before
e the type of glue, e.g. paper, wood or using it.

plastic, one-part or two-part
e the unit cost (how much does 1g or 1mL
of glue cost?)
e whether the glue’s instructions for use are
simple and clear
e whether the outlined safety precautions
are adequate. 7 Consider the best way to display your findings.
One way is to use a data table similar to the
one below. The details will depend on which
tests you do.

6 In your opinion, how easy is the glue to
use? Are the nozzle and cap well designed?
Does the container leak? Does it stand up to
repeated use? You could use a rating scale
here.

2 You could investigate how well the glues bond
to different materials, for example: wood to
wood, paper to paper, plastic to plastic or
plastic to metal. 8 Once you have completed your tests, you

need to interpret the results and write a report,

advising consumers about the best types of
glues to buy.

3 You will need to work out a way of testing the
strength of the bonds formed. Two possible
methods are illustrated below.

Method A Method B

break in ruler

fixed at
this end

glue glue

iceblock sticks
standard masses —- N

pull with
SAFETY BLASSES spring balanc&

Price Net Cost per Instructions Safety Ease of Strength
paid contents gormL labelling use
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Fire danger

The photo below left shows a young girl who
was burnt when her dress caught on fire. Most
burns that children suffer occur when clothing
catches fire from heaters and open fires, or from
children playing with matches and flammable
liquids such as petrol and kerosene. Scalding
from boiling water is also common.

Some fabrics are more flammable than others.
Some synthetic fabrics also melt when they burn,
and the hot molten fabric can stick to the skin,
causing severe burning. For these reasons most
manufacturers of children’s sleepwear now use
fire-resistant materials or close-fitting styles (see
Fig 4). When buying fabrics or clothes you can
check whether they are fire-resistant or of low
flammability by looking at the fire danger label
(Fig 5).

To make clothing fire resistant manufacturers
use a flame retardant. One type of retardant is a
mixture of chemicals in which the cloth is soaked.

Fig4  These tracksuit-style pyjamas are close-fitting
so that the sleeves and legs are less likely to
catch fire near heaters and open fires.

Fig5  When buying children’s nightwear look
for the label Low FIRE DANGER.



Investigation
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Fire-resistant clothing

Aim
To compare the flammability of fabric

samples before and after treating with
a flame retardant.

Materials

e samples of two different fabrics, e.g. cotton or
wool and a synthetic

e metal tongs

e heatproof mat or tray of sand

e Bunsen burner

e stopwatch

* metal can

® scissors

e alum

® borax

e boric (boracic) acid

e balance

e 250mL beaker

e washing powder

W Planning and Safety Check

¢ This investigation may take more than one
day. So that you will know exactly what to
do, and in what order, draw up a flowchart

summarising the steps in the Method.
Because some fabrics give off toxic fumes
when they burn, it is best to do this
investigation in a fume cupboard. Discuss
this with your teacher.

Method
1 Cut out three 3cm squares of each fabric.

2 Make the flame retardant solution using the

following:
13g alum 0.59g boric acid
1.59 borax 100mL water

3 Saturate two samples of each fabric in this
solution, then dry them thoroughly.

4 Wash one sample of each treated fabric using
a small amount of washing powder in warm
water, then rinse and dry it.

5 Using the metal tongs, hold one of the
untreated fabric samples close to the burner
flame until it ignites. Hold the burning fabric
over the metal can.

:/ Measure the time taken for the sample to:
a catch alight and b burn completely.

If the flame goes out before the burning

has been completed, relight the sample

immediately and keep it alight until it has
all burnt.

6 Repeat the burning test for:
¢ the other untreated sample
e the two treated samples
e the two treated and washed samples.
Remember to control variables.

- .
£/ Record your results in a data table.

Discussion

1 Which is more flammable—the cotton or the
synthetic fabric?

2 What effect did the flame retardant solution
have on the flammability of the fabrics?

3 Does the flame retardant work better on the
cotton or on the synthetic fabric?

4 Does the flame retardant work as well after the
fabric has been washed?

5 What extra information would you need before
you could write a full consumer report on flame
retardants?

 Note: Do this in a fume cuphoard’.)

Catch molten or 'u\
burnt material in :
the metal can.

heatproof
mat
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Food additives L[l

The labelling on most foods must include a list

Some of the foods we eat are fresh, like apples of ingredients, showing what is in the food. The
and tomatoes. However, some foods are processed  ingredients are listed in order of decreasing mass,
in some way—to make them look better, to that is, the main ingredients are listed first, and the
change their flavour, or to make them last longer. additives are listed at the end. The main ingredient
When foods are processed, the chemicals in must also be given as a percentage of the product.
them are altered or extra chemicals, called food For example, the percentage of strawberries in the
additives, are added. There are laws about the jam below is 40% of the total mass. The additives
labelling of foods. Fresh foods do not have to are food acid (to give it a ‘tang’), preservatives (to
be labelled, but most processed food do. The stop it ‘going off’) and red colouring.
illustration below shows the information the Additives have to be approved by the
label must display. government, and most of them have a number.
This number tells you what the additive is. For
Datemark example, 160a is carotene, the colour found in
Most foods ‘go off” eventually, but some carrots and pumpkins and often used to colour
last longer than others. The datemark helps fruit drinks and margarine. The table on the next
consumers and shops make sure such foods are page lists the main types of food additives. For a
in good condition. more complete list, see the Australia New
Name Zealand Food Authority website.

Most processed foods are also required to list
basic nutritional information in their labelling
about fat (including saturated fat), protein,
carbohydrate (including sugars) and sodium
(sodium chloride or salt).

The name should give honest information about
what a food actually contains. For example, a
product called ‘strawberry jam’ must contain
strawberries.

~3v2 BEST BEFORE 19/06 /2003

Datemark
Nutritional information

i Strawberry Jam

[
NUTRITION INFORMATION

I | Servings per package: 25
Serving size: 20 g

o Average Quantity Average Quantity
00g

i perServing  per 1 Ingredients list, giving
I A I percentage of main
| || Fat, total 0g 88

! | Sodium 2.4mg 12mg

/ i C;ggfw%?gte, total ggg g;_gg |ngred|ent(s)
Name 1“‘ ‘ -sugars .59 39

! 1| NGREDIENTS: SUGAR, STRAWBERRIES 40% S
“ ! Vegetablegumg;gtr&uzd“a)cld (330), Food addltlves

I
Il - I
| MA“NUF!ACTURED BY PRODUCTOFAUSTRALI

Net contents | 45 BIACKALL ST 1 i
\ | BARTONACT2E0

[T

‘4509‘ Ni REFRIGERATE AFTER 9300658705304
i | | OPENING | | ! |

Country of origin

Manufacturer’s
address



Additive

Why it is added

Some examples
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Code

Foundin ...

humber

drying out

flavours to give food more usually complex no number | sweets, sauces, soups, soft
taste mixtures drinks, cordials, potato crisps
colours to make food tartrazine 102 (yellow), | numbers | softdrinks, ice-cream,
more attractive cochineal 120 (red), beginning | shack foods, soups, sauces,
chlorophyll140 (green), | with1 biscuits, cakes, margarine,
carotene 160a (orange) sweets
preservatives | tostop bacteria salt, sugar, numbers soft drinks, fruit drinks, wine,
and fungi growing | sodium benzoate 211, beginning | pickles, cheese spreads,
in food and making | sodium nitrite 250, with 2 sausage meat, ham, bacon,
it ‘go off’ sulfur dioxide 220 dried fruits
antioxidants to help stop fats ascorbic acid 300 numbers | chewing gum, instant soups,
and oils going (vitamin C), beginning | cake mixes, potato crisps,
rancid (bad taste tocopherol 306-309 with 3 margarine
and smell) (vitamin E)
flavour to improve the monosodium glutamate | nhumbers | Asian food, potato crisps,
enhancers flavour 621 (MSQ) beginning | biscuits
with 6
emulsifiers so that oil and lecithin salad dressings, mayonnaise,
water mixtures do | (from soya beans) margarine, ice-cream,
not separate into chocolate
layers v
food acids to give food a ‘tang’ | acetic acid 260, —q’é lemon soft drink, canned
and keep acid level | citric acid 330 2 tomatoes
constant §
vegetable to thicken and set | alginates 400—405 § ice-cream, flavoured milk
gums foods (from seaweed) drinks, desserts, pie fillings
humectant to stop foods from | glycerin 422 cakes, biscuits, muesli bars,

pie fillings, some pet foods

Additives improve the appearance, texture and

flavour of processed foods as well as their keeping
quality and nutritional value. On the other hand,
some people are allergic to certain additives, especially
preservatives and artificial colours, which may cause
hay fever, skin rashes, headaches, stomach upsets or
hyperactivity. It is also possible that some additives
could cause cancer if eaten in large amounts for

many years.

Food additives are tested before they can be used.
These tests are usually done on animals. Any additives
that are shown to cause health problems are banned.

In 2011 Australian supermarkets began phasing

out artificial colours in foods.

T hope this sandwich
doesn't contain any
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Investigation

Aim
To test various foods to determine whether they
contain sulfur dioxide preservative.

Materials
e selection of foods such as dried apricots,

desiccated coconut, raisins, wine
¢ dilute iodine—potassium iodide
solution (5g iodine and 10g .@‘
potassium iodide per litre of water) 9%
e mortar and pestle (or blender) .
Toxic
e beaker
* 1% starch suspension
e balance
e measuring cylinder

Method
1 Weigh out about 10g of the food.

2 Mix the food with about 100mL of water in a
mortar or blender. Decant the solution into a
beaker. With liquids you can omit this step.
Simply use 100mL of the liquid.

:© ) Sulfur dioxide in food

3 Add 10mL of iodine—potassium iodide solution
to the beaker.

If the food contains sulfur dioxide, it reacts with
the iodine, removing it from the solution. So when
the starch suspension is added in the next step,
no blue-black colour is seen. If the food does not

contain sulfur dioxide, the iodine remains and
reacts with the starch to produce a blue-black
colour.

4 Add about 2mL of starch suspension.
»:/ Does the food contain sulfur dioxide?
5 Try other foods.
:/ Record your data in a data table.

Discussion
1 Which foods contained sulfur dioxide?
2 Can you tell which foods contained the most

sulfur dioxide? How could you modify the
investigation to find out?

]
)
)
)
)
)
.l
)
3
)
)
)
)
)
'l
)
]
)
)
)
)
)
]
)
]
)
)
]
)
]
)
)
)
)
]
)
)
)
]
)
]
]
)
)
\

- - - - - -

1  Why do most foods have a datemark?

2 Why do you think it is important to know
the percentage of fruit juice in a drink?

3 Look at this list of ingredients.

a  Which is the main ingredient?

b List the additives and say why you think
each has been added.

¢ What do you think the product is?
CARBONATED WATER, SUGAR, LEMON JUICE (5%)
FLAVOURS, FOOD ACID (330), PRESERVATIVE (211),
COLOUR (102)

4 Use the table of food additives on the
previous page to answer these questions.
a Afood item has an additive with the
number 210. What would be the purpose
of this additive?

P ———_

What does an emulsifier do?

¢ Why are vegetable gums added to
some foods?

d  Why is citric acid added to some soft
drinks and fruit drinks?

e How are preservatives and antioxidants
similar?

f  Which additives would you expect to
find in margarine?

5 The jelly beans in a packet come in eight
different colours, yet there are only five
different colours in the ingredients list.
How can this be?

6 Can you tell the difference between sugar
and artificial sweetener? Design a fair test
to find out.

7 What is hyperactivity? How is it related to
what we eat? What can be done about it?



Experiment

Aim

To apply the six steps on pages 197-199 to
compare the effectiveness of different brands of
disposable nappies.

A typical disposable nappy is shown below. It

should have the following important features:

absorbency—to soak up lots of liquid

leakproofness—so liquid cannot leak out
around the legs and waistband

be comfortable for the baby to wear

be disposable—as much of the nappy as
possible should be biodegradable.

Planning hints

This experiment is open-ended and you will need
to decide what you are going to test and how
you will do it. Before you start, read through the
following suggestions.

1

You could test the absorbent padding to see
how much liquid it will soak up. Note that most
disposable nappies contain a special white
powder called sodium polyacrylate. It is a
polymer that swells to form a gel (a kind of jelly)
on contact with water.

Dryness layer
helps to prevent S

passing back to
the baby’s skin

!

Super absorbent
layer locks
wetness in to keep
the baby dry

liquid from e

= * — A

Chapter 9 — Consumer science

Disposable nappies

Most manufacturers claim that their nappies
have one-way liners. This means they allow
liquid to pass through them to the absorbent
padding, but do not allow liquid to flow back
the other way. This means the baby’s skin
stays reasonably dry. You could test some
one-way liners to see if this claim is true.

How strong are the tapes used to fasten the
nappy? Are they strong enough to hold the
nappy on an active baby? Do they still work
when the nappy is wet?

You could do a survey of nappy users to see
which brands they use, how easy they are
to use etc. You could interview neighbours,
friends and relatives, or you could design a
questionnaire.

Remember your tests must be fair, so make
sure each brand of nappy is tested in the
same way. Also, your findings must be reliable.
If someone else repeats your tests, they should
get the same results.

Write a detailed report describing what you
did and what you found out. The intended
audience for your report should be people
who buy disposable nappies.

Grip tabs
for fastening
and adjusting

Leakage control shields
fit against the baby’s legs
to form an additional
leakage barrier

Soft, waterproof, cloth-like

cover to protect against leaks
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Cosmetics

One of the most common cosmetics used today is
cleansing cream. It moisturises as well as soothes
the skin. It is also used to remove make-up and to
clean the skin. The use of cleansing cream avoids
having to use large amounts of soap that extract
the natural oils from the skin, which can have a
damaging effect.

Cleansing cream is an emulsion consisting of
tiny droplets of oil and wax suspended in water.
Normally water and oil do not mix, because
water molecules are polar (contain electric
charges) and oil molecules are non-polar. Each
prefers to stay with its own kind, rather than
getting mixed up with the other.

If you mix oil with water, the oil floats on
top as a separate layer. If you shake the mixture
vigorously, the oil is broken up into tiny droplets.
But when you let the mixture stand, the oil
separates out again. What is needed is a
‘go-between’ to bring the two liquids together.
These ‘go-between’” molecules are called
emulsifiers. They have a polar end and a
non-polar end and are therefore attracted to both
oil and water molecules, as shown in Fig 6.

Cleansing cream is called an oil-in-water
emulsion, and it can be rubbed onto your skin

> @ ‘non-polar
~ _—— oilmolecules —~—> — " _
e @ e A  EMULSIFI
Ty S W ¢ MOLECULE

D D "’\ S This end

is attracted
to oil.
This end
is attracted

to water.

ER <

without leaving it

feeling greasy. When it
is applied to your skin,
the water evaporates,
producing a cooling
effect. This is why it
is sometimes called
cold cream. The
oily ingredients
in the cream are
left as a thin film
on your skin.
They can be
washed off
easily with
water.

Fig 6  How an emulsifier helps oil and water mix: emulsifiers work in the same way as soaps and detergents.



Investigation
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Aim
To make cleansing cream and compare it with
commercial cleansing creams.

Materials \

e liquid paraffin (100g) | }4M\
¢ white beeswax (309)

* borax (2g) Flammable

e 2 beakers (250mL)

e measuring cylinder (100mL)

e balance

e water bath (see Planning and Safety Check)
¢ heatproof mat

e 2 stirring rods

e 2 thermometers

e gsmall storage bottle

e make-up

e several commercial cleansing creams
e soap

Planning and Safety Check

Read the Materials and Method carefully
and note any safety hazards. The beakers
and storage bottle you use must be perfectly
clean, since you will be putting the cleansing
cream you make on your skin.

Discuss with your teacher what you will
use for a water bath and how you will lift the
beakers out of it in Step 4. You could use a
large beaker, flat tray or large aluminium pot
on a hot plate. Alternatively you could use an
electric frypan.

Method

1 Add water to your water bath and heat it until
the water temperature is about 75°C.

2 Weigh out 30g of white beeswax, break it into
small pieces and put it in a small beaker. Then
add 100g of liquid paraffin while stirring gently.
Place the beaker in the water bath.

3 Dissolve 2g of borax in 70mL of water in a
second beaker and put it in the water bath too.

SAFETY GLASSES
MUST BE WORN

4

Discussion

1

water bath\

borax and

beeswax and water

liquid paraffin
hot water

hotplate

When both beakers have reached 75°C,
remove them from the water bath and stand
them on a heatproof mat.

Pour the borax solution slowly into the beaker of
beeswax and paraffin, while stirring. Continue
to stir until the mixture has cooled to 35°C.

Allow the cream to cool to room temperature,
then put it in the storage bottle.

Apply some make-up to your hand, then use
your cream to remove it. Apply some make-up
to your other hand and this time try to wash it
off with soap and water.

£/ Describe the results of your tests.
Compare the properties of your home-made

cream with those of several commercial
cleansing creams.
-

£/ Record your results.

