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WEBwatch . 3

You will find many Webwatches throughout
this book to use when you are researching a
topic for an assignment, getting ideas for a
project, or just for interest.

This page gives you some helpful hints on how
to get the most out of the internet.

think I've got
the hang of
\, this internet )°
ing thing. )

Surfing tips

® When you use Webwatch you don’t need to
type the web address. You simply log on to
www.OneStopScience.com.au and click on
the name of the website. You will then be
automatically linked to the site.

® If you type in a web address and get an
error message, first check that you have the
address exactly right. If this doesn’t work
try deleting the last part of the address, back
to the first /.

® Sometimes you will be given one or two key
words to use in your search. If you use only
one word like atmosphere, you often get too
many sites. When this happens you need
to narrow your search by adding a word
or two to describe more precisely what
you are looking for: for example gases in
atmosphere or composition of atmosphere.

® Sometimes it is important to put the search
words in double inverted commas. For
example, if you type in ‘cancer research’
you will get only those sites which contain
the two words cancer research together.

® When you are researching a topic, it is

best to use several different sites. The
information on one site may be inaccurate
or not up-to-date. Some sites are also
biased.

Instead of doing a general search using a
search engine such as Google, it is
sometimes a good idea to go into a
general science site such as the ones
below and search within it. Go to
www.OneStopScience.com.au and follow
the links to the websites below.

Nova—Science in the news
Australia Advances

ABC Science

New Scientist

Double Helix

CREST

Try this

1

The Nova website lists topics under six
categories. What are they?

Which of the general science sites listed
above are Australian?

Which site would be best for researching
Australian discoveries in science and
technology?

Browse through the student science
projects in CREST. Which project interests
you the most?

What is in the latest issue of New Scientist
magazine? Pick an article or news item
that interests you.

Browse the Double Helix website. Do you
think it would be worth joining the club?
Think of a science topic you might need
to research. Then do a search for it within
New Scientist or one of the other sites.

Check out the ABC Science website. Find
something that interests you.

 OneStopScie nce‘}/
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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 9.

Science Understanding ScienceWorld 9 Elaborations

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

Biological sciences Chapter 3 Living with microbes
Multi-cellular organisms rely on e understand the role of decomposers in recycling matter in the environment
coordinated and interdependent | e investigate the responses of the body to the presence of micro-organisms

internal system to respond to
changes to their environment Chapter 7 Body balance

(ACSSU175) e use flow diagrams to show how body systems are controlled and coordinated by
the nervous and endocrine systems

e use an animation to gain an understanding of negative feedback systems in the
body

e demonstrate reflex actions in the body

Ecosystems consist of Chapter 9 Ecosystems

communities of interdependent | 4 gynain how biotic and abiotic factors in the environment can affect the survival of
organisms and abiotic

. ) organisms
fnoamgsgﬁgtse:;rtg(ye f?gv\\//'rtﬁ?&g;}’ e describe the flow of matter and energy through ecosystems
these systems (ASSSU176) o exami.ne the effects on ecosystems of events such as droughts, floods and
bushfires
Chemical sciences Chapter 4 Inside the atom
All matter is made of atoms e describe and model the structure of the atom as a positive nucleus surrounded by
which are composed of protons, a cloud of negatively charged electrons
neutrons and electrons; natural | e describe the differences between protons, neutrons and electrons
radioactivity arises from the ¢ describe the three types of radiation released by radioactive materials—alpha and
decay of nuclei in atoms beta particles and gamma radiation
(ACSSU177)
Chemical reactions involve Chapter 4 Inside the atom

rearranging atoms to form new e describe and distinguish between chemical and nuclear reactions in terms of
substances; during a chemical

reaction mass is not created or conservation of mass .
destroyed (ACSSU178) Chapter 6 Everyday reactions

e describe chemical reactions using word equations

Chemical reactions, including Chapter 6 Everyday reactions

c]?mbéjstion and th(ta reta_ctit?nti e investigate reactions of acids with metals, bases and carbonates

20213;\/;’ a;mﬁ/?r: ars1 ls?en?s e give examples of how chemical reactions are important in both living and non-
and involgve energygtraynsfer living systems and involve energy transfer

(ACSSU179) e compare respiration and photosynthesis and their role in biological processes

e describe how the products of combustion reactions affect the environment

Earth and space sciences Chapter 10 Dynamic Earth

The theory of plate tectonics * model earthquake waves using a slinky, and build a model seismograph
explains global patterns e explain the movement of tectonic plates in terms of convection currents in the
of geological activity and Earth’s mantle

continental movement e recognise the Earth’s major tectonic plates on a world map

(ACSSU180)

e relate the occurrence of earthquakes and volcanic activity to plate boundaries

continued ...
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Science Understanding

ScienceWorld 9 Elaborations

Science Understanding is fully int

egrated with Science Inquiry Skills, as indicated in the elaborations.

Physical sciences

Forms of energy can be
transferred in a variety of ways
through different mediums
(ACSSU182)

Chapter 2 Light and sound

e investigate the reflection of light from mirrors and its refraction through various
media, e.g. air, water and glass

e describe briefly how the human eye receives light

e compare and contrast the way in which energy is transferred as light waves and
sound waves

Chapter 5 Electrical energy

e describe the energy changes that occur in a simple electric circuit

e investigate factors such as conductivity that affect the transfer of energy through
an electric circuit

Science as a Human Endeavour

ScienceWorld 9 Elaborations

Science as a Human Endeavour is integrated with Science Understanding and there are Science as a Human Endeavour

features throughout the book.

Nature and development of
science

Scientific understanding,
including models and theories,
are contestable and are refined
over time through a process

of review by the scientific
community (ACSHE157)

Chapter 4 Inside the atom, pp. 87-88
e follow the historical development of models of the structure of matter
Chapter 4 The story of the atomic bomb, p. 107

e reflect on how knowledge about nuclear fission was used to develop the atomic
bomb

Chapter 3 Finding the cause of cholera, p. 75

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

Chapter 2 Inventing the microscope, p. 56

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

Chapter 5 Conducting plastics, p. 133

e describe how the discovery of conducting plastics has led to the development of
new technologies

Chapter 11 Communication technology, pp. 270-271

e describe and distinguish between the fixed (landline) telephone network and the
mobile phone network

Use and influence of science

People can use scientific
knowledge to evaluate whether
they should accept claims,
explanations or predictions
(ACSHE160)

Chapter 6 Mount Isa’s lead problem, p. 162
e consider the impact of the Mount Isa mine on the local community
Chapter 9 Murray River crisis, p. 243

e present views from different interest groups on the effect of human activity on the
Murray-Darling river system

Advances in science and
emerging sciences and
technologies can significantly
affect people’s lives, including
generating career opportunities
(ACSHE161)

Chapter 2 Light and sound, pp. 35, 50

e consider how technologies have been developed using optical fibres and
polarising filters

Chapter 8 Solar cars, p. 216
e consider the impact of solar cells developed in Australia
Chapter 11 Communication technology

e consider how communication methods are influenced by new technologies that
rely on electromagnetic radiation

Chapter 4 Professor Zee Upton, p. 188

continued ...
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The values and needs of
contemporary society can
influence the focus of scientific
research (ACSHE228)

Chapter 3 Living with microbes, pp. 68-71
e describe the technologies involved in stopping the decay of food

e appreciate the work of Professor lan Frazer in developing a vaccine for cervical
cancer

Chapter 8 Problems with power stations, p. 210

e evaluate the impact of coal-burning and nuclear power stations on the
environment

Science Inquiry Skills

ScienceWorld 9 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.

Questioning and predicting

Formulate questions or
hypotheses that can be
investigated scientifically
(ACSIS164)

Chapter 3 Getting started, p. 58

e suggest testable hypotheses about sick chickens

Chapter 5 Experiment 4, p. 130

e use your knowledge of electric circuits to invent a useful electrical device

Chapter 7 Body balance, pp. 170, 173
e use the internet to obtain information on drugs and diabetes

Planning and conducting

Plan, select and use appropriate
investigation methods, including
field work and laboratory
experimentation, to collect
reliable data; assess risk

and address ethical issues
associated with these methods
(ACSIS165)

Chapter 1 Science is investigating

e solve a problem by planning, conducting and evaluating an experiment
Chapter 5 Investigations 10-12, pp. 117, 119, 125-127

e connect and investigate simple electric circuits

Chapter 7 Activity, p. 166 and Investigation 18, p. 182

e follow instructions to correctly and safely dissect a sheep’s brain and kidney
Chapter 11 Activity, p. 272

e demonstrate how optical fibres work

Select and use appropriate
equipment, including digital
technologies, to systematically
and accurately collect and
record data (ACSIS166)

Chapter 1 Collecting data, pp. 18-20
e develop skills for collecting data in the field
Chapter 8 Investigation 20, p. 200

e experiment to find the relationship between voltage, current and resistance in an
electric circuit

Chapter 11 Investigation 23, pp. 277-278
e set up electric circuits using common electronic components

Processing and analysing data
and information

Analyse patterns and trends

in data, including describing
relationships between variables
and identifying inconsistencies
(ACSIS169)

Chapter 1 Science is investigating, pp. 13-14

e use a line of best fit to analyse experimental data and make predictions
(interpolations and extrapolations)

Chapter 8 Skillbuilder, p. 203

e use mathematical equations to calculate the value of a third variable, knowing the
values of the other two variables

Chapter 10 Activity, p. 256

e |ocate the epicentre of an earthquake using seismograms from three different
places

Chapter 8 Activity, p. 211
* interpret graphs of electrical power demand

continued ...
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Science Inquiry Skills

ScienceWorld 9 Elaborations

Inquiry Skills.

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

Use knowledge of scientific
concepts to draw conclusions
that are consistent with
evidence (ACSIS170)

Chapter 2 Light and sound, pp. 45, 51

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

Chapter 9 Human impact on ecosystems, pp. 234-239

e make inferences about the sustainability of ecosystems

Chapter 11 Communication technology, pp. 283-286

e explain in simple terms how a picture is formed on a TV or computer screen
Chapter 5 Investigation 11, p. 119

e write a generalisation about the types of materials that conduct and do not
conduct electricity

Evaluating

Evaluate conclusions,
including identifying sources
of uncertainty and possible
alternative explanations, and
describe specific ways to
improve the quality of the data
(ACSIS171)

Chapter 1 Science is investigating, pp. 4-5
e evaluate an experiment, making sure the results are reliable and valid
Chapter 1 Experiments 1 & 2, pp. 7, 15 and Solving problems, p. 26

Critically analyse the validity
of information in secondary
sources and evaluate the
approaches used to solve
problems (ACSIS172)

Chapter 1 Science as a human endeavour, pp. 8-9

® assess whether experiments with people and animals are valid and ethical
Chapter 5 Food irradiation debate, p. 71

e critically analyse the validity of information on internet sites

Communicating

Communicate scientific ideas
and information for a particular
purpose, including constructing
evidence-based arguments
and using appropriate scientific
language, conventions and
representations (ACSIS174)

Chapter 1 Skillbuilder, p. 12
e |earn how to write a science magazine article
Chapter 7 Diseases of the nervous system, p. 168

e write a short feature article on a disease of the nervous system for a science
magazine

Chapter 8 Webwatch, p. 210
e use animations to gain an understanding of how power stations work
Chapter 9 Problems in ecosystems, pp. 237-239

e write and present a report on the effect of human and natural changes on
ecosystems

Chapter 10 Dynamic Earth

e use a range of animations to gain an understanding of the dynamic nature of the
Earth’s crust

Chapter 11 Communication technology, p. 269
e use diagrams to explain the differences between analog and digital signals

© Australian Curriculum, Assessment and Reporting Authority 2010.

Content descriptions (left-hand column): This is an extract from the Australian Curriculum and is current as at 1st August 2011.
Elaborations (right-hand column): This is a modified extract from the Australian Curriculum and includes the work of the author.

ACARA neither endorses nor verifies the accuracy of the information provided and accepts no responsibility for incomplete or
inaccurate information. In particular, ACARA does not endorse or verify that:

« the content descriptions are solely for Year 9;

« that all the content descriptions for Year 9 have been used; and
« that the modified elaborations in this publication align with the Australian Curriculum Content Descriptions for Year 9.

You can find the unaltered and most up-to-date version of this material at http://www.australiancurriculum.edu.au/Home
This material is reproduced with the permission of ACARA.
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In this chapter you will ... )

Science Inquiry Skills

solve a problem by planning, conducting and evaluating an experiment
evaluate an experiment, making sure the results are reliable and valid
assess whether experiments with people and animals are valid and ethical
learn how to write a science magazine article

use a line of best fit to analyse experimental data and make predictions (interpolations and
extrapolations)

develop skills for collecting data in the field
evaluate experiments and suggest ways of obtaining more reliable results

Based on Australian Curriculum, Assessment and Reporting Authority (ACARA) materials
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Science skills can be used to solve everyday
problems. For example, suppose Emily’s bicycle
has a flat tyre and she wants to know why.
Emily and her friend Nick investigate this.

Emily:  Hey Nick, my front tyre is flat! There
must be a leak somewhere. We'll have
to find out where the air is getting out
before we can fix it.

Perhaps there’s a nail in it.

I can't see one.

There might be a cut in the tyre.

No, it seems OK.

What about the valve? Someone told
me you can test it by putting some spit
on it. If air is getting out, a bubble will
form in the spit.

I'll try that ... Hey look, the bubble is
slowly getting bigger.

Then the valve must be leaking.

Well, let's go and get a new valve.

Emily:

Nick:
Emily:
In their investigation Emily and Nick used
several science skills. Try to identify the
following in their conversation:

® observations

® inferences

® an experiment

® aprediction.
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1.1 Steps in investigating

Planning an experiment

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

o Planning the experiment

, * Identify the problem.
V_VhaT I m * Identify the variables.
going to find * Write a research question or a hypothesis

that can be tested.

Work out which variable you will change,

which you will measure and which you

will control.

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

»*

e Conducting the experiment

* Carry out the experiment. T could
* Observe, measure and record data. probably
improve my
experiment
if ...

Organise the data, draw graphs
and do calculations.

Identify patterns in the data and
relationships between the variables.
Use scientific knowledge to explain
the patterns and relationships.

0 Processing data
*
*

An experiment
is simply a fair
test.

»*

Q Evaluating the experiment

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

* Discuss the results. Are they reliable?

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

* Write a conclusion. Make sure it is valid.

Now—what
does all this
mean?
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Activity B

Planning an experiment

Imagine you work for a motoring organisation. You
have read an overseas report that says that the brand
of tyres used on a car makes little difference to its
stopping distance when braking in an emergency.
You decide to investigate this claim under Australian
conditions, using the steps in investigating on the
previous page.
1 In your own words, write down the problem to be
investigated.

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

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

4 What method will you use to test your hypothesis?

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

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

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

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

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

Eua[uating an Expepiment experiments. Scientists do this often, and they

sometimes do the experiments themselves to see if
they obtain the same results. They may be able to
suggest ways to improve the experiment.

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

In the next activity you can practise evaluating
an experiment and a conclusion.

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

After evaluating the experiment, you may
need to repeat it with some modifications. You
also need to be able to evaluate other people’s



_Activiy B

Part A: Evaluating an experiment

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

Scientific tests show that Super Soaker has a
greater paint pick-up than any other brand.

Five brands of paintbrush were tested as

follows.

1 Paint was added to the tray until the
reading on the electronic balance was
500 g exactly.

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

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

4 The same procedure was followed for all
five brushes.

5 The test was repeated four times for each
brush and the masses were averaged.
The results in the data table on the right
show the average masses.

-
£/ What variables would need to be
controlled in this experiment?

-
L/ Are the results reliable? Give a reason
for your answer.

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

‘&‘ .
£/ How could you improve the
experiment?

Part B: Evaluating a conclusion

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

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

:/ Who do you agree with? Explain your
choice clearly.

Chapter 1 — Science is investigating e

Brand of Final mass of | Mass of paint
paintbrush | tray plus paint | picked up (9g)

(9)

Bettabrush 478 22
Easy Paint 491 9
Slurp 485 15
Super Soaker 477 23
Thickbrush 483 17

Percentage death rate

Pesticide

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

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

Activity L)

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

‘:/ Sketch the appearance of the surface of
both strips.

”:/ Explain how the two strips link together.
’:/ Can you make a join with two pieces of

tape of the same type? Explain.

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

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

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

1

ow

Casee v retertd
"-&-a-..oo
-emawn

.
canw

5
.
.
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Fig1  Velcro weed sticking to socks

TENSION

Against a pulling force
at right angles to the
velcro, the resistance
to unfastening can be
up to 15 N/cm?2.

PEELING

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

’ relatively small force.

loop

...

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

Research questions
Rachel is thinking of buying a new pair of training

Planning and Safety Check

shoes that use a velcro strap instead of laces. She Do a risk assessment to identify any safety
likes the idea because it is so easy to change into _ hazards and decide on necessary
and out of her shoes. precautions.

Rachel is fascinated with the velcro idea and Prepare a data table for your results.
wants to check whether the information on velcro Remember, your results will be more
on the previous page is correct. i reliable if you take at least three

These are some of the questions she would measurements and find the average.

like answered.
1 What peeling force is needed to unfasten the
Velcro strip?

Writing your report
Write a report of your experiment using the seven

2 What shear force will be necessary to undo the headings Title, Aim, Materials, Method, Results,
strap off her shoe? Discussion and Conclusion.

3 Wil the strap keep its strength if it is unfastened Your description of what you did needs to be
and fastened many times? good enough so that if someone else follows

your method they will get very similar results.
A diagram will help.

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

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

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

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

2 \Write a hypothesis for your experiment.

3 Make a list of the equipment you will need.

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

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

Hints and tips

1 You can buy hook and loop strips in cheap
variety stores or in fabric stores.

2 You should record the results of the tests as
the force used (in newtons) per area of velcro
(for example, per cm2).

3 You will have to design a clever way to attach
the force measurer (usually a spring balance)

to the velcro. Stitching, using a small clamp or
gluing are three possible methods.
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Experiments using animals

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

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

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

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

e age—all mice would be the same age

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

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

best of health.

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

Experimenting on people

When experimenting with people, it is important
that the subjects do not know whether they are
in the test group or the control group. Suppose a
drug company wants to test a new drug that they
claim can help smokers give up smoking. A test

tculum edition Fogel

group and a control group are given tablets—
real ones for the test group and fake ones for
the control group. However, the volunteers do
not know which tablets they have been given.
The fake tablets are called placebos (pla-SEE-
bows) and appear to be exactly the same as the
real tablets. After several months, the smoking
behaviour of the volunteers is checked, and
conclusions can then be drawn. This procedure
is called a blind experiment because the subjects
are unaware of (or blind to) whether they are in
the test group or the control group.

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

In some experiments, the scientists are ‘blind’
as well as the subjects. This design is called a
double-blind experiment. Suppose a scientist
wanted to test a new ingredient X, which is
supposed to reduce acne (pimples). She could
arrange for a large number of bottles of lotion to
be made, half with X in them and half without.

The Venetian Bros Laboratory specialises in
double blind experiments.
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The bottles could then be numbered and given
to volunteers to use. With this design, however,
neither the volunteers nor the scientist would
know which volunteers were using ingredient

X and which were not. The scientist could then
judge the effect on the pimples of each volunteer
without prejudice. Only after the experiment
would the scientist find out who had been given
ingredient X.

Ethical or unethical experiments?

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

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

Questions

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

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

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

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

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

e After 6 months the students are
examined again and the data recorded.
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When the trial is complete, the drug
company sends the following summary to
the school.

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

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

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

3 In a group discuss whether animals should

be used to test drugs, cosmetics and other
products intended for use by humans. You
could research this topic on the internet or
have a class debate.

Consider the Anchorage needle-exchange
program described above.

a Do you think this study was ethical?

Explain.

b Two of the principles of the Declaration of

Helsinki (October 2000) are:

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

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

Were these principles used in the

Anchorage needle-exchange study?

Explain.

Hmm, I don't think Nodec
has had the desired effect
on this particular subject.
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Match these four words with the four
statements below:

inference observation

hypothesis prediction

a My pulse rate is 56 beats per minute.

b My pulse rate will increase when | run.

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

d |think my pulse rate is caused by my
heart beating.

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

T didn't know
you could run
that fast!

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

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

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

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

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

Jessica set up five pots, each containing
10 small cabbage plants. Each plant was

__________________________________________________________________________________________________

4-5 cm tall, and
each pot had the
same amount
of soil in it. On
the day after the
cabbages were
planted, Jessica We're hungry.)
added different g Leed us.
amounts of liquid
fertiliser to each
pot. From then
on, she watered
the plants the
same amount
each day. She
observed the
growth of the
plants over
10 days, and her
results are shown below.
a What problem was Jessica investigating?
b What variables did she control in her
test?
¢ What conclusions can you draw from
her results?

Jessie seemed unaware of
the plants' attempts at
telepathic communication.

Amount | 5 cervations after 10 days
Pot of liquid
Ot fertiliser | colour of Average
added (mL) leaves height (cm)
1 hone pale green 8
2 5 green 8
3 10 green 15
4 15 green 16
5 20 yellow 8

6 Dominic is a keen tennis player and has

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

Work in a group and discuss how you

would investigate these research questions.

a  Which coloured flowers do bees prefer?

b Do the phases of the moon affect the
weather?

..................................................................................................
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8 Tom wanted to find out which type of nut
contained the most stored energy. For each
nut, he followed the steps in the box below.
a Do you think Tom’s conclusions would

be valid?
b How could he improve his experiment?

1  Put some water in a test tube and clamp it in place

as shown.
2 Measure the temperature of the water.

3 Pick up the nut using a metal skewer and light it

in a burner.

4 Heat the water in the tube using the flame from

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

Challenge ﬂ—)

1 Suggest why Velcro loses strength when

it collects thread or fluff (called lint) during
washing.

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

A Punch brand batteries last longer than
GoGo batteries.

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

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

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

E The chirp rate of crickets increases in
warmer weather.

b Design an experiment to test one of the
hypotheses in a.

3 Four pairs of students carry out an experiment
into the effects of exercise on pulse rate. Their
methods are as follows.

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

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

C Samara takes Mimaki’s pulse while Mimaki is
seated. Mimaki then runs on the spot for
2 minutes and Samara takes her pulse again.

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

Evaluate the method used by each pair of
students. Which students are most likely to

be able to make a valid conclusion about the
effect of exercise on pulse rate? How could their
experiment be improved?

When planning an experiment, it is a good idea
to use your knowledge of science to change the
question you are investigating into a hypothesis.
For example:

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

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

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

a Which objects are attracted to a magnet?

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

¢ What is steam?
d What causes silver to tarnish?
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l.2 Processing data

Once you have done an experiment and collected
your data, you need to organise and display

it. This makes it easier to identify any patterns
or trends in the data. It also makes it easier to
discover any cause-and-effect relationships

or links between the variables. That is, does
increasing (or decreasing) one variable have any
effect on another variable?

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

ition

-
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Skillbuilder :

Drawing lines of best fit

In the next investigation, you are going to
use your data to draw a graph to show the
relationship between two variables.

You will find that the points you plot on the
graph will lie close to, but not exactly on, a
straight line. You need to draw a line of best fit,
rather than joining all the points. A line of best
fit averages out any errors you made in your
measurements in the investigation.

If you need help in drawing lines of best fit,
the animation will show you how it is done.

/‘ g

A
Writing a science magazine article
Robert Hooke 1635-1703

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

Your task is to research information about
Robert Hooke and write an interesting science
magazine article (maximum 500 words) about
him.

Structure of the science article

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

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

The introduction is very important. You
should entice your reader with emotion,
drama, descriptions and quotations.
The body of the article needs to expand
the ideas from the introduction.

The conclusion should be short and
punchy and remind the reader of the
key points of the story.

Y ATTHE :

WEBwatch |

OneStopScienc ’

e Write in the active voice, eg ‘Robert
Hooke used his artistic talents to draw the
organisms he saw with his newly invented
microscope.’

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

Suggestions

e Use the websites below or search for
Robert Hooke in your browser.

e \Write your article electronically. You can
download images from websites.

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

~

Go to www.OneStopScience.com.au and access the webwatches
and follow the links to the websites below.

Robert Hooke (1635-1703)

This website contains useful information and links to
other sites.

Robert Hooke

This website is dedicated to Robert Hooke and has useful
information and pictures which can be downloaded.
Robert Hooke—natural philosopher, inventor ...

This is an interesting website with a large amount of information

about his discoveries and achievements. -
OneStopScience }_/




Investigation 1

Research question

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

Materials

¢ helical spring

e 50 g mass hanger and standard masses
e stand and clamp

* metre ruler

e Dbrick or other heavy mass

e graph paper

Planning and Safety Check

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

List the steps you will take in your

experiment. Use the photo as a guide to

setting up your apparatus.

Draw up a suitable data table in which

to record the load (mass added) and the

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

Planning hints
1 Tofind the load in newtons, divide the mass
(in grams) by 100.

* You could enter your data into a

~ computer spreadsheet such as Excel

2 After adding the first mass, remove it and

check that the spring returns to the zero mark.
If it does not, you may not be able to form a
valid conclusion from your results. Continue in
this way by adding extra masses and recording
the extensions. (If the spring does not return to
the zero mark between measurements, it is best
to stop the experiment and try another spring.)

Discussion

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

Chapter 1 — Science is investigating G

i :© ) Hooke's spring

-4 Ve

spring \

mass holder

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

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

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

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

Spring extension vs load

line of best fit

BEy

Extension (cm)

Load (N)
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Interpreting graphs

Graphs are a very useful way of displaying
patterns or trends in data. For example, the
graph in the previous experiment shows that the
extension of the spring and the load on the spring
are directly related to each other. An increase

in one variable causes an increase in the other.
Similarly, a decrease in one causes a decrease in
the other. The fact that the graph is a straight

line means that the increases or decreases are
proportionally equal. For example, if you double

Hits on archery target

25

20

15

10

Number of hits

0 20 40 60 80 100 120

Distance from target (m)

Predicting from graphs

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

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

the load, you double the extension, and if you
triple the load, you triple the extension.