What are the ingredients in your home-made
cleansing cream? What are the ingredients in
the commercial cleansing creams?

You used two different oils? What are they?

Suggest why beeswax dissolves in paraffin,
but not in water.

Using what you learnt on the previous page,
suggest why borax was added to the mixture.

Why do you think you heated the ingredients
to 75°C?

Suggest ways you could improve your
cleansing cream.
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Copy and complete these statements to make a summary of this fair tests
chapter. The missing words are on the right. T
1 To test a consumer product you first identify the you consider  objective
important, then design for each of these. sample
2 Tests where you count or measure something are .Tests based  subjective
on people’s opinions are . survey
3 A is a method of obtaining information when you can’t do a
fair test. You use a from a larger group.

\T.\\t ] lg

S ‘% Try doing the Chapter 9 crossword at
= s
Z S

o

OneStopScience
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1 For each question below, decide whether the 3 Use the graph below to answer these questions.

answer will be objective or subjective. a How was the reliability of the cars

a How much does the mobile phone weigh? measured?

b Are the yellow shopping bags as strong as b Which was the most reliable make of car
the white ones? tested?

¢ Which potato chips are the crispiest? € At what age are Holdens slightly more

d Which brand of sunscreen blocks most reliable than Toyotas?
UV radiation? d For how many years is the reliability of

e Which bed is the most comfortable? Mazdas more than 70%?

f Which stroller is the easiest to use? e What happens to the reliability of all three

g Does this cot meet the Australian standard? cars after about 12 years?

2 The manufacturer of a skin care lotion claims

. . ) o Reliability of cars at different ages
that its product ‘holds its moisture longer’. A 8 100 Y J
scientist decided to test this claim by placing B 90
a sample on a sensitive balance in a very dry 2 80
atmosphere. Each day she recorded the mass of -g 70 L 1oy
the sample. 2 60 &
a How much mass did the | pay [ Mass(g) _§ 50
lotion lose over five days? % 40
. 0 15.006 o
b Suggest a reason for this S 30
| 1 14.562 5
oss of mass. 5 14189 2 20
€ Wias the rate of moisture ' s 10
e 3 | 13873 5 o
loss increasing or - e e e e ey
d s 4 13.587 g 05 25 45 65 85 105 125
ecreasing: . 5 13330 & Average age (years)
d Does the experiment

‘prove’ anything about the claim made by
the manufacturer? Explain.
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4 Some students conducted a survey by asking
people the following question: What do you
think about the use of cigarettes, alcohol and
marijuana by adults? Here are their results.

What people thought

acceptable |unacceptable [ undecided
Cigarettes
male % 14 45 41
female % 10 48 4
Alcohol
male % 32 25 43
female % 20 38 42
Marijuana
male % 15 81 4
female % 1 33 6

a What percentage of females thought
smoking cigarettes was acceptable?

b What differences were there between the
opinions of males and females on the
drinking of alcohol?

€ On which issue did people have the most
definite opinion?

d Write a short paragraph summarising the
students’ results.

5 Read the article on the right from a sports

magazine and answer the questions below.

a What are the five main skateboard parts?

b What is the purpose of the bearings?

€ Why are some wheels better than others?
How can you test them?

d Which variables would you need to control
in this wheel test?

e Suppose you built a skateboard from parts.
What would be the cheapest board? What
would be the most expensive?

6 Design an experiment to test which type of
correcting fluid dries most quickly.
a Which is the independent variable in this
experiment?
b Which is the dependent variable?
€ Which variables will you need to control?
d Write down the steps in the experiment.

\3~.\\[f] f@
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Skateboard parts

The deck or board is the part you stand on. Most
decks are made from a special type of wood called
Canadian rock maple. Decks vary in size, so choose
one that suits you and feels comfortable when
skateboarding. Try out some friends' boards or ask
to try some from the shop to find the one you like
the best. Replacing the deck on your board will
cost between $65 and $140.

The trucks are the parts that hold the wheels
on. Basic skateboards have ‘pressure cast’
trucks, which cost about $25 each. (You need
two of these of course.) The best trucks are ‘sand
cast’ and can cost up to $50 each. They can be
loosened for greater manoeuvrability, so you can
turn more easily. You can also buy ‘lappers’ and
‘copers’. These are plastic fittings which fit over
the trucks to protect them if you ride over curbs
and other obstacles.

Wheels are made from a special rubbery type of

material. The best ones have
what is called a "high rebound
factor’. One way to test for marble - )

this is to put a clear plastic
tube on the surface of the

wheel and drop a marble into @/)?
it as shown. The higher the i
marble bounces, the better ]
the wheel. If the wheels ‘ ‘__ptljztéc
wear out (or you don't like the

colour), they cost between wheel S5

$25 and $70 for a set.

Bearings are the tiny steel :
balls which fit inside the ’
wheels to make them turn freely. If you look after
your skateboard, you may not have to replace
them. However, if they become worn or rusty,
your skateboard won't run smoothly. A set of
bearings for four wheels costs between $20
and $50.

Skidpads and noseguards are plastic fittings
which can be attached to the front and back of
the skateboard so you don't break or wear out
the deck.

Go to to access
interactive activities to help you revise this chapter.

- Check your answers on page 273. '

@

OneStopScience
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Are mobile phones safe?

In May 2008 Channel 7’s Today Tonight aired
a story on the safety of the 20 million mobile
phones in Australia. The TV show interviewed
Dr Bruce Armstrong, Professor of Public Health
at The University of Sydney, who heads the
Australian part of a major 13-country mobile
phone study. Professor Armstrong said evidence
was accumulating that suggested prolonged use
of mobile phones could have harmful effects.
Studies over 10 years have shown that using a
mobile phone could double the risk of someone
developing a brain tumour.

Chris Althaus, who is head of the Australian
Mobile Telecommunications Association (AMTA),
disagreed with Professor Armstrong and said
many studies around the world had indicated that
there is no substantiated scientific evidence of
health effects from mobile phones.

Recently it has been suggested that, to protect
your brain from the electromagnetic radiation
from mobile phones, it is safer to use a hands-
free system or a bluetooth headset (as in the
photo) so you can put the phone in your pocket.
Today Tonight asked Chris Zombolas from

4 -
e
b fae
. -

EMC Technology to investigate the radiation
emitted by a mobile phone in a pocket, and he
found that several phones did not meet the legal
safety standard. Zombolas suggested that mobile
phone manufacturers get around this problem
by recommending a gap of 1-2cm between their
body and the phone. However, Chris Althaus
from AMTA claimed that EMC hadn’t used the
standard testing procedure.

Questions

1 Your risk of developing a brain tumour is
about 1 in 20000. Would you continue to use
your mobile phone if it was certain that this
risk was doubled by using your phone?

2 What did Chris Althaus mean when he said
there was no substantiated scientific evidence
of health effects from mobile phones’?

3 Is it possible that Today Tonight
misrepresented the facts for the sake of
a good story? What do you think?

4 How does this news story illustrate that
different groups use different criteria to make
a decision about an issue?

5 The precautionary principle says: if the
costs of some activity turns out to be greater
than any benefit, it makes sense to restrict
the activity (or stop it). In other words, it’s
better to be safe than sorry. Do you think
this principle applies to mobile phones?

6 In a newspaper blog a man named Sean said:
‘Just because I know my mobile phone is bad
for me doesn’t mean I’'m going to stop using it
Do you agree or disagree with Sean?

Activity : ‘0

In a small group, search the internet to find
out more about the safety of mobile phones.
Carefully evaluate what you find and then
form your own opinion on the risks. Present
your information as an advertisement (radio,
print or TV) to tell others about your findings.

l
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Science Understanding

develop an understanding of how simple machines can magnify a force, change a force’s
direction, or make things go faster

Science as 8 Human Endeavour
investigate the boomerang as an example of Aboriginal technology

Science Inquiry Skills
use measurements to calculate the mechanical advantage of different types of levers
and pulleys
investigate how the gears of a bicycle work
invent a useful device containing simple machines
use a model to show how air moving over an aircraft wing creates lift

Based on Australian Curriculum, Assessment and Reporting Authority (ACARA) materials




220

® You notice that the more you blow up a
Work in a small group to solve one or more of balloon, the faster it goes when you let it go.
the following problems. Try to explain your observations.
® A 200kg meteorite lands in your driveway, You are riding your bike when you come to
and you and a couple of friends have to a steep hill. To ride up the hill, you change
move it. In the garage, you find a crowbar, gears. Do you use the largest gear wheel on
some pulleys, rope and a few round posts. the back wheel or the smallest? Do you use
Using these things, work out a way to move the largest gear wheel on the pedals or the
the meteorite off your driveway. smallest? Try to explain your answers.




10.1 Simple machines

If you have used a door handle or a bottle opener
today, or you have ridden a bicycle, you have
been using simple machines.

The most common simple machines are levers,
pulleys, inclined planes (ramps), screws and gears.
Complex machines such as cranes, winches,
clocks and bicycles are a combination of many
simple machines. Machines help you do things
more easily. They do this in three different ways.

1 Machines magnify the force you use
When you have to remove a nail from a piece of
wood, it is easier to use a claw hammer than use
your fingers. The larger the hammer, the smaller
the force needed to remove the nail. Machines
that magnify the force you use are said to have a
force advantage.

Chapter 10 — How things work ‘

2 Machines change the direction of
the force

When you have to pull the sails up on your sailing
boat, the pulley at the top of the mast makes it
easier. You pull the rope down and the sail goes up.

3 Machines make things go faster
When you push on the pedals of a bicycle, the
back wheel turns much faster than the pedals.
Machines that make things go faster are said to
have a speed advantage or a distance advantage.

You can't get more energy
out than you put in!

some machines give you a bigger force than you
apply and others make things go faster. But no
machine can give you a bigger force and 90 faster
at the same time. In other words, a machine cannot
give you a force advantage as well as a speed (or
distance) advantage.

If this were to happen, it would mean th.at you
were getting more energy out of the machine than
you were putting in. Machines transfer energy from
one point to another; for example, from the pedals
to the back wheel of a bicycle. And because of
friction, machines always lose some energy as
heat and sound.
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Levers

You want to move a large
rock with a crowbar.

A crowbar is a type of simple machine called a
lever. A lever moves around a fixed point called
the pivot (or fulcrum) in this case, a small rock.
The large rock is called the load, and the force
you apply is called the effort.

The crowbar has a force advantage. This
is because the force (effort) you apply to the
crowbar is less than the force used to move the
rock.

Sometimes you might want a lever to have a
distance advantage rather than a force advantage.
You can use a lever to catapult a small rock into
the air by placing the pivot close to the effort.
Here the effort is much larger than the load, but
the distance the lever moves at the load end is
much greater than the distance the lever moves at
the effort end.

large distance

| I |
aouelsIp [|ews

Everyday levers

Wheelbarrow

A wheelbarrow is another lever. It is an example of a
lever where the pivot (the wheel) is at the end of the
lever and the effort is at the other end. The load is
between the pivot and the effort.

1

effort

pivot

Pliers

Pliers are made of two levers held together at the
pivot. They work in the same way as a crowbar. The
pivot is close to the load, which means you need only a
small effort to exert a large force between the jaws of
the pliers.

: !

1
small force pivot '
(effort)
large force
(load)

Mechanical advantage

You can get a measure of how useful a simple
machine is by dividing the load you move by
the effort you use. This measure is called the
machine’s mechanical advantage.

For example, suppose you used a crowbar
and applied a 100 N force to move a SO0N
(50kg) rock.

load
effort
500N
100N

mechanical advantage




Investigation

Chapter 10 — How things work @

:© ) Using levers

Aim
To investigate different types of levers.

Materials

e metre ruler (preferably with holes every cm)
e brass masses and two hangers

e |arge paperclip (bent to form an S)

e spring balance (5 N)

e stand and clamp

: PART

1 Use the diagram as a guide to find out what
effort you need to balance a 1009 load.
/"J Draw up a data table like the one shown
below and record your results.

Ocm

pivot

100g mass

VVhateﬁonisg
needed?

load inOt

Fig1  The arrangement of pivot, load and effort for

this type of lever

2 Find the effort needed when you increase the
load. Try masses of 150g, 200g and 250g.
.} Record your results.

Load (mass in g)

at25cm load (N)

3 Calculate the mechanical advantage of the

lever for each load.
-,
/_J Record your results.

Investigate the effort needed for each of the
loads in the data table when you change the
position of the pivot. Calculate the mechanical
advantage of the lever for each load.

: PART

1 Set up the ruler, stand and clamp, spring

balance and masses to model
a wheelbarrow as shown in
the diagram here. The
spring balance will measure
your upwards effort to
balance the load.

Experiment with this arrangement. Which
position of the load makes the best
wheelbarrow?

.\7 Write a report of your findings. Make a
drawing of this type of lever. (Use Fig 1 as
a guide.)

Discussion

1

Downward force produced by

Write a generalisation about effort, load and
position of the pivot for the type of lever used
in Part A.

There is a third way to arrange the effort, load
and pivot. Work out this arrangement and
calculate the mechanical advantage for this
type of lever.

Mechanical advantage

Effort (N) MA = load/ effort

100 g 100 9/100 = 1N

(Divide the mass by 100)

150 g

- 200 ¢

2509
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Other simple machines

Inclined planes

You want to lift some drums
onto the back of a truck.
It is far easier to use
a ramp and roll
them on than
to lift them
straight up.

Screws
A screw is a special type of inclined
plane that spirals round and round to
form a thread. To drive the screw into
a piece of wood, you use a smgll force
and turn the screw many times.
This is changed into a larger
force where the thread
spiral touches the wood, pushing it

inclined . :
L?Igrl\g in a small distance.

The ramp is an example of an inclined
plane—another simple machine. Inclined planes
have a force advantage—you apply a small effort
to move a heavy load, but you have to move the
load over a large distance. In other words, you
use less effort this way, but you have to roll the
drums further.

Axes _
To split a block of wood you need an axe, V‘:ch"lhl.hasd Jacks
i air of Incline
OB M Awed?cieo:f :fpa force. You push Ajack is an example of a screw. You use a small force

lanes that changes the direc
Ec)he axe downwards, and the wedge-shaped blade

pushes the wood apart.

to lift the heavy load of the car. However, you have to
turn the jack handle many times to raise the car by a
small amount.

heavy load moves

axe pushed downwards a small amount

!

two
inclined ‘I
planes jack handle turns

many times



Wheel-and-axle

A steering wheel is an example of a simple
machine called a wheel-and-axle. The axle is the
central rod or column and the steering wheel is
attached to this axle.

Without a steering wheel it would be very
difficult to turn the axle. The force needed would
be too great. With a steering wheel, applying
a small force will turn the axle. The bigger the
steering wheel, the easier it is to steer.

Door knobs and screwdrivers

[ heel-and-axle. The
door knob is an example ofaw
ll:anodle is the wheel. When you turn the handle, Ir’:here
is a large force applied to the axle. This opens |: el
door. A screwdriver is another example of a wheel-

and-axle.

small force turning knob

through large distance large force

applied to axle
over short
distance

axle
wheel
axle I
small force > 4
turning handle \arge force
applied to
blade

wheel -‘
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1 Copy and complete the following sentences.
Choose from these words:

effort
lever

screw
direction

magnify
pivot

a A crowbar is a type of

b The is the force you put into a
simple machine.

¢ Some machines help you by changing
the of the force.

d The is the fixed point around
which a lever moves.

e Some machines
use.

f A

the force you

is a type of an inclined plane.

2 The following statements are false. Rewrite

them to make them correct.

a A simple machine can give you a bigger
force and make things go faster as well.

b  Pliers are an example of two levers with
the pivot at the end.

¢ Ifyou apply a 50N force to a lever to lift
a 250N load, it has a mechanical
advantage of 25.

d Itis much easierto remove a tight screw
with a screwdriver with a small handle
than one with a large handle.

3 In which one of the three ways listed on
page 221 does an inclined plane help you?
What is the disadvantage of an inclined
plane?

4 When you lift an object in your
hand, your arm is acting as a
lever. Where is the pivot? Draw
a diagram like the one in Fig 1
on page 223 showing the load,
effort and pivot.

5 Alevercan
be set up to
have a force
advantage.
It can also be set up to have a distance
advantage. Draw labelled diagrams to show
these two different types of levers.

...............................................
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_______________________________________________

’ \ L
6 Each of the devices below works as a lever. Ghal Ienge i H)
1

For each one, draw a simple diagram of
how it works, labelling it with effort, load
and pivot. The first one is done for you.

1 The diagram shows an old-fashioned well.
a What type of simple machine is this?

effort

b Suppose the bucket was full of water at the
bottom of the well. You tried as hard as you
could to turn the handle but the bucket was
too heavy. Suggest ways to lift the bucket.

2 You try to remove a screw from a piece of timber
with a small screwdriver but it won't budge.
When you use a larger screwdriver the screw
turns. Explain in terms of simple machines why
this happens.

3 Jodie uses a jack to change a flat tyre on the
rear wheel of her mother’s car. The jack has a
mechanical advantage of 10 and it has to lift
a load of 3000N. How much force does Jodie
have to apply to lift the rear wheel of the car?

4 Explain how you can set up a lever to give a
force advantage, then rearrange it to give a
distance advantage.

5 Design an experiment to show how you could
measure the mechanical advantage for a wheel-
and-axle.

6 Nathan uses a crowbar to lift a box of tools. The
box weighs 600N. He uses a triangular metal
block as a pivot and places it 15cm from the
load end of the crowbar. The distance from the
pivot to the effort end of the crowbar is 75¢cm.
Use this information to calculate the force
Nathan has to use to lift the box.

7 Atrebuchet (TREB-o0-shay) was a destructive
ancient weapon of war used in Europe between
800 CE and 1350 CE. Use the internet to find
out how this device used simple machines.

7 You want to remove a nail from a piece of
wood with a claw hammer.To do this the
hammer is acting as a bent lever. Draw and
label a diagram to show how this happens.

8 Label the wheel-and-axle in each of these
devices.




Chapter 10 — How things work @

'IU .E PUIIEVS and gears A pulley is a grooved wheel with a rope over

it. A single pulley does not magnify your force. It
simply changes the direction of the force.

To magnify your force you need to use more
than one pulley. This lets you lift very heavy
loads by using only a small
effort. However, you need
a lot of rope to lift the
object only a little way.

Lifting a bucket of sand is hard work. However,
by using a pulley, you can pull downwards to
move the bucket upwards. This is easier than
lifting the bucket upwards directly.

Investigation 28 | ;O ) Using pulleys

Aim Method

To find out how pulleys make it easier to lift loads. 1 Use the spring balance to find the weight of
the mass. This is the load.

Materials \d/ Record this weight (in newtons).

* 2single pulleys and 2 double pulleys 2 Place the beam between two tables and tie a

* 2 short pieces of cord single pulley to it as shown below. Tie the load

* 1 piece of cord several metres long to one end of the pulley cord and the spring

e mass (up to 1kg) balance to the other.

® newton spring balance
e piece of timber to act as a beam
e metre rule

Planning and Safety Check

Carefully read through the Method and draw
up the data table on the next page before

starting.

What safety issues do you need to discuss
with your group before starting this
investigation?
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3 Slowly pull the spring balance and find what
force is required to lift the load.

4 Measure how far the spring balance end of
the cord moves (the distance the effort moves)
to lift the load 50cm (the distance the load
moves).

/¥ Record the results in the data table.

5 Now set up two single pulleys as shown below.
Repeat Steps 3 and 4.
.} Record these results.

A four-pulley system (two double pulleys)

Discussion

1 Write a generalisation about the way the effort
required to lift a load changes as the number of
pulleys changes.

2 Calculate the mechanical advantage of the
set-ups using one pulley, two pulleys and four
pulleys. Put your answers in the data table.

3 Write a generalisation about how the effort
distance changes with the number of pulleys
used.

A two-pulley system (two single pulleys) _ . _
4 Predict the effort needed to lift the mass if you

6 Set up two double pulleys. This is equal to four used eight pulleys.

single pulleys. 5 Design and test a set-up to lift a load using one
What force is needed to lift the mass this time? pulley only in which the mechanical advantage
How far does the end of the cord move to lift is greater than one. (Hint: Use the diagram on
the mass 50cm? the left as a guide.)

Effort Mechanical Distance load Distance effort
needed advantage moves (cm) moves (cm)

(N)

2 50
4 50




Gears

Gear wheels are wheels with teeth on them. The
teeth of one gear fit into the teeth of another.
Gears are used to transfer the force from one
wheel to another.

In a bicycle, the large gear wheel attached to
the pedals is connected by a chain to the smaller
gear wheel on the back wheel. The gear wheel
attached to the pedals is called the driving gear
because it supplies the force. The gear wheel on
the back wheel is called the driven gear.

chain connects
front and rear
gear wheels

driven gear

driving gear

To see how gears work, open the
animation at

OneStopScienc 2

Gears can speed things up

In the diagram below, the large gear wheel
has more teeth on it than the smaller gear
wheel. This arrangement of gears makes
the propeller spin faster than the motor
spins. Gears speed things up or slow things
down.

Machines that use a larger driving gear
include kitchen hand beaters and hand
drills. In these machines the beaters or
the drill bits have to rotate very fast to do
their job. Therefore the driving gear often
has four or five times more teeth than the
driven gear.

attached
to motor

driving

driven
gear

E Gears can slow things down

In the diagram below, the driving gear
has fewer teeth than the driven gear and
the propeller spins more slowly than the
motor.

Machines that have a smaller driving
gear than the driven gear include winches
and rotating displays found in shops,
where the displays have to rotate slowly
so that you can see the goods on sale.

driving
attached gear

to motor

driven
gear

Chapter 10 — How things work ‘
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_Activiy B

For this activity, you will need a technical
model set that includes gear wheels (eg
Lego).

1 Use the model set to make the gear
arrangements in 1 and 2 on the previous
page.

/¥ Which one could be used to make
a paint stirrer?

2 Slowly rotate the driving gear.

/¥ Does the driven gear turn in the
same direction as the driving gear?
Use your model set to make an
arrangement in which the driven gear
turns the same way as the driving gear.

3 You may have seen a winch on a boat
trailer used to pull the boat up onto the

The bicycle

A bicycle is a system of many parts that work

together as a whole. For example, the pedals and

crank are attached to the front gear wheel called
the chain wheel. The pedal and crank act as a
wheel-and-axle and make it easier to turn the

back wheel.

6 spockets on rear axle

trailer. The winch uses a combination of
gear wheels to do this. Use the model
set to make a winch that can pull heavy
objects with the smallest effort.

4 Your teacher will give you a
hand beater or hand drill. (Or
you could make a model gear
arrangement.)

/"} How many times does the
small wheel turn for each

turn of the large wheel? How
does this number compare
to the ratio of the teeth on

the wheels?

/"J What is the relationship
between the number of teeth
on the gear wheels and how
fast they turn?

The gear wheels on a bicycle are called
sprockets. The front sprocket is always larger
than the back one. On a 12-speed bicycle shown
below, there are two sprockets on the chain wheel,
and six on the back wheel.

b

chain wheel
(2 sprockets)
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Investigation 29 | ;O ) Bicycle gears

Aim
To investigate how the gears on a 12-speed
bicycle work.

Materials

e 12-speed bicycle (per group)
e piece of timber to act as a beam
e white correcting fluid

By Planning and Safety Check

o Read through the Method and design a data
"W table for your results.

Method

1 Lift the back wheel of the bicycle off the floor
by sliding the piece of timber under the metal
bracket that connects the seat and the back
forks. Support the timber on two desks or
stools.

2 Turn the pedals and use the gear levers to
place the chain on the largest front sprocket
and the largest rear sprocket.

3 Put a spot of correcting fluid on the back tyre.
Now slowly turn the pedals so that the front
sprocket travels through one complete turn.

Count how many revolutions the back wheel
makes during this time.
.} Record this result,

Count the number of teeth on the front sprocket
and also on the back sprocket.
/J Record this result.

Suppose you now use the gear lever to put the
chain on the smallest back sprocket.

Will the number of revolutions of the back wheel
be greater or less than before? Discuss this with
your group.

.\7 Record your prediction and why you made
that prediction.

Now test your prediction.
£’} Record your results.

Discussion

1

Using which rear sprocket would you travel
furthest with one revolution of the front sprocket?

Which rear sprocket would you use to ride up a
steep hill?

Which combination of front and rear sprockets
would you use to ride downhill?

1 The number of teeth on the front sprocket

divided by the number on the rear sprocket is
called the gear ratio.

Calculate the gear ratio for the largest front
sprocket and the largest rear sprocket. What
is the ratio for the largest front sprocket and
smallest rear sprocket? Are high gear ratios
best for going uphill or downhill?

You can find out exactly how far you travel for
one revolution of the pedals for a particular
gear by calculating the circumference of

the back wheel and multiplying this by the
number of revolutions it turns.

Try this for a particular gear. Then change
gears and calculate the distance again.
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When you want to ride up a hill, it is best to If you are pedalling downhill you should use
use a low gear. The lowest gear on a 12-speed a high gear. The highest gear uses the larger front
bicycle uses the smaller front (driving) sprocket sprocket and the smallest rear sprocket. In this
and the largest rear (driven) sprocket. With this gear, you have a distance advantage—the back
combination of gears you have a force advantage wheel turns faster than the chain wheel. You can
—the effort will be less than the load, but the also reach the highest speed using this gear.

chain wheel turns faster than the back wheel.

g smallest rear sprocket

Pt .

Fig3  The largestrear sprocket is the lowest gear. Fig4  The smallest rear sprocket is the highest gear.
Gear ratios Questions
Low gear and high gear in bicycles (and other machines 1 An Olympic racing bike has a rear sprocket with
that use gears) refers to the gear ratio that you may 14 teeth on it. If the gear ratio is 5.0, how many
have calculated in the previous investigation. teeth does the front chain wheel have?
The gear ratio is found by dividing the number of 2 The two front sprockets on a bike have 42 and
teeth on the driving sprocket by the number of teeth 56 teeth. The six back sprockets have the following
on the driven sprocket. number of teeth-14, 15,17 20, 24 and 28. Which
For example, if the driving spocket has 52 teeth and combination of sprockets will give you gear -
the smallest driven sprocket has 14 teeth, the ratio is ratios 0f 2.0 and 3.0? —

3.7 When the largest driven sprocket is used (28 teeth),
the ratio is 1.9.

The smallest driven sprocket is called
high gear because it has the highest gear
ratio of 37

The lowest gear on most 12-speed
bicycles is obtained by using the
smaller front sprocket (eg 40 teeth)
and the largest rear sprocket (eg 28
teeth). This gives a gear ratio of 1L.4.




Experiment

Chapter 10 — How things work @

In this experiment you have to invent useful
devices containing simple machines, such as
levers, gears and pulleys.

Planning

Work in a group and decide which device you
would like to design and build. You can do all
three if you like! Show your designs to your
teacher before you start. Then write a report for
each invention using the guidelines on page 14.

Invention 1

1 Study the device below. Explain to another
student how it works.

pivoted ruler metal clamp

drinking

straw

cork

float thumbtack
(switch contact)

danger
level

2 You want to use this device to build a water
supply for animals. Suppose there is a large
tank of water nearby and you want a constant
supply of water in the water trough.

Design a device that includes levers, pulleys or
gears that will do this.

Invention 2

1 Use your imagination to design a machine
using levers, pulleys and/or gears that will raise
a weight, move it 50cm and then lower it.

2 Check your design with your teacher, then go
ahead and make a model for it. (You may be
able to work on your invention at home.)

Invention 3

1 Your task is to build a device that uses simple
machines (eg gear wheels, wheel-and-axles,
and/or pulleys) to pull a block of wood over the
surface of a table. The best device will do this
with the least amount of effort.

2 The diagram below will help you design your
device. Remember, the winning device will be
the one that starts the block of wood moving
over the table with the least mass. This device
has the greatest mechanical advantage.

hardwood
block

—

Your design
goes here.

string

plastic container
and masses

:/ How does your design compare with
those from other groups in the class? Whose
design is the most efficient? What is your
device's mechanical advantage?

WEBwatch . )

Go to www.OneStopScience.com.au and
follow the links to Simple machines. This site
is lots of fun with plenty of animations.

| OneStopScienc :'
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effort
1 Copy and complete the following sentences. e
Choose from these words:
less greater driving
direction high driven effort

a The bicycle sprocket on the front chain
wheel is the sprocket.

b A single fixed pulley only changes the ¢
__ oftheforce.
¢ With a two-pulley system, the effort is
than the load.
d To pedal a bicycle downhill, you would
usually use gear. o~
e The mechanical advantage of a two- effort

pulley system is than one.

2 Give two examples of where you would find:
a pulley systems
b gears. e

3 Hand winches on boat trailers are used

for pulling boats from the water. Which
arrangement of gears below would be
suitable for a winch? Give a reason for
your answer.

i “Em
"_;,3)‘:' .9 =

/TM — C/ w‘”

9

1 Three gears are connected together as shown
below. Gear A is the driving gear and turns in
a clockwise direction. In which direction does
gear C turn?

S

Challenge

gear A gear B gear C

2 The front sprocket on a bike has 45 teeth. The
back wheel sprocket has 15 teeth on it. What is
the sprocket teeth ratio for this bike? How many
times does the back wheel turn around for one
turn of the pedals?

3 You have an electric motor that spins at 200
revolutions per minute and a gear wheel with 50
teeth on it. You want a large advertising sign to
rotate five times a minute.

What other gear wheel would you need?
Draw a sketch of the set-up.

4  What does the term ‘mechanical advantage’
mean? Use the words load, effort and force
advantage in your explanation.

5 Katia wanted to lift a weight of 50 N using
pulleys. Which arrangement in the diagrams
above right would need the least effort?

0 0 0 0 0 0 0 0 000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0. 0, 0 0
-
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Hot air balloons

Humans have been trying to fly for centuries. Early
attempts to mimic birds and bats failed miserably.
But on 21 November 1783 a hot air balloon took
brothers Jacques and Joseph Montgolfier, into the
air for the first time. The 25 minute flight sailed
over Paris for 12km before returning to earth.

The Montgolfier brothers were French paper
makers and made their balloon from layers and
layers of paper. They were not sure why the
balloon rose, but they knew it had something to
do with the fire underneath the balloon. They also
knew that the weight of the balloon affected its
flight and tried to make their paper balloon as
light as possible.

Activity L)

1 Set up a Bunsen burner and light it.
Open the air hole to make a blue flame.
Hold your hand about 50cm above the
flame. What can you feel?

2 Tear off a thin strip of tissue paper and
hold it about 50cm above the flame.What
do you notice about the tissue paper?
Write an inference to explain this.

3 You can follow the movement of the air
above a burner by using smoke from a
wax taper. Ask your teacher for a taper
and try it.

Teacher demonstration

Cut off the string and top of a tea bag. Empty
out the tea and open the bag to form a tube.
Stand it on its end on a heatproof mat. Light
the top of the tea bag. Observe the remains of
the tea bag rising like Montgolfier’s balloon.
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A hot air balloon rises because there are
unbalanced forces acting on the balloon. Hot air | -
is less dense and is pushed up by the denser cooler | i
1 . VISP p by gases rushing out in ,
air. The rising air creates an upwards force on e
the balloon. This upwards force is often called
lift. Gravity acts on the balloon’s mass, causing a

downwards force. If the upwards force is greater
than the downwards force, the balloon rises.

Reaction
The rocket is pushed
forwards with an equal

upwards force created by and opposite force.

rising hot air

Fig 6  The force of the hot exhaust gases rushing
out creates an equal and opposite force that
pushes the rocket forwards.

Activity B

You will need a sausage-shaped balloon, a

gravitational force pulls the drinking straw, about 5metres of fishing line
balloon downwards and some adhesive tape for this activity.
1 Use the diagram below as a guide to

make a model rocket from the balloon

Fig5  The balloon rises because the upwards force and straw.
(the lift) is greater than the downwards force.

When balloonists want to come back to Earth,
they turn down the burner and this reduces the
amount of hot air produced. This in turn reduces
the lift. Gravity is now the greater force and the
balloon moves downwards.

Rockets 2 Experiment with your rocket so that it
If you blow up a balloon and let it go, it moves shoots down the fishing line in the fastest
off quickly. What makes it move? possible time.

When you let the balloon go, the air inside Compare your rocket with those made by
the balloon rushes out. You can feel the force of other students.

this air when you hold your hand over the hole. _

The force of the air rushing out of the balloon Inquiry

creates an equal and opposite fqrce that pushes Design and build a balloon rocket that will
the balloon forwards. These twin forces are . o : .
travel in a straight line without the aid of the

called action and reaction. . ' fishing line.
The action force in a rocket is supplied by its
engine. This force is also called thrust.




Reroplanes

An aeroplane has four basic parts—an engine that
makes it move, a body, wings and a tail. Each of
these parts helps in making the aeroplane fly.

A flying aeroplane has four forces acting on
it—gravity, lift, thrust and drag.

t lft

drag

A thrust
J -

‘ gravity

Gravity pulls the aircraft downwards, while /ift
is the force that pushes it upwards. Thrust is the
force that pushes the aircraft forwards and is due
to the engine. Drag is the frictional force of the
air on the aircraft which slows the aircraft down.
Drag acts in the opposite direction to the thrust.

How does the aeroplane create a3 lift
force?
If you look at a cross-section of a wing, you will
see that it is more curved on the top than it is on
the bottom. As the aeroplane speeds up along the
runway, the air rushes over the wings. Because
the air passing over the top wing surface has to
travel further, it moves faster. This fast moving air
causes a lower air pressure on the top of the wing.
The difference in air pressure around the wings
produces an upward force which, if greater than
gravity, will lift the aeroplane.

The engines of an aeroplane create the thrust.

lift

t

. e
ower air Press’
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see how an aeroplane takes off, open

animation at

e

 OneStopScience

The engine can be propeller-driven or a jet.