Sometimes an increase in one variable causes a
decrease in the other. For example, the number of
hits on an archery target decreases as the distance
from the target increases. In this case the variables
are inversely related.

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

Growth of plant

20

-
ol

Height (cm)
S

0 1 2 3 4 5 6 7 8
Time (weeks)

60
50- -
Extrapolation

A0 P82 5 5Rn B A Rt i o B STy it S

301

Extension (cm)

Interpolation
204 -

10 1

Load (N)

small. This is why you often see widely different
predictions for such things as world population or
global warming.
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Scatter gr‘aphs two variables. We say there is a high corrc.elatlon
between them. In fact, you could draw a line of

Suppose you want to see if there is a relationship best fit through the points.

between the mass and the height of students. You In graph 2, there is no direct relationship,

simply plot all the points and look for any pattern ~ but there is some correlation. Most plants tend

in the scatter of the points. This type of graph is to grow in soils with water content between

called a scatter graph. 10 and 25 g/100 g water.

In graph 1, there is an obvious trend. The In graph 3, there is no relationship between
taller the student, the heavier they are likely to the size of a person’s head and their intelligence.
be. There is a direct relationship between the There is no correlation.

Graph 1 Graph 2 Graph 3
190 100
o e ~ o0 150+
T o .
. ° A .. . E . % . o ° . .
g g un a
~ . . . . " w . . .
— . o 2 2] ee * (0] .
S oil g & T 50 . % b S .
2 ' R gioo{ . .. .
T *5S e . 5 c . .
| . 5 A > o i e
) 3 G 2
140 -g £
T ¥ T v T T Z : T T T 1 50 1 T T 1
50 100 0 10 20 30 40 45 50 55 60 65
Mass of student (kg) Water content of soil (g/100 g soil) Circumference of head (cm)

Experiment

The problem to be solved Shouldn't we

Is there any correlation between the length of a take our
person’s foot and their height? shoes off
for this

Designing your experiment

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

experiment?

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

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

4 \Write a report of your experiment, including
the answer to the problem. Finally, evaluate If someone else did this experiment, do you
the method you used. Are there things you think they would obtain the same results?
could do to make your results more reliable? Explain your answer.
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___________________________________________________________________________________________________

S s
1 Joshua investigated how far a wind-up toy o8 O
. . oo .
frog moved with different numbers of turns %2 T .
of the winder. o w8 s
oo o ®
o ®* o .
Number of turns Distance travelled ER .
fem) 23 -
5 23 < :
10 47 .
Mass of animal
15 70
20 90 3 The scatter graph above shows the results
of an investigation.
25 117 a What was being investigated?

b Isthere any correlation between the
two variables? Explain your answer.

¢ Write a statement describing the
relationship between the two variables.

a Use his results to draw a line of best
fit. (Try to make the graph fill the whole
sheet of graph paper.)

b erteba gefnterallsatlgr;rimlél.n? the d Suggest a reason for the relationship.
number of turns an e distance
travelled. 4  Look at the four scatter graphs below.
¢ Use your graph to predict how far the Which ones show:
frog will go with 12 turns. e a high correlation between the
How many turns are needed to make the variables?
frog go 1 metre? e alow correlation between the
. variables?
2 Plot the following data on a graph. e  no correlation between the
: : : : i ?
Air temperature Distance hiked in ) variables .
c) 1 hour (km) Give a reason for each choice.
9 8.6 . a 3 b
E g . gA . -
22 4.3 g 53
25 32 & 5
30 21
Price of detergent Distance from parent tree
a Draw a line of best fit.
b Write a statement describing the 2 c 8 d
relationship between the two variables. = ‘g
¢ Use the graph to predict how far you S S
would expect to be able to hike at 20°C ; g
and at 35°C. £ S
d  Which of these two predictions do you o g
E

think is more accurate? Why? Humidity of day Age of person

L

___________________________________________________________________________________________________



Challenge

D

1 The table shows the average stopping
distance of a car on dry and wet roads.

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

b Plot both sets of data on the one graph and
draw curves of best fit. Label one curve ‘dry
road’ and the other ‘wet road’.

¢ What conclusions can you make from the
graph?

d What variables do you think would have been
controlled in this investigation?

Speed Stopping distance (m)
(km/h) Dry road Wet road
0 0 0
20 8 8.5
40 20.5 22
60 38 43
80 60.5 71
100 87.5 106
120 119 149

2 Use the scatter graph below to answer the
questions top right.

100
90 *
80 . ° .
70 & e o
60+
50 .
40 .

301
20+
10

Mark for maths test (%)

0 10 20 30 40 50 60 70 80 90 100
Mark for science test (%)

Rate of Electric current

photosynthesis

Rate of enzyme

reaction

through wire
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a Which two variables are plotted on the graph?

b What was the highest mark on the science
test?

¢ What was the lowest mark on the maths test?

d What correlation is there between the two sets
of marks?

e Draw a line of best fit through the points.

f If a student obtains a score of 70% on the

science test, predict their score on the maths
test.

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

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

Radioactivity

Diameter of wire Distance from source

Body temperature
of person

Intensity of light Air temperature

Circumference
of tree trunk

pH of solution Distance from creek
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1.3 Collecting data

Some science investigations require you to collect
data in the field. For example, you might be
investigating the conditions of the water in a creek.
You will have to take water samples and measure
the pH, temperature and the amount of dissolved
nutrients such as nitrates and phosphates, and test
the clarity of the water. You might also want to
find out the types and numbers of organisms that
live in the creek.

Let’s look at some techniques to collect data in

the field.

Estimating numbers in a
population

Some organisms, such as barnacles, are fixed in
place in their habitat, while most other organisms
are mobile and move from place to place. Different
techniques are needed to study and count fixed and
mobile organisms.

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

The quadrat method

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

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

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

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

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

Number of barnacles in each of the 10 quadrats:

59,58,11,14,7,5,10,6 Total 80 barnacles

Area of 1 quadrat = 200 mmx200 mm
= 02mx02m
= 0.04 m?
Area of 10 quadrats = 10x0.04
= 0.4m?
Population _ no. of barnacles in 10 quadrats _ total
size 7 area of 10 quadrats area
= g—% x 50
= 10000 barnacles
>

The capture—recapture method

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

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

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

2
100

Proportion of tagged 200

Proportion of tagged fish in 2nd sample =

fish in whole population ~ total
25 _ 200
100 ~ total
Therefore, total = %XZOO
= 800 fish

So, you can estimate there are 800 fish in the lake.




Chapter 1 — Science is investigating '

Investigation s ) Observing reactions
Aim 3 Have two people hold the ends of the string
To estimate the size of a population using the and without looking lay it across the area
quadrat and capture-recapture methods. containing the scattered paperclips.
Materials 4 Use the quadrat to take 10 samples along the
transect.

e alarge container of plastic-coated, coloured -

paperclips £J Count and record the number of paperclips.

e 1 m of heavy wire (fencing or coathanger wire)
e atleast5m of string
e bar magnet (optional)

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

y Planning and Safety Check 2 The area of the 200 mm x 200 mm quadrat is
' It is best to work in groups of three or four. 0.04 m2. Find the total area of the 10 quadrats.

Carefully read through the Methods for Part A 3 Use the equation below to estimate the
and B and decide which part you will do first. popu|ation of paperc”ps
Prepare data tables for your results in both
parts. Population _ no. of paperclips in 10 quadrats Xtotal J
size area of 10 quadrats area
4 How does the estimated paperclip population
‘ ' PART Quadrat method compare with the known count of paperclips?
5 Calculate the population density in numbers
Method per square metre. (Use the estimated
population.)

1 Bend the wire into a 200 mm x 200 mm square
frame. This is your quadrat. 6 Suggest ways to improve this investigation
so that you obtain more accurate results.

2 Count the paperclips. Then scatter them over an

area of at least 2 m x 2 m in the room or outside. 7 What is the advantage in taking samples
along a transect? Can you think of another
way to sample the population that will give
you reliable results?

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

Take your 10 samples along
this line.
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m Capture—recapture
method

Method

1 Empty the container of paperclips on the desk.
Select a colour and count all the paperclips
of this colour. These represent your tagged
paperclips in the total population.

\7 Record this number.

2 Return the paperclips to the container and mix
them up well.

3 Use a small container about the size of an
eggcup or a kitchen measuring spoon to scoop
out some paperclips. Alternatively you can dip
a bar magnet into the paperclips.

4 Count the number of paperclips in the sample
and also the number of the selected colour
(tagged) paperclips.

E 3
£/ Record your results.
5 Return the sample to the container, mix

well and repeat Steps 3 and 4 for a total of
10 samples.

Discussion

1 Use the ratio formula below to calculate the
estimated population size for each of the 10
samples.

total no. tagged
population size

no. tagged recaptured
no. in sample

2 Find the average population size for the
10 samples. Compare this with the known size
of the population of paperclips.

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

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

Sampling in the field

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

You know from previous studies in science that
physical or abiotic factors such as temperature,
availability of water, soil types and soil nutrients,
and the pH of water and soil (see pages 142-143)
play a large part in determining the abundance
and distribution of organisms in a particular
habitat.

Fig2  The rapid growth of blue-green algae is due to
high water temperatures and large amounts
of nutrients dissolved in the water.




Investigation 3
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' :© ) Sampling physical factors

Aim

To practise various techniques for sampling physical
factors in the environment such as temperature, pH,

dissolved salts and dissolved oxygen.

This investigation is best done in the field. If
this is not possible, you will be supplied with four
buckets of creek or pond water. Assume that each

bucketful of water has been collected from one of four

sites in a creek as shown in the diagram.

Planning and Safety Check

Work in groups of three or four.

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

Prepare data tables for your results in
each part.

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

| PART A Temperature
and pH

Materials

e four buckets of pond water or specially
prepared water

e two 100mL beakers or glass jars

e thermometer

e pH paper, universal indicator solution and
colour card, or swimming pool pH kit

e (distilled water

' You could use a datalogger with a
' temperature probe and a pH probe instead
- of the thermometer and pH paper.

Method

1 Make sure your beakers are clean and rinsed
in distilled water.

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

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

\7 Record the results in the data table.

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

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

Discussion

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

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

Conductivity is a measure of the amount of
dissolved salts (nutrients) in the water. Water
from a salt water swimming pool is tested for
conductivity to determine how much dissolved
salt is in the water.
A conductivity
probe contains two
metal electrodes.
When the battery
is switched on and
the electrodes are
dipped into the
water, the ions in
the water carry the
current between
the electrodes. A
meter reads how
much current flows.
This reading is
proportional to the
concentration of the
dissolved salts.

Materials

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

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

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

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

-
£/ Record your results in the data table.

Discussion

1 Calculate the average conductivity of all four
samples.

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

7 VAN Dissolued oxygen

Dissolved oxygen (DQ) is a very important factor

in determining the distribution and abundance of

aquatic organisms. Some organisms can survive

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

Materials

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

5 :
" Note: Your teacher will show you how to use the
oxygen meter and probe if your school has one.
Alternatively you will be shown how to use the
\dissolved oxygen (DO) test kit.

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

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

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

-,
</ Record your results in the data table.

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

3
£/ Record your results.

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

-
£/ Record your results.

Discussion

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

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

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

Quadrat 1121314151617 18]9]10

1 Match these words with their descriptions: Numbgr of
. dandelion | 4[4 919 |11|6|8|9(7 |4
sample quadrat conductivity plants
transect population abiotic
a A measure of the concentration of ions a Find the total number of dandelions in
in water the 10 quadrats.
b A square frame used to count organisms b Use the equation on page 19 as a

in a particular area

¢ Aline across a selected area, which is
used as a guide to sample organisms c
A number of organisms of the same
kind in a particular area

e A small group of organisms selected
from the total population

f  The physical or non-living factors in the
environment

guide to find the total population of
dandelions in the grassy area.

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

3  When sampling populations of organisms
in the field, the quadrat method is
sometimes preferred over the capture—
recapture method.

Describe the situations in which the
quadrat method would be the better
sampling method to use.

2 The table (top right) shows the number

of dandelion plants in a grassy area in

1 m x 1 m quadrats taken along a transect.
The grassy area measured 10 m x 25 m.

L

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

|
i Biologists want to estimate the size of the horse
cha"enge : H—) population so they can study their habits and try
. to reduce the damage that they cause to native
1 The grid below shows the number of feral horses wildlife.
in a particular area. The horses were photographed The biologists used the quadrat method to
from an aircraft and the positions of the horses (®) sample the horses. They selected five squares
were placed on the grid shown. at random (shown in blue) and also five squares
1 3 4 5 ¢® along a transect (shown in yellow).
° o a Use the random squares (blue) to estimate the
€] ~ ® ° size of the horse population.
L b Now use the transect squares (yellow) to
6 8 ° 10 e estimate the horse population.
¢ ¢ Do your answers for a and b indicate that one
[ method gives a more accurate estimate of the
1 @ |12 13 T total horse population than the other? Explain.
° o © ° o |eo d Select another five squares to show that results
° O o ol @ ® .. can vary when using the quadrat method. How
d did you select the quadrats?
17 18. 20 e Why was the quadrat method used by the
° .’. biologists? Could the biologists have used
® o o® the capture-recapture method instead? Give
21 22 o 23 24 ¢ |25 ® reasons for your answer.
e ®o ®
®e
0o® [ ]
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Copy and complete these statements to make a summary of this average

chapter. The missing words are on the right. estimate

1 The four main steps in a scientific investigation are , doing the evaluating

experiment, processing the data and the experiment. patterns
2 To obtain results in an experiment, you usually need to take planning

repeated measurements and calculate an . predictions

3 To evaluate an investigation, you think about how you could improve quadrat
the experiment and whether your conclusions are . reliable

4 Processing data involves looking for or trends showing scatter
relationships between the being investigated. valid

5 Lines of best fit drawn from experimental data can be used to variables
make

6 graphs can be used to check what correlation there is between two
variables.

1 Both the method and capture-recapture method can be used to

the size of a population.

Try doing the Chapter 1 crossword at

*

" OneStop5cience

3 From coral, a drug company has isolated
a chemical (Z), which they claim reduces
acne. They select 200 students with acne and
photograph the areas of skin affected. Half
of the students (the test group) are given a
lotion containing Z. The other half (the control
group) are given an identical lotion except that
it contains no Z. To make this experiment a fair
test of ingredient Z, the drug company should

1 In testing the effectiveness of a dishwashing
detergent, you would not need to consider:
A the amount of detergent used
B the time of day
C the temperature of the water
D how the dishes were washed

2 Glen did an experiment to find out if fertiliser not:
affects the amount of oxygen a water plant A release any details of the trial to the public
makes. He used the apparatus shown below. B give identical-looking lotion to all students
A suitable control for this experiment would be C tell the researchers which group each student
to use the same apparatus but is in

; oxygen
without the: vl

A water plant

B test tube

C fertiliser

D water filter funnel

D compare each student’s acne before and after
the experiment
Justify your answer.

-— test tube and beaker containing

water plant water and soluble fertiliser
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4 A biologist found that if you eat a meal b
containing a lot of carbohydrates, your blood
sugar level rises rapidly then drops off almost c

as rapidly. If you eat a meal containing a lot
of protein, your blood sugar level rises more
slowly to a lower peak. It also drops more
slowly, but it does not fall as far as with a high
carbohydrate meal.

Which graph correctly shows these

Estimate the periwinkle population on the
rocky shore platform.

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

7 Nancy and Daniel were both given a new
bicycle for Christmas. Nancy’s was a mountain
bike with 22 gears and Daniel’s was a BMX
with 10 gears. Nancy argued that her bike was

findings? . .
safer because its larger wheels meant it would
& 2 stop more quickly than Daniel’s BMX with
= = smaller wheels.
% 5: To settle the argument, Nancy and Daniel
K K rode their bikes down a hill and braked when
=2 2 they reached a particular spot on the road.
: . Nancy stopped in 22 m and Daniel stopped in
Time Time 14 m. Daniel claimed that Nancy was wrong—
c D small wheels stop you more quickly than large
_ _ wheels.
§7 §7 @ What Nancy and Daniel did was not a fair
4 3 test of wheel size and braking ability. List
8 3 at least three uncontrolled variables that
- - could have affected the results.
Time Time b Suggest ways in which Nancy and Daniel

High carbohydrate meal

High protein meal 8

5 Describe how you would use the

could improve their test.

Chung investigated the relationship between
the diameter of ropes and their breaking strain.

capture-recapture method to estimate the

population of mullet in a section of a river.

6 Two students used the quadrat method to

estimate the population of periwinkles on a

rocky platform close to the water’s edge. The
rocky platform measured 20 m x 5 m, and

ten 1 m x 1 m quadrats were sampled along a

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

transect.
Quadrat 11231451617 18]9]110
Number of |15 115113(12| 9 [16]14|10] 9
periwinkles

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

with le,

Go to to access
interactive activities to help you revise this chapter.

A

= =)
S S
Z N

a Use Chung’s results to draw a line of

best fit.

b Write a statement of the relationship

between the two variables.

- Check your answers on page 295. '
OneStopSciencre‘
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Science Inquiry Skills % )

Solving problems

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

) /7 thermometer
three filter papers /

large beaker

small beaker
containing
100 mL hot water

glass wool
insulation

air

stycrrc])ifssa m (control)
Insulating
material [R5 N 7 e o
glass wool 61.5 59 575 56 55 54 53 52 51 50.5
styrofoam chips 61 59 57 55.5 54 53 52 51 50 495
sand 61.5 59.5 58 57 55.5 54.5 535 52.5 52 51
air (control) 61 58.5 56.5 55 53 52 50.5 495 48.5 48
Questions different coloured pencil for each material
1 What problem were Ryan and Brittany trying and label the lines.
to solve by doing an experiment? Write your 6 Summarise the results, making sure you
answer as a question. answer the question Ryan and Brittany were
2 Suggest why they put filter papers on top of trying to solve.
each beaker. 7 The initial temperature of the hot water was
3 Ryan and Brittany were careful to allow the same in all four beakers. Use your graph
only one variable to change, and keep all the to extrapolate what this temperature was.
others the same. 8 Could Ryan and Brittany improve their
a  Which variable did they allow to change? experiment? How?
b Which variables did they keep the same? 9 What are the scientific skills that Ryan and
(There are at least four.) Brittany used in solving their problem?
4 What was the purpose of the control beaker 10 Do you think they will use these skills when
that contained only air? they leave school and get jobs? Explain your

5 Plot the results on graph paper. Use a answer.



v * In this chapter you will ...

Science Understanding
investigate the reflection of light from mirrors and its refraction through various media,
for example air, water and glass
describe briefly how the human eye receives light
compare and contrast the way in which energy is transferred as light waves and sound
waves

Science as a Human Endeavour
consider how technologies have been developed using optical fibres and polarising filters
use the invention of the microscope to illustrate how advances in scientific understanding
often rely on developments in technology

Science Inquiry Skills

Ll e knowlgdge of the proper‘gles of Ilght to explaln Based on Australian Curriculum, Assessment and
why the sky is blue and how rainbows form Reporting Authority (ACARA) materials
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Work in a small group to discuss each of the

following. Keep your answers for later on in

this chapter.

® You are playing pool and you have to pocket
the yellow ball by hitting it with the white
ball. How does a knowledge of reflection
help you pocket the yellow ball? Which
pocket will you aim for? Why?

® When the sun shines onto a large crystal

hanging in your bedroom window, you

= \“A\-V
i Y
I , o »
i - Ay
. N

3‘

sometimes get a rainbow image on your
wall. How is the rainbow of colours formed?
How would you write the word SELF on
paper so that when you hold it in front of
a mirror you can see the reflection of the
word written correctly?

Two actors stand on a stage. One of them
wears a white costume. When a spotlight
with a coloured filter is turned on, one
actor’s costume looks red and the other's
looks black. What colour is the filter and
what colour is the other costume?




| Activity : A’

This is a revision activity. Form a small group
and discuss each of the following questions.
Be prepared to discuss your answers with the
class.

1 Light and sound are forms of energy. All
forms of energy have a starting point or
source. Name two sources of light and
two sources of sound.

2 Which of the following shapes can be
seen as the letter K in a mirror?

NARKK

What does this tell you about the images
formed in a mirror?

3 When you hit a metal cymbal with a
drumstick, it rings. If you put your hand
on the cymbal and hit it again, it does not
ring. Explain why this happens.

4 Three rays of light shine
onto a glass lens as in the
diagram at right. What will
happen to the light rays
when they pass through
the lens?

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

[ |
mirror \. reflecting surface

Chapter 2 — Light and sound ‘

2.1 Properties of light
and sound

In the first Getting started problem in which
you had to pocket the yellow ball, you used
the fact that the angle at which the ball strikes
the cushion is equal to the angle at which it
leaves the cushion. This is the same principle as
the reflection of light. Reflection is one of the
properties of light and sound.

Both light and sound are forms of energy
and both can be transformed into other sorts of
energy. For example, light can be transformed into
chemical energy in a leaf during photosynthesis,
or into electrical energy in a solar cell. Sound
can be transformed into kinetic energy in a radio
speaker. The transformation of energy is another
property of light and sound.

Another property of light is that it can travel
in straight lines. Surveyors rely on this property
when they use their instruments to find boundary
lines or take measurements for new roads.

Fig1 Surveyors use the property that light travels
in straight lines to find the depth of the trench
on the other side of the road.

i

A
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The law of reflection

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

angle of
incidence

angle of
reflection

[ J
mirror \_ reflecting surface

The history of mirrors

Around 600 BCE, the early Etruscans and

Greeks used polished discs of thin bronze as
mirrors. During Roman Christian times, small
metallic mirrors made of highly polished silver or
steel were worn by fashion-conscious men and
women.

Mirrors made of glass with a very thin layer
of metal were first used in the 1300s. However,
it wasn't until 1564 when the mirror-makers of
Venice formed a corporation, that glass mirrors
gained popularity. These mirrors were made
from highly polished glass with a very thin metal
backing, usually made from an alloy of tin and
mercury. In very expensive mirrors, silver metal
was used as the reflective backing.

Reflection from curved mirrors

The law of reflection applies to curved mirrors
as well as plane (flat) mirrors. In the diagram
below, two parallel light rays hit a concave
mirror (concave means curved inwards like a
cave). These rays reflect off the mirror and meet
at a point called the focus. The focal length of
the mirror is the distance of the focus from the
mirror’s reflecting surface.

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

concave \Y i

mirror \

Fig2  Parallel light rays reflect from a curved mirror
and meet at a point called the focus.

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

painted
_ backing
vvvv B X layer

glass

metallic
silver
layer




A
i
r

’

concave
mirror

parallel
light
rays

light at
focus

Fig 3 When a light source is placed at the focus of
a concave mirror, a beam of parallel light rays
is produced. This is why concave mirrors are
used as reflectors in torches, car headlights

and floodlights.
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Fig 4 Convex mirrors are used on dangerous
road intersections. Light rays from wide angles
strike the mirror, giving a wider-angle image

than would be seen using a plane mirror.

on

Aim
To investigate the reflection of light.

Materials

e ray box kit and power pack
e pencil, ruler and protractor

@ Planning and Safety Check
¢ Your teacher will tell you how to set up the

power pack and ray box kit correctly.

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

Method

1 Use the diagram on the right as a guide to
set up the ray box and plane mirror on a
clean page of your notebook. Draw a pencil
line along the back of the mirror. Then draw
pencil lines along the incident light ray and the
reflected ray.

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

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

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

ray box

page in
your notebook

Replace the plane mirror with a concave mirror
and shine parallel rays of light directly at it.

-\7 Describe what happens. Draw a diagram
of the set-up and mark on it the axis and focus
(see Fig 2 on the previous page).

Use a ruler to find the focal length of the mirror.
\7 Record your results.

Try using a convex mirror.

\7 Draw a diagram of what happens when
parallel light rays strike the mirror. Does this
mirror have a focus?
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Refraction of light

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

Activity B

1 Putacoinin a coffee mug (or a beaker)
and place it on a bench.

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

3 Have your partner slowly pour water into
the mug until it is full.
\7 What happens to the coin as the water
is added?

4 Move your eye down the ruler until you
see the edge of the coin again.
/7 How far down the ruler did you move
your eye?
This effect shows another property of
light—refraction.

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

Light is refracted
when it passes
from water to air.

The coin appears
to be floating in
the water.

image of coin

S coin

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

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

reflected

angle of
incidence

glass
block

—

N\ I —
N\
N
AN
N

angle of

normal refraction

Fig 5 Lightis refracted as it passes through a glass
block. Notice that some light is also reflected

by the block.
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focus

The amount of refraction of a light ray
depends on the type of substance. For example,
light bends more when it passes from air to glass
than it does when it passes from air to water.

angle of
incidence

focal length

Converging lenses

angle of

refraction
Lenses are pieces of glass or plastic curved on
one or both surfaces. They refract light in certain

patterns; for example, lenses that refract light DO 6] B

inwards are called converging lenses. Diverging
lenses refract light outwards.

'/Note: The light rays are usually drawn bending in
the middle of the lens, even though they actually
. bend at both surfaces of the lens.

Investigation

Aim Trace around the
To observe how lenses refract light and form lens and draw in
. the light rays.
images on a screen.

m Ray box lenses

Materials converging lens
e ray box kit and power pack

3 Replace the lens with a different

Method converging lens and find its focal length.

1 Set up the ray box and a converging lens as

-,
shown in the diagram on the right. £/ What happens when you use a diverging

_ lens instead of a converging lens? Can you find
2 Find the focal length of the lens. the focal length of a diverging lens? Try it. e
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Discussion

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

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

. PART Images with lenses

Materials

e metre ruler

e candle

e round glass converging lens and lens holder or
plasticine

e screen (white hardboard or cardboard)

Method

1 Hold the converging lens near a window and
focus the image of a distant object on the
screen. Measure the distance between the lens
and the screen. This is the focal length.

:/ Record the focal length.

round glass
converging lens

Light the candle. Then
place the lens in a holder (or plasticine) and
position it so that the distance

from the lens to the candle is

twice the focal length of the
’*I

lens (2f).
Move the screen backwards
lens holder

and forwards until you
get a clear
image of the

candle.
2f
candle

. PART

\7 Is the image bigger, smaller or about the
same size as the candle flame? Is it right side
up or upside down?

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

\7 Record your observations.

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

\7 What happens to the image?

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

:/ Describe the image.

Conclusion

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

e at twice the focal length (2f)

e further than 2f

e between 2f and f

e closer than f.

Predicting
images

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

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

diagrams.
lens

object &[\\\KL\

image of
object

Scale: Tmm=2cm




Optical fibres

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

The endoscope contains bundles of optical
fibres, each one about 10 micrometres in diameter.
The optical fibres act like a flexible torch. Light
shines through one end of the optical fibres in
the endoscope and it comes out the other end, no
matter how much the tube is twisted or bent.

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

. . Light
D e —
o, emerges
reflected the other end
of the fibre.
along the
fibre.

Light enters one
end of the fibre.

Chapter 2 — Light and sound @

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

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

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

Slowly rotate the

prism in this direction.,\

single beam of light

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

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

Optical fibre communications
Optical fibres have replaced most metal cables
used in communications. Electrical signals from
computers, telephones, televisions and fax
machines are converted to pulses of light using a
laser. These light pulses are then sent along optical
fibres that can transmit the signal over large
distances.

Optical fibres are much lighter, and the same
thickness of fibres can transmit thousands more
messages than copper wire cables can.
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How the eye focuses light
Light enters the eye through the transparent

Corneal transplants
When a person’s cornea becomes cloudy as

cornea that covers the front of the eye. The a result of disease, injury or infection, their
coloured part in the front of the eye is called the vision is reduced, often making them blind. In a
iris. This is a ring of muscle that changes in size surgical operation called a corneal transplant, a
and thus controls the amount of light that enters damaged cornea can be replaced by a donated
the eye. The light passes through the pupil, the healthy one.

lens and the jelly-like substance inside the eye In a corneal transplant, an eye surgeon,

and finally hits the retina. The retina contains called an ophthalmologist (OFF-thal-MOL-o-
structures called vision receptors, which detect gist), cuts a circular section of the damaged
light. cornea using a tool that works in the same

way as a round pastry cutter (see photo). The
damaged section of cornea is removed and

to ) . )
ey'?elid e replaced with the same-sized section ofa
\ healthy cornea. The new cornea is held in place

lens muscle e by hair-like stitches.

cornea "= _ ] Corneal transplants are the most succesful
— Jelly likg of the organ donation transplants. Over 90%

pupil substance Lalluatients b B fter th

inside the eye of all patients have restored vision after the
Iens operation. The greatest risk with corneal
/ transplants is tissue rejection. This is where

e the body of the patient rejects the donor’s eye

| tissue. The eye swells and the two types of

OWGI’ o .

avielic optic nerve tissues never bind together.

Fig6 A cross-section of the human eye

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

Y La—1
When the eye focuses on a /b

close object, the lens is thicker.

When the eye focuses on a /‘\/

distant object, the lens is thinner. Use the internet to find out more information on
corneal transplants and organ donation of eyes.
Try entering the following words in the search
engine: corneal transplant and eye organ donor.
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6 Copy the drawings below and show what
happens to the light rays when they pass

through the lenses. In each case label the
1 Match these words with their descriptions: focus.

image reflection incident ray

converging plane mirror refraction
focus convex mirror  diverging | /
a A mirror that is flat and not curved
b When sound or light strikes a surface and
bounces off

¢ Theingoing ray of light
d The point at which light rays meet after

passing through a converging lens 7 Two light beams strike a plane mirror as
e A picture of an object formed after light shown in the diagram below. Copy the
rays have been reflected or refracted diagram and show the normal and the
f  Light rays that come together reflected rays.

2 a How could you demonstrate to someone
that light and sound are forms of energy? \
b Apart from the things mentioned on page T -
29, name some other things that convert mirror
light or sound into other forms of energy.

3  Why is the sign on this van written like this? 8 Two plane mirrors are placed at right
Y A angles to each other. A light ray is shone

onto mirror 1 at 30° to the mirror.

a At what angle will the beam strike
mirror 2?

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

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

E)IAFIS 3J|80 z'Tq i 10 Describe what happens to light rays from
JAOIMAHOSM ﬁ (M § when they enter the eye until they hit the

retina.

" puu————— 4

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

, 4 Explain the difference between the words Describe what happens to the lens in your
! reflection and refraction. eye when you do this.

E 5 Some substances are transparent and 12 Some substances are transparent, some

! some are opaque. Describe the differences are opaque, while others are translucent.

E between the two terms, giving two Use a dictionary to find out what the word

examples of each. translucent means.

__________________________________________________________________________________________________
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Challenge

m focus _
y pencil \\\\/n\\ mirror

reflector. image —»
a Explain how you think the heater works. of pencil = //
Scale: 1 mm =2 cm

b Where would you place the water tube to get
the maximum heating efficiency?

1 The diagram below shows a solar hot water
heater using a semi-circular shiny, silvered

Do a similar drawing to find out what happens to
the image if the pencil is placed 100cm in front
sun of the mirror.
5 A converging lens has a focal length of 20 cm.
water out If an object 15 cm high is placed 40 cm from
the lens, use a ray diagram to describe what the
image will be like.
6 Design the following items using mirrors.
a Make a periscope that can be used to see
things around corners.
b Use a concave mirror to make a solar cooker.

7 This diagram shows a light ray hitting the
surface of a transparent substance. The light ray
refracts at the surface

shiny silvered
reflector

water in

2 A pencil 15 cm long stands vertically on a

bench 30 cm from a small spotlight. A screen B normal | light ray

is placed 1 m away from the spotlight and a Lol \

shadow of the pencil forms on it. How much the !
. L : refracted ray bends

a Which property of light is being shown here? depends on the type of

b How tall will the shadow be? substance. The table

below shows different | transparent

substances and their ! substance
wn refractive index. The :
higher the refractive
index, the greater the
refracted ray is bent.
Substance Refractive index
pencil air 1.00
spotlight water (at 25°C) 1.33
ethanol 1.36
@ glass 1.52
diamond 2.40
3 What type of mirror (plane, concave or convex) a Does light bend more when it goes from air
would be best to use as a rear-vision mirror with to water, or when it goes from air to glass?
a wide field of view. Your teacher will give you Justify your answer.
the mirrors to help you with your decision. b Glycerine has a refractive index of 1.47.
4 A pencil 20 cm high was placed 60 cm in front Does glycerine bend light more or less than
of a concave mirror of focal length 20 cm. The glass does?
ray diagram (top right) shows that the image of ¢ Predict what happens when a light ray
the pencil is upside down and smaller than the passes from air to glass to water and out to

object. air again. Draw a diagram of your prediction.



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

The colours that make up the spectrum
are continuous and blend into each other,
but for convenience we say there are seven
colours—red, orange, yellow, green, blue,
indigo and violet. The splitting up of white
light into this spectrum of colours is called
dispersion. This occurs because each colour
is refracted slightly differently when it passes
through a raindrop.

White light is also dispersed into separate
colours when it passes through a glass prism.

glass prism

white light

- A glass prism disperses white light into colours
because each colour is refracted slightly

differently. Violet light is refracted more than red
light and so appears at the bottom of the spectrum.
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lllh\] are thinL]S coloured? Filters made of coloured glass or plastic can
also change the colour of light. When white light

Why is a leaf green, m.ilk white and a tomato red?  pje ; red glass filter, the glass allows the red light
When white light hits a leaf, most of the to pass through and absorbs all the other colours.

colours in the white light are absorbed. Only the The colour of the filter tells you what colours it
green light is reflected, and it is this colour that

reaches your eye. So you see the leaf as a green
colour.

transmits (allows to pass through).

!

red screen
filter
Fig8  Aleaf reflects the green colour in white light Fig 11  Coloured filters transmit their own colour and
and absorbs the others, so it appears green. " absorb the other colours.

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

black.

Fig 9 Milk reflects all the colours, so it appears white.
No light

reaches
your eyes.

Fig 10 A red tomato reflects only red light and Fig 12 A red tomato will look black in green light
absorbs the others. because it absorbs all colours except red.
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Investigation6 : ;O ) Colours

Aim H .
To observe the effects of filters and coloured cards : PART B E 0 l oure d 0 bJ ects

on white light.

1 Shine a full beam of light from the ray box
onto a piece of red card. Then place different
coloured filters in the ray box and record the
colour of the card in each light.

Materials

e ray box kit and power pack, with colour filters
e piece of white paper

e pieces of coloured card (red, green, yellow, blue - .
P ( g y ) £/ Draw up a table and record your results in

the table.

Plann'ng and Safety Check 2 Repeat Step 1 with the other coloured cards.

. This investigation is best done in a darkened
room.

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

V- AW Coloured filters

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

Discussion

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

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

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

2 Predict what will happen when you put a red 4 Explain, using the words absorb and reflect,
filter between the light and the prism. why a blue card is blue in white light.
£/ Try it and record your observations. 5 What would you see if you placed the blue card

3 Try other filters and record your observations. in red light? Explain your answer.
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Making colours

There are two main ways of making colours.
The first way is to shine different coloured
lights together. The other way is to mix different
coloured paints or pigments together.

Activity (B

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

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

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

Addition

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

Subtraction

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

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

black mess. What happens

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

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

Blue paint reflects

"\ blue, green and

purple light
(neighbouring
colours in the
spectrum).

- i e
/“‘ Yellow paint

reflects orange,
yellow and green
light.

/ﬁ A mixture of the

two paints
reflects only
green light.

-



Seeing colours

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

cells of retina

you black-and-white vision. cone cells
(receptors)
[o]
o= .—
cornea S —
ff)—« 7]
]
retina to optic nerve
lens optic nerve

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

Seeing red light |

nerve

red-sensitive cone cell
green-sensitive cone cell
blue-sensitive cone cell

messages ——
to brain

Seeing white light |

white
light
141
nerve
messages — J J |
to brain
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Colour blindness

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

The condition is usually inherited, which
means it is passed on from parents to children.

In Australia, about 9% of males and about 0.4%
of females have some form of colour blindness.

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

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

WEBwatch O

Go to www.OneStopScience.com.au and link to
the following websites.

Colour blindness

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

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

Use the websites above to answer these

questions.

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

2 Is there a cure for colour blindness?

3 Describe three everyday frustrations for
colourblind people.

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

6
LOneStopScience‘ )/
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Lights, colour, action!

Colour is a vital part of any stage play or film,
and it can be used to produce a response from

an audience. For example, the blue light on

the characters in Fig 13 gives an impression of
coldness and sadness, while the red light in Fig 14
gives warmth and excitement to the scene.

Fig 13  The blue light used in this scene gives a
feeling of serenity and sadness.

Fig 14 The red light used in this scene gives a
feeling of warmth and excitement.

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

Fig 15 The colours of objects on stage change with
different coloured spotlights.

two scenes in the photos, or they can be used to
focus on particular characters.

The three characters in Fig 15 are dressed
in different colours. Notice how the character
dressed in yellow seems to have ‘disappeared’ in
blue light, and you tend to focus your attention
on the other two characters.

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

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

Questions

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

2 Look at the singer in the middle in Fig 15.
Explain why the colour of her dress and hair
change in blue light.

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

4 Why would it be best for the characters in
the scene in Fig 13 to wear neutral-coloured
clothes (such as white or grey) rather than
reds, oranges and yellows? Use the words
reflect and absorb in your answer.
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Why is the sky blue?

When a beam of light passes through smoke or
dust, some of it bounces off the tiny particles
and is reflected towards your eyes. This is why
you can see the beam. This bouncing of light
from particles such as smoke or dust is called
scattering. You cannot see a beam of light in
clean air because the particles of air are too small
to scatter the light.

f«AT$A4¢
a3 %5 . ‘ J
e 1 1.

smoke in air—
scattering

clean air—
no scattering

The air around the Earth contains tiny bits
of dust. These are too small to see, but they are
big enough to scatter light. Blue light is scattered
more by the dust than red light is. As the light

SUNSET

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

Why are sunsets red?

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

Questions
1 Why do suspensions scatter light but solutions
do not?

2 a Why can you see the beam of light from
a car’s headlights when driving at night in
fog?

b Suggest why yellow lights are more
effective than white lights when driving on
foggy nights.

3 Suggest why sunsets are redder on cloudy or
dusty days than on fine, clear days.
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__________________________________________________________________________________________________

1 Go back to your answer for the second
question in Getting started on page 28.
Use the words dispersion and spectrum to
explain why you see a rainbow of colours.

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

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

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

5 A beam of white light passes through a
filter and then through a prism.The prism
disperses the light, and the different
colours shine on a white screen. Use the
information in the diagram below to work
out the colour of the filter.

screen

prism

filter

6 A combined beam of red and blue light
hits a glass prism. On the other side of the
prism, two separate beams of light are
observed.

a Why did this happen?

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

two refracted

combined beam beams

B

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

8 Suppose green light is shone into your
eyes.

a How do you see green light?

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

Challenge

1

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

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

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

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

b Predict and draw the shape of the graph you

would get if a violet filter was placed in the
beam of white light.

Graph 2

Intensity of light

red orange yellow green blue indigo violet

Intensity of light

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

In the first section you learnt that sound and light ‘
are both forms of energy. How do these forms of Actl\Iltv A}
energy travel from place to place? e
To observe an effect of sound waves travelling
Sound waves through the air, your teacher will set up the
following equipment, or you could set it up at
home.

You will need a candle and a drum. (You

Consider the following experiences.
e If you put your ear to a metal railing, you can

hear the sound of someone tapping on it a could use a large can open at both ends with
10f}11g way away. b beach swimmi a rubber skin tied over one end.)
* When you are at the beach swimming 1 Make sure there is no wind in the room.

underwater, you can hear the sound of a
motorboat more than a kilometre away.

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

Light the candle. Hold the open end of

the drum close to the flame. Tap the skin
on the drum and watch
the flame.

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

For a more dramatic effect, hit the drum
skin with a drumstick.

How do you think sound waves are
responsible for the movement of the
candle flame?

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

The activity showed that the sound from
the drum travelled through the air. The air
‘pushed’ on the candle flame and made it
flicker. These ‘pushes’, or sound waves, are
the way sounds travel in air.

You may also have noticed that a soft
tap on the drum made a soft sound and
produced a small flicker in the flame. A
harder hit on the drum made a louder
sound and produced a larger flicker in the
flame.
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Sound waves are made up of bands of high and
low air pressure. The energy from the vibrating
source is transferred from one air particle to
another as the sound waves travel.

The air is made up
of particles of
various gases.

o

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

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

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

To see how sound waves are carried through
the air, open the animation at

°

OneStopScience

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

T SAID"TURN THE HEY, TURN IT UP
VOLUME DOWN"l ST oty e va

Activity : 0

Your teacher may show you how you can
model sound waves in a slinky spring.
The waves travel through the spring as
compressions.

The speed of sound

When someone shouts at you from the far end of
the schoolground, you hear the sound instantly.
From this you can conclude that sound travels

very rapidly in air.

Sound travels at 330 metres per second in air
at 0°C. However, it travels even faster in other
substances. The table below gives the speed of

sound in various substances.

aubstaiice sosup:;?w?}cs) sojlggle((lj(rzih)
air (at 0°C) 330 1188
air (at15°C) 342 1231
oxygen (at 0°C) 317 1141
water (at 0°C) 1410 5076
water (at15°C) 1450 5220
lead (at20°C) 1200 4320
copper (at20°C) 3500 12 600
iron (at20°C) 5100 18360
granite (at20°C) 6000 21600
wood (at20°C) about 5000 | about 18 000




Light waves

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

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

wavelength

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

Visible light has a wavelength of about
0.000000 5 m, while radio waves have very long
wavelengths of about 10 m. The radiation with
the shortest wavelength is gamma radiation, a
very high-energy radiation that causes injury to
the cells of living things. Generally, the shorter the
wavelength of the radiation, the higher the energy
of the waves.

short wavelength

gamma rays

Chapter 2 — Light and sound ‘
activiy B

Models for light and sound

On the previous page you used two models
to explain how sound behaves—a theoretical
particle model and an actual spring model.

:'/ Suggest ways of making an actual particle
model to show how sound travels. You

might like to use marbles or styrofoam balls
attached to pieces of string.

-

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

-

£/ Devise a second model to explain how
light travels.

£ What are the limitations of your models?

“long wavelength |

visible light infrared

radio waves

Fig 16 The electromagnetic spectrum. The short wavelength
waves carry more energy than long wavelength ones.
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Why sailors wear
polaroids

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

Fig 17 A scene taken without a polarising filter on

the camera lens (top) and the same scene
taken with a polarising filter (bottom).

Polarised light

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

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

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

polarising filter
\

.
M
vertical light ray k/\/
h .
@ 0rlzonta| light ray

Horizontal ray‘iévl;[ocked.

Fig 18 Only the light rays that vibrate vertically are
able to pass through this polarising filter.

When light is reflected from water or wet
roads, it is often polarised; that is, the reflected
light waves are in one plane only. Most of these
reflected polarised waves vibrate horizontally.

So the lenses in polarising sunglasses contain
filters which allow only vertically polarised light
through and block the horizontal waves. This is
how your polarising sunglasses reduce glare when
you are at the beach or driving along wet roads.

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

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

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




Light waves and refraction

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

Light, like all types of electromagnetic

radiation, travels at incredible speed—about
300000000 m/s or 3 x 108 m/s. This is about a
million times faster than the speed of sound. No
wonder you see the lightning before you hear the
thunder of a distant thunderstorm!

The speed of light in glass is 1.98 x 103 m/s
—about 1.5 times slower than in air. When light
passes from air to glass at an angle, it slows
down and bends towards the normal.

How a rainbow forms

A drop of water has the same effect on light as

a prism does—it is dispersed into the spectrum
of colours. But why is violet light refracted more
than red light?

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

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

So red should be on top of the rainbow and violet
underneath. Check this in the rainbow photo on
page 39.

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

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

WEBwatch :.CJ

Go to www.OneStopScience.com.au and follow the
links to Lightning and Thunder to find out more

about lightning and thunder.

[OneStopSf. tend ‘4

Refraction occurs

Reflection
at the surface here. oceurs
: at the
~ white g surface
light from here.

the sun

V4

N B/
6\'\9\(\ ;
12 Refraction also occurs
at the surface here.
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1 Sound cannot travel through:
wood

fresh water

outer space

the ocean

the Earth’s crust

Justify your answer.

mooomw>

2 Decide whether each of the statements
below is true or false by referring to the
table of speeds of sound on page 48. For

each case, give reasons for your decision.
a Sound travels faster through gases than

through liquids.

b  Sound travels faster through warm air

than through cold air.

¢ Sound travels at the same speed
through all gases.

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

3 Two waves were drawn on centimetre 9
square graph paper.
a Which wave has the longer wavelength?
b  What is the wavelength of wave A?
Waye A
10
Wavye B 11

4  Why do you hear thunder after you
see the lightning in a far-off storm?

5 Lightis one type of electromagnetic
radiation. Name three others.

6 Look at the electromagnetic spectrum
at the bottom of page 49.
a  Which types of radiation can be
detected by the human body?
b Which receptors do you use to
detect them?

¢ Which types of radiation can be used for

communicating with other people?

d  Which type of radiation is commonly

referred to as heat?

Using your knowledge of sound and light,
write a paragraph outlining the similarities

and differences between them.

A combined beam of yellow and blue light
was shone onto a prism.Two separate
beams emerged from the other side. Use
your knowledge of light waves to explain
why beam B is blue.

How does the candle and drum
demonstration on page 47 show that
sound is a form of energy?

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

soft one.

Design an experiment to show that light,
unlike sound, does not need a substance

such as air in which to travel.

A string telephone can be made from two
metal cans and some string. Suggest why:

a the telephone works only when the
string is stretched tight

b the telephone does not work when a

third person touches the string.

I suppose that's .

one of them things
called a grapevine.
AN
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Challenge

1z

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

2 Suggest why you can hear sounds better when
the wind is blowing towards you than when it is
blowing away from you.

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

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

one wavelength
Sound A e

Sound B

a Which sound has the shorter wavelength?

b High-pitched sounds have shorter
wavelengths than low-pitched sounds.
Which sound has the higher pitch: A or B?

Chapter 2 — Light and sound @

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

d How do you think the wavelength, the speed

of vibration and the pitch of the sound are
related?

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

air

substance
1

substance
2

substance
3

air

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

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

On page 48 the particle model was used to
explain how sound waves travel in air. Use the
model to explain why sound travels faster in
liquids than in gases, and even faster in solids.

A person fires a gun and hears an echo from a
cliff after 5 seconds. If the temperature is 15°C,
use the speed of sound on page 48 to calculate
how far away the cliff is.

Suppose someone is talking about you in the
next room. When you put your ear to the wall,
you can hear what the person is saying.

a Try to explain in terms of waves why you can
hear sounds through the wall but cannot see
light through it.

b Which types of radiation can pass through
walls? (Hint: Refer to the electromagnetic
spectrum on page 49.)
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Copy and complete these statements to make a summary of this absorbs

chapter. The missing words are on the right.

gases, liquids and solids.

dispersed

1 Reflectionis a of light and sound. Another property of light electromagnetic

is that it travels in incidence
"2 The states that the angle of is equal to the angle of law of reflection

reflection. property

3 of light occurs when a beam of light passes from one refraction
substance into another, eg from air to water. The amount of spectrum
refraction depends on the substances. straight lines
White light can be by a prism into the colours of the subtraction

5 A coloured object reflects some colours and the rest. The transparent
colour you see depends upon the colours that are reflected. vacuum

6 Different colours can be made by mixing different coloured lights vibrating
(addition) or by mixing paints ( ).

7 Sound waves are produced by objects and travel through

8 Lightisaform of radiation that can travel as waves through a
.The speed of light is much greater than the speed of sound.

Try doing the Chapter 2 crossword at

OneStopScienc e'.

1 A ray of light hits a mirror. The path of the 2 Ian is using a fine spray to water his seedlings.
light ray after it is reflected is shown by light When he sprays the water into the air, he
ray: sees the colours of a rainbow. The rainbow is
A AW caused by:

B AX AZ A the reflection of light
C AY B the transmission of light
D AZ C the absorption of light
A D the dispersion of light
AX Each of the drops of water in question 2 is
acting like a:
AW

mirror

A glass prism

B lens

C plane mirror
D concave mirror
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4 Three parallel light rays shine through a
transparent object and are refracted as shown
below. Which shaped object will cause this
refraction?

A a rectangular glass block
B a converging lens

C a diverging lens

D a triangular glass prism

"l
?

/4

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

===}
lens A

Y

e

Y

1
<

a What is the focal length of the lens?

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

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

a Which colours are being transmitted?
b Which colours are being absorbed?
¢ Infer the colour of the filter.

with lo,

AN

@0”{//{0
//50{ oW

Go to to access
interactive activities to help you revise this chapter.

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

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

The diagram below shows the results.

If beam C is green, work out which colour
beams A and B are. Explain your answer.

Echo sounders
send sound
waves through
water to
determine its
depth. They can
also be used to
find the depth
of shoals of
fish. Suppose
a reflected
sound wave
returns after
0.1 seconds,
and a second one returns after 0.2 seconds.
The fisherman believes that one echo came
from a shoal of fish. (The speed of sound in
water at 15°C is 1450 m/s.)
a Which echo came from the shoal of fish?
b How far below the ship is the shoal of fish?
€ Suppose the temperature of the water
decreases with depth. How would this affect
the calculations?

‘Check your answers on page 295. '

OneStopSciencre‘




Inventing the microscope

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

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

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

A Dutchman named Antonie van Leeuwenhoek
(LAY-ven-HOEK) read about Hooke’s work and
began making his own single-lens microscopes.
When he placed a small live fish in front of the
lens and held it up to his eye, he could see blood
surging through the blood vessels in the fish’s tail.
He took a drop of water from the bottom of a pot
plant and observed it with his microscope. To his
amazement he saw tiny single-celled animals that
he called ‘cavorting beasties’. Leeuwenhoek was
the first person to observe bacteria—in plaque he
collected from his own teeth and ‘two old men
who had never cleaned their teeth in their life’.

He even noticed that the bacteria in the plaque
were killed when he drank hot coffee.

".aJ
.va'_'

After Hooke and Leeuwenhoek, microscopes

were made with higher and higher magnifications,

but it was not possible to go beyond a
magnification of x1500. In 1931, a German

named Ernst Ruska made an electron microscope.

Instead of light he used a stream of electrons that
could be focused using electrical or magnetic
fields. Electron microscopes can magnify objects
up to one million times, and for the first time
scientists could observe viruses and the details of
cell structure. Scanning electron microscopes can
take 3D pictures of the various structures in the
human body; for example, blood cells (page 77)
and muscle fibres. The photo below shows a head
louse with an egg (nit) clinging to a human hair.

Question

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

*‘D~}?§{?> N 79 B , '
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In this chapter you will ... ) b

Science Understanding

understand the role of decomposers in recycling matter in the environment
investigate the responses of the body to the presence of microorganisms

Science as a8 Human Endeavour

describe the technologies involved in stopping the decay of food
appreciate the work of Professor lan Frazer in developing a vaccine for cervical cancer

Science Inquiry Skills

suggest testable hypotheses about sick chickens
critically analyse the validity of information on internet sites

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




A farmer bought three new chickens and
put them with 15 others in a large pen. Two
days later he noticed that the three new
chickens looked sick. In the following days
four of the other chickens became sick.

The farmer called a vet and told her that
he had changed to a new type of poultry food
a day before he noticed the sick chickens.
What should the vet do to find the cause of
the sickness?

® Suggest at least three inferences that
might account for the sick chickens.
Then design tests that might be used by
the vet to solve the problem.

I can't remember if I got
my flu shot this year...

E -4 S
Da®a@a® 0



3.1 Microscopic life

Microscopic organisms were first observed just
over 300 years ago. Yet today most people have
never seen one. We call microscopic organisms
micro-organisms or microbes, and to observe
them you need a microscope.