Both work on the same basic principle—action
and reaction. The jet engine drives the aeroplane
forwards by pushing hot exhaust air backwards.
Air is sucked in at the front of the engine. Fuel is
ignited in the combustion chamber and the hot
exhaust gases are blasted out of the rear of the
engine. The force of the gases (action) pushes the
aircraft forwards (reaction).

o — fuel injection

hot jet blast

.....

compressor

chamber

‘Fig 7  Ajetengine blasts hot gases out of the back
of the engine. This causes the plane to move
forwards.

Propellers are shaped so that they push
air backwards. The force of the air moving
backwards (action) pushes the aircraft forwards
(reaction). The faster the propellers turn, the
greater the force of air being pushed backwards,
and the greater the force pushing the aircraft
forwards.

air pushed back
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How an aeroplane
controls flight

The rudder
is used to
turn left or
right.

Elevators raise and lower
the nose of the aircraft in
flight.

Investigation

Flaps are normally
used at take-off
and landing as
they increase or

Ailerons are
used to turn

decrease the lift of left or right,
. and also to
the aircraft.
help prevent
the aircraft

rolling.

: :© ) How an aeroplane flies

Aim
To use models to show how an aeroplane flies.

\ PART A model wing

Materials
e piece of plain A4 paper
* wax taper and matches

Method

1 Hold the two corners on the short side of a
piece of paper as shown in the diagram. The

Now blow on the paper and
observe what happens.

2 Blow harder and observe any
differences in the movement
of the paper.

/¥ Explain how this
demonstrates lift in an aircraft.

paper will curve like the top surface of a wing.

. PART The world’'s best
' paper glider

Challenge: Can you make a paper glider that
is judged by your class as the world’s best
paper glider?

Use the websites below or search the internet
to find designs for paper gliders, or design your
own glider.

Work in a group to research, design and build
your paper glider. As a class, you will need to
agree on the rules used to judge the ‘world’s
best paper glider’.

:/ Write a report of your glider design and
test flights.

WEBwatch | ) [

Go to www.OneStopScience.com.au and follow
the links to the websites below.

Paper aeroplane designs
This site has many designs for paper gliders.

Making paper aeroplanes
This site has numerous free instructional sites
where you can download designs and building
instructions for many types
of paper gliders.

_OneStopScienc L" J
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4  Various parts of an aeroplane help to control
its movements. Which parts help to:
! holowngsonences ot fewrle st sidomm

2 A hot-air balloon comes back to Earth ¢ raise or lower the nose of the plane?
when the force due to the hot air rising ‘
is greater than the gravitational force.

b The force exerted by the gases coming
out of a rocket is called the reaction
force.

¢ In an aeroplane, the lift force opposes
the drag force.

d To land a plane, a pilot would have to
increase the thrust and decrease the lift.

Challenge

1 You are an aircraft designer. What factors—
drag, lift, thrust and gravity—do you take into
account when you want a plane to:

a fly as fast as possible?

2 Use action and reaction to explain the b be able to take off quickly on a short

following. runway?
a Arotary sprinkler turns when the tap is Use diagrams to help your answers
turned on. G '

2 Tony made a model wing out of foam and
tested it with air blown from a hair dryer. Tony
expected the wing to rise up the glass tubing,
but it didn’t. Use the diagram below to explain
why the wing did not rise.

You could make a wing yourself and try to get it

to rise.
right turns in the direction shown when glass
rocket A is fired. e —
rocket A tubing e
-
- N
-
- T
- N N
model e
wing

¢ The cardboard and rollers shoot
backwards when a wound-up toy car is

placed on them and let go. 3 Jet engines have replaced propeller-driven

engines on almost all commercial passenger-
carrying aircraft. What do you think are the
advantages of jet engines? Why do small aircraft
still use propellers?

4 Rocket engines are usually used to carry
spacecraft out of the Earth’'s atmosphere. Why
can't jet engines be used? (You will need to
know how rocket engines work.)

3 A propeller and a jet use the same basic
principle to make an aeroplane fly.
Explain the similarities in terms that a
younger child would understand. Draw
diagrams to help your explanation.

'
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Copy and complete these statements to make a summary of this action
chapter. The missing words are on the right. St
1 Simple machines help you in three ways. They can the force faster
you use, change the of the force, or make things go . force
2 The effort you use to move a load with a lever changes when you inclined planes
shift the position of the . magnify
3 Screws and wedges are examples of .These simple machines m%ChaTcm
reduce the effort but increase the distance the effort must move. advantage
. . . pivot
4 are special wheels which can be arranged to magnify a force s
and to change its direction. putiey
. reaction
5 Gear wheels acting together transfer a from one place to N
another.They can be used to change the speed of things.
6 The of a simple machine is calculated by dividing the load
moved by the effort used.
7 The up and down movement of hot-air balloons is due to the forces acting
on the balloon.
8 The movement of rockets and jet aeroplanes is due to twin forces called and

.When gases are forced backwards, the aircraft moves forwards.

aﬂ'\th lg
Qe Try doing the Chapter 10 crossword at

-

nd

< OneStopScience
N

2 Which one of these machines is an example of a
lever? (There may be more than one answer.)

steering wheel

bicycle sprockets

SCISSOrs

ramp

bottle opener

1 Name the simple machines marked A, B and C
on the diagram.

mooow>

3 Gina wants to get the lid off a paint tin. Which
would make the best lever?
A 10-cent coin
B screwdriver
C fingernail file
D ice-cream stick

4 Describe the three ways in which simple
machines help you. For each way give two
examples.
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P

5 The photo shows a brake lever on a bicycle.

Which of the following statements is false?
A The effort is at the end of the lever.
B The pivot is at the end of the lever.

C This is the same type of lever as a wheelbarrow.

D This is the same type of lever as a crowbar.

6 Two gear wheels are connected as shown below.

@ What will you observe happen to gear
wheel B if gear wheel A turns one complete
revolution?

b Name a machine that uses this type of gear
arrangement.

71 John steps off a boat to reach the jetty. What
will probably happen to the boat? Why? How
can John reach the jetty without falling in the
water?

Go to to access
interactive activities to help you revise this chapter.

An aeroplane is travelling down a runway.
What design features of the aeroplane help
it to take off? Why is speed necessary on
take-off?

Draw a diagram to show how you would use
two pulleys to pull downwards on a rope to lift
a 10N object with an effort less than T0N.

Liana wanted to measure the effort required to
lift a 20N load placed in various

positions along a
metre rule pivoted
at one end.

For each position she measured the effort and
the distance of the load from the pivot. Her
results are shown in the table.

Position of load (cm) | Effort (N)
20 4
40 8
60
80 16
100 20

a One of Liana’s results is missing. What
should it be?

b What type of simple machine uses this lever
arrangement?

€ At which position has the machine a
mechanical advantage of 2.5?

d Suppose the ruler was 150 cm long. What

effort would be required if the load was
placed at the 40 cm mark?

Check your answers on page 273. ’

o

OneStopScience
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My boomerang won’t come back

Ancient throwing sticks or non-returning
boomerangs have been used in many parts of
the world. The returning boomerang was most
probably invented in Australia by the Aboriginal
people who migrated to Australia from Asia
between 50000 and 60000 years ago.

David Unaipon, the man on the $50 note,
was an Aboriginal inventor and storyteller.

He invented a tool for shearing sheep, and did

experiments with the flight of boomerangs. In

1914 he is reported as saying ‘An aeroplane can

be manufactured that will rise straight up into

the air from the ground by the application of
the boomerang principle ...” The first successful

helicopter was not built until 1930!

1 Go outside to a playing field where you
have at least 60 metres throwing space in all
directions. A couple of people can volunteer
to try to throw a boomerang so that it
returns. Everyone must watch the flight of the
boomerang so it doesn’t hit them.

-
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You throw a boomerang overhand like you
throw a baseball. The curved surface should
be towards you. Face into the wind, turn
about 50 degrees to your right, then throw

the boomerang in the direction you are facing.
You need to flick the boomerang with a wrist
action as well as throwing it forward.

You can take turns at throwing the
boomerang.

Have someone film a boomerang as it is
thrown and successfully returned.

Go back to the classroom and watch the video.
Try to relate experiences of throwing the
boomerang to the scientific principles needed
to explain its flight.

Werite a one-page report of why a boomerang
returns when it is properly thrown. In your
report you should mention air pressure (see the
diagram on page 237 bottom left) to explain
the lifting force on the boomerang. Use the
internet to find out about the gyroscopic forces
that cause the boomerang to turn and return.
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: In this chapter you will ...

& 2 Science Understanding

develop an understanding of how water is cycled in nature
explore ways of saving and recycling water

explain how living resources can be managed and used sustainably
discuss the differences between renewable and non-renewable resources

Science as a Human Endeavour
develop an appreciation of the hardships and successes of George Washington Carver

Science Inquiry Skills

interpret graphs and use them to make inferences
evaluate information in tables and draw conclusions from this information

Based on Australian Curriculum, Assessment and Reporting Authority (ACARA) materials
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® Workin a group to discuss the following

questions.

1 Where does your drinking water
come from? -

2 Estimate how much water you )
would use in a day. Is this about ~ #
the same amount as the people
in other groups? Suggest why
there are differences.

® Coal, oil and natural gas are resources
used to supply most of our energy needs
in Australia.

1 What are these ‘energy needs’?

2 Listthree reasons why we need to look
for alternative energy sources. Which
of these is illustrated in the cartoon
below?

Bad news, boss.
We're running
out of fuel.




11.1 Water resources

All living things depend on water. Your body is
about 70% water—so an average person contains
about 45 litres of water. Fruit and vegetables
contain a larger percentage of water—a tomato is
93% water and an orange is 86 % water. Without
water, living things cannot survive.

Over two-thirds of the Earth’s surface is
covered in water and about 96% of this is found
in the oceans. The other 4% occurs as water
vapour in the air, as water droplets in clouds, in
rivers and lakes and in the ground. It’s the water
in the ground that is important for the fruits and
vegetables you eat.

The water cycle

When you leave a bowl of water out in the sun for
some time, the water disappears. It has turned into
water vapour. This is the process of evaporation
(e-VAP-or-AY-shun). As the water evaporates,

it leaves behind any dissolved substances, such

Chapter 1l — Earth’s resources ‘

as salt, so only pure water goes into the air. You
can speed up the process by boiling the water. If
the water vapour hits a cold surface, it changes
back to liquid water. This is the process is of
condensation.

The Earth’s water is always moving from one
place to another. The heat of the sun evaporates
water from the soil and from the surfaces of
lakes, rivers and oceans. Water also enters the air
from trees and other pants. This invisible water
vapour is carried about by the wind. As it rises, it
becomes much cooler and may condense to form
clouds and perhaps rain, hail or snow.

Rain, hail and snow return the water to
the land or the ocean. The water that falls on
land flows into rivers and lakes, and eventually
reaches the oceans. Some water seeps into the
soil and rocks to become underground water, or
groundwater. Other water evaporates from the
land. Once the water reaches streams, lakes and
the oceans, the sun causes more evaporation, and
the changes continue. These changes are known as
the water cycle (see the diagram below).

rain

evaporation

surface runoff

'y respiration
~ transpiration
from plants

rain or
snow

evaporation
from soil

animal
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Water use

Water is a very valuable resource, yet the average
household water use per person is about 180 litres
per day. That equates to drinking 720 glasses of
water in a day. However the water usage per person
includes water for drinking and cooking, showers and
baths, flushing the toilet, washing clothes and dishes,
washing the dog and the car, and watering the garden.

Activiy B

PART A Your household water use

1 Find the water meter at your home. This water
is near the mains water tap and is usually
just inside or just outside your front fence.

2 Read the meter and write down the toilet
reading. Read it again 10 days later.

:/ Record your readings in a table and by
subtraction, find the volume of water your
household used in 10 days. drinking
:/ Knowing the numbers of people in the
house, calculate the volume of water used
per person per day.

How | used ‘ Volume of

water used (L)
shower or bath

washing hands

cleaning teeth

PART B How much water do you use? e For modern toilets the full flush volume
For this part of the activity you are going to is 6L and the half flush is 3L.
calculate the amount of water you use in e For older style toilets the full flush is

a day. You will do this by estimating your about 9L

water consumption over the two days on the

weekend and find the average for one day.

1 Draw up a table like the one shown to
record your water use.

2 For each row in the How | used water
column, design a method you will use to
find the volume of water used.

3 Record your water use and calculate the
volume of water you used per day over
the weekend.

:/ How does your water usage compare
with the average per person water usage
of 180 litres? Suggest reasons for the

i difference.
For example, to find the volume of water = -
used in the shower, you might use a £/ Suppose your local council imposed
bucket to find the volume of water used a limit of 100 litres per person per day.
in a minute, then time your shower and How could you reduce your usage? What
calculate the water used over this time. is the first thing you could do to reduce

your usage? What is the last thing you

Note: You may design a clever way to find wenllel e

the volume of water used in your toilet. =
Alternatively, you could use the figures /_J Could some household water be used
below as an estimate of the flush volume. more than once? Suggest how.




Saving water

Australia is the driest inhabited continent, and
in the period from 2005 to 2010, below average
rainfall was recorded in most states. Some states
experienced severe drought.

The photo below shows the Thomson reservoir
in Victoria in 2007. The water level dropped
to 20% capacity, the lowest it had ever been.
The Thomson reservoir supplies about 60% of
Melbourne’s water.

Water restrictions

One way cities can save water is by enforcing

water restrictions. For example, from the start of

2007 to the end of 2010 Melbourne had Stage 3

water restrictions. Stage 3 restrictions mean:

e watering lawns is banned

e watering by hand held hoses for no more than
four hours a week

* hosing paths is banned

* buckets can be used to clean car windows,
mirrors and lights

e filling swimming pools is banned.

In 2007, south-east Queensland experienced
the worst drought for more than 100 years. In
Brisbane, severe water restrictions were enforced
to reduce water use in households to 140 L per
person per day. However, at the beginning of
2011, many of areas of Queensland experienced
significant flooding. Some flooding was so severe,
that three quarters of the state was declared a
disaster zone.

Chapter 11 — Earth's resources @

Rainwater tanks

The rain that falls on the roof of a house normally
goes into stormwater drains and is wasted. This
rain can be collected and stored in tanks and

then used in the house. Most state governments
support the installation of tanks. In New South
Wales, Victoria and Queensland, households
receive a grant when they install a rainwater tank.

Fig 2 "| Rainwater tanks collect the water from the
roof for use around the house.

However, are there any problems using water
from a tank?

Health authorities in all states recommend that
houses that are connected to mains water and
have tanks, use the tank water for all their house
needs, except for drinking and cooking. This is
because the air in cities often contains dust and
pollutants from traffic and industries. When this
falls on a roof, it is washed into the tank when
it rains. Animal droppings and dead animals
sometimes also get caught in the roof guttering.
The bacteria from these are carried by rainwater
to the tank and could be a source of infection.

In rural areas where the air is generally cleaner,
many households rely on rainwater tanks for all
their water needs. In South Australia, the driest
state, 51% of households have a rainwater tank.

Reusing water
The water that is used in showers, baths, washing
machines and laundry tubs can be reused for
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garden irrigation. This water is called greywater.
In times of water restrictions, greywater can be
used to keep garden plants and grass alive.

Greywater from the kitchen sink should not
be used as the water contains food wastes and
chemicals that are not easily broken down by
the organisms in the soil. The safest greywater
to use is the rinse water from washing machines,
followed by the wash cycle water, then the water
from showers and baths.

Toilet water is called blackwater, and cannot
be reused as it contains a high level of dangerous
bacteria.

Purifying water

The water in reservoirs and dams is not usually
suitable for drinking. It contains many dissolved
minerals, some of which may be harmful. The
water may also contain suspended materials, such
as bacteria and other microscopic organisms as
well as pieces of dead plants.

[ ,:‘1‘,,-.

Water for households is treated (purified) in a
water treatment plant. There are usually four steps
in the treatment process:

Step 1: The first step is to get rid of the
suspended materials. The easiest and
cheapest way to do this is to add a
chemical called alum to the water to
make these suspended particles clump
together.

Step 2:  The clumped particles then settle out of
the water by themselves as a sludge. The
sludge is removed from the bottom of the
large settling tanks and used as landfill.

Step 3: The water is then filtered to remove any
suspended solids that are left.

Step 4: The water is finally disinfected using
chlorine to remove any harmful bacteria.

In some cities, the water is fluoridated after
Step 4. A chemical containing fluoride is added
to the water at the water treatment plant. The
fluoride helps prevent tooth decay. Fluoride does
not help purify water.




1 Which of the following statements are true
and which are false? Rewrite the false ones
to make them correct.

a Water disappearing from a bowl on
a hot, windy day is an example of
condensation.

b  Greywater is the water that flows into a
water treatment plant from a reservoir.

¢ The first step at a water treatment plant
is to add chlorine to kill bacteria.

d Groundwater is water that seeps into
soil and rocks.

2 Hannah's mass is 60kg. How much water
does her body contain? (Assume 1L of
water has a mass of 1kg.)

3 When you breathe out on a very cold
morning, your breathe forms little clouds.
a Explain why this happens.
b Which process in the water cycle does
this demonstrate?

4 What causes the water in the oceans and
in lakes to evaporate?

5 Predict what would happen if the water
on the Earth’s surface didn’t evaporate
for a year.

6 Describe some of the ways in which a city
or town can reduce its water consumption.

7 a Whatis blackwater? Why can’t it be

recycled and used to water the garden?

b The greywater from washing machines
and showers contain soaps and
bacteria. Suggest why health authorities
recommend that the greywater is used
straight away and is not stored in tanks

for more than 24 hours before use.

8 An older type shower head sprays out
14 L of water per minute. A new shower
head uses 9L per minute. If you have a
four minute shower, how much water do
you save by using the newer shower head.

9 What happens in the settling tank at a water
treatment plant? Why is chlorine added?
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Challenge

XD

1 In 2007, Brisbane had a population of 905000.

Because of drought, the water authorities

asked the people of Brisbane to reduce their

household water consumption from an average

of 220 L per person per day to 140 L per person

per day.

a What percentage reduction in water
consumption was required?

b With this reduction, how much water would a
household of four people save in a week?

¢ How much water would the whole of Brisbane
save per day?

2 The table below shows how water is used

in Australia. The total water use in a year is
15 million megalitres.

How water is used Percentage use
Agriculture 62%
Households 11%
Industries 18%
Mining 4%
Manufacturing 5%

a What volume of water is used for agriculture
in a year?

b About 90% of the water used in agriculture is
used for irrigation. How much water is this?

¢ What proportion of water is used in the cities
and towns? What assumptions have you
made in finding your answer?

Use the diagram on the previous page to draw

a flow diagram to show how water is purified.

The flow diagram is started for you below.

water from __, alumis _
reservoir added

The list below shows the water usage in an
average household.

washing clothes 12%
drinking and cooking 3%
washing car 12%
bath and showers 21%
flushing toilet 18%

watering gardens 29%
washing dishes and cleaning 5%

You have been asked to devise a plan to reduce
household water consumption.

Suggest ways to reduce the water consumption
by 20%, and then by 50%.
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1.2 Living resources

When you think of resources you might
immediately think of oil or coal. However, the
cartoon below shows some other things people
consider to be resources.

A resource is something that humans find
useful in providing food, air, water, shelter,
clothing, fuel, transport and other items needed
for life. Resources can be grouped as follows:

e clean air

e clean water

e animals and plants
* solil

* minerals and fuels.

The time taken for a resource to be replaced
naturally is called its replacement time. Living
resources, such as wood, and plants and animals
used for food have short replacement times.
These resources are called renewable. Non-
living resources such as oil and coal have long

replacement times (measured in millions of years)
and are therefore called non-renewable. The
problem for humans is that some resources are
being used faster than they can be replaced.

Activity

Read through all the comments in the

cartoon below.

1 List all the resources referred to in
the comments. Explain why each is a
resource.

2 Suggest other example of resources that
could be included in the cartoon.

3 Classify the resources into two groups—
renewable and non-renewable. Discuss
any that you have trouble in classifying.

4 Are clean air and water renewable

resources? Give reasons for your answer.
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Managing resources

The photo on the right shows a forest logging
operation in Indonesia. In some areas, native
forests the size of 300 football fields are being
cleared every hour. The clearing of the forests is
being carried out, not so much for the timber,
but for oil palm plantations. Palm oil is used

in cosmetics, and as a vegetable oil in prepared
foods, chocolates, biscuits and cakes. Indonesia
produces 44% of the world’s palm oil.

There needs to be a balance between producing
crops to feed people and conserving the natural
environment for future generations. This balance
is referred to as a sustainable development. The
clear-felling of native forests is not sustainable,
as the plants and animals in the forests will take
a very long time to return once they are destroyed.

In the game below you will use strategies to
manage a model resource.

Activity L)

Renewable resource game

The aim of the game is to devise a strategy

to use a renewable resource (the marbles)

over a 10-year period (the 10 rounds).

Work in groups of three with each group

playing other groups in the class. Each

group will need a shallow bowl containing

20 marbles (or plastic disks).

The rules of the game are:

e The idea is to take as many marbles from
the bowl as possible over 10 rounds.

¢ The game has to last for 10 rounds. If you
take all the marbles before the last round,
your group is out of the game (because
the resource would not be sustainable).

e The number of marbles you take out can
vary by only one from the previous round.

e Atthe end of each round, you must put
back one marble for every four marbles
left in the bowl. For example, if there
were 11 marbles left (two groups of
four and three remaining) you put back
two marbles.

/:/ Record the number of marbles the group

”\7 Plot a graph of your results with the

-,
</ What is the most marbles you can take

:/ Compare the strategy your group used
. with the strategies used by other groups.

& Explain how the game models the
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Fig3 Alone orangutan looks through the remains of

the cleared forest which was once his home.

takes out each round.

number of marbles taken each round
on the vertical axis, and the number of
rounds (years) on the horizontal axis.

out of the bowl year after year and still
have marbles left?

sustainable use of a renewable resource.
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The orange roughy story

The world’s fish numbers are in crisis. Scientists
have estimated that humans have managed to
remove 90% of the edible fish from the oceans.

One fish whose numbers have declined rapidly
in the last 50 years is the orange roughy. You
may not have heard of the orange roughy. In fish
markets and shops it is called sea perch or deep
sea perch.

Fig 4

A catch of orange roughy

Catching orange roughies
Orange roughies live in very deep water, up to
1000 m deep, off the continental shelf around the
southern Australian mainland and Tasmania.
Fishing for the orange roughy started there in
1985. In that year 400 tonnes were netted. In the
next year 4600 tonnes were netted. In 1990 more
than 62000 tonnes were netted. Commercial
fishers thought they had struck gold!
By the early 1990s, scientists had became

concerned about the rapid decline in fish numbers.

In 1999 the Australian government introduced
an act that set total allowable catches (TACs)

in order to reduce catch levels. The TACs were
reviewed in 2006 and orange roughy surveys will
be done every five years to ensure fish numbers
are sustainable.

The life cycle of the orange roughy

The scientists found that the orange roughy grows
very slowly. It takes about 20 years to reach a
length of 30 cm. The fish do not mature and start
to breed until they are 25-30 years old. A female
rarely carries more than 90000 eggs, which is less
than 10% of the eggs that other female fish carry.

Threats to the orange roughy

Commercial fishers use large trawling nets to catch
orange roughies. Because the fish live in deep water
near the sea floor, these nets are weighted to trawl
over the bottom.

In the process of trawling, the nets catch other
types of organisms that live on the sea floor. These
organisms die and are thrown away when they are
brought to the surface. The nets also damage cold
water corals which the young orange roughies use
for shelter and protection from predators.

seabed

e et

Fig 5

Trawling for orange roughies

Questions

1 If the average orange roughy weighs 1 kg, how
many fish were caught in 1985? How many
were caught in 1990?

2 Wias is the rate of growth (in cm per year) of a
20-year old orange roughy? What assumptions
did you make in arriving at your answer?

3 Why do marine biologists worry about the
commercial netting of orange roughy more
than they do about some other fish?

4 Do you think the government actions are
sufficient to ensure sustainable fishing of the
orange roughy? Discuss your opinions with
the class.




Resources from plants

Plants are a very important resource for us. They
supply food, building material, medicines, fuel for
cooking and for warmth, and fibres for making
clothes.

Fibres

Plants are a source of fibres for making cloth and
other materials. The coarse fibre from the hemp
plant is used in making rope, mats and bags.
Finer fibres such as cotton and rayon are used
for making clothes. Wood pulp from plants is
used to make paper and cardboard.

Building materials

From ancient times wood from trees has been
used as a building material for houses and other
buildings. It is also used for transportation—for
building boats and carts. Other plants such as
bamboo, grass and bark are also used as
building materials.

Food

Green plants make their own food using sunlight
as an energy source. Most animals rely on plants
as their primary source of food. Almost every
food web is dependent upon green plants.

Recreation, decoration and beauty
Humans have used plants, particularly flowers,
as a symbol of happiness, love and wellbeing.
People decorate their homes with plants in

the garden and indoors. Plants are also used
for shade. Parks and forests are used for bush
walking, camping and picnics.

Fuel

Wood from trees has been the most important fuel
for cooking and heating in all human societies
from earliest times. Only in the last few hundred
years has it been replaced by coal, oil and gas.
Alcohol, made from sugar cane, is also used as a
fuel. It is added to petrol for motor vehicles.

Medicines

All cultures throughout history have used

plants for healing injuries and curing diseases.
Indigenous Australians made a paste from the nut
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of the quandong that was rubbed on the skin to
ease aches. The indigenous North Americans used
the leaves and bark of the willow tree to ease pain.
And indigenous people in Peru extracted the sap
(quinine) from the bark of the cinchona tree to
treat malaria. It is important to preserve natural
forests as future technologies will discover more
beneficial substances from plants.
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Forest resources

Unlike the forests in some parts of Indonesia,
Australian forests are generally well managed.
Strict government laws protect large areas of
native forests. These areas are National Parks or
State Parks. And for those forests that are logged,
there is a quota on the number of trees that

can be taken.

What do we use forests for?

Forests are one of Australia’s most important

resources, and are used to:

e conserve the plants and animal species that
live in the forests, and protect biodiversity

e supply high quality timber for furniture
making and for building.

e make medicines and cosmetic oils

e produce woodchip to make pulp for the
paper industry.

Wood pulp and paper
To make paper, trees are cut down and then
chipped to make woodchip. There are two
sources of wood for woodchip—the trees in
managed native forests, and trees that are
grown in plantations.

Plantation trees can either be hardwoods like
eucalypts or softwoods like pine trees. The trees
are turned into chips which are then taken to

Fig 6 Most of the woodchip produced from
Australian forests and plantations is
exported to Asia.

paper mills. Here the woodchip is crushed or
cooked and turned into pulp (wood fibres). The
pulp is then ready to be made into paper.

Activity L

Your teacher will set up a microscope to look
at different types of paper.

Collect samples of different types of paper, for
example, tissues, writing paper, newspaper,
recycled paper, paper towel.

a Place a small piece of paper on a
microscope stage. Shine a lamp on
the paper.

Observe the fibres in each type of paper.

¢ If thereis print on the paper, observe
how the ink marks the surface.

:/ Record your observation in a table or list.

Go to www.OneStopScience.com.au and follow
the links to these websites:

Making and recycling paper at home

History of paper

e i OneStopScience'. J/
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Investigation 31 : ;O ) Making recycled paper

Aim
To make recycled paper from old newsapers or
scrap paper.

Materials

e 100 g of old newspapers or scrap paper

e a coathanger

e old pantyhose

e a blender (or electric drill with paint stirrer)
e square 20 L plastic laundry tub

e 10 L bucket

e PVA (white) glue

e jron (optional)

Planning and Safety Check

Carefully read through the Investigation.
Prepare a simple flow chart showing what you

have to do in each step
Make a list of the safety precautions you
will need for this investigation.

Method

1 Tear the paper into small pieces. Place them in
a bucket with 2 L of warm water. (Warm water
starts to break down the paper into fibres.)

2 While you are waiting for the paper to soak,
prepare your paper frame. Bend a coathanger
into a rectangular or square shape. Then stretch
the pantyhose over the frame until it is tight.

Pour the soaked paper and water into a
blender, and blend it until it turns into a soupy
mass.

Add 4 L of water to a square plastic laundry
tub, and then add about 30 mL of PVC glue.
Mix the glue until it has dissolved.

Pour the soupy mass in the blender into the
square plastic tub. Stir the paper pulp.

Scoop a layer of pulp onto the pantyhose
screen, and allow the water to drain back into
the tub. You should be left with a thin layer of
wet paper.

Discussion

1

Leave your paper to dry, preferably in the sun.
You may have to leave it overnight.

When the paper is completely dry, carefully
peel it off the pantyhose. You can iron out any
moisture in the paper with an iron set to the
cotton setting.

If you have another frame, you can make
another sheet of paper.

Test your paper by using various pens to
write on it. How does it rate with commercial
recycled paper or new paper?

Suggest ways to improve the quality of your
recycled paper.
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1 Which of the following statements are true
and which are false? Rewrite the false ones
to make them correct.

a Iron ore is an example of a renewable
resource.

b  The replacement time for coal is many
millions of years.

¢ A female orange roughy matures at a
very young age and produces hundreds
of thousands of eggs.

d  Woodchip is an example of a resource
obtained from plants.

2 What is sustainable development? Explain
why the photo on page 251 doesn’t show
sustainable development.

3 List three uses of forests and describe how
each use can be made sustainable.

4 What is wood pulp? What is it used for?

5 Some biologists suggest that when you
buy fish to eat, you should buy fish other
than sea perch or orange roughy. Why is
this? Do you agree with this suggestion?

6 Plant fibres are an important renewable
resource for making paper. Give examples
of how other plant fibres are used.

7 The photo shows periwinkle plant. A
substance extracted from the plant is used
to treat cancers such as leukaemia.

a What does the word extracted mean?

b What other plants are used to make
medicines?

¢ Why isitimportant to preserve natural
bush and forests for the future?

_____________________________________________

Challenge

ED

1 The table below shows how paper used in

Australia.

How paper is used Ese;c:fn;:%ir
Newsprint 16%
Printing and writing paper 41%
Household 7%
Packaging and paper for industry 36%
Total use 100%

a Over half the paper consumed is used for
people to read. What does this statement
mean’?

b What type of paper products would be
included in the household category?

¢ Suggest how we could reduce our paper
usage in each of the categories in the table.

d Suppose in a year an average office worker
uses 10000 sheets of copy paper (paper that
has been printed on by an office printer or a
photocopier). If there are 500 sheets of A4
paper in a ream, and a ream of paper weighs
2.5kg, what mass of paper is used in a year?

A developer is planning to clear land for housing.
Suppose you are advising the developer about
sustainable development. What advice would
you give before the clearing begins?

Most of our forest woodchip is exported to Asian
paper mills, similar to the one in the photo below.

a Find out which countries buy our woodchip.

b Would it be a better way to manage our
resources if we didn't export woodchip, but
built paper mills in Australia and supplied
the woodchip to them. Give reasons for
and against.



11.3 Minerals and energy

Minerals are non-renewable resources and include
metals such as iron and aluminium. Fuels are also
non-renewable and include the fossil fuels coal,
oil and gas. These fuels were formed from the
remains of dead plants and animals over millions
of years.

The Earth has a certain amount of non-
renewable resources, and once they are used up
they cannot be replaced. The use of well-managed
renewable resources is like using the interest you
earn in your bank account without reducing the
balance. With a non-renewable resource, you are
using the interest as well as the balance. And your
bank account keeps getting smaller.

Australia’s mineral reserves

The table on the right shows the reserves of some
of the mineral resources mined in Australia.
Australia has more reserves of brown coal,

Activiy B

How long will it last?

Suppose ore X is used to make a metal that is
used widely in the building industry.

Look at the graph. Each curve represents
the use of ore X at different rates. All lines
start at the same point on the left of the graph.
This point is the total amount of ore X that can
be extracted from known reserves using our
current technology.

1 Curve B is a straight line. It predicts that
we will continue to extract ore X at the
same rate as we do now. How long will
the reserves last? What year will it run out?

2 Look at curve A. How is it different from
curve B? What assumptions does it make
about the future use of ore X?

3 Iscurve D possible? How?

4 Suppose we find a new metal to replace
the metal we make from ore X. Which
curve would represent this?
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uranium and nickel than any other country in the
world. It also has the world’s greatest reserves of
zing, lead and silver.

How long will these non-renewable resources
last? The activity below looks at some of the time
scales for mining a metal ore.

Proportion of
the reserves

Mineral Reserves . .
mined in
2009 (%)
black coal 44000 000 Mt 1.0
brown coal 37 000 000 Mt 0.2
iron ore 28 000 000 Mt 1.4
copper 80 Mt 11
hickel 24 Mt 0.8
uranium 12 Mt 0.5
tin 176 000 t 1.0
gold 7399t 31
Note: t = tonnes Mt = million tonnes
Source: Geosciences Australia
D
o
o
5 ~———__C
R
€
>
o
€
<
A B
1 1 1 1
Present 50 100 150 200
years years years years
later
5 Are there any other possibilities? If so,

add them to the graph and explain them.
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The dangers of predicting

In the last activity you looked at some
consequences of changing the rate at which a
metal ore is extracted.

How accurate is it to predict how long a
non-renewable resource will last? And what
factors might change these predictions? You can
investigate these questions in the activity below.

Activiy B

The Australian government gathers data on
how much of a particular mineral resource is
left. This is measured in ‘years remaining’.
Data was recorded in 1997, 2002 and 2008.
The table below shows this data.

For example, you can see that in 1997, there
was 190 years of black coal left, and in 2002
there was 115 years left.