Most microbes belong to the Protist and
Monera kingdoms. But some microscopic fungi
such as yeasts and moulds are also classified as
microbes.

Protists

Protists live in oceans, rivers, lakes and ponds or
in the water in moist soil. Some protists are plant-
like because they contain chlorophyll and can
make their own food by photosynthesis. These
protists are called algae (singular alga).

Other protists do not contain chlorophyll.
They catch and eat food from the water around
them. These protists are more animal-like and are
called protozoans.

Many protists have structures on the outside of
the cell to help them move through the water. For
example, some have tiny hair-like cilia (SILL-ee-a)
on the outside of the cell. These beat rhythmically
and propel the organism through the water. Others
have large whip-like flagella (fla-JELL-a), which
act like paddles to move the organism.

cilia

s
[
.

WEBwatch . N

Go to www.OneStopScience.com.au and follow
the links to the website below.

Micropolitan museum

This website contains high-quality images as well

as descriptions of many micro-organisms.

- : <
| OneStopScience” J'}

Fig 1 This green freshwater alga is made up of

cells joined end to end like a necklace.

Large protists

Not all protists are microscopic. Some
protists, such as seaweeds or marine algae,
are multicellular and can grow very large.

The brown alga called kelp, shown in the
photo below, grows in the cooler waters off
the southern Australian coast, and can grow
up to 60 metres in length.

The kelp forests in the Southern Ocean and
Atlantic Ocean provide food and protection
for a large diversity of animals.
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Investigation 7 | ;©O ) Microscopic life in pond water

Aim
To observe and identify some of the
microscopic organisms found in pond water.

Materials

e pond water

e small glass bowl (crystallising basin)

® microscope

e 3 cavity slides and cover-slips

e dropper

* methyl cellulose or gelatin solution
(see Teacher Edition for preparation)

e neutral red or methylene blue stain
(see Teacher Edition for preparation)

Planning and Safety Check

e Carefully read through the Method.

e Explain to your partner how to prepare a
slide without getting air bubbles underneath
the cover-slip.

You will be given a small bottle of pond
water with some sludge on the bottom.
The water just above the sludge contains
a lot of micro-organisms.

What is the purpose of the methyl cellulose
and neutral red in this investigation?

' Note: To help you identify the micro-organisms
in the pond water, your teacher may set up a
camcorder on a microscope and send the

. images to a TV or computer.

Method
1 Add a drop of the neutral red or methylene blue

will use these in Step 5.

2 Use the dropper to add one or two drops of the
pond water to a slide. Then add a cover-slip.
(Avoid air bubbles.)

3 Look at the slide under a microscope. Notice
how quickly some of the organisms move.

stain to each of two microscope slides. Put them !
in a warm place and allow the stain to dry. You WEBwatch \@

4 To slow the organisms down, lift the cover-
slip and add one drop of methyl cellulose or
gelatin solution. Then replace the cover-slip.

\7 How many different types of pond
organisms can you observe? Use the
diagrams on the next page to try to identify
some of them.

5 Place a drop of the pond water on top of
the dried stain. Then add a drop of methy!
cellulose. Place a cover-slip on the slide.

The stain on the slide dissolves in the
water and diffuses into
the micro-organisms.
The stain makes it~ pond="
easier to see cell ‘é"ater n

ropper
structures such
as nuclei, cilia

and flagella. )\
dried
stain on
\ slide

cavity slide
Discussion

1 Most of the micro-organisms that you
observed are able to move. List the various
methods of locomotion used by micro-
organisms.

2 Using your observations, the internet and
reference materials from the library, make a
list of the ways micro-organisms capture and
eat their food.

3 Explain how you could measure the size of
the protists and microscopic animals that
you observed in this investigation.

Go to www.OneStopScience.com.au and follow
the links to the website below.
A virtual pond dip

Click on the images in the jar of pond water and
read the factfiles about the micro-organisms.

f -
| OneStopScience




Micro-organisms in pond water

spirogyra (x 300) “ V4
(SPY-ro-GUY-ra) :

amoeba (x 300)
(a-MEE-ba)

paramecium (x 200)
(para-MEE-see-um)

o)

stentor (x 100)

(Protists— protozoans )

Chapter 3 — Living with microbes 6

(I\/Iicroscopic animals

cyclops (x 20)

water flea (x 20)
Y

nematode worm (x 50)

/A
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Bacteria

Most monerans are unicellular and include
bacteria and blue-green algae. Unlike other
organisms, they have no distinct nucleus, and they
have a very simple cell structure.

Bacteria are very small. Most are too small
to be seen with an ordinary microscope. Very
powerful electron microscopes are needed to
observe their structure.

Bacteria can be classified according to their
shape. There are rod-shaped, spherical and spiral
types (Fig 2). Some of the rod-shaped and spiral
bacteria have flagella that they use for movement.
Some bacteria are joined together in chains, while
others live in groups. They have a coating on the
outside of their cell wall, which helps them to stick
together and also to stick to other objects. Fig3  Some bacteria live in hostile places. These

sulfur bacteria live in hot springs where the
water temperature can reach 60°C.
~ For this reason, bacteria (as well as fungi) are
' called decomposers. Certain types of bacteria
‘ ~ rod-shaped ' can make their own food gsing sunlight, or use
chemicals such as ammonia or hydrogen sulfide
as their energy source.

Some bacteria live inside other living

organisms, and sometimes cause diseases. For

example, in humans, bacteria cause diseases such
as tetanus, food poisoning and cholera.

Fig4  This rotting fruit is being attacked by bacteria
and moulds (fungi). The fruit will gradually
decompose and the broken-down material
will be returned to the soil.

Fig 2 The shapes of the three types of bacteria

Bacteria live in all sorts of places. Many prefer
places that are warm and wet. They need water
in order to absorb oxygen and for reproduction.
Most bacteria die if they dry out. This is why
fewer bacteria are found in the dry air of deserts.
Some types of bacteria are found in swampy
areas, where they live on the decaying vegetation
and produce methane gas (swamp gas).

Most bacteria rely on other organisms for
food. They live on dead organisms that are
gradually decomposed into simpler substances.



Investigation 8
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;O ) Growing microbes

Aim

To observe the growth of microbes on agar plates.

Materials

e 4 sterile petri dishes containing nutrient agar
e sterile cotton bud

e adhesive tape

e sterile forceps

* marking pen

e soap for washing hands
e paper towel

e disposable gloves (optional) WUST S WORR

Planning and Safety Check

e There are some very important safety
issues to be aware of in this investigation.
Carefully read through the Method and
the other points in this Planning and
Safety Check before you start.

You should always wash your hands with
soap and water before handling agar
plates, as well as after the investigation.

Because harmful bacteria could grow in

the petri dishes, you must not lift the lids
of the petri dishes until you are ready to

use them. After use, they must be sealed
with adhesive tape.

The dishes will be put in a warm dark
place below about 30°C. If an incubator
is available, do not set it above 30°C. This
will minimise the growth of bacteria, such
as E. coli, which are harmful to humans.

When you have finished the investigation,
put the petri dishes in the container
provided by your teacher. Do not throw
them in the waste bin.

The jelly-like agar in the petri dishes
contains moisture and nutrients (similar
to beef broth) which the micro-organisms
use as food.

Prepare a full-page data table for your
observations in Method Step 9.

Method
1 Take a cotton bud out of its wrapping and

rub it over a desk or the floor.

2 Raise the lid of one petri dish and rub the

cotton bud over the surface of the agar as
shown below.

3 Immediately put the lid back on the petri dish.

Tape the lid on with adhesive tape.

4 Turn the petri dish upside down. (This stops

water drops from forming under the lid and
falling on the agar.) Label it number 1.

adhesiveg é

tape

Turn petri dish
upside down.

5 Use forceps to rub a dead insect or some

dead grass over the agar in the second petri
dish. Tape the lid on, turn it upside down, and
label it number 2.
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6 Open the lid of the third petri dish
and lightly stroke your fingers
across the surface of the
agar. Tape the lid on,
turn it upside down,
and label it number 3.

Lightly stroke the
surface of the agar.

7 The fourth petri dish is the control. Don’t open it.
Tape the lid on, turn it upside down and label it.

' Note: A control is used to compare any
changes that you observe in the other dishes
with those that occur in your control dish. A
control is a comparison.

8 Leave the dishes turned upside down in a warm,
dark cupboard. Check them each day for the
next five days. DO NOT REMOVE THE LIDS.

Growth of microbes
The microbes that grow on the agar are bacteria and

Read the information on the growth of microbes
in the box below. Then prepare a full-page data
table for your results. It should include space
for a sketch of each dish and a description of
the colonies.

\7 Record the growth in the petri dishes
each day. Sketch the four dishes and show
the number, sizes, colour and texture of the
colonies.

Discussion

1

fungi. As they reproduce and grow in number, they form

Which petri dish contained the fastest growing
or largest colonies? Suggest a reason for this.

In petri dish 1, do the microbes grow only on
the places that were rubbed with the cotton
bud? Why do you think this happens?

What was the reason for including petri dish 4
in the experiment?

Which type of microbe colony became visible
first—bacterial or fungal? Did this happen in
each dish?

Do you think that the bacterial and fungal
colonies would keep on growing in the dishes?
Give a reason for your answer.

Predict how the results for petri dish 3 would be
different if you had washed your hands before
touching the agar.

tiny dots or strips called colonies on the agar. These colonies
become larger as the numbers of bacteria or fungi increase.

Bacterial colonies are usually shiny, smooth and
sometimes coloured. Fungal colonies are fuzzy or furry.
Yeast (a type of fungus) grows in a colony that looks like a
spider’s web.

The growth of colonies of bacteria and fungi increases
as the temperature increases, but the petri dishes in your
investigation were kept at a temperature lower than human
body temperature to reduce the risk of growth of harmful
micro-organisms. The agar kept at this temperature also
encourages a wider variety of micro-organisms.

fungal colony

‘%
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__________________________________________________________________________________________________

3 The photo below shows bacteria called
E. coli, which are found in human waste.
a Into which of the three bacterial groups
would you classify E. coli?
b Usearulerto find the size of an average
bacterium.Then divide this by 10 000 to
find the size of a single bacterium.

1 What does the word microbe mean? Which
groups of organisms are usually referred to
as microbes?

2 Use the diagrams to answer the questions
below.

nucleus

organism A organism B\
- / : 'x 10 000

4  Algae have often been called the grass of
the ocean. Suggest why.

/
=1

organism C organism D
_ _ 5 Some algae such as Atlantic Ocean kelp
a Wh'(_?h organisms could be classed as can grow as tall as forest trees. Why is kelp
protists? Give a reason for your answer classed as a protist and not a plant? What
b Suggest why organisms B and D do not features do algae have in common with
have to rely on other organisms for food. plants?
¢ Suggest a function for structure Z on L
organism B. 6 Suggest why the growth of bacteria is much
d  Which organisms could be classed as more rapid in troplc_:al rainforests than in
algae? Why? areas such as the Simpson Desert.
r ]
1 2 Some people who lived more than 400 years
chal Ie“ge i H) ago believed that micro-organisms existed even
' though they had not seen them directly.
1 The diagrams show two protozoans moving Suggest a reason for this.
across a microscope slide. Suggest the method 3 In an investigation similar to the one on page 63,
that each protozoan uses for movement. an extra petri dish was added. The lid of this
petri dish was lifted off for 15 seconds and then
- replaced and sealed with tape. After 5 days a
Vs - - _,f—/"/\\ small number of colonies was observed growing
@ ) » ® in the petri dish. Write an inference to explain
] \\ _/ . .
| / p " this observation.
: o 4 Meat that is left out of the fridge ‘goes off’
quickly. Meat that is put in the fridge is edible
= - e — for 2 or 3 days. Meat that is kept in a freezer is
® | | ® edible for up to six months.
7 Pk ] T . :
R anl e Explain in terms of microbes the differences
between these three situations.
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J.2 Helpful microbes

Some microbes play an important role in the
environment by decomposing dead organisms.
But microbes are important in other ways. Certain
bacteria are found in your gut and help digest
various types of foods. Some bacteria and fungi
are used to make foods such as cheese, yoghurt,
bread, beer and wine. Fungi are valuable in
producing medical drugs such as antibiotics.

Decomposers

All large organisms have microbes on them and
inside their bodies. They usually live there quite
harmlessly and are kept in check by the body’s
defences. But when an organism dies, its microbe-
fighting ability stops and it is attacked by many
different microbes. They decompose the organism
by using the carbohydrates, proteins and fats

<

foul-smelling

Microbes break
down proteins.

nitrates
4 ()

Nitrates are absorbed
’ by the roots of plants. !

Animal dies.

in its cells for food. In the process, these large
complex molecules are broken down into smaller
ones such as carbon dioxide, water and nitrates.
Some of these small molecules are gases, which
are given off into the air and smell foul. Gradually
the body’s cells are destroyed and the organism
decays.

Decomposers recycle matter in the environment.
Elements such as oxygen, hydrogen, carbon,
nitrogen and phosphorus that are found in the
body of an organism are released when it dies and
decomposes. Molecules containing these elements
can be absorbed by plants and algae and re-used
for growth. If the plants and algae are eaten by an
animal, then the elements are used in the animal’s
body. When it dies and decomposes, the elements
are released once again.

fFig 5 ] Microbes decompose dead organisms and
recycle the elements in their bodies.

Animals eat
plants or algae.

/
carbon
dioxide

Microbes break
down carbohydrates
and fats.

Plants and algae

¢4

use carbon dioxide and
water to make food.
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Activity LD

These activities can be done at home or in
the lab.

A compost heap

1 Halffill a large cardboard box (eg an
apple box) with some fresh lawn
clippings.

L‘/ Record the temperature in the middle
of the clippings.

2 Leave the clippings for 1 or 2 days.

’:/ Record the temperature in the middle
of the pile. Then open up the pile and

describe any changes that have
occurred to the grass.

3 Continue observations for about a week.
’:/ Write a summary of your observations.

Decomposing bread

1 Place a small piece of bread in a petri
dish and tape the lid on.

2 Add a similar piece of bread to another
petri dish but this time add a few drops of
water to the bread. Tape the lid on.

:/ Observe the changes to the bread
each day for 4 days. Use a hand lens if
necessary.

O Suggest why you added water to the
bread in the second dish.

Making foods

Various types of bacteria, yeasts and moulds are
used in the food-making industry. For example,
cheese is made by the action of certain bacteria
and moulds. Bread and wine are made using
yeasts. These useful microbes have been used for
thousands of years, although only in the last

250 years have people identified the microbes that
are responsible.

Fig 6 Certain types of bacteria are used to make
yoghurt. The bacteria feed on the sugar in
milk, turning it into an acid that gives the
yoghurt its characteristic sharp taste.

‘T\‘A‘V,

Yeasts are used in the making of bread and
fermented drinks such as beer, wine, cider and
ginger beer. In the process of fermentation (FUR-
men-TAY-shun), yeasts feed on the sugars in fruits
or vegetables, changing the sugars into alcohol
(ethanol) and carbon dioxide. Yeasts are also used
to make ethanol for industry and medical use.
Methylated spirits is ethanol with about 10%
methanol (a poisonous alcohol) added to it to
discourage people from drinking it.

Fig 7 ~ Blue-veined cheese is made by adding a
special type of edible mould to milk. During
the six-month ripening period, the mould
grows in patches or colonies, giving the
cheese its characteristic blue streaks.
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Fermentation occurs in the making of bread
as well as in the making of alcoholic drinks. Does
this mean there is alcohol in bread? When yeast
is added to a mixture of flour, sugar, vegetable
oil and water, the yeasts feed on the sugar and
produce carbon dioxide and alcohol. The dough
rises as the trapped carbon dioxide bubbles
expand the dough. When the dough is baked, the
heat from the oven evaporates the alcohol, which
escapes into the air.

Alcohol from bread

During the baking of a loaf of breaq, small

amounts of ethanol (alcohol) are given off and
released into the airv. With millions of loaves

of bread being baked each day throughout

the world, the amount of ethanol released

into the air is considerable. Recent.ly the US
Environmental Protection Agency myesﬂgated
the effect of ethanol on the destruction of
ozone in the atmosphere. They suspect that
ethanol is an ozone-destroying gas, aqd suggest
that bakeries trap the ethanol so that it is not
released into the air.

Microbes in the gut

Humans need small
quantities of vitamins in
their daily diet to maintain
healthy bodies. This is
because the human body,
unlike plants and microbes,
is unable to make all of

the vitamins it needs. For
example, plants, microbes
and many animals are able
to make vitamin C, whereas
humans, monkeys and
guinea pigs have to eat foods
containing this vitamin.
Fortunately, microbes in
your gut help you by making
some of the vitamins you
need.

Fig 8

At most times of the day your intestine
contains digested food. Bacteria that live
harmlessly in your intestine feed on some of the
sugars and proteins that you have digested. In
return, they produce many types of vitamins,
which are absorbed by your blood. These useful
bacteria are often killed by antibiotics, and it
takes many days to repopulate your gut.

Animals such as cows that eat grass also rely
on microbes for their wellbeing. Cellulose is a
carbohydrate found in plants, and this substance
cannot be digested by animals. Grass-eating
animals have special structures in their gut that
store the partly digested grass and allow bacteria
to digest the cellulose. The products of this
digestion are then absorbed into the bloodstream
of the animal (see Fig 8).

Stopping the decay of food

Have you ever left some milk out of the fridge on
a hot summer’s day? It soon goes ‘off” and smells
sour. This is because microbes have been growing
in the milk and giving off waste products that
have an unpleasant taste and smell.

stomach (four compartments)

Bacteria break
down cellulose in
this part.

~ The cow, a grass-eating animal, has a stomach with four compartments.
In the largest compartment, bacteria and protozoans break down the

cellulose in the grass to simple sugars.



Food must be preserved if it is to be left for
some time before being eaten. This can be done in
the following ways:

* heating

refrigerating

freezing

drying

adding chemical preservatives
irradiating.

These methods either kill the microbes or
prevent them from causing the food to decay.

Heating, refrigerating and freezing
There are two main types of heat treatments. The
first is called heat sterilisation and is used in the
manufacture of most canned and bottled foods. In
this process, the foods are heated under pressure
to a temperature of 120°C. This kills all microbes
and their spores.

However, some foods cannot be heated to this
temperature because it destroys the food. Milk, for
example, is pasteurised to kill harmful bacteria.
In this process, the milk is heated to 72°C for
15 seconds and then cooled to below 10°C.

Fig 9 In the process of canning and bottling, the
food is sealed in the container and heated to
kill harmful microbes.
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Cooling foods in a refrigerator preserves food
for short periods. Previously you learned that
fermentation slows down as the temperature
decreases. Similarly, the speed of the decay
reactions in foods slows down as the temperature
decreases. Putting food in the refrigerator does
not kill microbes; it simply slows down the decay
of food.

When food is frozen, the water in the food
turns to ice and destroys the cells of most
microbes. However, some microbes can grow a
hard coating around them to form inactive spores
that are resistant to freezing. When the food
thaws, these microbes emerge from the spores
and can attack the food.

Type of food | Method of preserving

Canned and Heat sterilisation: heating

bottled food under pressure at120°C for
15 minutes

Milk Pasteurisation: heating to 72°C
for 15 seconds, then cooling to
below 10°C

Milk, cheese, Refrigeration: cooling to 4°C

butter, eqggs,
fresh fruit and
vegetables, meat

Meat, vegetables, | Freezing: storing between -10°C
processed foods |and -18°C

Gee, the weather's [ |Yeah, I'm finding it a bit hard
turned a bit chilly. | | fo get going in the mornings.
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Drying
Drying foods to preserve them has been practised
for thousands of years by many cultures
throughout the world. Meat, fish, vegetables and
fruits were traditionally dried in the sun. This
technique produced food that could be carried
when people travelled over long distances before
refrigeration was available. For example, people
in northern Africa sun-dried dates, figs and other
fruits when travelling in this arid region.

When the food is dried, micro-organisms are
unable to grow and reproduce because they need
water for these processes.

Fig 10 Different types of fish and seafoods in this
Mexican market are preserved by drying
them in the sun.

Adding chemical preservatives

Salt, sugar and vinegar are common household
substances used to preserve foods. Microbes
cannot grow in foods that have a high salt or
sugar content. This is why jams and honey can
be stored at room temperature for longer periods
than fresh fruit.

Harmful microbes are also killed by acids in
vinegar and fruit juices made from lemons and
limes. So adding vinegar (pickling) to vegetables
such as cucumbers and onions, or to meat, will
preserve them for long periods of time. Fermented
drinks such as wine and beer also contain
chemical preservatives.

Chctiviy | B\

Preserving food with chemicals

How effective are sugar, salt and vinegar in
preserving foods? Design an experiment to
show how these substances help to preserve
food.

Hints:
e Use pieces of bread, slices of apple, or
potato.

e Add a few drops of water to the foods to
moisten them.

e Use small jars and lids or plastic take-
away containers and lids.
e Make sure you include a control.
Work in a group of two or three people and
show your draft design to your teacher before
doing the test.

Supermarket survey

Which methods of preserving are used for the
food you buy in the supermarket? Do a survey
of your local supermarket to find out which
methods of preserving are used for the food
you usually buy each week.

Present your results in a data table.

For each food, suggest an alternative method
of preserving it. Include this in your data table.

Also check the ‘use by’ dates on the foods
and work out the period of time people have
to buy and consume certain products.




Irradiating

Harmful microbes in food can be killed by
sterilising them with radiation. Many medical
drugs are sterilised in this way. In the United
States, a small proportion of fruit and vegetables
are sterilised by radiation before they are
exported. This process is not currently used

in Australia.

_Activiy B

Food irradiation debate

In November 2000, the Australian and New
Zealand Food Authority (ANZFA) received its
first application from an Australian company
to use radiation to kill micro-organisms in
herbs, nuts, oils and tea. In 2003, irradiation of
certain tropical fruits was also approved.
ANZFA is a government organisation
formed to protect the health and safety of
people through the maintenance of a safe
and nutritious food supply. Irradiation of foods
is currently prohibited in Australia unless it is
approved by ANZFA.
:/ Use the websites on this page to find out
more about food irradiation.

':/ Some websites have opposing views on
irradiation. Use them to list the arguments for
and against.

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

1 For each of the words below, write a
sentence to show that you understand its

meaning.
decomposer fermentation
recycle preserve

2 What are some of the large, complex
molecules broken down by microbes when
they decompose a dead organism? What
substances are produced? How are these
substances used?
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Food irradiation is a process that is promoted
by people who believe that it is an effective way
to kill micro-organisms in certain foods and
to reduce the amount of poisonous chemicals
currently used. Other people believe that the
radiation that the food is exposed to will destroy
nutrients in the food and produce harmful and
cancer-forming chemicals in the food.

:/ Your teacher may organise you into
groups to prepare notes and discuss this
topic, so that you can debate whether or not
radiation should be used on foods.

| WEBwatch | )

Go to www.OneStopScience.com.au and
follow the links to the following websites.

Food irradiation (Better Health)
Food safety
What’s wrong with food irradiation

Food irradiation (Food Standards)

You could also search for other websites by
typing food irradiation in the search box.

P
LOneStopSf 1eng -‘ ]/
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3 Using your knowledge of food preservation,
explain each of the following statements.

a Powdered milk has a 6-month use-by
date, whereas fresh milk has a 3-day
use-by date.

b Pickled meats could be eaten for up
to 12 months by sailors on board old
sailing ships.

¢ Acomplete mammoth, 20000 years old,
was found in a Siberian glacier with its
skin and hair intact.

d An unopened can of beans processed
in 1909 was discovered in an old house
and was found to be edible.

Bhanananan an an o an e o e e an e e e e e e o o e o o0 o
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4  The photo ’ splinter? Give reasons for your answer.
‘ A Wipe the needle with a clean cloth.
B Wash the needle in hot soapy water.
C Passthe needle through a flame on the
gas stove.

shows a
close-up view
of a piece of
bread. Describe
how the action
of microbes
gives the bread
this texture.

6 Explain the differences between heat
sterilisation and pasteurisation. Give
examples with your answer.

7 Why are microbes in your gut important for

5 Zolahasa your wellbeing?

splinter in her

finger. Which of 8 Write a short story to describe what would
the following actions should she take before happen on Earth if decomposing microbes
she uses a sewing needle to remove the suddenly vanished.
E m—) Suggest how microbes are involved.
challenge A ! a The cork is wired onto the mouth of the bottle.

1 Some uncooked chicken is left on the kitchen b The cork pops when it is removed.

bench for a number of hours on a warm ¢ Bubbly liquid often pours out when the cork is
summer’s day. removed. _ . .
o Jed says that it will be all right to eat if it is put 9 Sophie was experimenting with yeasts. She

in the fridge before it is cooked. placed a tube of yeast, sugar and water in

a water bath at 35°C, and a similar tube in a
water bath at 20°C. She used an instrument to
measure the amount of carbon dioxide released

e Paige says it should be frozen in the freezer
before it is eaten because this kills microbes.

* Jack says it will be all right to eat if it is from each tube. The graphs below show her
cooked thoroughly now. results.
* Kate says that it is not safe to eat and should a Suggest the aim of Sophie’s experiment.
be thrown away. . . b In which tube was the average rate of
Whose suggestion do you agree with? Give reaction greater? Explain your answer.
reasons why you disagree with the others. ¢ Suggest why the graph for the tube at 35°C
2 Both baby food and milk are treated to remove has a different shape at B than at A.

harmful microbes before they are sold to
consumers. Compare and contrast the ways in
which the two foods are treated. B 35°C

3 Give the pros and cons for irradiation of foods.
Do you think that foods treated by radiation
should be labelled? Why?

4 Sparkling white wine
is made from a type of
green grape. However,
unlike other white wines,
it is allowed to ferment in
the bottle. Try to explain
each of the following
observations about
sparkling white wine.

20°C

Amount of carbon
dioxide released

Time




3.3 Microbes and disease

The photo below shows a patient and
surgical staff in a hospital operating theatre.