Years of mineral

Resource remaining
black coal 190 115 90
copper 40 35 85
iron ore 105 70 70
hickel 55 105 130

1 Which of the minerals showed a
decreasing amount of deposits over the
11 years. Which mineral had the greatest
decrease?

2 Which of the minerals showed an
increase in their deposits over 11 years?
Make an inference to account for this.

3 Chile, in South America, has the world’s
largest deposits of copper. Suppose
Chile reduced its price for copper ore.
How would this affect copper mining in
Australia”?

4 |n 2008, it was estimated that there were
30 years of silver deposits left. In 2011
there were still 30 years of silver left. What
can you conclude from these figures?

Does recycling make a
difference?

Metals can be reused over and over without
losing any of their properties. For this reason
they are ideal to recycle.

Aluminium is the world’s most recycled metal.
Using recycled aluminium is very kind to the
environment. It requires only 5% of the energy
needed to make aluminium from its ore, bauxite.
It also produces only 5% of the carbon dioxide
(CO,) produced when making the metal from
its ore. In 2009 Australia recycled 2.3 billion
aluminium cans!

The advantages of using recycling metals rather
than making new metals are as follows:

e Their production requires much less energy,
produces far less CO», and uses less than half
the water than is used making the metal from
its ore.

e Their use saves thousands of tonnes of waste
that would otherwise be dumped as landfill.

* Their use helps make the use of metals
more sustainable by reducing the amount of
minerals that need to be mined.

Glass is made from minerals obtained from
sand. Australians use 850000 tonnes of glass
every year. We also recycle 350000 tonnes. Like
recycling metals, recycling glass saves energy,
reduces water and air pollution, saves landfill
space and conserves resources.

Fig8  The steel and other metals in
old cars are recycled.
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Most of our energy needs, such as fuel for
transport and factories, and electricity for homes
and industries, comes from the fossil fuels coal, oil
and gas. These are non-renewable resources. This
is the money in your bank account being used up
rapidly.

The use of renewable energy such as solar,
hydroelectricity, biomass (plant sources) and wind
is small in comparison. The table below shows
the present use of renewable and non-renewable
energy in Australia in 2010.

Percentage
Energy resource
use
Coal 40%
oil 34%
Non-renewable Gas 20%
Uranium 0%
(all exported)
Solar
Wind
Renewable — total = 6%
Hydroelectricity
Biomass

The problems of using fossils fuels
Fossil fuels, particularly oil, are very useful
minerals. As well as a fuel they are used to make
a range of products including plastics, fibres for
clothes, chemicals for cosmetics and synthetic
rubber.

The main problem in using coal, oil and gas
for fuels is that the resource will run out one
day. This means we will have to find alternative
sources of chemicals to make the products above.

The other problem with burning fossil fuels is
that they produce gases such as carbon dioxide.
Excess carbon dioxide in the atmosphere is
predicted to lead to global warming and climate
change.

Fig9 @ Awindfarm near Albany, Western Australia,
9= J generates enough electricity for 75% of the
electricity needs of the city.
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Energy futures

Four possible energy futures can be predicted
for Australia:

Find new reserves of coal, oil and gas.
Continuing exploration will find more reserves
of coal, oil and gas. However, when these
reserves are used up the problem still remains.

Use nuclear energy.

Currently Australia has no nuclear power
stations. All the uranium mined here is
exported.

Conserve energy.

Energy is often wasted and we can reduce the
amount of energy we use.

Increase the use of renewable energy.
Solar Households can generate all their needs,

and large solar power stations can be built in
areas that have constant sunshine.

Wind Wind generators can generate electricity
24 hours of the day if there is enough wind.

Hydroelectricity Falling water from dams can
be used as an energy source for producing
electricity.

Biomass Sugar cane is used to make alcohol
fuel. Food wastes, sawmill off-cuts and sewage
can all be used to make biogas. Plant oils can
be used to make biodiesel.

Geothermal Hot rocks in various places

can be used to generate steam which can run
turbines in power stations. This is a very clean
energy source and produces no pollution.
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The energy conseruvation game

See how energy efficient you can be. Play this game for two to six players to test and increase your

knowledge about energy.
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You will need a counter for each player and one dice. Throw the dice to see who goes first
(the highest number). To win you must throw the exact number to land on 50. You go up ladders
and down snakes.
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Some of the following statements are false.

Choose the false ones and rewrite them to

make them correct.

a Recycling aluminium uses more energy
than making it from the ore.

b  Australia has more reserves of uranium
than any other country.

¢ Solar, wind, uranium and geothermal
are all sources of renewable energy.

d Glass is made from minerals in coal.

Look at the table on page 257 Which of
the listed minerals are energy resources?
Explain your answer.

What are the advantages of using recycled
metals rather than producing metals from
their ores?

Scientists calculated that this year we had

30 years of metal X left.

a Suppose they predict we will have 10
years of metal X left in five years time.
What reasons would they put forward
to make this prediction?

b  After five years scientists find that there
is slightly more than 40 years of metal
X. Give reasons for the difference.

The great Russia scientist Mendeleev once
said that using oil as a fuel for cars is like
burning money in a furnace. What do you
think he meant by this?

What two types of fuel can be made from
plants? How are these fuels used?

Why does using alcohol for a fuel equate to
using the interest in your bank account, and
using oil for a fuel as using your savings?

Suggest why solar is a better energy
source for making electricity than burning
coal. What is the disadvantage of solar?
Why do we have so many coal-burning
power stations in Australia?

Suppose the ore of metal Z was being dug

up in huge amounts. Should we worry that
scientists have estimated there is 100 years
of the ore left? Give reasons.

Challenge

D

1 Look at the table on page 257. In 2009 the

market value of gold was $35000 per kilogram.
What was the value of the gold mined in Australia
in 20097

In 2009 the price of black coal was $100 per
tonne. What was the value of the coal mined in
20097

Look at page 258. What percentage of glass is
recycled every year? How could we increase the
amount of glass we recycle?

Some people predict that fossil fuels, particularly
oil, will never run out. They will run down but
never run out. Suggest what is meant by this.
Australia is self-sufficient in coal. What does this
statement mean? Is Australia self-sufficient in oil?

The table below shows the annual energy
consumption per person in various countries.

Annual energy consumption per person
(energy units)

Australia 277
Canada 427
Congo 7
Pakistan 14
Spain 161
USA 334

a Which country has the highest yearly energy
consumption per person? Which has the
lowest?

b Why is the energy consumption much lower
in Pakistan than in Australia?

¢ Canada and Australia have similar economies
and lifestyles. Suggest why Canada has a
higher energy consumption?

d The world's average energy use per person
per year is 72.4. What does this say about the
energy use of the ‘average person’ on Earth?

Do you think it is possible to recycle 100% of a
particular metal without having to produce more
of it from its ore? Explain your answer.

Suggest where the best places for wind
farms would be. Some people are against the
construction of wind farms. Why do you think
this would be?
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~ Copy and complete these statements to make a summary of this
. chapter. The missing words are on the right.

1 Water from the surface of the Earth, , and then
returns as rain, hail or snow. This is called the

2 Homes can save water by restricting its use, installing
and using the water, called , from showers and laundries.

‘ In a water treatment plant, alum is added to the water to remove
; the material, then the water is , and lastly is
added to remove harmful bacteria.

4 Resources such as timber, plant and animals used for food are
. Mineral resources such as oil and coal are

development occurs when there is a balance between
using a resource and conserving the resource.

6 Australia has huge
and will run out one day.

deposits but they are all non-renewable

! 7 Metals and glass can be .The advantage of this is it saves
: and water, and reduces the amount of that goes to
landfill.

Try doing the Chapter 11 crossword at

' OneStopScience

chlorine
condenses
energy
evaporates
filtered
greywater
mineral
non-renewable

rainwater
tanks

recycled
renewable
suspended
sustainable
water cycle

waste

nd

2 Use the terms below to complete the flow
diagram of a water treatment plant.

settling tank

1 Match the term in the list with the correct chlorine  sludge
description below. ,
alum filtering
greywater  groundwater condensation
renewable  geothermal  sustainable untreated water
a the process in which water vapour turns in ! ni—
liquid water
b waste water from household bathrooms and \
laundries ;
€ type of energy produced from hot rocks
d a resource that has a short replacement time T
e development that uses a resource in a way
that meets human needs but also conserves storage
it for the future ‘
f water that soaks into the soil or rocks from
rain drinking water
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3 What is the difference between a renewable 7
resource and a non-renewable resource? Give
two examples of each in your answer.

4 The pie chart below shows energy consumption
in Australia.

Renewable
energy 6%

8
Natural
gas
20%
a What is the total percentage of coal used in
Australia? 9

b What is coal used for?

What do we use oil for?

d Oil makes up slightly less than 1% of our
total energy reserves but 34% of our energy
consumption. What does this mean for our
future?

d Which energy source do we urgently need
to find alternatives for? How can we cut our

(1]

use of this energy source?

5 Metals can be recycled over and over without
losing any of their properties. Describe two
advantages of using recycled metals over the
extraction of metal ores to make metals.

6 Forests are living renewable resources.

a Describe some of the things we use
forests for.

b Australians use a huge amount of paper
and cardboard. Where do we get the raw
materials for the paper industry? How do
we make the paper industry sustainable?

S e Go to

\S

)00

to access
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interactive activities to help you revise this chapter.

Suppose you were designing power-generating
stations for each of the five main renewable
energy sources:

solar biomass
wind geothermal
hydroelectricity

Where would you locate each type of power
station to get maximum power output? Give a
reason for each answer.

The mudcrab is found in rivers throughout the
northern parts of Australia. It is considered a
delicacy and is expensive to buy. By law, all
mudcrabs with a shell width less than 15cm
are protected. All
female crabs are
also protected.
Suggest why we
have these laws
in Australia.

The table below shows how much biomass
could be produced in Australia every year. The
unit of energy is the petajoule (PJ).

Biomass Energy in P}
cereal straw (mainly wheat) 200
bagasse (waste from sugar cane) 40
sawmill waste, sawdust 70
forest waste 140
urban garbage 170

@ Which is the best potential source of
biomass?

b How much energy could be obtained from
biomass in Australia each year?

€ Australia uses 5500 PJ of energy each year.
What proportion of the energy could be
obtained from biomass?

d Which of the biomass sources do you think
could be most easily collected to fuel city
power plants? Give reasons for your choice.

Check your answers on page 274. ’

o

OneStopScience



% George Washington Carver
Ly 1864-1943

. George Washington Carver was born in Missouri,
USA, to slave parents. His father was killed in
a logging accident and he and his mother were
bought by a couple, who set them free. Carver
§ was kidnapped from his mother in his early teens.

.= Carver moved to Kansas when he was in
e his mid teens and was accepted by a college in
gy "™ Kansas, but was rejected when they found out that
:."- B he was black. After high school, he was accepted
Y M into the faculty of Agriculture at the Iowa State
'°; ! University. He was the first and only African
@l American in this faculty.
During his time at the university, he developed

a reputation, and was known as the Plant Doctor
because of his love of plants. He believed that
plants were a valuable resource, and more than
just food for animals. Carver loved peanuts and
thought they could be made into many useful
products. He was the first person to make peanut
butter (Skippy brand), and also peanut oil.

7

George Washington Carver’'s inventions
During the 50 years he spent at university, Carver
taught thousands of students, and invented
hundreds of products from plants.

|'-: e Con W : 2
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His inventions included the following:

1 About 300 peanut products including leather
dyes, cloth dyes, wood stains, wall boards,
face cream, soap, flooring, oil and foods.

2 Plastics made from soybeans

Synthetic marble made from wood shavings

4 Foods such as starches, confectionary, flours
and breakfast foods from sweet potato. 2

5 Methods of rotating crops using legumes to 2
give soil back the nitrogen taken from it by
the crops.

W

Carver the conservationist

As a young man, Carver was very poor and
had to be careful about having enough to eat.
He wasted little and recycled almost everything.
At university he made much of his equipment
from discarded junk.

Carver taught students that
discarded wastes could be recycled
as soil fertilisers and mulch. He also
taught farmers to rotate crops and
recycle everything. His work was
a lifetime lesson for students and
farmers in sustainable development.

Throughout his life, Carver
struggled against poverty, prejudice
and racial injustice in the USA. When he died,
his life savings went towards setting up the
George Washington Carver Foundation for
agricultural research.

Questions v

1 Why were Carver and his mother ‘bought’ 2
when he was young?

2 Why do you think Carver believed that plants
were such a valuable resource? -

3  What are some of the products Carver ~
invented? Which do you think were his best
inventions? Why?

4 Why was his knowledge of plants important
to farmers?

5 What does the sentence ‘Carver struggled
against poverty and prejudice’ mean?
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If your answer does not agree with the answer given 4 Safety glasses are to protect your eyes in the
here, go back to the chapter, and read the relevant laboratory, especially from splashing liquids. You
section again. Your answers may be slightly different should wear them whenever you use a Bunsen
from the answers given here. If in doubt, check with burner to heat a liquid in a test tube or a beaker.
your teacher. 5 a true
b false. A spatula is used for picking up small
Chapter 1 Working in a laboratory amounts of solids, P
C true.
I Seeiipemieellon: d false. If you spill acid on yourself, wash it off
2 a laboratory e stirring rod immediately with lots of water.
b apparatus f gauze mat e false. You should turn on the gas after striking
C Bunsen burner g aim the match—see Investigation 1, Step 3,
d metal tongs page 12.
3 a Hold it under cold running water and tell f false. You should hotftelest part
your teacher. always put a heatproof ofttame
b Flood the area immediately with lots of water mat under a Bunsen light
and tell your teacher. Check whether any acid burner. blue ™~
has splashed onto you or your clothing. g false. The hottest darker
¢ Wash your eye immediately with lots of water part of a Bunsen blue
and tell your teacher. flame is just above cone
d Immediately extinguish it under a running tap the dark blue cone.
and tell your teacher. h true.
playing with fire fooling about eating running :g\sl\t/;gdbsefggéntlng

ST

séfetu
bag in long hair not smelling the  nobody watching  spill not glass\és
passageway tied back wrong way apparatus cleaned up ot used
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7 The air hole will be open to give a hotter flame. If
the air hole is closed, the saucepans will become

water

e

tripod

burner []

=

-—— beaker

— . gauze mat

. heatproof mat

black from the soot from the yellow flame.

Put in a special container for proper disposal.

with lots of water.

Put in a special container for waste solids.

a Wash down the sink
b

(o

a A b C
four legs

back legs longer than front legs

several toes on each leg

large eyes on top of head

c B

lighter green patch behind eye | Part A

Chapter 2 Science skills

1

O T 9o

0T TOY QO

observation
observation

inference, since she didn’t actually see the

dog do it
observation

aim c
prediction d
19.1°C

20.9°C

20.9 - 19.1 = 1.8°C

average temperature

The pattern is more obvious if you reorganise

the data table as sho

observation
conclusion

19.1 + 20.9
2
40.0

= — = 20°C
2

wn below:

LAB REVIEW
See page 12

Temperature of Dissolving time
water (°C) (seconds)
20 27
25 24
30 22
35 20
40 18
45 16

5

As the temperature increases, the dissolving
time decreases. Or, tablets dissolve more
quickly at higher temperatures.

A line graph shows the relationship between
temperature and dissolving time.

N
(53]

Dissolving time (s)
N
o

15+
20 25 30 35 40 45

Temperature of water (°C)

a Just over 50cm—halfway between 35cm

(for a drop height of 50cm) and 70cm (for a
drop height of 100cm)

140 cm (If you double the drop height, the
bounce height will probably double also.)

Leaking can

Aim: To find out what effect the depth of
water above the hole has on how far the water
shoots out from the can.

Materials: 4 cans, nail to punch holes, water,
ruler

Method: I used four identical cans, and
punched a hole in each a certain distance from
the top. I then filled each can with water and
measured how far the stream of water shot out
of each hole.

Results:
Distance of hole Distance water shoots
from top of can(cm) out of hole (cm)
2 3
4 7
6 9
9 13

Discussion: The results are about what you
would expect.

Conclusion: As the distance of the hole from
the top of the can increases, so does the
distance the water shoots out.

A line graph is better because you want to
show the relationship between the distance

of the hole from the top of the can and the
distance the water shoots out.