Work in a group of three or four people to
discuss the questions below.

1 List as many methods as you can think
of that are used to protect the patient
from infection by microbes.

2 In which ways are the doctors and
surgical staff protected from infection
from the patient?

3 How could microbes get into the
operating theatre? How would you reduce
or stop their entry into the operating
theatre?
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Causes of disease

Disease is a word used to describe the poor health
of your body. There are many different types of
diseases, and many different causes.

Diseases such as measles, chickenpox,
ringworm, tetanus, malaria and the common cold
are caused by microbes. These diseases are called
infectious diseases. The photo shows a child
with the infectious disease chickenpox. Infectious
diseases are ‘caught’ by skin contact with an
infected person, by breathing air containing
the microbes, or
by breathing in
the water drops
in sneezes and
coughs from an
infected person.
Once the disease-
causing microbe is
inside your body, it
multiplies rapidly
in the warm, moist
conditions there.
Often a poison, or
toxin, given off by
the microbe will
damage or destroy
your body cells and
make you sick.

Other diseases \
(such as haemophilia, W@ = =
asthma, multiple
sclerosis, leukaemia and some heart diseases) are
not caused by microbes.

Viruses

Most people have heard of viruses, and associate
them with common colds and influenza. Viruses
are extremely small and are not made up of cells.
They can form crystals like non-living matter.
For these reasons, biologists argue about whether
or not they are living organisms, and into which
group they should be classified. However, for
convenience biologists call viruses microbes.



Viruses are completely parasitic—they can
only live in or on another organism. They use
the materials inside the organism’s cells to make
new viruses, and often destroy the cells in the
process. Viruses infect all living things—even
bacteria. They are much smaller than bacteria,
so they are easily carried about in the air. They
are also found in water and in the soil.

Insects can spread viruses from one organism
to another. Most plant diseases are caused by
viruses carried on the bodies of insects or in their
saliva. For example, when aphids or leafthoppers
that carry a certain disease-causing virus bite into
a plant to suck the sap, the viruses flow out with
the saliva and into the plant’s cells and can infect
those cells.

Rabies is a deadly viral disease that affects
some animals including dogs and humans. When
an infected dog bites you, the viruses invade the Fig 12 An electron micrograph of HIV (the virus that
cells in your body and spread rapidly in the blood. causes AIDS). The core of the virus (dark
If untreated, the disease is usually fatal. green) contains the genetic material.

\n;.\'\t’”[ 17 : . :
;2@ To see how viruses reproduce inside cells,
. =) open the animation
Z
- at
virus N
e virus .
invades a OneStopScience
cell.

The table below shows some of the diseases in
humans caused by microbes.

Type of :
= nYiIZmbes ‘ Disease
The virus uses the . .
cell’s materials to bacteria Tetanus, pneumonia, cholera,
make new viruses. botulism (food poisoning),
gonorrhoea, syphilis,
gangrene, boils, bubonic plague,
tuberculosis,
bacterial meningitis
viruses Influenza, common cold, rubella
(German measles), measles,
chickenpox, warts, cold sores,
The cell may be polio, HIV (AIDS), rabies,
The new viruses destroyed by the smallpox, genital herpes,
BT viruses, which will foot-and-mouth disease
infect other cells in - >
the cell membrane. the body. fungi Ringworm, thrush, athlete’s foot
protozoa Malaria, sleeping sickness,
Fig 11 How a virus reproduces inside a cell amoebic dysentery




Finding the cause of cholera

In 1854, an English doctor, John Snow, was
worried by the high death rate of people
with the disease cholera (KOL-er-a). This
disease causes constant vomiting, cramps
and diarrhoea, dehydration and death. Snow
thought that the disease could be caused
by the drinking water found in the wells
throughout London. Another possibility was
that it might be passed from person to person
like influenza, or carried by animals such as
rats and fleas that carried the plague.

He recorded the names and addresses of
his patients who had died from cholera on
a map of his district in London (®). He also
recorded the location of the wells where the
people had obtained their drinking water.
His map is shown above.

Work in a group of three or four people to
discuss the following questions.

Questions
1 What pattern would you expect if Snow was
correct?

2 If rats carried the disease, what pattern
would you expect?

on o~ s ioyy 2 8
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Fighting disease

All organisms have ways to fight disease-causing
microbes. For humans these ways are fairly well
understood.

The first line of defence against invading
microbes is our skin. The skin is not a very good
habitat for microbes. The sweat that keeps the
skin moist contains salt and acids, which most
microbes cannot tolerate. Microbes usually enter
the body through the nose or mouth or directly
into the blood through a wound in the skin. The
warm, moist areas in the nose, mouth and lungs
are protected from infection by liquids produced
by the cells lining the nose and mouth. These

3 Does the data support Snow’s inference that
cholera is spread in the drinking water? Is
the other inference possible? Give reasons for

your answer.

4 What tests could you do to show that the
drinking water is responsible for the disease.
List the variables that you would need to
control in these tests.

TP e i S Il oo P S
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substances kill most harmful microbes. If the
microbes pass into the gut, they are usually killed
by the strong acid produced by special cells in the
stomach lining.

If microbes penetrate the skin, other body
defences come into action. When bacteria enter
a wound, they release toxins that kill body cells.
Large white blood cells called phagocytes (FAG-
o-sites) move out of broken blood vessels and
squeeze between the cells, engulfing bacteria and
dead body cells. After engulfing and destroying
bacteria, many of the phagocytes burst, releasing
their contents. This, together with the other liquid
around the wound, is called pus.



@ Sciencellorld 9 Australian Curriculum edition

The composition of blood

Blood consists of red blood cells, white blood
cells and platelets suspended in a pale straw-
colour liquid called plasma. Plate!ets are very
small cell fragments that play an important
role in blood clotting.

Red blood cells

Red blood cells contain haemoglobin, an 1ron-
containing substance that carries oxygen. They
are made in huge numbers in the bone marrow
but only live for about 100 days.

White blood cells

White blood cells are part of the body’s defence
system and are present in smaller numbers thar}
red blood cells. There are different types of white
cells. Some, such as phagocytes, move gbout
through the tissues of the body, removing and
destroying bacteria. Other white blood cells
make antibodies.

-

Phagocytes are large, mohile white blood
cells. They are able to move through blood
vessels and between cells. These phagocytes
are attacking some E. coli bacteria.

Fig 14

Antibodies

If microbes get into the blood, they can be quickly
carried to all parts of the body. Other types of
white blood cells then swing into action.

These white blood cells make proteins called
antibodies. There are many types of antibodies,
and each is designed to attack the surface of
a particular microbe or destroy the toxins it
releases. For example, if your body is invaded by
the virus that causes measles, antibodies are made
to attack it. The antibodies join onto the virus and

stop it entering your cells. Phagocytes then engulf
and destroy the virus.

bacteria
skin \ wound
\ .
Oo o
Phagocytes ,,_@ o © Bacteria
attack invading o O enter the
bacteria. o blood.

red blood
blood cells
vessel )

Y 4

Antibodies attack
the bacteria and
destroy them.

antibodies /

in the blood

How the body reacts to the invasion of
microbes



Experiment |

You have probably seen many advertisments like
this one on TV. The makers of the products like to
emphasise the importance of ‘scientific tests’ and
‘new powerful active ingredients’ in selling their
product.

The problem to be solved

Your task is to plan and carry out an experiment to
test the effect of disinfectants and antiseptics on
bacterial growth.

Designing the experiment

1 Work in small groups and discuss the tests
you will do. Use the Hints to help you with your
design.

2 How are you going to control the variables in
this experiment?

3 Write a draft of your experimental design,
including a materials list, and show it to your
teacher.

4 Discuss the safety issues and risks in doing
this experiment. How are you going to dispose
of the materials at the end of your experiment?
Prepare a risk assessment sheet to go with your
experimental design.

5 After teacher approval, do the experiment and
write a full report of your findings.
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Controlling bacterial growth

Hints

1 Re-read Investigation 8 on page 63.

2 Rub a cotton bud over the desk, floor or
other surface for 10 seconds to collect
bacteria. Then rub the cotton bud over
the agar on the dishes as you did in
Investigation 8. :

Select two or three antiseptic or
disinfectant solutions and read the
directions on how to dilute them for use
(if necessary). :
You can use small disks cut out from filter
paper soaked in disinfectant solupons.
Arrange the soaked filter paper disks on
a petri dish as shown below. :
Remember to seal the lids on the dishes
and store them upside down.

filter paper ——
disk soaked in &
disinfectant

Extending the experiment

You might like to test whether the concentration
of a disinfectant has an effect on the growth of
bacteria.

The Mythbusters TV team investigated the myth
that the toilet seat in a house has many more
bacteria on it than a kitchen floor.

Design an experiment to prove or disprove the
myth.
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Controlling infections

There are five main ways to control disease-
causing micro-organisms.

1 Immunity and vaccination

Why is it that some people catch the flu while
others don’t? Those people who do not contract
the disease are said to be immune to it. Immunity
to a certain disease is due mainly to the presence
of specific antibodies in the blood. The antibodies
react rapidly with the invading microbes and
reduce their numbers in the blood.

Your body can be ‘tricked’ into producing
antibodies by injecting dead microbes or treated
toxins into your blood. The substance is called a
vaccine and the process is called vaccination. The
white blood cells that make antibodies recognise
the foreign substance and make antibodies to
destroy them. These antibodies remain in your
blood and protect you in the event of further
infection.

Generally, a healthy body is able to defend
itself against attack by most disease-causing
microbes. You feel unwell for a few days while
your body makes the antibodies to combat the
infection. However, some diseases can be life-
threatening and you have to take drugs.

2 Disinfectants and antiseptics

In Experiment 3 on the previous page, you
investigated disinfectants and antiseptics.
Disinfectants are chemicals such as chlorine
bleach that kill bacteria on objects. Antiseptics
are used to kill bacteria on the skin. One of the
oldest and most commonly used is alcohol. Others
include iodine, soaps and detergents.

3 Hygiene

Many diseases are spread through untreated
water or by human waste that is not removed
from living places. These diseases include cholera,
typhoid fever and hepatitis A.

4 Isolation

Some diseases such as chickenpox and measles are
very infectious. A person with chickenpox has to
stay at home (isolated from non-infected people)
to stop the spread of the virus.

5 Antibiotics

Antibiotics are the most commonly used drugs
to fight infections. Antibiotics are substances that
actually stop the growth of bacteria inside the
body. They are produced naturally by microbes,
particularly fungi. Chemists have copied the
chemical structure of some of these natural
antibiotics, and now they are made artificially.
However, there is a concern that some microbes
are becoming resistant to antibiotics, and it is
important that doctors prescribe them sparingly.
See page 80.

Hepatitis

Hepatitis (hep-a-TIE-tus) means inflammation of
the liver, and is a serious disease that damages
the liver. It can be caused by one of many things:
a poison (including alcohol and drugs), a viral or
bacterial infection, or damage to the liver cells by
the body’s own defence systems.

The most common cause of hepatitis is
viral infection. The condition is caused by one of
three different viruses: hepatitis A, hepatitis B or
hepatitis C.

WEBwatch | ) [

Go to www.OneStopScience.com.au and follow
the links to the websites to find out about the
causes, symptoms and treatment of the various
forms of hepatitis, then answer some of the
questions below.

Hepatitis (Kids Health)

About hepatitis (Hepatitis Australia)

X ("
B \\OneStopfm: 1N -4})

Questions

1 Draw up a table to compare the symptoms of
hepatitis A, B and C, and how the diseases are
spread.

2 Describe the ways in which the spread of the
various types of hepatitis can be prevented.

3 What is meant by the term carrier of hepatitis?
Do these people have hepatitis symptoms?




Immunisation

For centuries smallpox was a dreaded killer
disease. In 1796, English country doctor
Edward Jenner observed that people who caught
COWpOX, a fairly harmless disease, rarely caught
smallpox. He injected some cowpox pus from

a girl into eight-year-old James Phipps. James
caught cowpox but recovered normally. He then
injected some pus from a patient’s smallpox sore
into James. This was a very risky thing to do,
but James did not catch smallpox, nor did he
contract the disease for the rest of his life. Jenner
had found a way to increase the body’s immunity
against disease by vaccination.
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How vaccines work
Modern vaccines are made from heat-treated
bacteria and viruses or from the toxins they
produce. The treatment kills the micro-organisms
and reduces the risk of infection. However, the
body still recognises the foreign organisms or their
toxins and makes antibodies to combat them. In
this way, your body builds up an immunity against
that particular disease. (See the diagrams below.)
Immunisation programs run by government
health departments require preschool children to
be immunised against tetanus, whooping cough,
diphtheria, poliomyelitis and also measles, mumps
and rubella. However, some people believe that
vaccinations are harmful to the body.

Dead viruses are injected
into the body.

Glandular fever

Glandular fever or infectious mononucleosis is caused
by a virus that can be transmitted from person to
person by direct contact with saliva. For this reason it
has been called ‘kissing disease’.

The virus is very common, and most people have
been exposed to it during their life. Infected young
children usually show no or few symptoms. Teenagers
and young adults are more likely to become sick if
they are infected.

Symptoms

The symptoms of glandular fever include a fever,
sore throat and swollen lymph glands in the neck,
under the arms and in the groin. People usually feel
constantly tired and are generally unwell.

Antibodies are produced
that attack the viruses.

Antibodies remain in the
body ready for further attack.

How is it diagnosed and treated?
A doctor will perform a blood test to determine
whether the virus is in the blood. However, because
the disease is caused by a virus, antibiotics will not be
effective.

Most healthy people will recover from the
infection in about 4 to 6 weeks. However, the virus
remains in the body for life.

_ WEBwatch (. o

Go to www.OneStopScience.com.au and follow
the links to the websites below.

OneStopScien ce¥ '
24

Mononucleosis

Glandular fever
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Antibiotics

Probably the best known substances used

against infectious diseases caused by bacteria

are antibiotics. They are produced naturally by
micro-organisms to stop the growth of other
micro-organisms—a bit like chemical warfare.
Most antibiotics used in medicine are produced by
fungi. For example, the green mould that grows
on oranges is a fungus called Penicillium. This
fungus produces a chemical that kills bacteria and
other fungi.

Many antibiotics used in medicine are now
synthetic. Chemists use the known molecular
structure of natural antibiotics as models to make
new ones.

How antibiotics work

Some types of antibiotics, eg penicillin, prevent
bacteria from making new cell walls. This stops
them from reproducing and therefore stops
further infection. The body’s antibodies and
phagocytes attack the remaining bacteria, and
a sick person feels better in a few days.

Without penicillin With penicillin

V [ |

¥

The penicillin stops
the bacterium from
making a cell wall,
therefore it cannot

The bacterium reproduces reproduce.

by splitting in two.

Fig 15  Penicillin stops bacteria reproducing. This
stops the spread of the bacterial infection.

Other types of antibiotics, eg chloromycin,
pass into the bacterial cell and interfere with
the processes that make proteins. This kills the
bacteria.

Antibiotics cannot kill viruses since viruses
do not have a cellular structure, nor do they
have a cell wall. Also the processes in viruses
are different from those in bacteria, and are
unaffected by antibiotics.

Discovering penicillin

In 1928, Alexander Fleming returned to England
from a short holiday in Scotland to find that
Penicillium mould had contaminated some petri
dishes containing bacteria. He found that the
bacteria had been killed where the mould was
growing.

Ten years after this chance discovery,
Australian scientist Howard Florey led a large
team of scientists who finally purified penicillin.
After successful clinical trials, the antibiotics
were mass-produced and were used to treat
wounded soldiers in the last year of World War II.

Howard Florey was knighted in 1944, and
he, Fleming and Ernst Chain were awarded
the Nobel Prize for medicine in 1945. Florey
was honoured by having a suburb of Canberra
named after him.

To find out more about antibiotics, penicillin
and the scientists who worked in this field, go to
some of the following websites.

WEBwatch O )3 N

Go to www.OneStopScience.com.au and follow the
links to the websites below.

Antibiotics
This website contains detailed information about
antibiotics as well as questions and answers.

Florey and penicillin
This website describes how penicillin was discovered
and developed and how it is used to treat diseases.

Fleming discovers penicillin
This website describes the work of Fleming and
Florey in discovering and producing penicillin.

» {OneStopScience‘ }_/
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1 Some of the sentences below are false.
Select the ones that are false and rewrite
them to make them correct.

a Measles, haemophilia and influenza are
diseases caused by microbes.
Viruses are non-cellular.

¢ Viruses can reproduce in the air, water
or soil.

d Antibodies are chemicals made by
microbes and they can destroy cells.

2 How do bacteria differ from viruses?

3  Write sentences to show that you know the
meaning of the following words:

toxin
virus

engulf
immune

antibody
antibiotic

4 Using a flow chart, describe the events that
occur from when bacteria enter a wound to
when they are destroyed. The first part of
the flow chart, shown above right, is done
for you.

Chapter 3 — Living with microbes

Bacteria
enter the
body through
a wound.

—

5 Chickenpox and mumps are both viral
diseases spread by droplets in the breath,
cough or sneeze of an infected person.
Your young brother catches chickenpox.
Over the next few weeks, your sister catches
chickenpox, but you, your older brother
and parents do not. Both your parents had
chickenpox when they were children.

a Suggest how your young brother caught
chickenpox.

b Suggest why your young brother and
sister caught chickenpox, while you and
your older brother did not.

¢ Suggest why your parents did not catch
chickenpox.

d Why is it likely that your young brother
will not catch chickenpox at some time
in the future, but could catch mumps?

Challenge ;

1 Itis common for influenza to spread rapidly
through the population during winter.

a Suggest why this viral disease spreads so
rapidly.

b Why are older people and certain ‘at risk’
people advised to have influenza
vaccinations? Who would you define as an
‘at risk’ person?

2 Use the graph on the right to answer the
questions below.

a Describe the body’s reaction when it is
exposed to the bacterial infection.

b How long after exposure to the bacteria is
it before the body has built up maximum
antibodies in the blood?

¢ Suggest why the level of antibodies drops
after this time.

d How does the graph show that the body has
an immunity to further attack by this particular
bacterium?
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3 Some diseases are called notifiable diseases,
and the doctor treating the infected patient has
to contact the government health department
with the patient’s details. These infectious
diseases include HIV (AIDS), hepatitis B and C,
rabies, measles and polio.

Suggest why these measures are taken in
Australia.

4 Use the internet to find out why people who
have had hepatitis B and C cannot donate
blood. Does this apply to hepatitis A?
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Copy and complete these statements to make a summary of this
chapter. The missing words are on the right.

1

are microscopic organisms that can be seen only with a
microscope. They include , single-celled protists and fungi
such as and moulds.

Most bacteria are harmless and help matter in the

environment by dead organisms.

Some microbes are used in the industry, for example to
make cheese, bread, beer, wine and yoghurt.

The of food by microbes can be slowed down or stopped
by heating, , freezing, drying, adding preservatives or
irradiation.

such as tetanus, malaria and influenza are caused by
microbes.

are non-cellular and can grow only inside an organism’s
cells.They cause diseases such as polio, the common cold,
measles and chickenpox.

antibiotics
antibodies
bacteria
decay
decomposing
food-making
good hygiene
infectious diseases
microbes
phagocytes
recycle
refrigeration
vaccinations
viruses

yeasts

In humans, foreign microbes are destroyed by large white blood cells called

and by in the blood.

Infectious diseases can be controlled by
and by the use of drugs such as

Try doing the Chapter 3 crossword at

OneStopScience

, isolating the infected person,

*

1 In which of the followine olaces would vou 4 Which of these statements about bacteria and
. &P Y viruses are incorrect? (There is more than one
expect to find microbes? (There may be more
answer.)
than one answer.) . . .
A human skin E the ocean A Bacteria and viruses can cause disease.
B F human blood B Bacteria are cellular; viruses are not.
C volcanic lava 6 on a sterile needle C Bacteria and viruses reproduce only inside
D the air H milk other organisms.
D Many types of bacteria are decomposers.
2 Microbes cannot be seen because they: E Antibiotics kill bacteria and viruses.
A move too rapidly . ) _
) o e vas an v ees dheeh drem 5 Which of the following are not classified as
C live beneath the soil and the water monerans or protists? (There may be more than
: one answer.
D are too small to be seen with your eyes ) .
A rod-shaped bacteria D algae
3 Describe the ways in which harmful bacteria B protozoans E yeasts
are stopped from infecting your body. C viruses F seaweed
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6 During fermentation, which of the following
substances are produced?
A carbon dioxide and vitamins
B carbon dioxide and alcohol
C carbon dioxide and water
D alcohol and vitamins

7 Look at the items in the photo below.
Describe the methods used to preserve each of
the foods.

Use the following information to answer questions
8-10

Debbie was testing the action of yeast on sugar
solution. She covered the test tubes with a balloon
to catch any gas given off. The data tables show
her tests and her results.

Tests
Tube 1 Tube 2 Tube 3
Yeast + sugar | Yeast + sugar + | Yeast + water
+ water water
Kept at40°C Keptat20°C Keptat40°C
Results
Tube 1 Tube 2 Tube 3
Balloon filled up | Small amountof | No gasin
gas in balloon balloon

Wth zg
Go to

\ork /)ZQ
Do, | Y

to access
interactive activities to help you revise this chapter.

10

11

Which of the following is least likely to have
affected the rate of reaction?

A the temperature of the solutions

B the size of the balloons

C the amount of sugar in the solution

D the amount of yeast used

Why was there no gas produced in tube 3?

What was the aim of Debbie’s test? What was
the purpose of tube 3?

Josep and Helena set up two petri dishes that
contained bacteria that had been mixed with
the agar beforehand. Petri dish 1 contained
bacteria A, while petri dish 2 contained type
B. They then soaked filter paper disks in two
types of antiseptics, X and Y, and placed them
on the agar jelly.

The diagram below shows their results after
four days. There are no bacteria growing in
the clear areas around the disks.

dish 1 dish 2
no
® bacteria
bacteria

a Why do you think the bacteria were mixed
with the agar beforehand, rather than
using the rubbing method you used in
Investigation 8 (page 63)?

b Write a conclusion for the experiment.

¢ Josep concluded that antiseptic X was
more effective in killing bacteria than
antiseptic Y was. Do you agree with his
conclusion? Explain.

12 Your friend Kate tells you that she has

chickenpox. You had chickenpox when you
were much younger, but your other friend
Belinda has never had chickenpox. Why is
there a greater chance that Belinda will catch
the disease than you?

Check your answers on page 296. '

OneStopScience‘



Cancer vaccine

Professor Ian Frazer emigrated to Australia from
Scotland. He was a medical doctor and was very
concerned that approximately half a million
women develop cervical (SER-vi-cal) cancer every
year and that half of these women die from the
disease, mostly in the developing world. Cervical
cancer affects the cervix—the lower narrow part
of the uterus (womb) where a baby develops.

In the 1980s, there was evidence that cervical
cancer is caused by infection with the human
papilloma (PAP-il-OH-ma) virus. Up to 80%
of humans are infected with this virus at some
point in their lives, and it can be passed from one
person to another through sexual intercourse.
Professor Frazer reasoned that if cervical cancer
was caused by a virus, then it might be possible to
create a vaccine for it.

The papilloma virus is a tiny sphere covered
in spikes (see the computer art below). The inside
of the virus is the part that is infectious, so Frazer
didn’t want that in the vaccine. He wanted to
make a particle that looked like the virus so that
the body’s immune system would respond as if it
had been infected by the real virus. He worked
with another scientist, Dr Jian Zhou, but couldn’t
get the outer spiky shell of the vaccine to grow in
the laboratory. After much trial and error, they
were very excited in 1991 to see the bumpy virus
particles in electron microscope pictures. Frazer
and Zhou recorded their findings and quickly
lodged a patent application. The vaccine was
tested on laboratory animals, and then on young
women throughout the world. It was found to be
very successful
in preventing
infection. The
vaccine was
then mass-
produced by a
pharmaceutical
company and
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released as Gardasil™ in August 2006. The
photo shows Professor Frazer giving the first
vaccine to Therese Raft in Sydney. Tragically his
co-researcher, Dr Zhou, died in 1999 and did not
see the end result of his hard work.

Professor Frazer is determined that the vaccine
is made available in developing countries at a
price that people and governments can afford, for
example in Dr Zhou’s home country of China.
Frazer says he is inspired by the Ben Lee song
‘Catch my disease’. He wants other people to be
‘infected” by the same process of doing good for
others that he feels he is ‘infected’ with.

The current vaccine cannot help women who
are already infected, but Professor Frazer and his
team at the University of Queensland are working
to improve the vaccine. They are also working on
a vaccine to prevent one form of skin cancer that
is caused by the same human papilloma virus.

Questions

1 What development in science led to the
development of a vaccine for cervical cancer?

2 Use the information on this page and page 79
to explain how the cervical cancer vaccine
works.

3  Why do you think it was important for Frazer
and Zhou to lodge a patent application so
quickly?

4 Why did it take 15 years from discovery to the =~
marketing of the vaccine?
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Science Understanding
describe and model the structure of atoms in terms of the nucleus, protons, neutrons and
electrons
describe the differences between protons, neutrons and electrons
describe the three types of radiation released by radioactive material—alpha and beta
particles and gamma radiation
describe and distinguish between chemical and nuclear reactions in terms of conservation
of mass

Science as 8 Human Endeavour

* investigate the historical development of models of the structure of matter
* reflect on how knowledge about nuclear fission was used to develop the atomic bomb

Based on Australian Curriculum, Assessment and Reporting Authority (ACARA) materials
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Answer the questions below to find out how
much you know about the structure of the
atom.

Record your answers and check them when
you have finished the chapter. Correct your
answers and rewrite them once you know
more about the atom.

What are the three particles inside the
atom?

What is a quark?

What is the difference between a chemical
reaction and a nuclear reaction?

What is the significance of Einstein’s
equation E = mc2 for nuclear reactions?
What is a chain reaction?

How does a nuclear power station produce
electricity?

What is the difference between nuclear

fission and nuclear fusion?

What is radioactivity?

How are radioactive substances used in
medicine?

When was the first atomic bomb made?




4.1 Atomic structure

Until about the end of the 19th century, scientists
thought that atoms were like tiny balls that could
not be split into anything smaller. But discoveries
were being made that suggested that there might
be even smaller particles inside the atom. This
idea was difficult to test because nobody could see
atoms, and they certainly couldn’t see inside them.
However, from the results of their experiments,
scientists were able to form models to represent
what is inside the atom.

The plum pudding model

In 1897, an Englishman called J.J. Thomson (or
JJ as he was usually called) was experimenting
with electricity in gases. He found tiny, negatively
charged particles that were much, much smaller
than atoms. These new particles were called
electrons, and scientists thought they would
probably be found inside atoms. Thomson
suggested a model for the atom that was like a
plum pudding of positive charge with negatively
charged electrons scattered through it like raisins.

Rutherford’'s experiment

The next big discovery was made eight years later
by a New Zealander, Ernest Rutherford. He and
two of his students were doing an experiment

at Cambridge University in England. They were
firing positively charged particles from radioactive
radium at an extremely thin piece of gold foil in a
vacuum, as shown below. Circling the foil was a
photographic film to record any particles that hit
it. What they found was that most of the particles
went straight through the foil and ended up at A.
Some passed through but changed direction

photographic
film 2N C
beam of positively

radium charged particles
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slightly, striking the film at other points, for
example B. But occasionally a particle bounced
straight back (like C).

Rutherford described his experiment like this.
‘It was quite the most incredible event that has
ever happened to me in my life. It was almost as
incredible as if you fired a 15 inch shell [40 cm
in diameter]| at a piece of tissue paper and it
came back and hit you.” Thomson’s raisin cake
model didn’t fit Rutherford’s observations,
because it didn’t predict that the large positively
charged particles would bounce straight back. So
Rutherford proposed a new model in which the
positive charges in the atom were concentrated
in a small central core or nucleus. This nucleus
would have a big enough charge to repel the
positively charged particles, causing them to
bounce straight back. He inferred that most of the
particles did not bounce back because they went
through the empty space inside the gold atoms.

small positive charges
/ spread out

|

-Iiili

What Thomson’s model predicted

—A

large positive
charge

TT—ap

=

c What Rutherford’s model predicted

A changing model

Rutherford’s model of the atom explained

where the positive charges are, but not where the
negative electrons are. Niels Bohr, a young Danish
scientist, worked with Thomson and Rutherford.
In 1913, he did some calculations that suggested
that the electrons move rapidly around the
nucleus in fixed orbits, like planets orbiting

the sun.
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In the years that followed, scientists began
to think that the nucleus itself could be made
up of even smaller particles. They fired particles
at the nucleus and found that smaller particles
were occasionally knocked out. One of these
was the positively charged proton. The other
type of particle wasn’t affected by the charged
particles fired at it. So scientists inferred that it
had no charge, and called it a neutron. Protons
and neutrons have about the same mass, and are
almost 2000 times heavier than an electron.

From all these discoveries, scientists have
put together the following picture (model) of
what is inside the atom. There are three kinds of
particles—protons, neutrons and electrons. These
are often called subatomic particles (sub means
‘under’ or ‘smaller’). The protons and neutrons
are packed together tightly in the nucleus of the
atom. The electrons are attracted to the positively
charged nucleus, and move rapidly in the area
around it.

If the atom were enlarged to the size of a
football stadium, the nucleus would be the size of
a pinhead in the centre of the field. The electrons
would be moving rapidly around the stadium,

Activiy B

Mystery boxes

1 Your teacher will give you a numbered
mystery box. Each mystery box contains
an unknown object. You are to find out as
much as you can about the object, without
opening the box. You can tilt the box,
shake it, or anything else, but you must not
open it or damage it in any way.

Each time you do something with the
box, record your observations.

The idea is not so much to guess
what the object is, but to describe the
size, shape and any other properties of
the object. You can then draw it. Your
drawing is a model of the object.

How is what you have done in this
activity similar to the way scientists
found out what is inside atoms?

but even at this scale they would be far too small
to see. Most of the atom is empty space.

The electrons are so small and move so rapidly
that it is impossible to say exactly where they
are at any particular time. This is why they are
sometimes shown as an electron cloud—a sort of
fuzzy area around the nucleus where the electrons
are most likely to be.

positive nucleus
containing two
protons and
£+ _two neutrons

VLT sl -\ region where two
Ao b0 negative electrons
"y are likely to be found

Fig 1 A model of a helium atom, with 2 protons,
2 neutrons and 2 electrons

If you have time, try another mystery
box. Your teacher may tell you what is in
each box. If so, you can compare your
model with the real thing.

2 The diagram below shows a novel way
to obtain information about an unknown
object in a box by examining the paint left
on the moveable cardboard strip.

mystery object I small hole
stuck to wire
inside box

I spray bottle containing
powder paint dissolved
in water, or water-based
paint diluted with water

cardboard strip




Isotopes

Different atoms have different numbers of protons
in their nucleus. For example, hydrogen atoms
have only one proton, but uranium atoms have

92 protons. The number of protons in an atom

is called its atomic number. The number of
electrons is always the same as the number of
protons. This means that the positive and negative
charges balance each other, and the atom has no
overall charge—it is neutral.

The only thing that makes one atom different
from another is the number of particles it
contains. For example, the difference between a
nitrogen atom and an oxygen atom is that the
oxygen atom has one more proton and one more
electron.

Early in the 20th century, it was found that
most naturally occurring elements contain
atoms that are not all exactly the same. For
example, there are three different forms of the
element hydrogen. These are called hydrogen-1,
hydrogen-2 (deuterium) and hydrogen-3 (tritium).
The nucleus of a hydrogen-1 atom contains only
one proton, but hydrogen-2 has a proton and a
neutron in its nucleus. Hydrogen-3 has a proton
and fwo neutrons. The table below shows the
numbers of subatomic particles in a few common
isotopes. Note that the number of protons is
always the same as the number of electrons.

Isotope Number | Number | Mass | Number
of protons of humber of
(atomic | neutrons electrons
number)
hydrogen-1 1 0 1 1
hydrogen-2 1 1 2 1
hydrogen-3* 1 2 3 1
carbon-12 6 6 2 6
carbon-14* 6 8 14 6
hitrogen 7 7 14 7
oxygen 8 8 16 8
gold 79 118 197 79
uranium-234% 2 142 234 92
uranium-235* 2 143 235 92
uranium-238* 2 146 238 92

*Radioactive
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The three different forms of hydrogen are
called isotopes (EYE-so-topes). Iso means ‘equal’
or ‘the same’. These isotopes have the same
chemical properties, because they all have the
same number of protons. However, they have
different masses because their nuclei are different.
The number 1, 2 or 3 after the name is used to
tell them apart.
This number is
the total number
of protons and
neutrons in the
nucleus. It is
called the mass
number.

Fig2 Like these characters, isotopes are forms of the

same element. They have the same chemical
properties but different masses (different nuclei).

If the number of neutrons is much greater
than the number of protons, the nucleus may be
unstable and break up. When this happens, a
nuclear reaction occurs and the isotope is said to
be radioactive. An isotope that is radioactive is
called a radioisotope.

Activity L)

Isotope models

1 Make small balls from two different
colours of plasticine to represent
protons and neutrons.

2 Make a model of hydrogen-1 by
hanging a proton inside a round
balloon. Put a small dot on the balloon
to represent the electron.

3 Also make models of hydrogen-2 and
hydrogen-3.
:/ What is the difference between the
three isotopes of hydrogen?

4 Using the information in the table, make
models of the two isotopes of carbon,
and the atoms of nitrogen and oxygen.
Remember that as the atomic number
increases, so does the size of the atom.
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Searching for the God particle

Quarks

Physicists now think that protons and neutrons
are made of even smaller particles. Using special
machines called synchrotrons (SINK-row-trons),
they have accelerated protons to enormously high
speeds, almost the speed of light (300 000 km/s).
When these speeding protons hit neutrons and
other protons, they are shattered into even
smaller particles.

To explain the results of these experiments,
scientists have proposed that protons and
neutrons are made of particles they called quarks.
There are six different types of quarks—up,
down, charm, strange, top and bottom. These
quarks are held together by strange particles
called gluons. The quarks combine to form
protons and neutrons. For example, a proton is
made up of two up quarks and one down quark.
And a neutron is made of two down quarks and
one up quark. There are other strange particles
called neutrinos and muons. Physicists have a
model to explain all these particles, but it depends
on the existence of a so-called God particle, which
may or may not exist.

The Large Hadron Collider

There are many unanswered questions in particle
physics, and this is why the Large Hadron
Collider has been built. This giant synchrotron is
near Geneva, where it spans the border between
Switzerland and France. It is a 27 km long

' Fig 3 A safety supervisor rides his bicycle around the
underground Large Hadron Collider.

circular tunnel about 100 m underground. Two
beams of particles called hadrons—either protons
or lead ions—travel in opposite directions in

a pipe inside the tunnel, gaining energy every

lap. Trillions of particles race around this pipe,
11245 times a second, at 99.9999991% the speed
of light. The inside of the pipe is an ultra-high
vacuum—as empty as outer space. The pipe also
has to be cooled using liquid helium to -271.3°C,
which is colder than outer space. The particle
beams are accelerated and steered by 9300 giant
electromagnets, and they collide head-on. There
are 600 million collisions every second, generating
temperatures more than 100000 times hotter than
the core of the sun!

Special detectors record the collisions, and
teams of physicists from around the world analyse
the particles. They hope to recreate conditions
similar to those in the very early universe, just
after the Big Bang. These conditions would have
been too hot and energetic for the gluons to hold
the quarks together, and physicists are hoping that
they might observe the mysterious God particle.
In this way, they hope to understand the structure
of the atom and the working of our universe.

There is a much smaller synchrotron in
Melbourne that is used to study the molecular
structure of materials.

e The Large Hadron Collider cost $9 billion to
build. Do you think this huge expenditure can
be justified? Explain.

Fig4  Computer artwork showing the
results of a collision between a quark
(green) and an antiquark (red) to
produce a range of smaller particles
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__________________________________________________________________________________________________

What makes one atom different from another?

Name the three subatomic particles.

Copy the diagram of a tritium atom below
and add labels

forA,B,C

and D.

Which of the three subatomic particles are:
in the nucleus?

moving rapidly around the nucleus?
the smallest?

positively charged?

negatively charged?

neutral?

el < - T — S B — i -\

An atom has six protons in its nucleus. How
many electrons does it have? Explain your
answer.

A lithium atom has three protons, four
neutrons and three electrons.
a What is its atomic number?

b What is its mass number?
¢ Draw a picture of it.

Copy the diagram of a boron atom below.

a Label the nucleus and the electrons.

b How many protons, neutrons and
electrons does a boron atom have?

¢ Compare the boron atom with the
helium atom on page 88. How are the
two atoms different?

a What do the isotopes of a particular
element have in common?

b How do isotopes of a particular element
differ from each other?

Two atoms both have 10 neutrons in their
nuclei. One has 8 protons, the other has 9.
Are they isotopes? Why or why not?

10 What are radioisotopes?

Challenge

|

1 Imagine that you have shrunk to a size smaller

than that of an atom. At this size, you can
wander around inside a gold atom. It has an
atomic number of 79 and a mass number of
197. Describe what you see.

Why did Rutherford change Thomson’s
model of the atom?

Explain the meaning of the term isotope using
the terms atomic number and mass number.

Different isotopes of the same element react in
the same way during chemical reactions. Why?

Scientists can't see protons, neutrons and
electrons—they only infer that they exist from

the results of their experiments. What does this
statement mean?

Sir Isaac Newton once said ‘If | have been able
to see further than others, it is because | stood
on the shoulders of giants’. Write a paragraph
using the history of the atom to explain what he
meant.

The neutron was not discovered until more than
30 years after the discovery of the proton and
the electron. Why was the neutron so difficult to
detect?

When a giant star explodes, its core collapses to
form a neutron star. A matchbox full of material
from a neutron star would have a mass of
millions of tonnes. Use what you learnt about
atoms to explain this incredibly high density.
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4.2 Nuclear reactions
A chemical reaction

The diagram below is a representation of the
chemical reaction that occurs when hydrogen gas
burns in air. Hydrogen molecules (H,) react with
oxygen molecules (O,) from the air to form water
molecules (H,O). Count the number of hydrogen
atoms and oxygen atoms before and after the
reaction. What do you notice?

oxygen
/ molecule

" 2

reaction
"9

H

¢ ] 9\
\ hydrogen water

molecule molecule

Conservation of mass

All the atoms present before the chemical reaction
are still there after the reaction. No atoms are
destroyed and no new ones are formed. In other
words, the atoms are conserved. The molecules
break apart and rearrange themselves to form new
molecules, but they are all still there. The hydrogen
and oxygen atoms form chemical bonds with each
other by sharing their electrons, but the nuclei

of the atoms are not affected. A new substance
(water) is formed, but no new elements—that is,
no new atoms. Scientists have found that this is
true for all chemical reactions, so they call it the
law of conservation of mass. For example, when
wood burns in a campfire, no atoms are lost. Some
of the atoms that were in the wood are left in the
ashes on the ground. The rest are in the smoke
and invisible gases released into the air.

A nuclear reaction

In this section you will learn about nuclear
reactions. For example, an atom of uranium-238

has 92 protons in its nucleus and 146 neutrons,
giving it a mass number of 238 (see page 89).
Uranium-238 is radioactive and its nucleus is
very unstable. As a result, two of the protons and
two of the neutrons break off to form a helium
nucleus, which has 2 protons and 2 neutrons.
What remains is no longer uranium-238, because
it has only 90 protons. It is the element thorium.
This nuclear reaction can be represented as

follows:
sHe J

The top numbers show the total numbers of
protons and neutrons in the nuclei. The bottom
numbers show the numbers of protons, which
determine which element it is. You will notice
that the numbers of neutrons and protons are the
same on both sides of the equation. Despite this,
scientists have found that the combined mass of
the two atoms on the right is very slightly less
than the mass of the original uranium atom.

So mass has mysteriously been lost. This never
happens in a chemical reaction. It only occurs in
nuclear reactions where the nuclei are involved

in the reaction. Scientists have found that the lost
mass in a nuclear reaction is converted directly
into energy, according to Albert Einstein’s famous
equation E = mc2.

238 234
92 - sl h &

ANBBEPT _
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1679198585

In this equation c is the velocity of light—a very
large number—so a tiny loss of mass in a nuclear
reaction produces a huge amount of energy. For
example, a loss of 1 gram produces 90 million
megajoules—enough energy to meet the needs of a
city of about 140000 people for a day!



Nuclear fission

In 1919 Ernest Rutherford fired nuclei of helium
atoms at nitrogen atoms, and occasionally oxygen
atoms were produced. This was a nuclear reaction
because it involved changes to the nuclei of the
atoms. We now know that the nucleus of the
nitrogen atom had gained a proton (and a neutron)
to become an oxygen atom. This discovery caused
much excitement among scientists. It seemed that
the dream of the alchemists of converting common
metals into gold might come true.

When neutrons were discovered in 1932,
scientists used them to bombard other atoms in
the hope of causing more nuclear reactions. At
the time, uranium was the largest atom known,
and scientists were trying to make larger atoms
by bombarding it with neutrons. Eventually they
were successful and made completely new elements
such as plutonium and americium. However, they
also discovered that the nuclei of some atoms
could be split into two smaller nuclei. This process
was called nuclear fission. Fission simply means
splitting into parts.

When a neutron collides with a uranium-235
atom, the uranium atom becomes extremely
unstable. It then splits into two smaller atoms and
three or four neutrons, and releases a huge amount

of energy.
&Y heat energy

neutron released
absorbed /
|
e —
Qe ,
i) 3 «,g 4 S
o SERE__ ), —d '
neutron e R ' T
JJJ" ".’\)3" ") v \
uranium
atom very unstable .
nucleus j
neutrons

The neutrons released collide with other
uranium nuclei, which release more neutrons.
These collide with even more nuclei, and so on.
This is called a chain reaction (see Fig 5). Huge
amounts of energy can be released in a fraction of
a second. If the chain reaction is not controlled,
there is a nuclear explosion. If the chain reaction
is controlled, the heat released can be harnessed to
generate electricity in a nuclear power station.
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Fig 5 Nuclear fission of a uranium atom, leading to

a chain reaction

Activiy B

Chain reaction

1 Arrange a set of dominoes so that each
domino that falls will knock over two
others. The more dominoes you use, the
more dramatic the effect will be.

:/ Would you say this was a controlled
chain reaction or an uncontrolled one?
Why?

2 Set up the dominoes again. This time
arrange them so that when they fall, some
knock over two dominoes, some knock
over one, and some don’t knock any over.

£} What happens this time? Is this
a controlled chain reaction or an
uncontrolled one? Why?

,\“/ Of the two set-ups,which is most like
what happens when a nuclear bomb
explodes? Which is like what happens in
a nuclear power station?

3 Another way to model a chain reaction is
to use a box full of mousetraps, with two
wads of paper on each trap as shown.
Then drop a paper wad into the box.

paper wads
to represent
neutrons
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Nuclear power stations

In a nuclear bomb huge amounts of energy are
released in a fraction of a second. In a power
station the chain reaction is carefully controlled,
so that the energy is released at a steady rate.

The central part of a nuclear power station is
the nuclear reactor, which contains the uranium
fuel. The reactor has control rods, made from
a material that absorbs neutrons. These control
rods can be moved in and out of the core of the
reactor. When they are pushed into the core,
they absorb a lot of neutrons, and this stops the
chain reaction. When they are pulled out, fewer
neutrons are absorbed. As a result, there are more
neutrons available, and the chain reaction speeds
up. So, by moving the control rods in and out, the
chain reaction can be controlled.

The heat produced in the reactor is taken away
by the coolant, which is usually pressurised water.
This heat is used to boil water and produce steam.
The steam then spins turbines that are connected
to electric generators. During the fission reaction,
dangerously radioactive materials are produced.
The thick concrete containment building around
the reactor stops the radiation from escaping.

There are two main isotopes of uranium—
uranium-235 and uranium-238. Only uranium-235
atoms will split, but uranium ore contains less
than 1% of this isotope. Scientists have solved this
problem by removing some of the U-238 using
a gas centrifuge to produce enriched uranium
(about 3% U-235) for use in nuclear reactors. The
uranium used in nuclear bombs must be enriched
even further (at least 20% U-235).

concrete
containment

Some ships and submarines are nuclear-
powered and work in much the same way as a
nuclear power station. The ships don’t need to
carry fuel oil as normal ships do, and can keep
operating for several months without refuelling.

Nuclear fusion

There is a second type of nuclear reaction called
nuclear fusion, which is the reaction that powers
the sun and other stars. It occurs when two nuclei
of deuterium or tritium (isotopes of hydrogen)
come together or fuse. This process releases huge
amounts of energy, even more than nuclear fission
does.

However, fusion needs enormous temperatures
to get it going—around 100000 000°C. At this
temperature, matter is in the plasma state—an
ionised gas consisting of positive ions and fast-
moving electrons. The major problem is how to
contain the plasma, since no material known can
withstand these temperatures. So scientists have
been experimenting with ‘magnetic bottles’, in
which the plasma is contained inside invisible
magnetic fields.

So far scientists have only been able to produce
fusion for a few minutes. Much more research
and development will be necessary before fusion
power stations are possible. The promising thing
about nuclear fusion is that it produces less
radioactive waste than nuclear fission. Also, the
fuel needed is in almost unlimited supply since
deuterium (heavy hydrogen) can be extracted
from seawater.

Fig 6 How a nuclear power station works
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Lise Meitner and nuclear fission years, Hahn never fully acknowledged the part
that Meitner played in the discovery.

Meitner never complained about not getting
the Nobel Prize. She refused to work on the
project to develop an atomic bomb and did not
like being called ‘the mother of the atom bomb’.
When Hollywood wanted to make a movie about
her, she said that she ‘would rather walk the
length of Broadway in the nude than see herself in
a movie’.

In 1997, Lise Meitner was rewarded with
a permanent place in the periodic table. The
synthetic element with atomic number 109 was
called meitnerium (mite-NEAR-ee-um) after her.

BN Lise Meitner (LEEZ-a MITE-ner) was born in
s '_‘ Vienna, Austria, in 1878. She was one of eight
SIS Children and her family was Jewish. She was a shy
- ’?:_. £, girl. At that time girls didn’t go to high school,
2 B her parents paid for a personal tutor. She did
P Y  well at maths and science and loved music. She
g8 went on to university, even though women at the
time didn’t do this. Lectures bored her but the
laboratory fascinated her, so she decided to study
physics.

Meitner started experimenting with
radioactive elements and for 30 years worked
with Otto Hahn in Berlin in Germany. In 1917,
she and Hahn discovered a new element called
protactinium. They were also hoping to discover
an element heavier than uranium.

In 1938, Hitler invaded Austria, and Meitner
was forced to flee from Germany into Sweden.
This cut her off from her laboratory and the
scientists she had been working with, but she
kept in touch by mail. Hahn and Fritz Strassman
continued the experiments they had begun
earlier with Meitner—bombarding uranium with
neutrons. To their surprise, they found that the
products of the nuclear reactions were lighter than
uranium, not heavier.

Hahn wrote to Meitner in Sweden saying ‘it
can’t really break up into barium ... try to think
of some other possible explanation’. While in
Denmark for the Christmas holidays, she and her
nephew Otto Frisch proved that the splitting of
the uranium atom was theoretically possible. They
published their findings and called the process
‘fission’. Fig 7  Lise Meitner, a pioneer of nuclear chemistry

Hahn and Strassman then showed by
experiment that Meitner was correct. Hahn Questions
published his findings without listing Meitner as 1 Why did Lise Meitner have to flee from
a co-author, even though he had worked with her Germany in 19382
on fission for 30 years. In 1944, he was awarded 2 Why do you think Meitner wasn’t awarded
the Nobel Prize in Chemistry, and Meitner missed the Nobel Prize with Otto Hahn?
out. Hahn said he couldn’t give credit to Meitner Do you think Meitner was treated fairly?

- because of the political situation. Even in later Explain.
:’ ).‘..:'J .
J) ))
5597

8-

- pJ
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7 Use the diagram on page 94 to explain
in your own words how a nuclear power
station works.

1 Explain the difference between a chemical _ )
reaction and a nuclear reaction. 8 a Whatis the function of the control rods

in a nuclear reactor?
What would happen to a nuclear reactor
if the control rods were pulled out and

3 What is used for fuel in a nuclear reactor? then for some reason could not be
pushed back in?

2 Explain in your own words the law of b
conservation of mass.

nuclear fission are capable of causing a 9 Why is a nuclear reactor enclosed in
chain reaction? concrete?

5 Use a diagram to explain the term nuclear 10 What is the difference between fission and
fission. fusion? Which produces more energy?

6 In a chain reaction, huge quantities of 11 What would be the advantages and
energy are released. How does this happen? disadvantages of using a nuclear reactor

f 4 Which subatomic particles produced during

to power a spaceship.

How does this equation illustrate the law of
conservation of mass?

3 In 1772, the chemist Lavoisier concentrated heat
on a diamond using a large magnifying glass.
The diamond burnt away completely. Does this
chemical reaction obey the law of conservation
of mass? Explain.

4 Explain how both of the following statements can
be true:

¢ Nuclear fusion has not been used as an
energy source on Earth.
e Nuclear fusion is the most important energy
source on Earth.
5 How could the use of nuclear power help avoid
global warming?

6 Given the choice, would you prefer to live near
a coal-burning power station or a nuclear power

Challenge

1 The photo at right shows
sulfur burning in a jar of
air (oxygen).The circles
below the photo show
the atoms and molecules
involved in this chemical
reaction. Does the
reaction obey the law of
conservation of mass?
Explain.

% % e Se gs

9 Sg station? Explain your answer.
reaction OS@ 1 Australia’s only nuclear reactor is at Lucas
@ o0 0@ @ QS Heights in Sydney. Research to find out:
) @ a what it is used for
IR A ? 3 s Sss8s b whether there are any safety concerns.
Sssss Sssss 8 Research the details of how a nuclear reactor
. . works. Use materials such as cardboard,
2 The equation for the reacthn between hydrogen wire and papier-maché to build a model that
and oxygen (see page 92) is as follows: incorporates the information you have found.

Label all the parts of your model.
2H2 AP 02 d 2H20 )




4.3 Radioactivity

You probably know that radioactivity is
dangerous, but what exactly is radioactivity?

Uranium was discovered in 1896, and was
named after the planet Uranus. Henri Becquerel,
a French scientist, placed some crystals of a
uranium compound in a dark drawer with some
photographic plates wrapped in black paper.
Sometime later when he wanted to use the plates,
he discovered they were blackened where the
crystals had been sitting on them. To explain this,
he inferred that the uranium must have given off
a type of radiation that could pass through the
black paper and affect the photographic plates.
He had discovered radioactivity.

Becquerel knew Marie Curie and her husband
Pierre, and he suggested that they follow up
his findings. The Curies found that all uranium
compounds were radioactive. They also
discovered two more radioactive elements—
radium and polonium.

Ernest Rutherford investigated radioactivity
further. He put some radium in a hole in a block
of lead to form a beam of radiation. He then
put magnets near the beam as shown below. He
found that part of the beam was not bent, while
other parts of the beam were bent in opposite
directions. From this he inferred that the two bent
beams had opposite charges. Also, the negative
beam was bent more than the positive beam, so he
inferred that the particles in it were lighter than
those in the positive beam. He inferred that the
beam that was not affected by the magnetic field
had no charge.

gamma rays —,. magnetic field

beta particles

alpha particles (negative)

(positive) \Q
! magnet

radium\i
lead block
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Types of radiation

From Rutherford’s experiment, we know that
radioactivity is made up of three different types
of radiation. Alpha particles are helium nuclei—
made up of two protons and two neutrons. They
have a positive charge and move at speeds of up
to one-tenth the speed of light. They travel in air
for only a few centimetres and can be stopped by
a sheet or two of paper.

alpha
particles

S Ee
particles
VAVAV 2ushVAY
N\ NS
. .

o =V thick layer

f y aluminium of lead

ot paper foil 1 mm thick or concrete

Beta particles are high-speed negatively
charged electrons. They can travel a few metres
through air, but are stopped by objects such as a
sheet of aluminium or a centimetre thickness of
wood. They move at speeds up to nine-tenths the
speed of light.