The water would shoot out about 17cm (If the
water shoots out an extra 4cm going from a
6cm hole to a 9cm one, then you might expect
another 4 cm increase going from a 9cm hole
to a 12cm one.)
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Disadvantage—friction makes it hard to push
¢ Disadvantage—parts of engine rub together,
causing wear

Advantage—friction helps slow you down

o

/ LAB REVIEW 8 When you are skiing, friction can be a nuisance.
It is therefore important that the friction between
Temperature—see page 34 Part B ) the snow and your skis is as low as possible. This
Vo!ume of drop—use a small measuring is why you wax and polish your skis. But when
C}./h.nder to find the volume of 10 drops. Then you are riding a mountain bike, you need as much
divide by 10 to find the volume of 1 drop. friction as possible between the snow and the
tyres. You would therefore use wide tyres with a
thick, rough tread.
Chapter 3 Forces 9 a Average force (N]
1 force push or pull concrete 203 (20 +23 +20 + 18
carpet surface with large friction 4
friction force that exists when one hewspaper 8.3
surface rubs on another vinyl tiles 4.0
newton unit of force sandpaper |34.3
gravity a pull from a large body grass 175
spring balance measures force
lubricants reduce friction b
heat produced when there is friction Friction on
2 Gravity on the moon is only about 1/6 of what it z 0 el
is on Earth. The mass of the can is still 1 kilogram 9
on the moon, but its weight (downward pull of S 20]
gravity) is only 9-8/¢ = 1.6 newtons. ©
3 Contact forces—pushing something with your é i
hand, pulling on a rope, wind blowing, waves o
crashing on beach " concrete vinyl tiles grass
Non-contact forces—two magnets attracting LT sandpaper
without touching, gravitational and electrostatic Surface
forces , T .
4 A BandD 10 a C—opposne to the direction in which the van
A—the more weight, the more friction b ;movmg
the mud D. (The van will therefore keep moving at a
D—with less air in the tyres, there is a greater constant speed.)
area of contact between the tyres and the mud, 11 A (gravity acts on all objects near the Earth) and
eerieee e lete B (there is air resistance between the ball and the
. ) : air).
€ B_tgr?gsli; iligﬁeuigeie;ginj;zgyff ;c‘l,le}ig;he oo C is incorrect .since the force Qf the hit acts
lightlv | only at the instant Lorna hits the ball, not as
shghtly less. the ball moves across the net.
6 Advantage—friction helps slow you down

Chapter 4 The living world

1

A When classifying organisms, their structural or
functional characteristics are generally used.
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D

Zian was correct because the dolphin is a
mammal and breathes oxygen from the air
through lungs, while the shark is a fish that
breathes through gills. (Lungs and gills are
structural characteristics.)

D—see the plant key on page 95

A reptile has a dry, scaly skin and lays eggs with a
tough, flexible covering. Amphibians, on the other
hand, have a moist skin and lay eggs that do not
have a protective covering. Amphibians also spend
some of their life cycle breathing through gills.

The organism is green and has root-like structures
so it would be classified as a plant. It would then
be placed in the moss group because it has no
stem.

B Flowering plants and conifers produce seeds,
but ferns produce spores.

a The organisms all have a segmented body, a
number of legs, antennae and eyes.

b Organism D has four pairs of legs (8 legs),
while the others have three pairs (6 legs).

organisms
1

I ) 1
3 pairs of legs 4 pairs of legs
l |
| 1

no wings wings D

; I
C
l |
long antennae short antennae

| |
A B

9 a Mites and water spiders are animals that have

a jointed, hard covering (exoskeleton) and
more than three pairs of legs.

b Flatworms are similar to leeches because they
do not have a shell or hard body covering.
However, flatworms do not have body
segments as leeches do.

¢ The animals in this key are all invertebrates,
but frogs and fish are vertebrates (they have a
backbone). Therefore the key cannot be used
to classify them.

Chapter 5 Earth in space

A

2 B It rotates on its axis in 29%2 days, so sunrise
to sunset is about 15 days.

3 C The planet rotates in the opposite direction
to Earth, which rotates from west to east.
Since daylight lasts 14 hours, the time for one
rotation is twice this—28 hours.

4 D The relative positions of Frankenstein and
Dracula are the same as the positions of the
Earth and the moon for the crescent moon
(position 2 in Fig 6 on page 116).

5 a A
b D

6 Rotation is the spinning or turning of a body on
its axis. Revolution is the movement of one body
around another body. The Earth rotates on its
axis in 24 hours (1 day), but revolves around the
sun in 365 days (1 year).

7 a One day on the moon is longer than one day
on the Earth because the moon rotates much
more slowly on its axis than the Earth does.

b A ‘year’ on the moon is the time it takes to
revolve around the Earth. This is 291/2 days
(the same time as one day on the moon).

8 The moon is always in orbit around the Earth.
It is just that we only notice it at night. If you are
observant, you can sometimes see it during the
day. Tides therefore occur during the day as well

as at night.
9 |cause Effect
a tilt of the Earth’s seasons
axis

b Earth moves
between sun and
moon

(unar eclipse

¢ Earth rotates

nhight follows day

d Moon completely
blocks the sun

total eclipse of the sun

e Moon revolves in
same time as it

same side of moon
always faces Earth

rotates
f Earth orbits the you see stars at
sun different times of the

year
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may have in your list are highest and lowest
temperature, and diameter.

Chapter 6 Separating mixtures

A
B—see page 129
D—see page 136

A WO DN =

a Water—since it dissolves more of solid B
than the other liquids do

and C, only A will dissolve. You can then

petrol. Some of A would dissolve, and this

dissolve very well in petrol.

5 a,bandd

o<

B —filter paper

RESIDUE

E—ring clamp

D—stand —=

This is not a full list. Some other differences you

b Water—If you add water to the mixture of A

separate them by filtration and evaporation.
¢ A mixture of A and B could be separated using

could be recovered by evaporation. However,
this is not a good method, because A doesn’t

C—beaker

A—filter funnel

FILTRATE

[
10 Sty Moon ¢ The mixture should be poured from the beaker
down a stirring rod—as shown in Fig 3 on
1

length of day 24 hours | 29%days page 134. The stem of the filter funnel should
length of year 365 days | 29%2days be touching the inside of the beaker.
gravity (compared 1 Ve 6 a Distillation—see page 138
with the Earth =1) b Heating causes the water in the left-hand
life yes no test tube to boil. Water vapour travels along
atmosphere (air) ves no Fhe tub§ and condenses to form pure water

: in the right-hand test tube. The salt that was
Ll ye o dissolved in the water is left behind in the
clouds yes no left-hand test tube.
colour of sky blue black ¢ The ice-cold water lowers the temperature
sound ves ho inside the righF—hand test tube. This causes the

: water vapour in the tube to condense back to

meteorite craters afew many pebel i

7 The fact that a sediment settles out on standing
indicates that some of the fruit juice is in
suspension. However, some is also in solution
since the liquid is coloured. And if you don’t get a
clear solution on settling, then the fruit juice is a
colloid (see page 130). So fruit juice is a solution,
a suspension and possibly a colloid as well.

8 There are many possible sentences using these
words. For example:
a Milk is a liquid-in-liquid colloid called an
emulsion (see page 130).
b A concentrated solution contains more solute
than a dilute solution (see page 129).

9 The ink in a felt pen is a mixture of several
different colours. Different felt pens contain
different ink mixtures, which can be separated
by paper chromatography.

To start with, the police would test a sample

of ink from the ransom note. Then they would
test the ink from the felt pens of each of the three
suspects. If they get the same pattern of colours as
in the ransom note, then the owner of this pen is
probably guilty. (It is of course possible that the
note was not written using this particular felt pen,
but with another pen of the same type.)

" LAB REVIEW

1 Add water to the mixture and stir. The salt
dissolves but the dirt does not.

2 Filter the mixture as in Investigation 14 on
pages 134-135. The residue on the filter paper
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is the dirt, and the filtrate is the salt solution.
Equipment needed:

* piece of filter paper e filter funnel

e stand and ring clamp e wash bottle

* glass stirring rod e 2 beakers

3 Evaporate the salt solution as in Part A of
Investigation 15 on page 137.

Equipment needed:

e watch glass * matches

e Bunsen burner e metal tongs
® heatproof mat ¢ boiling chips
® gauze mat e tripod

Chapter ? Living places

1 C
2 D
3 a
hawks
[}
butcher S G
beetles birds
bugs
honeyeaters grasshoppers mice
butterflies \ /
eucalypt trees grass

b The community could be called a eucalypt
community or an open forest community.

4 Scavengers and decomposers are similar in that
they both attack dead organisms. However
scavengers eat the dead organisms and digest
them internally, whereas decomposers release
chemicals which break down the organism’s body
externally.

5 a Algae and water plants are the producers.

b Small fish, lobsters, large fish and tadpoles
are second-order consumers. (The large fish,
lobster and tadpole can also be third-order
consumers.)

¢ Tadpoles and lobsters are competitors of small
fish because they eat the same type of food
(tadpoles eat microscopic animals and lobsters
eat insect larvae).

6 Decomposers are very important for communities
because they—
e remove dead organisms by attacking and
breaking down the bodies to simple substances
e recycle the simple substances into the soil and
increase its fertility.

respiration

When organisms die they are attacked by

decomposers that break down the material in

the dead organism’s bodies.

¢ The red arrows represent the food chain in
which one organism is the food for the other.

d Process 1 is photosynthesis, which is the start
of all food webs.

e Pathway 1 shows carbon dioxide taken out

of the air. Pathways 5, 6 and 7 show carbon

dioxide given off into the air.

[o ]

8 In a natural ecosystem there is a large biodiversity
with many different varieties of plants and
animals such as mammals, birds, lizards and
insects.

When feral cats are introduced into this
environment, these animals are not used to feral
cats in their ecosystem and become easy prey. In
this way, the feral cats can destroy the balance of
the natural food web and reduce the biodiversity.

9 a To show that the oxygen produced by
photosynthesis in plants is reduced by the
amount of silt in the water

b Tom changed the amount of silt in the tubes.
He kept the amount of water in the tube, the
size of the plant and the amount of light the
same.

¢ The amount of oxygen given off by a green
plant decreases as the amount of silt in the
water increases.
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Chapter 8 Using magnets

1 D-—see page 178

2 C—see page 183

3 B

4 a Since X is repelled by a north pole, it is also a
north pole. Y is therefore a south pole.

b

N 8]
EE

attraction

N §

repulsion

A compass will be affected.
If you hold a piece of iron or another magnet near
it you will be able to feel the magnetic force on it.

6 a

magnetic south pole

P

magnetic north pole

b The north pole of a compass needle would
point south (in the direction of the magnetic

field).

7 a Like poles repel, so the magnets will roll
away from each other.

b The magnet (A) will attract the piece of iron
(B). So the magnet and the piece of iron will
both roll towards each other and stick together.

€ Brass is not magnetic—it is not attracted to
magnets. So nothing will happen.

d Nothing will happen.

5 Use iron filings (as in Investigation 20 on page 181).

8 a Iron filings would be attracted to the poles
(top and bottom of the disc).

b The magnetic field goes into the south pole
and out the north pole (see pages 182-183).

¢ Suspend the disc so that it is free to rotate.
The north side will point north.

north

9 C (unlike poles attract) or D (B could be a piece

of unmagnetised iron)

10 a Electromagnets 2 and 4 are the same and
therefore balance each other. Electromagnet 3
is stronger than 1, so there is an unbalanced
force and the ball will move towards 3.

b There is an unbalanced force towards
electromagnet 3 and another unbalanced force
towards 2. So, depending on the size of these
unbalanced forces, the ball bearing will move
towards 2 or 3 or somewhere in between.
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Chapter 3 Consumer science

1

Q0 T o

objective e subjective
objective f subjective
subjective g objective
objective

Whether the answer is objective or subjective
depends on the details of the test. For example,
it is possible to obtain objective results for
question C.

2 a
b

Cc

® Q0T

S
Q

loss of mass = 1.676 g

Evaporation of some of the liquid ingredients
in the lotion would explain the loss of mass.
The rate of moisture loss was decreasing. On
the first day the loss was 0.444 g but on the
last day the loss was only 0.257 g.

Unless the moisture loss for the lotion is
compared with that for other lotions, the
experiment does not prove that the lotion
‘holds its moisture longer’.

The reliability of the cars was measured by
counting the number of cars which did not
have breakdowns or days off the road, and
converting this to a percentage of the total
number of cars of that make.

Mazda

about 1.5 years old

about § years

After about 12 years the reliability is about the
same for all three cars.

10%

32% of males thought the drinking of alcohol
was acceptable, whereas only 20% of females
thought it was acceptable.

Most people had a definite opinion on
marijuana (only 4% and 6% undecided).
There were more people who thought
drinking alcohol and smoking cigarettes and
marijuana was unacceptable than there were
who thought it was acceptable. Drinking
alcohol was thought to be more acceptable
than smoking cigarettes or marijuana. There
were no large differences between males and
females, although drinking alcohol was more
acceptable to males than to females.

deck, trucks, wheels, bearings and skidpads/
noseguards

Chapter 10 How things work

1

@»w DN

¢ The best wheels have a ‘high rebound factor’.

d The variables you need to control are the

e The cheapest skateboard would be $160.

a The independent variable (the one you vary)

¢ You will need to control how you apply the

d 1 Puta drop of correcting fluid on a piece

b The bearings are to help the wheels turn freely
(by reducing friction).

You can test a wheel by dropping a marble
onto it and measuring how high it bounces.

plastic tube, the marble and how you dropped
the marble.

The most expensive would be $360 (or more).

is the brand of correcting fluid.
b The dependent variable is the drying time.

correcting fluid to the paper, eg one small drop.
All drops need to be tested on the same paper,
under the same conditions (eg no blowing,
same day).

of paper.

2 Measure how long it takes to dry. (You need
to decide how you will tell when it is dry.)

3 Test drops of other types of correcting fluid
in exactly the same way.

4 Record all results and decide which type
dries most quickly.

A—screw (inclined plane), B—gear,
C—wheel and axle

Cand E

B The screwdriver will give the most leverage
because it is the longest and strongest.
The coin is not long enough to act as an
effective lever, the fingernail file is too flexible,
and the ice-cream stick would break.

Simple machines—

e magnify the force you use (A crowbar and a
screwdriver do this.)

e change the direction of the force (A pulley and
the claw of a hammer do this.)

* make things go faster (A hand drill and bicycle
gears do this.)

D The pivot is at one end of the lever and the
effort is at the other end, with the load (cable)
in between. This is like a wheelbarrow
(page 222), not a crowbar.
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6

10

a Gear wheel B has fewer teeth than gear
wheel A, therefore gear B will turn more
than one revolution. It will also turn faster
than gear A.

b A hand drill, a kitchen beater and a
non-geared bicycle have this gear wheel
arrangement.

To reach the jetty, John has to push backwards
with one foot so that he can move forwards. The
boat will therefore probably move away from

the jetty. To reach the jetty, the boat would have
to be roped to the jetty, or his companion would
have to hold the oars in the water to stop the boat
moving.

The jet engines give enough thrust for the aircraft
to travel forwards quickly. The shape of the wings
gives the aircraft lift and the flaps are used to
increase the lift.

The speed of the air moving over the wings
creates lift. So the faster the plane travels down
the runway, the greater the lift force.

rope attached to support

pull
10 N load
a 12N

b wheelbarrow
¢ mechanical advantage = load
& = effort
20N
2.5 = effort
effort = 220—5N

= 8N at40cm

d If the ruler was 150 cm long, the load would
be easier to lift. The effort using the 150cm
ruler would be 100/150 times the effort used
with the 100cm one, that is:

100 L g N=53N

150

Chapter 11 Earth’s resources

1

condensation
greywater
geothermal
renewable
sustainable
groundwater

-0 Q0T

untreated water

¢<— alum

settling tank

—\

sludge

filtering

chlorine

i

storage

!

drinking water

A renewable resource is one that can be replaced
in a short period of time. For example, animals
bred for food, and timber used for furniture. A
non-renewable resource is one that generally
cannot be replaced. For example, iron ore and
coal.

4 a 40%

b Coal is mostly used in power stations to
generate electricity.

¢ Oil is generally used to make fuels for
transport (cars, trucks, planes and ships)

d We need to import oil from other countries as
we are quickly using up our oil reserves.
We urgently need to find alternatives for oil.
We could use another fuel source such as
ethanol or biodiesel from plants, or use electric
cars.

5 Recycling metals—

— saves a lot of energy and water which is used
when the metal ores are mined

— avoids a lot of waste (landfill) when the metal
products are thrown away after use

a Forests are used for making paper, building
houses and furniture, and as a source of
chemicals for medicines.
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b Woodchip is the raw material for making
paper. It is made from the timber in trees
chopped down from plantations or native
forests. The paper industry could be more
sustainable if we recycled more used paper and
used plantatsion treees instead of native forest
trees.

Solar—would be located in a region where there
is lots of sunshine and very little cloudy weather,
such as the central parts of Australia.

Wind—the wind generators would be located on
the coast in the southern parts of Australia where
the wind blows strongly and for much of the year.

Hydroelectricity—the power station would be
located on a large fast-flowing river, which falls
down from a mountainous area.

Biomass—would be located where there is a large
source of plants, such as sugar cane farms, for
example, in northern NSW and Queensland.

Geothermal—would be located in an area where
there are hot rocks beneath the surface.

The laws are designed to protect the young crabs
so that they can grow, reach maturity and breed.
Female crabs are protected so they can produce
eggs and therefore more mudcrabs.

a cereal straw

b The total energy from biomass is 620 PJ.

¢ Biomass could contribute 11.3 % of our energy
needs (620 + 5500 x 100 = 11.3%).

d Urban garbage is the biomass source most
easily collected from cities.