Gamma rays are not particles but a type of
electromagnetic radiation, like light, UV and
X-rays. They have very high energy and can travel
kilometres through air. They can be stopped by
objects such as thick concrete blocks or 2-3 cm of
lead. Gamma rays are often released with alpha or
beta particles. Like all electromagnetic radiation,
gamma rays move at the speed of light.

Detecting radiation

To detect radioactivity you use a Geiger counter.
It consists of a glass tube containing a gas at low
pressure. When radiation enters the tube, it causes
ionisation, splitting gas molecules into positive
ions and negative electrons. The electrons produce
a pulse of electricity, causing the counter to click.
The faster the clicking, the higher the level of
radiation.
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Activiy (B

Using a Geiger counter
(teacher demonstration)

In this activity, your teacher will show you how
to use a Geiger counter to measure radiation
levels. You will need a Geiger counter and
a range of samples to test, e.g. white sand,
black mineral sand, piece of granite.
1 Find out how to use the Geiger counter.
If possible, switch on the audible ‘click’
S0 you can hear the count.

2 To start with, make sure the samples
are well away from the detector. Then
measure the background radiation in
the room. To do this, record the count
after 1 minute. Do this three times and
calculate the average count.

3 Now place a test sample 1 cm away from
the detector. Measure and record the
radiation as before.

4 Repeat for the other samples.

:/' What is the background radiation in
your classroom?

J What is the radiation count for each
of the samples? Is it greater than the
background radiation?

Radioactive decay

If an isotope has an unstable nucleus, it will break
down or decay to a more stable nucleus. When
this happens it will emit radiation in the form of
alpha particles, beta particles or gamma rays.

It is impossible to predict when a particular
nucleus will decay. It could be in the next second
or the next 500 years. The decay process is
random. However, one aspect of radioactive
decay is predictable and it is called the half-life of
an isotope. This is the time taken for half of the
isotope’s nuclei to decay. No matter how much of
the isotope there is, it always takes the same time
for half of its nuclei to decay.

Half-lives of isotopes can range from more
than a billion years to less than a billionth of a

Activiy B

Radioactive decay model

We don’t know when a particular atom in a
radioisotope will decay, but we do know that
half of the atoms will decay in a certain time.
This is like tossing a coin. You don’t know
whether it will be heads or tails, but if you
toss it 100 times, you would expect about
50 heads and 50 tails.

You will need 100 coins or plastic counters
with a dot on one side, and a container with
a lid.

1 Put 100 coins or counters in the container
and mix them thoroughly.

2 Tip the coins or counters onto the bench
and remove the heads or the counters
with dots facing up. These represent
the nuclei that have decayed after one
half-life.

3 Count and collect the remaining coins.
These represent the radioactive atoms
remaining. Record this number in a table.

Number of Radioactive nuclei
half-lives remaining
0 100
1
............... 2

4 Repeat Steps 1-3 six times, recording the
number of tails or counters with no dots
left each time.

5 Plot your results with time in half-lives
on the x-axis and radioactive nuclei
remaining on the y-axis. Draw a curved
line of best fit through the plotted points.

:/ Describe the shape of the graph and
what it tells you.

second. For example, the half-life of radioactive
carbon-14 is 5730 years. After one half-life, only
half the radioactivity remains. After two half-lives
(11460 years), only a quarter of its radioactivity
remains. After three half-lives (17190 years), only
an eighth of its radioactivity remains.



As a radioisotope decays, the amount of
radiation emitted decreases, and fewer unstable
nuclei remain. Isotopes with short half-lives emit
more radiation, but their radioactivity dies away
more quickly.

— unstable carbon-14 nucleus

00 |00 00 @

) 0. 00| 00| |00

00|00 |00 /00

00/ 0Q 00 00
\

“<— beta particle stable nitrogen-14 nucleus

J
S

N
N
1 . 1 . 1 .
5 remains 7 remains g remains
1 half life 2 half lives 3 half lives
5730 years 11460 years 17190 years

Fig 8 How radioactive carbon changes to nitrogen

Is radiation harmful?

There are many different types of radiation
around you, but it is only the high-energy
radiation that is harmful. Examples are UV
radiation, X-rays, gamma rays and cosmic rays
(from space). All these types of radiation can
cause cancer and damage your reproductive cells,
putting your future children at risk. The effects
of radiation on your body depend on how much
radiation you receive.

Most of the harmful radiation comes from
the natural background radioactivity in the
Earth, mainly from the radioactive uranium and
thorium in rocks. These elements decay to release
a radioactive gas called radon into the air you
breathe. You also receive radiation from cosmic
rays from space and from the natural radiation of
your food and drink.

You cannot do anything about the natural
radiation you receive, but it is obviously
important to keep the radiation from medical
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and other artificial sources to a minimum. We
each receive a dose of about 2 millisieverts every
year from natural radiation. The sievert is a unit
used for measuring radiation. At present there

is an international guideline that no member of
the public should receive more than 1 millisievert
of artificial radiation per year. A single chest
X-ray results in a dose of about 0.1 millisieverts.
Researchers, hospital staff and workers in
nuclear power stations wear special detectors
called dosimeters. These measure the amount of
radioactivity they receive.

&,

medical (14%) other artificial (1%) —
coal-burning power stations,
nuclear weapons tests,

household appliances

Fig9  Sources of radiation in Australia

Using radioisotopes

Radioisotopes are commonly made by placing
stable isotopes into a nuclear reactor, where

they are bombarded by neutrons. In Australia,
radioisotopes are made at the Lucas Heights
nuclear reactor in Sydney. Radioisotopes can also
be made in a cyclotron. This device accelerates
charged particles to very high speeds. These
particles hit a target of specially prepared material
in which nuclear reactions occur and some atoms
become radioactive.

Nuclear medicine
Alpha, beta and gamma radiation is sometimes
called ionising radiation because it can ionise
atoms and molecules, that is, give them an electric
charge. These ions are more likely to become
involved in chemical reactions. In the body, these
ions may cause chemical reactions that destroy
cells, or they may cause uncontrolled cell growth,
which causes cancer.

Cancer cells are more sensitive to radiation
than normal cells, so radiation is often used to
treat cancer. In radiotherapy, a radioisotope is
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Fig 10 A patient having radiotherapy

placed in a shielded box with an opening through
which a beam of gamma rays emerges. The

beam is aimed at the area where the cancer is.
This ensures that the cancer cells receive a large
dose, killing most of them, while the surrounding
healthy cells receive only a small dose.

Radioisotopes with short half-lives can also be
used to diagnose the condition of internal organs,
blood vessels and bones. Radioactive tracers that
emit gamma rays are swallowed or injected, and
these tend to collect in particular parts of the
body. They can then be detected by a gamma
camera outside the body, which converts the
gamma rays to an image.

A recent technique called PET (positron
emission tomography) can show doctors how
your body tissues and organs are working.
Radioisotopes are injected or inhaled into the
body. These radioisotopes emit positrons, which
are like electrons except that they have a positive
charge. When a positron meets an electron in an
atom in the body tissue, the particles destroy each
other and produce gamma rays. Detectors around
the patient detect these gamma rays and feed
the information into a computer. Here the exact
position of the nucleus that emitted the positron
can be calculated. By combining the information
from many separate emissions, the computer
builds up a picture of a slice of the patient’s body.

Industry
Many industrial problems can be solved using
radioisotopes. For example, small leaks in
complicated pipe systems can be traced. You
simply add a radioisotope to the liquid in the pipe
and follow its movement with a radiation detector.
When paper is manufactured it is important
to make it the correct thickness. Beta radiation
is passed through the paper and detected on the
other side. The thicker the sheet, the less radiation
passes through it. The detector can be linked to
the rollers to automatically control the thickness
of the paper. If the amount of radiation passing
through the paper decreases, the rollers move
closer together to make a thinner sheet. A beta
source such as strontium-90 is usually used. For
plastic or metal sheets, a gamma source is used
because its radiation can pass through these

materials.
source of

beta radiation

paper pulg ‘ | rollers v
+ | sheet of paper

i
Yy v

? detector

machine adjusts
pressure on rollers

Fig 11  Beta radiation is used to monitor the
thickness of paper.

Smoke detectors

Most homes have smoke detectors installed.
These contain a small amount of americium-241,
a synthetic radioisotope made in nuclear reactors.
Alpha particles emitted by the americium ionise
the air and create a small electric current that
stops the alarm from sounding. If smoke enters
the detector, it absorbs the alpha particles and
cuts off the current, setting off the alarm.

americium-241

alpha particles
absorbed by
smoke

electric circuit
containing battery
and alarm




Food and agriculture
To investigate the
effect of fertiliser on
plants, the fertiliser is
‘labelled” with a beta-
emitting radioisotope
and injected into

the soil around the
plant. The fertiliser is
absorbed by the planrt
and its path in the
plant can be traced by
a detector. In this way,
you can find out how
plants use fertilisers and which fertiliser is the
best to use.

Another use of radioisotopes is the control of
insects without using chemical insecticides. Male
insects are sterilised with radiation before they
hatch. They are then released into an infected
area. When they mate with females, no offspring
are produced. In this way, the insect pests in the
area can be greatly reduced.

Radiation is widely used to sterilise medical
and surgical equipment by killing all bacteria and
other micro-organisms so that they cannot infect
patients. For example, disposable syringes are
sealed in plastic and the package is then exposed
to gamma rays from a cobalt-60 source. This
process is called irradiation.

Irradiation can also be used to preserve food
because it kills the bacteria that cause the food to
spoil. Food that has been irradiated keeps longer
than food that hasn’t.

detector traces path
of isotope

radioisotope
is added

m Irradiated

prawns
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When food is irradiated, it does not become
radioactive. Astronauts eat food preserved by
irradiation. However, the radiation may destroy
vitamins in the food and produce unwanted
chemicals. For this reason, many people are at
present not convinced that food irradiation is a
good idea.

Environmental monitoring

Radioisotopes can be used to monitor the
movement of materials in the environment. For
example, radioactive gold-198 is used to monitor
the flow of sewage from pipes off the coast near
Sydney. The movement of the radioisotope is easily
traced by using a radiation detector, as shown.

current flow

sewage released here
e S ST AT 1 B B P A B3 AN e A e G

Radioisotopes can also be used to track the
movement of sand and silt. Suppose the sand along
a beach is disappearing and you want to know
where it is going. You simply add a small amount
of radioactive tracer to the sand and follow its
path with a detector.

Forensic analysis

By bombarding a sample with neutrons in a
nuclear reactor, the atoms in the sample can

be made radioactive and then identified. This
technique is used in forensic analysis to analyse
material gathered at crime scenes. For example,
residue from the skin of a person believed to have
fired a gun can be analysed for the presence of
metals such as lead.

In one famous case, forensic scientists used this
technique to investigate a few strands of Napoleon
Bonaparte’s hair, 140 years after he died. They
found arsenic in the last few centimetres of each
hair. From this they inferred that he may have been
poisoned. However, he may have taken arsenic as
a medicine, or he may have absorbed arsenic from
the wallpaper in his house.
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Radioactive dating

Cosmic radiation from space is constantly
bombarding our atmosphere. When it hits
nitrogen atoms, it can change them into radioactive
carbon-14, called radiocarbon. These carbon-14
atoms combine with oxygen to form radioactive
carbon dioxide (C + Oy = CO»).

This radioactive CO; is taken in by green plants
such as trees, along with normal CO; containing
carbon-12 atoms. During photosynthesis the CO»
is converted into compounds in the tree’s tissues.
When the tree dies, the radiocarbon gradually
decays to nitrogen-14. So the amount of carbon-14
in the wood slowly decreases.

After about 5730 years, there are only half as
many C-14 atoms as there were when the plant
died. So, by measuring how much C-14 there is in
an object, you can estimate how long ago the plant
from which it was made was alive. The less C-14
compared with C-12 there is, the older the object.

Radiocarbon dating is useful for finding the
age of such things as wood, bones, shells and
objects left by early humans, for example the Dead

Activity B

|
Problem solving
When radioisotopes are used, it is important to
choose the right one. If the half-life is too short,
the radioisotope may cease its activity before
the job is complete. But because the radiation
could be dangerous, you don’t want the half-
life to be longer than is necessary. Alpha
radiation is most dangerous inside the human
body because it is the most ionising. Outside
the body gamma radiation is most dangerous
because it is so penetrating, even though it is
the least ionising.
For each problem below decide:
e how you would use a radioisotope to solve

the problem

e which radioisotope you would use, and why.
You can use any of the isotopes in the table.
1 Underground pipelines sometimes spring

leaks that are hard to find. It is expensive
and impractical to dig up large sections of

Sea scrolls (about
2000 years old). In
1988 radiocarbon
dating was used to
date the shroud of
Turin. This ancient
piece of cloth shows
marks that some
people believe were
made by Christ’s body
after the crucifixion.
However, it was
found to be only
600-700, not 2000,
years old.

After about
50 000 years the
amount of radiocarbon becomes too small
to measure accurately, so other radioisotopes
are used. For example, all rocks contain small
amounts of radioactive elements such as uranium
and potassium. These have longer half-lives than
carbon-14 and can be used to estimate the ages of
rocks and the fossils they contain.

pipeline trying to find the leak. How can
these leaks be located?

2 You are a hospital consultant specialising
in the treatment of breathing problems.
You suspect that one of your patients has
a blockage in an air passage in one of his
lungs. How can you check? (X-rays are
unsuitable.)

3 An agricultural chemist has developed
a new herbicide that is intended to
attack only broad-leaf weeds and not
be absorbed at harmful levels by grain
crops. How can she test that the herbicide
works in the way she wants it to”?

4 A council engineer wants to check the
compactness of the road materials used
on a new road. How can he do this?

Isotope | Type of radiation | Half-life
polonium-210 | alpha 138 days
phosphorus-32 | beta 14 days
technetium-99 | gamma 6 hours

| sodium-24 beta and gamma | 15 hours
cobalt-60 gamma 5 years
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6 Would an alpha particle emitter be suitable
for measuring the thickness of cardboard in
a factory manufacturing cardboard boxes?
1 Copy and complete this table. Explain.

-

7 a Whatis the danger of using
radioisotopes to kill cancer cells?
b Why do you think gamma radiation is
used to treat cancers inside the body,

alpha helium nuclei - ettt )
but beta radiation is used to treat skin :
beta cancers? i
gamma 8 To treat a patient with a cancerous tumour,
2 Technetium-99 decays by emitting gamma a doctor chooses strontium-90, a beta
rays, and has a half-life of 6 hours. If you source with a half-life of 28 years. Should
have 100 g of technetium-99 now, how he inject the patient with this or should he
much will be left in: use it externally? Explain your answer.
a 6 hours? 9 Why is gamma radiation rather than beta !
b 12 hours? radiation used for sterilising dressings? H
¢ 24 hours?
10 There is a mining operation upstream from
3 You have 64 g of a radioisotope with a a town. The residents want to know if any
half-life of 5 days. How much will be left of the waste products from the mine are
after 5 days? After 10 days? How many days reaching the town. How could they use a
will it take for the mass to decrease to 1 g? radioisotope to check this?

Show this information on a graph.
11 The manager of a breakfast cereal factory

4 Ifthe half-life of carbon-14 is 5730 years, wants to make sure the packets are filled to
about what fraction of the original the correct level. Draw a labelled diagram
radioactive carbon-14 would you expect showing how this could be done using a
to find in: radioisotope.

a an Aboriginal boomerang 11000 years o
old? 12 The photo below shows how radioisotopes
b ahuman skull 23000 years old? for use in medicine and industry are
packaged for transport by air from Sydney |

5 The graph below shows the radioactive to other parts of Australia. Describe the ‘

decay curve for a radioisotope. safety features. !

a How long did it take for the radioactivity . . . .
to fall below 3 counts/min? 13 A beta particle emitter is not suitable for use

h  What is the half-life of the radioisotope? in a smoke alarm (page 100). Why not?
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Challenge |

1

An electric field is set up between two charged
plates as shown, and the alpha, beta and
gamma radiation from a radioactive radium
source passes into the electric field. Some of the
radiation is attracted to the positive plate, some
to the negative plate and some is unaffected
and passes straight through.

————_positive plate

radium source

../‘ .
= negative plate

a Which type of radiation is attracted to the
positive plate? Explain your answer.

b Which radiation is attracted to the negative
plate? Why?

¢ Which radiation passes through the electric
field unaffected? Why?

2 Sources of alpha particles are not usually

regarded as dangerous unless they are breathed
in or taken in with food. Why is this?

3 Suggest a way of storing a radioisotope that

emits only beta particles.

4 You have designed a building that is radiation-

proof. How could you test that it works?

9 The radioactivity count rate for a sample of a

radioisotope fell from 800 to 100 counts/min
in 15 hours. What is the half-life of the
radioisotope? Explain your working.

6 The table below shows the radiation count from

a radioisotope over a period of 40 minutes.

Time 0|5 |10/15|20|25|30|35]40
(min)
Count | 152 | 115| 87 | 66 | 50 [ 38 | 29 | 22 | 17

a Plot a line graph to display the data.

b How long does it take for the count to drop
from 100 to 50 counts?

¢ How long does it take for the count to drop
from 50 to 25 counts?

d What is the half-life of the radioisotope?

e Predict how long it would take for the count to
reach 10.

7 How could an agricultural researcher use a
radioisotope to find out whether most of the
fertiliser spread on a paddock is ending up in
the food the cattle eat or whether it is being
washed into a creek and wasted.

8 Tom used a Geiger counter to measure the
radiation 1 cm away from three different
radioactive sources. He also measured the
radiation when he placed sheets of various
materials between the source and the detector
of the Geiger counter. He then repeated his
measurements with two unknown sources.

All his results are counts per minute, and he
found that the background radiation at 1 cm
was 20 counts/min.

Source Po-210 | Sr-90 | Co-60 A B
Radiation alpha | beta |gamma

type

No 198 | 5152 2119 | 523 | 2728
shielding

2 sheets of 28 | 4796 | 2092 | 461 | 2492
paper

1 sheet of 26 | 2704 2046 | 210 | 969
plastic

1 sheet of 23 | 2137 1993 | 156 | 635
aluminium

1 sheet of 20 22 1773 80 22
lead

a Which source was the most radioactive?

b Which type of shielding was the most
effective at stopping radiation?

¢ Did the piece of lead stop all the radiation
from the Po-210 source? Explain.

d Suggest why the sheet of lead didn't stop all
the gamma radiation.

e Use Tom’s data to infer which type of radiation
was released by the two unknowns—A and B.
Explain your answers fully.
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Copy and complete these statements to make a summary of this beta
chapter. The missing words are on the right.

electrons
-1 Atoms are composed of a positively charged surrounded fission
by negatively charged . Inside the nucleus are S
(positive charge) and neutrons (no charge). gamma
2 |sotopes are atoms that have the same number of protons and half-life
electrons, but different numbers of medicine

3 Nuclear energy is produced by splitting the nuclei of large atoms neutrons
such as uranium-235.This is called nuclear

nucleus
4 Nuclear occurs when small atoms such as hydrogen join nuclei
together. This process occurs in the and produces huge protons
amounts of energy. L
radioactive

5 materials are those in which the nucleus of the atom

.. .. radioisotopes
breaks down and radiation is given off. There are three types of

nuclear radiation: alpha and particles and radiation. .

6 The rate at which the radiation is given off is measured by the
This is the time taken for half of the in a sample to decay.

1 Isotopes that are radioactive are called .They have many uses, especially
in , industry and radioactive dating.

Try doing the Chapter 4 crossword at

e

OneStopScience

1 If an atom has 9 protons and 11 neutrons, then 3 The half-life of a radioisotope is:

the number of electrons around the nucleus is: A the time it takes for half of it to decay
A2 B the time before it starts to give off radiation
B 9 C when it has only half of its life left
C 11 D the same for all radioisotopes
U2 4 A common use for the carbon-14
2 What happens when an unstable nucleus breaks radioisotope is:
down? A cancer therapy
A Electrons are forced into the nucleus. B detecting thyroid disease
B Particles and energy leave the nucleus. C asa fuel in nuclear power stations
C Two nuclei join together. D finding the age of ancient objects

D Huge amounts of energy are needed.
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5 Name the particles that are found in an atom.
State what their charge is and where they are
found in the atom.

6 Name the three types of radiation shown in the
diagram below.

thick block
of lead

thin sheet of
aluminium

Fig 13 = How far different types of radiation can
penetrate

7 a What is the difference between nuclear
fission and nuclear fusion?
b Why has it been possible to use both fission
and fusion in bombs, but only fission in
nuclear reactors?

8 Three different isotopes of helium are shown

below.
helium-2 electron
- proton
helium-4
- neutron
helium-5

2
=

Go to to access

@0"/(//{0

interactive activities to help you revise this chapter.

What do the numbers 2, 4 and § indicate?
How are the three isotopes similar?

How are they different?

Which isotope would you expect to be
radioactive? Why?

9 When using a radioisotope to measure the
thickness of cardboard, why is it important to
use a source of beta radiation rather than alpha
radiation?

10

A barium isotope has a half-life of 6 minutes. If
there are 800 g of barium now, how much will
there be in half an hour from now?

11 There is a leak in a nuclear reactor and
strontium-90 is released into the surrounding
countryside, which is used for farming. Two
months later, breast-fed babies are found to
have small amounts of strontium-90 in their
bodies. Explain how this could have happened.

12

Radiation is more destructive to cells that
are dividing and growing rapidly than it is to
normal cells.

a How can this be an advantage?
b How can it be a problem?

Fig 14  Cancer cells (orange) invading normal skin
cells (green)

A Check your answers on page 296. )

OneStopScience‘
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In 1938, a year before the start of World War II,
many people feared that Hitler would build

an atomic bomb. However, because Hitler was
persecuting Jewish scientists, many of them fled
to the United States. One such scientist was
Albert Einstein. He gave up his opposition to
war and urged then president Franklin Roosevelt
to develop an atomic

bomb before Hitler did.
Eventually Roosevelt agreed
and the Manhattan Project
was set up to build an
atomic bomb.

The Manhattan Project
was carried out in extreme
"\ Bl sccrecy, even though by
ley 1945 the project had
nearly 40 laboratories that
employed about 20000
people. Among these people
were some of the greatest
scientists who have ever
lived. First the scientists had
to enrich the uranium to
make it suitable for bomb
making. They also had to
build nuclear reactors to
make plutonium.

To make a fission bomb,
there must be enough
uranium or plutonium to
keep the chain reaction
going. This is called the
critical mass. There must also be enough fast-
moving neutrons to start the reaction. There are
two explosions that occur. The first explosion is
that of a conventional explosive, which forces two
masses of uranium or plutonium together to make
a critical mass. This explosion then triggers the
chain reaction that causes the nuclear explosion.

On 16 July 1945, after six years of research
and development, the first atomic bomb was tested

Fig 15 The atomic bomb explodes over
: Nagasaki, 1945.

5
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in the desert of New Mexico. It vaporised the
metal tower supporting it, and all the desert sand
within a distance of 700 m was turned into glass.
Some of the scientists, including Einstein, were
worried about the power of the bomb and wanted
the project stopped. However, on 6 August 1945
a four tonne uranium bomb nicknamed Little
Boy was detonated over the city of Hiroshima in
Japan, resulting in 66 000 instantaneous deaths.
Total vaporisation from
the blast measured 800 m
in diameter, and total
destruction was over

1.6 km. Three days later,

a plutonium bomb named
Fat Man was detonated
over Nagasaki, killing
another 39000 people.

On 15 August the Japanese
surrended, and World

War II was over.

Rain that follows an
atomic bomb is heavily
contaminated with
radioactive particles, and
many survivors of the initial
blasts eventually died due
to radioactive poisoning.
Those who didn’t die
suffered severe burns,
nausea, vomitting, fatigue,
diarrhoea and hair loss.
Others passed on leukemia
to their children.

Question

In 1954, a year before his death, Einstein said to
his old friend Linus Pauling, ‘I made one great
mistake in my life ... when I signed the letter to
President Roosevelt recommending that atom
bombs be made; but there was some justification
—the danger that the Germans would make them’.
Do you agree that Einstein made a mistake? Justify
your answer.
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: In this chapter you will ...

Science Understanding

describe the energy changes that occur in a simple electric circuit

investigate factors such as conductivity that affect the transfer of energy through an
electric circuit

Science as a8 Human Endeavour

describe how the discovery of conducting plastics has led to the development of new
technologies

Science Inquiry Skills

write a generalisation about the types of materials that conduct and do not conduct electricity
connect up and investigate simple electric circuits

use your knowledge of electric circuits to invent a useful electrical device

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




Chapter 5 —

® How much do you know about electricity
and electric circuits?
Use this knowledge to explain how this
mousetrap works.

® Why are two batteries needed?

® Keep your answer in mind for Experiment 4
‘Your invention’ on page 130.

i

electromagnet

RS}

\\

5
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5.1 Electric charges

In September 2005, Frank Clewer went for a job
interview in Warrnambool. However, staff in the
office heard loud crackling sounds and noticed the
carpet was burnt where Frank had been.

They called the fire brigade, and the building
was evacuated. The firemen checked Frank and
found that there was an electric charge of
30000 volts on his synthetic jumper.

Electric charges can build up on objects that
are rubbed together, due to the friction between
them. This build-up of electric charges on objects

Investigation9 ;O

Aim
To make and investigate electric charges.

Planning and Safety Check

This investigation can be done only on dry
days. Also, make sure everything (including
your hands) is grease-free. Wash the equipment

in soapy water and dry it thoroughly. You may
need to warm some equipment in an oven.
Read through the four parts. Note that Part B
is a teacher demonstration.