The words in this list occur in dark type throughout

the book. The number after each entry gives the page

where you will find more information. For some
words the pronunciation is given. The syllable in
capitals should be stressed; for example, laboratory
(la-BOR-a-tory).

action and reaction: equal and opposite forces that
occur together 236

apparatus: science equipment put together for an
experiment 5

apparatus: science equipment put together for an
experiment §

arthropod: an invertebrate animal that has a jointed
exoskeleton covering its body, for example crabs
and beetles 91

axis: imaginary line through the centre of an object
in space; the object rotates around this axis 104

biodiversity: all the differences within and between
living things 166

biologists: scientists who study living things 79

carnivore (CARN-e-vore): a consumer that eats other
animals 154

cells: the building blocks of all living things; cells are
usually microscopic 80

chlorophyll (KLOR-oh-fill): the green substance in
plants that is able to absorb the energy of
sunlight 85

chromatography (CROW-ma-TOG-ra-fee): a
technique used to separate small amounts of
soluble substances in a mixture, for example, the
coloured substances in ink can be separated using
filter paper 141

classification: a process of placing living things in
groups based on their structural and functional
characteristics 77

colloid (COL-o0id): a mixture which has properties in
between a solution and a suspension; the particles
in the colloid may be tiny bits of solid, liquid
droplets or gas bubbles 130

concentrated (CON-cen-TRAY-ted): describes a
solution containing a large amount of solute
compared with other solutions 129

concentration: the amount of solute dissolved in a
certain volume of solution 131

condensation: changing from a vapour into a liquid;
condensation is the opposite of evaporation 245

conifer: a type of plant that produces seeds in
cones 96

consumer: an organism that eats other
organisms 153

crescent moon: thin curved shape of the moon when
only one part of its face is lit up, as seen from
Earth 116

data: numerical results gathered by observation,
experiment or research 6

decomposers: organisms (such as some bacteria
and fungi) that break down the bodies of dead
organisms to simpler substances 155

decanting: gently pouring off a liquid, leaving the
solid in the container 133

dilute (dye-LOOT): describes a solution containing
a small amount of solute, compared with other
solutions 129

dissolves: when two or more substances mix
completely, so that they appear as one; for
example, sugar dissolves in water 127



distillation: a separation technique that involves
evaporating a liquid, then condensing the vapour
in a separate container 136

driven gear: the gear wheel that is forced to spin by a
force from the driving gear 229

driving gear: the gear wheel that applies the driving
force 229

ecosystem: a system of relationships among
organisms and the way they interact with the
non-living parts of their environment 160

effort: the force you apply to move a load 222

electromagnet: a temporary magnet made from a
coil of wire wound round a piece of iron; the
electromagnet works when electricity flows
through the wire 187

emulsion (ee-MULL-shun): a colloid with tiny
droplets of one liquid spread through a second
liquid; milk is an emulsion 130

evaporation (ee-VAP-or-AY-tion): the process in
which a liquid turns into a vapour and seems to
disappear 245

exoskeleton: the protective, jointed covering on
the outside of arthropods; for example insects,
spiders and crabs 91

experiment: a well thought out scientific test,
designed to answer a question or solve a
problem 42

fair test: an experiment where you change something,
measure something and keep everything else the
same 49

fern: a type of plant that has a stem and reproduces
by spores 95

filtering (filtration): a way of separating a solid from
a liquid (or gas) using a filter 133

flowering plant: a type of plant that produces flowers
and whose seeds are contained in a fruit 96

food chain: a diagram that shows a chain of
organisms in which each organism is eaten by the
next in the chain 150

food web: a number of food chains together showing
what all organisms in a particular area eat 154

Glossary @

force: any push or pull, measured in newtons (N); it
may act by contact or at a distance 53

fossil fuels: fuels obtained from material that was
once living, for example, oil, coal and natural
gas 257

friction: a force that exists when two things rub
against each other; it slows down or prevents
movement 61

full moon: the shape of the moon when its face is
seen fully from Earth 116

fungi: plant-like organisms that do not contain
chlorophyll; they obtain their food from dead or
living organisms, for example mushrooms and
moulds 86

generalisation: a statement or conclusion based on
many observations that holds true in most cases,
for example, most plants are green 14

gibbous moon: the shape of the moon when about
two-thirds of its face is lit up, as seen from

Earth 116

gravity: the force of attraction between any two
objects, for example, between a person and
Earth 67

groundwater: water that has soaked underground
through the soil and rocks 245

habitat: the living place of an organism 159

herbivore (HER-be-vore): a first-order consumer that
eats only plants 154

hypothesis (high-POTH-e-sis): a generalisation that
explains a set of observations or gives a possible
answer to a question; it can be tested by
experimenting 42

inclined plane: a slanting surface (ramp) used as a

simple machine 224

inference: an explanation of an observation; it may
or may not be correct 27

invertebrate (in-VER-te-brate): an animal without a
bony skeleton, for example jellyfish or insects 80

key: a diagram showing the grouping of objects or
living things and the characteristics used to group
them 78
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kingdoms: the major groups used in classifying living
things; the five kingdoms contain all the living
things on Earth 84

laboratory: (la-BOR-a-tory): a special room used for
science experiments 2

lever: a long bar that moves around a fixed point
called the pivot or fulcrum 222

load: the force (usually the weight of an object) that
you want to move with a simple machine 222

lubricant (LOO-bri-cant): a substance that reduces
friction and allows surfaces to slip easily over

each other 63

lunar eclipse: the darkening of the moon by the
shadow of Earth when Earth is between the sun
and the moon 118

magnetic field: the space in which the force of a
magnet acts 181

mass: the amount of matter in an object; measured
in kilograms 67

mechanical advantage: a measure of how useful a
simple machine is (by dividing the load by the
effort) 222

meniscus (men-IS-cus): the curved upper surface of a
liquid in a measuring cylinder or tube 33

mixture: two or more pure substances mixed
together but not chemically combined 126

model: a way of representing something that cannot
be observed directly because it is too small, too
large or too complicated, for example a model of
the solar system 106

mollusc: an invertebrate animal that has a soft body
and lives in water or in moist surroundings; most
molluscs have a shell, for example snails and
periwinkles 91

moneran (MON-e-ran): an organism that belongs to
the Monera kingdom; these organisms include
bacteria and blue-green algae 88

moss: a type of small plant that has simple leaves
and very simple roots and no stem 95

new moon: the phase of the moon when its face is
almost invisible from Earth 116

newton: the unit used to measure force 58

non-renewable resources: resources that cannot be
replaced as they are used, for example metals
ores and oil 250

objective tests: tests where the results are based on
measurements rather than people’s opinions 199

observation: information about objects and events
collected by using one or more of your senses 13

orbit: the path followed by an object in space as it
revolves around another object 105

organism: a term used to mean any living thing 80

parallax error: an error that occurs when you don’t
look square-on to a measuring instrument 33

phases of the moon: the different shapes of the sunlit
face of the moon as seen from Earth 116

photosynthesis (FOE-toe-SIN-thu-sis): the process in
which the energy of sunlight is absorbed by
chlorophyll in green plants and used to make
food and oxygen 85

pivot (or fulcrum): the point or support on which
a lever pivots or turns 222

poles (magnetic): the ends of a magnet where the
magnetism is strongest 178

predicting: making a forecast of what a future
observation will be, based on past
observations 28

producer: an organism that makes its own food
using the energy of sunlight 153

properties: the characteristics of materials, for
example, strength, colour, hardness and
flexibility 126

protist: an organism that belongs to the Protist
kingdom; these organisms live in water and
include mostly unicellular organisms and
algae 87

pulley: a type of simple machine made up of a
grooved wheel with a rope around it 227



pure substance: matter containing only one substance
(either an element or a compound); it has a fixed
composition and fixed properties 126

qualitative (KWAL-i-tate-ive): a type of observation
using words without measurement 32

quantitative (KWONT-i-tat-ive): a type of observation
that involves measurement 32

reliable: results are reliable if they are the same when
the experiment is repeated many times 201

renewable resources: resources that can be replaced
as they are used, for example timber and solar
energy 250

respiration (RES-per-RAY-shun): the process in living
things of getting energy from foods 151

revolution: the movement of one body around
another body along a curved path(orbit) 105

rotation: the spinning or turning of a body on its
axis 104

sample: a small part of anything, intended as
representative of the whole, for example
a sample of city voters 200

saturated: describes a solution that contains the
maximum amount of solute that will dissolve at
that temperature 129

scavengers: animals that eat the flesh and organs of
dead or dying organisms 155

simple machine: a simple machine that magnifies a
force or changes its direction 221

solar eclipse: the shadow cast on the earth when the
moon is between the sun and Earth 117

solubility: the amount of solute that will dissolve
in a measured volume of solvent at a particular
temperature 129

solute: a substance that dissolves in a solvent to form
a solution 127

Glossary

solution: a liquid (or solid) containing one or more
solutes dissolved in a solvent, for example salt
water 127

solvent: a substance that can dissolve other
substances 127

spores: tiny reproductive cells in some groups of
organisms, for example fungi, ferns and
mosses 86

subjective tests: tests where the results are based on
people’s opinions rather than on measurements

199

survey: a method of obtaining information which
involves looking at a sample of a larger group
199

suspension: a mixture in which tiny bits of solid (or
liquid) are evenly spread through a liquid (or gas)
but are not dissolved; is allowed to stand, the
suspended matter slowly settles out 127

sustainable: an activity is sustainable if it can be
continued for a very long time without damaging
the environment or using up our natural
resources 251

system: something that has parts that work together
as a whole; for example, the solar system or the
many parts of a bicycle 230

vertebrate (VER-te-brate): an animal that has a bony

skeleton to support its body, for example a dog,
bird or fish 80

viscosity: a measure of how easily a liquid flows 206

water cycle: the cycling of water on Earth as it
evaporates from the oceans, condenses into
clouds, falls as rain and returns to the oceans 245

weight: the force that is exerted on an object by
gravity; it is measured in newtons (N) 67

wheel-and-axle: a simple machine consisting o a
central rod or axle with an attached handle or
wheel 225



action and reaction 236-237

aeroplane wings 237-238

aeroplanes 237-238

algae 84, 87

amphibians 92

animals 85, 91-92
classification key 81

Antarctica 163

antioxidants 211

Apollo 11 mirror 118

apparatus (drawing it) 5

arthropods 91, 93-94

artificial colours (in food) 211

auroras 182-183

averaging 28

axes 224

axis (of Earth) 104

bacteria 88, 155
balance (measuring mass) 36
bar graphs 40
bicycle gears 231-232
bicycles 220, 229-230
forces 57
biodiversity 166-167
birds 92
boomerang 242
bumping (in test tubes) 137
Bunsen burner 11-13
safe use 137
buoyancy force 55

cane toads 167

carbon dioxide (testing for) 153
carnivores 154

carp problem 173

Carver, George Washington 265
cells 80
types of 88
centrifuge 133
chlorophyll 85, 151
chromatography 141-142
classifying 77-78, 80-81, 89
cleansing cream 214
making it 215
colloids 130
competitors 161
concentration 129, 131
condensation 136, 245
conifers 96
consumers 153
consumer testing 197-200
experiment 201
cosmetics 214-215
craters (moon) 113-114
crescent moon 116
crown of thorns starfish 165
crystallisation 137

data (displaying) 40-41

data tables 6

day and night 104, 108

decanting 133, 135

decomposers 87, 155

disposable nappies experiment 213
disposal of chemicals 10

dissolved oxygen 169

dissolving 127

distance (speed) advantage 221-222, 232
distillation 136, 138

domains (magnetic) 180

Double Helix Club 50



Earth
revolution 105
rotation 104
Earth’s magnetic field 182
eclipses 117-118
ecosystems 160, 163
changes in 165-166
electric buzzer (making one) 191
electromagnets 187
making one 188
uses 189-190
electrostatic force 55
emulsifiers
how they work 214
in food 211
emulsions 130

energy conservation game 260-261

energy futures 259

energy resources 259
engine oils 206
evaporation 136-137, 245
exoskeletons 91, 93
experimenting 42—-43

‘face’ on Mars 27
ferns 95
filter paper (folding) 14, 135
filtering 14, 133-135, 140
filters 134
fingerprints 18-19
fire-resistant clothing 208
investigation 209
fish 92-93
flocculation 140
flowering plants 96
Foley, Dr Cathy 194
food 150
food acids 211
food additives 210-211
food chains 150
food webs 154-156
on coral reef 165
force advantage 221-222, 232

forces 53-58
action-reaction 236
balanced and unbalanced 57
contact and non-contact 56
effort and load 222
measuring them 58
on an aeroplane 237

forensic entomologist 155

forensic science 147

forest resources 254

fossil fuels 257, 259

friction 57, 61-64
everyday examples 64
measuring it 61-62
reducing it 63

froth flotation 139

full moon 116

fungi 86, 155

gas chromatography 141, 147
gear ratios 231-232

gears 229-230

generalisations 14

gibbous moon 116

Gilbert, Sir William 182

glues (testing) 207

gold panning 139

graphs (drawing them) 40-41, 69, 74
gravitational force 54, 67
gravity 67

gravity separation 139
greywater 248

groundwater 245

habitats 159

survival in 161
Haswell’s frog 159
herbivores 154
hovercraft (making one) 66
humectants 211
hypothesis testing 42

inclined plane (ramp) 224
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inferring 27

ingredients (in food) 210

ink (separating colours) 141-142
inventions 233

invertebrates 80

iodine test 212

jack (car) 224
jet engines 237

keys (classifying) 77-78, 81, 95
kingdoms 84

laboratory
equipment 3-6
safety 8-9
levers 222-223
line graphs 40
line of best fit (drawing) 69, 74
lipstick 126
living things (characteristics) 79
lubricants 63
lunar eclipse 118

maglev trains 190

magnetic compass (making one) 186

magnetic fields 181
magnetic force 55
magnetic poles 178
magnetic separation 139
magnetic shielding 183
magnetism (what causes it) 180
magnets 176-178
mammals 92
mangroves 98
mass 67

measuring it 36
measuring 32-33

accuracy and errors 33
mechanical advantage 222-223
meniscus 33
metal detectors 189
methylene blue 169

milk 130
milk glue (making) 15
mineral reserves 257-258
mixtures 126
mobile phones
safety 218
testing 196-199
models 106, 180
molluscs 91
monerans 88
moon
craters 113-114
phases 116-117
surface 112, 114-115
trip there 111-112
why we see only one side 113
mosses 95
mushrooms 86-87
Mylne, Dr Josh 7, 13

neap tides 119

new moon 116

Newton, Sir Isaac 67, 70
newtons 58

observations 13, 16-18, 24, 101
qualitative and quantitative 32
Oersted, Hans 187
orange roughies (fish) 252
orbits 105
organisms (survival)
161-162
oxygen (testing for) 152

paper
fibres in 254
making it 255
paper chromatography 141-142
paper gliders 238
parallax error 33
pendulum (investigation) 29
perpetual motion machines 66
phases of moon 116-117



photosynthesis 85, 151 SAE number 206

pivot (fulcrum) 222 safety in the lab 8-11
planning and safety checks 11 saturated solution 129
plant medicines 97, 253 scale (reading) 32-33
plants 84-85, 95-96 scavengers 155
classification key 95 science contests 50
plasma (blood) 133 screws 224
Pluto 28 seasons 107, 109
poles (magnetic) 178 seeds 96
predators 161 separating funnel 144
predicting 28 separating solids 125, 139
preservatives (food) 211 simple machines 221
producers 153 solar distillation 136
projects (science) 47-50 solar eclipse 117
propellers 237 solenoid 187
properties 126 sols (gels) 130
protists 87 solubility 129
pulleys 227-228 soluble and insoluble 127-128
pure substances 126 solutions 127
separating them 136
qualitative and quantitative 32 solvents 127
questionnaires 200 spring balance 58
spores 86-87, 96
rainforest ecosystem 163 spring tides 119
rating panel 199 sprockets (bicycle) 230, 232
reaction time (measuring) 43 star trails 103
recycling 258 streamlining 63
in food webs 155 structure and function 80
renewable and non-renewable 250, 257, 259 subjective tests 199-200
reports (writing them) 14-16, 46 sulfur dioxide (in food) 212
replacement time 250 superconductors 194
reptiles 92 surveys 199-200
respiration 151 suspensions 127
resources separating them 133
from plants 253 sustainable development 251
game 251
minerals and energy 257-259 taste test 200
renewable and non-renewable 250, 257, 259 thylacine (Tasmanian tiger) 94
rhizomes 95 telephone 189
risk assessment 11 temperature and activity 161
rockets 236 temperature (measuring it) 34
rocky shore ecosystem 163 terrarium 160

thermometers (hints for using) 34
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tides 119
turbidity 168

units (measuring) 32

value for money 199
vegetable gums 211
vertebrates 80, 92
viruses 89

viscosity 205-206
volume (measuring) 35

water
purifying it 248
reusing it 248
saving it 247
use 246
water cycle 245
water purification 140
weight 67
wheel-and-axle 225
woodchip 254
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