: PART A

Materials
2 balloons and string

Method
1 Blow up a balloon and tie it.

2 Rub the balloon on a jumper or woollen cloth.
Stand on a bench (be careful), hold the balloon
up to the ceiling, then let it go. What happens?

3 Charge a second balloon in the same way.
What happens when you hang the two charged
balloons close together?

Good morning.
I was wondering
if you had any
vacancies in
the electrical
department.

is called static electricity, because the charges stay
on the object. They are stationary.

Electric charges

. PART B

If your school has a Van de Graaff generator,

your teacher may demonstrate how it is able to
generate a static electric charge on its dome. You
may even be able to make your hair stand on end.
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charged rod

Materials

e piece of fur or silk e plastic rod tap —
Method -
Rub the plastic rod vigorously with fur or silk and

bring it near (but not touching) a trickle of water.
.’} Describe what happens. trickle of ——— o
£, water
£/ Predict what will happen if you do touch
the water with the rod. Give a reason for your
Rod1 | Rod 2 | What happened

prediction. Now try it.

ebonite with | ebonite with

. PARTD wool wool
' perspex with | perspex with

Materials silk silk

® 2 perspex rods e watch g|ass ebonite with p.erspex with
e 2 ebonite rods e Blu-Tack wool silk

e piece of wool or fur e cooking oil perspex with | ebonite with
e piece of silk e tile silk wool
Method

\7 Record the results for Steps 4 and 5in a

1 Put a watch glass on top of a drop of data table as shown above.

oil on a tile. Place a small amount of Blu-Tack

on either side of the watch glass, as shown. |
wWO0Oo
2 Rub an ebonite rod (the black one) with wool Blu-Tack ebonite rod \
and place it on the Blu-Tack. Bring the wool % N\ /
near one end of the rod. Try the other end
ai‘we“' watch glass =t
£/ Record your observations. drop of oil
tile

3 Take an ebonite rod off the watch glass. Rub
a perspex rod (the clear one) with silk, place
it on the watch glass, and bring the silk near
one end.

Discussion

1 Shannon tried to do the tests by placing the
rods on the desk top instead of on a watch
4 Rub an ebonite rod with wool and place it on glass. She saw nothing happen. Suggest a
the watch glass. Rub a second ebonite rod with reason for this.
wool and bring it near one end of the rod on the
watch glass. Repeat the test, but this time use
two perspex rods rubbed with silk.

5 Repeat Step 4 but this time bring a charged Conclusion
perspex rod up to a charged ebonite rod, and Write a generalisation to explain the results of
vice versa. your tests with charged rods.

-,
£/ Record your observations.

2 Do both the charged rods behave in the same
way? Explain your answer.
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Attraction and repulsion

You have seen that rods rubbed with different
types of cloth can move one another by non-
contact forces. But why do electric charges
sometimes attract and sometimes repel?

Let’s hypothesise that an electric force is
something like a magnetic force—another type
of non-contact force. With magnets, two like
poles repel each other, while two unlike
poles attract.

So if two perspex rods rubbed with silk
repel each other, you might expect them to
have the same electric charge on them. Similarly,
two ebonite rods rubbed with wool repel each
other, so they should also have the same charge.
However, a perspex rod rubbed with silk and
an ebonite rod rubbed with wool attract each
other, so they should have opposite charges.

Remember that a magnet can attract some
unmagnetised metals, so you might also expect
that a charged rod can attract some uncharged
objects.

To sum up, there are three laws that
describe electric forces.

1 charged objects attract uncharged objects.
For example, a charged plastic rod will attract
small pieces of paper or a stream of water
(as in Investigation 9 Part C).

2 Like charges repel each other. It does not
matter whether they are both positive or
both negative.

-0 ®-

force of repulsion

-® ® -

3 Unlike charges attract each other.

Q--®

force of attraction
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Science as a

Human Endeavour

Benjamin Franklin

The great American scientist Benjamin
Franklin was the first person to explain
successfully the charging of an object by
rubbing. He suggested that the two types of
charge could be called positive and negative.

He inferred that there was an ‘electric
fluid’ that could be moved from one object,
to another. If this electric fluid was added to
an object, then it gained a positive charge.

If electric fluid was removed, then the object
developed a negative charge.

Franklin’s ideas were useful for explaining
electric charges, but other observations do
not support his inferences about an electric
fluid. Scientists now
use a different
explanation
(see the next

page).

Hhis is such
\dea

Benjamin Franklin is famous for flying a kite in
a thunderstorm—an extremely dangerous thing
to do. When lightning struck the kite, electricity
flowed down the string to a key. Luckily he
survived.

Go to www.OneStopScience.com.au and follow
the links to the website below:

Benjamin Franklin: an enlightened American

This website has Franklin’s illustrated life story, ,‘3 ‘
information on his inventions, things he said, d jrtat
interesting facts and humorous stories. -
Lt o
OneStopScience
aJ ;_’ s p
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Inside atoms

As you learnt in Chapter 4, scientists have
discovered that there are subatomic particles
inside atoms. Ernest Rutherford, a New Zealander,
inferred that most of the atom is empty space.
There is a small central nucleus, which is positively
charged. It contains protons, which are positively
charged, and neutrons, which are neutral (no
charge). Moving around the nucleus are electrons,
which are negatively charged. Normally there
are equal numbers of protons and electrons. This
means that the charges balance each other
and the whole atom is uncharged.

If some electrons are removed from an atom,
it becomes positively charged. If extra electrons
are added, the atom becomes negatively charged.
When the number of positively charged atoms in
an object just balances the number of negatively
charged atoms, the whole object is uncharged. But
if the numbers become unequal, then the object has
an electric charge.

To learn more about atoms, open the
animation at

OneStopScience'. ‘

positive protons
(and neutrons)
in nucleus

negative electrons
surrounding nucleus

Fig 1 .'] A picture of an atom. It is neutral, with no
overall charge.

Chapter 5 — Electrical energy ‘

Explaining electric charges

What happens when you rub a perspex rod with
a silk cloth? The frictional forces of the rubbing
cause electrons to be removed from atoms on
the surface of the rod and to become attached
to atoms on the silk. This leaves the rod with
a positive charge and the silk ends up with a
negative charge.

A different type of cloth may give electrons to
the rod and make it negatively charged. This cloth
will, of course, then have a positive charge.

Electrons move
this way . . .

... and the cloth
has an excess of
negative charges.

...so the rod
has an excess
of positive
charges . ..

Everyday static electricity

The tingle you get when you walk across a
synthetic carpet and then touch something
metallic is due to static electricity. The friction
between your shoes and the carpet causes your
body to become charged. When you touch a metal
object, the static electricity is discharged

(allowed to escape). As the electricity flows across
your skin, you feel a slight electric shock.

During World War I, pilots landing small
rubber-tyred aircraft often received a powerful
shock when they stepped onto the ground. Today
aircraft have special tyres that have metal in them.
This lets the static electricity pass harmlessly to
the ground when they land and prevents shocks
and electrical problems.

The rapid movement of drops of water in
thunderclouds can cause a separation of positive
and negative charges. The tops of the clouds
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normally become positive, and the bottoms
negative. If these charges become big enough,
electrons can jump from one part of the cloud
to another, causing a spark. The air is hegted SO
much it glows, producing lightning. The intense
heat also makes the air expand sudd.enly,.
causing the loud noise of thunder. Lightning can
also spark to the ground, or to other clouds.

VI NRINII
What to do in a thunderstorm
Each year in Australia lightning claims up to

10 lives and causes over 100 injuries. Many of

these injuries happen when people use telephones
during thunderstorms.

Fig 2 Lightning can spark within a large cloud, from a
cloud to the ground, or from cloud to cloud.

If you are caught outdoors in a

thunderstorm:

* Seek shelter in a hard-top vehicle or solid building.

* If swimming or surfing, leave the water immediately. EEPED Lightning strikes the lightning

* Ifinaboat, go ashore to shelter as soon as possible. conductor on the Q1 tower
on the Gold Coast.

* Never shelter under trees.

Don't use a mobile phone.
Don't handle fishing rods, umbrellas or golf clubs.

* Stay away from metal poles, wire fences, sheet metal,
clothes lines ete.

* Don'tride a horse or bike, or drive an open vehicle.

* Ifyouareina car, park away from trees and power
lines. Close the windows and avoid touching metal
parts of the car.

* If caught in the open, crouch down
with your feet together.

If you are indoors during a
thunderstorm:

* Don'tuse the telephone.

* Disconnect external aerials and
power leads to radios, TVs and
computers.

* Drawall curtains and keep
clear of windows, electrical
appliances, pipes and other metal
fixtures.

* Don't stand bare-footed on
concrete or tiled floors.

* Avoid having a bath or shower.
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Everyday static electricity

cotton gowns
(not nylon)

patient is
earthed

trolley wheels conducting tiles on floor earthed
made from by chains
antistatic rubber

Shoes are antistatic
and conducting.

Photocopiers

Photocopiers work by an electrostatic process.
The main part of the machine is a rotating light-
sensitive drum onto which the image of the
document is projected. The positively charged
paper attracts the negatively charged toner from
the drum, forming an image. The paper then
passes between heated rollers that fuse (melt)

"j "L equipment

Operating theatres

In operating theatres the sudden movement of
blankets, clothes or equipment can produce
electrostatic sparks. (Electrostatic means ‘relating to
static electricity’.) These sparks are very dangerous
because of the large amount of oxygen in the air
and other flammable gases used to anaesthetise the
patient. Many precautions are therefore taken to
make sure static charges do not build up anywhere.

image to be copied (face down)

—

cartridge
containing
toner powder

the toner onto the surface of the paper.

printed image

heated rollers

Powder coating

When objects are powder-coated, they
are charged so they will attract the
powder. This gives a much more even
coating than other methods of spraying,
and the powder reaches all parts of the
object’s surface. However, great care has
to be taken to keep dust particles out of
the air, or they too will be attracted onto
the object’s charged surface.
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12
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Why do you sometimes notice a crackling
noise when you take off your clothes?

If a rod is rubbed with nylon cloth and the
rod becomes positively charged, what
charge will be on the nylon?

You may have been zapped as you touched
the door handle when getting out of a car.
Suggest how the car becomes electrically
charged.

What type of charge is on:
a an electron?
b the nucleus of an atom?

a Give two examples where static
electricity is a nuisance.
b  Give two examples where it is useful.

In your own words, describe what causes
lightning.

Some tall buildings and tall chimneys
have lightning rods on top of them. What
purpose does it serve?

A piece of plastic held in your hand can be
electrified by rubbing it with a cloth, but it
is impossible to electrify a piece of metal in
the same way. Why?

A suspended, positively charged rod has a

second rod brought near to it. What is the

charge—positive, negative or no charge—

on the second rod if it:

a repels the suspended rod?

b attracts the suspended rod (two
answers)?

Look at the labels on the cartoon of the

operating theatre on the previous page.

a The equipment and the patient are
earthed. What does this mean?

b What does the word conducting mean?

¢ What does antistatic mean?

Have you noticed that computer and TV
screens become dustier than the things
around them? Suggest a reason for this.

Explain how static electricity and
magnetism are similar. In your answer use
the terms non-contact force and force field.

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

Challenge

kD

1 Five different rods (A, B, C, D, E) were given

an electric charge by rubbing them with two
different cloths. The rods were then tested in
pairs to see whether they repelled or attracted.
A attracted C and C attracted E. A repelled D
and B repelled E. Predict what will happen if you
bring D and E together and B and C together.

The photo below shows a light plane being
refuelled. Suggest why there is a wire between
the fuel hose and the plane.

i/

1

TRYTHIS @ &

You have been asked to solve the problem

of the two sides of a plastic bag sticking

together.

a Why do you think this problem occurs?

b Design an experiment to show how the
bags stick together.

¢ Suggest experiments you could try to
overcome the problem.

Which type of carpet is most likely to give
you an electric shock when you walk about
on it? Design and carry out an experiment to
find out.

In a very dark room, rub a spare fluorescent
tube with wool, fur or clear plastic wrap. Can
you see it glow?

Bring a charged rod near the smoke from a
burning mosquito coil. What happens?




5.2 Electric currents

Static electricity is electricity that is stationary. If,
somehow, this electricity can be made to move,

Chapter 5 — Electrical energy ‘

you have current electricity or an electric current.
A torch battery provides the energy to drive the
current. When the battery is connected by wires to
a bulb, electrons flow to light up the bulb.

Investigation 10 : ;© ) Simple electric circuits

Aim
To investigate different ways of connecting a
torch battery and bulb.

AN | ighting a bulb

Materials

e 1.5 volt torch battery without holder
e torch bulb (2.5 volt) without holder
e 2 connecting wires

@y Planning and Safety Check
% Read through Part A and describe to your

4 partner what you have to do. Your partner can
Q then describe Part B to you.

Method

1 Use the battery and one connecting wire to
make the bulb light.
\7 Draw a diagram of how you connected the
battery and bulb.

2 Seeif you can find at least one other way of
making the bulb light.
L/ Draw diagrams of any ways that you
discover.
L/ What special places must be touched on
the bulb for it to light?
L/ What special places must be touched on
the battery?

3 Can you make the bulb light using two
connecting wires?

\7 Draw diagrams of your set-ups.

" = : P =
You could investigate electric circuits using
the computer program

Y AN (/sing a switch

Materials

e 1.5 volt torch battery with holder (or power pack)
e torch bulb (2.5 volt) with holder

e 3 connecting wires with alligator clips

e switch

Method

1 Use the holders and the three connecting wires
to connect the battery and bulb as shown.

2 Make the bulb go on and off by touching the
alligator clips together.

3 Now connect the switch into the circuit as
shown. Switch the bulb on and off.

-,
£/ Does it make any difference if you reverse
the connections to the battery?
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What is a circuit?

In Investigation 10 you should have noticed these

things:

1 Both ends of the battery must be connected
to the bulb before it will light. These metal
connection points are called terminals. The
top of the battery is positive @ and the bottom
is negative @.

2 The bulb has to be connected in two special
places. The metal side of the bulb is one
terminal, and the bottom is the other. They
are both the same. There is no positive or
negative.

3 For the bulb to light, there has to be a closed
path (or circuit) joining the battery and the
bulb. This is called an electric circuit. When
there is a gap in the circuit, the light is off.

A switch lets you open and close the circuit.

An electric current can be compared to water
flowing through pipes. The battery is like a water
pump—it gives energy to the electrons just as
the pump forces the water through the pipes
(see Fig 4).

A water meter measures how many litres of
water are flowing through a pipe each second. In
an electric circuit, the electric current or number
of electrons passing each second is measured using
an ammeter (AM-eat-er). An ammeter measures
electric current in amperes (abbreviation amps,
symbol A) or milliamps (1000 mA =1 A).

Voltage is a bit like the pressure in the pipes. It
is a measure of how much energy can be given to
the moving electrons in a circuit. It is measured in

__ fountain

An electric current flowing from a battery
through a bulb can be compared to water
flowing in pipes.

volts (V) using a voltmeter. A torch battery
has 1.5 volts. A 6 volt battery can push a larger
current around the same circuit.

If one of the connecting wires in Investigation 10
was replaced by a piece of string, the light bulb
obviously would not glow. String does not let
electricity through and is called an insulator. A
substance such as wire that does let electricity
through is called a conductor.
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:© ) Does it conduct?

1

Aim
To test various substances to see how well they
conduct electricity.

Materials

1.5 volt battery and holder (or power pack)
torch bulb and holder

ammeter or multimeter

4 connecting wires

variety of objects, eg paperclip, plastic and
glass rods, nail, coin, carbon rod, copper rod,
matchstick, rubber band, aluminium foil, strip of
paper, piece of string

Planning and Safety Check

Discuss the investigation with your teacher.
You may use a 6 volt battery or a power
pack instead of the 1.5 volt battery.
Look at the ammeter. The red or & terminal
must be connected to the & terminal of the
battery.
e Suggest why you use an ammeter in this
investigation.
Draw up a data table like the one shown.
List at least 10 objects in the left-hand
column. Write down what material each
object is made of.

Object

Ammeter
reading (mA)

Does
bulb
grow?

Material

paperclip steel
stirring rod = glass

Method

Set up a circuit as shown. Ask your teacher to
check your circuit before you go on to Step 2.

Touch the two alligator clips together. Observe
what happens to the bulb.

£/ Record the electric current reading on the
ammeter.

Connect one of the objects between the
alligator clips.

Connect

:/ Record whether the bulb glows.

£/ Record the ammeter reading. (This tells you
how much current passes through the object.)

4 Test each of the other objects.

:/ Record the results in your data table.

Is your skin a conductor or an insulator? Does it
make any difference if your skin is wet or dry?

Discussion

1

Which materials are good conductors of
electricity? How do you know?

Which materials are poor conductors
(insulators)?

Use the ammeter readings to decide which one
of the materials is the best conductor.

Why is it that some materials did not cause
the bulb to glow, yet gave a reading on the
ammeter?

Is air a conductor or an insulator? How do you
know?

How could you test whether water is a
conductor or an insulator?

Conclusion

How are the materials that conduct electricity

similar? Write a generalisation about the types
of materials that conduct and do not conduct

electricity.
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Conductors and insulators

All metals are conductors, while most non-metals
are insulators.

Conductors Insulators

carbon plastic
salt water glass
acids cloth
silver paper
copper wood
gold rubber
aluminium air

Insulators are very important in the supply and
use of electricity. The poles that carry electricity
from power stations to cities need insulators to
stop electricity from escaping to the ground (Fig 5
on the next page). The handles of screwdrivers
and pliers are often coated with plastic insulation.
The casings of electric plugs, sockets and switches
are all made from plastic.

Conductor

B ® O
® O ~OG

current
flows

electrons held only loosely
by positive nuclei

~ CONDUCTOR.

How can you explain the difference between
conductors and insulators? An electric current is
a flow of electrons. So a conductor is a material
through which electrons can flow.

A metal consists of an arrangement of positive
nuclei in a ‘sea’ of electrons. These electrons are
not strongly attracted to any one nucleus. So,
when the metal is connected to a battery, the
electrons can move easily through the metal to
produce a current.

In an insulator, the electrons are held tightly by
the positive charges. Because of this, the electrons
cannot move, and no electric current can flow
when the insulator is connected to a battery.

If you charge an insulator such as a plastic
rod by rubbing, the charge stays on the surface
of the insulator. But the insulator slowly loses
its charge to the air, especially in wet or humid
weather. The charge is also lost quickly if you
touch the insulator with your hand. This process
allows the charge to flow to the ground, and is
called earthing. You cannot charge a conductor by
rubbing. Any charge you produce flows through
the conductor to the ground immediately.

Insulator

cu rrent @ @\9
flows @-@ ®/® @,® @@

electrons held tightly
by positive nuclei

INSULATOR

Note: Good conductors of electricity are also good conductors of heat.
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heating
element

[Fig 6 ,j This hair dryer contains a nichrome
wire heating element.

In electric power lines, there is always loss
of energy due to the resistance of the metal in
the wires. For this reason, scientists are trying
to make cheap superconductors, which offer no
resistance to the flow of electricity. The use of
such materials would save billions of dollars.
Superconductors could also be used in the
maglev trains now being developed. These trains
float above the tracks supported by the non-
contact forces between large electromagnets.

==

~
-
—
»

"Fig 5 ] The insulators on power lines are made of
glass or porcelain. The conducting wires are

made of aluminium and steel. N—
'Fig 7 | The chilled superconductor (bottom) is

. acting like a magnet. It repels the magnet
Resistance (top),gmaking it r?over in thpe air aboveqche
When an electric current moves through a superconductor.
conductor, there is always some electrical
resistance to the current. This is because of the
attraction of the electrons to the positive nuclei
of the atoms in the conductor. This attraction is
greater in some conductors than in others, giving
them a greater electrical resistance.

As the electrons are pushed through a
conductor, they lose some of their energy as
heat. This waste heat can be a nuisance; for
example, computers get hot when used. Ho
the waste heat is sometimes useful. For exa
because nichrome wire has a fairly high resistance,
it is used to make the heating elements in many
electrical appliances used around the home.
It is usually coiled to take up less space. The
filament of a light bulb is made from very
thin tungsten wire. When a current is passed
through it, the wire becomes so hot that it
gives off a brilliant white light.
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1 Copy and complete the following sentences. 5
a A path for electricity is called a
h A lets you open and close a
circuit.
¢ Moving electrons in a wire are called an 6
electric
d An is an instrument used to
measure electric current.
e The unit for electric current is the . 7
f is a measure of the energy given
to the electrons in a circuit. 8

g Substances that do not allow an electric
current to flow through them are called

h  Metals are because they allow an
electric current to pass through them.

i Opposition to the flow of current in a
circuit is called . 0

j Ifthe resistance in a circuit is increased,
the current

2 In which of these circuits will the bulb glow?
For the other circuits, explain why the bulb

Lisa connected a bulb to a battery.The wires
were connected properly, but the bulb

did not glow. What could be wrong (two
possibilities)?

Explain in your own words the difference
between an insulator and a conductor of
electricity.

Why are electrical connecting wires covered
with plastic?

This ammeter measures current in two
different ranges: 0 to 1 A and 0 to 10 A.

pointer

a What is the reading if the 0-10 A range
(top) is used?
b What is the reading if the 0-1 A range

won’t glow. (bottom) is used?
9 Ngoc tested how well different types
of pencil ‘lead’ of the same length and
thickness conduct electricity. His results
are shown:
ChevertD Electric current
Type of ‘lead (amperes)
4H 0.03
HB 0.10
3B 0.70
a Which type of ‘lead’ has the greatest
resistance?
b Pencil ‘leads’ contain graphite, which
is a conductor. Which type of pencil
‘lead’” would you infer contains the most
3 Into what two forms of energy is electrical graphite?
h d in a light bulb?
energy changedin afig " 10 Why is it safer to wear shoes than to go

4 Which battery can supply the most energy
to electrons in a circuit: 1.5 volt, 6 volt or
9 volt? Why?

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

barefoot in an electrical storm?

...........................................
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Challenge H)
1 Explain why the battery in a torch eventually
goes flat.

2 When you push down the switch, the torch
produces a beam of light. Explain in detail how
this happens.

handle switch

reflector
plastic
case

- glass

3 What do you think is the most likely cause of the
following?

a Your radio starts to get quieter and quieter.
Turning up the volume doesn’t seem to help
much.

b Your torch is very bright but suddenly goes
out.

¢ Your CD player stops working, but when you
tap on the case it works again.

4 A company produces an all-metal electric kettle,
but the government bans its sale. Suggest why it
was banned.

5 Explain why the element in a toaster becomes
red-hot, while the wires connecting the toaster to
the mains power supply remain cool.

6 One of the things that ‘lie-detectors’ measure is

skin resistance. Lying is supposed to make you
sweat. How do you think this lie-detector works?

pr - \ I never done nothin'... honest!]
P =] [

7 Why don't the materials that conduct current
electricity hold static electricity?

8 Using what you know about resistance, explain
why a long wire has more resistance than
a short one, and why a thin wire has more
resistance than a thick one.

7 =
TRYTHIS @' ®

1 Find out whether tap water will conduct an

distilled water and salt water.

conductivity
kit

water

electric current. Set up the circuit shown, using
a conductivity kit. You could also test rainwater,

2 Make your own switch. Here are some designs.

Try out your switch in a circuit.

uncoated
paperclip
thumbtack

springy steel

-

clothes peg

thumbtacks
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5.3 Electric circuits

Circuit diagrams

Look at the two circuits in Fig 8. They look
different, but they are actually the same.

If you wanted to tell someone how to set up this
circuit, you might confuse them if you drew these
sketches. Also, drawing diagrams like these takes
time. So electricians have decided on a simple way
to draw electric circuits with a symbol for each
component (part). These symbols are listed below.

The wires in a circuit are drawn straight and at
right angles. For example, the circuit on the right
can be drawn as shown. This is called a circuit
diagram.

Electrical symbols )

connecting wire

% light bulb
You may see the older
symbol for a light bulb

drawn like this:

battery (The long thin stroke
o |_ is positive and the short fat
stroke is negative.)

r: power pack
(variable power supply)

—  }—or —/\/\/\/— resistor

— « «—  switch open

—e—»—— switch closed

*®— ammeter

® circuit diagram ®

=

Fig 8 How to draw a circuit diagram

Series and parallel circuits

The parts of a circuit can be arranged in two
different ways. Take, for example, two torch
bulbs. They can be connected one after the

other as shown in Fig 9. This is called a series
connection. Note that there is only one path for
the electric current to flow, and the current is the
same everywhere in the circuit. As you connect
more bulbs in series, the current decreases, and
the bulbs don’t glow as brightly.

I: —

series circuit

g o oo

Fig9  Aseries circuit




Many electrical appliances use several batteries
connected in series. When you put in the batteries,
the positive terminal of one battery must touch
the negative terminal of the next. For example,

a 3 volt toy usually has two 1.5 volt batteries
arranged in series as shown in the cartoon.

Click...whirrr..who?
{ What? Hmm... must have
bit.

Two bulbs can also be connected side by side.
This is called a parallel connection. Look at
Fig 10. At A, the electric current splits and follows
two different paths. The electrons flowing through
each bulb get the full push from the cell—they
don’t share it as in a series circuit. As a result,
each bulb glows as brightly as if it was the only
bulb in the circuit. A master switch can be used to
turn off both bulbs together, or separate switches
can be used to turn each bulb off independently.

Chapter 5 — Electrical energy @

master switch

parallel circuit

-

Fig 10 A parallel circuit

Sometimes it is not easy to tell whether the
components of a circuit are connected in series or
in parallel. However, if you can trace the complete
circuit using one finger, then the components are
connected in series. Those parts of a circuit that
branch and where you have to use more than one
finger are connected in parallel. Note that a circuit
may contain a mixture of series and parallel
connections (Fig 11).

[ -

1

X

Fig 11  Bulbs 2 and 3 are in parallel, but they are in

series with bulb 1, the switch and the battery.

In Investigation 12, you can investigate series
and parallel circuits for yourself.

Investigation 12 : ;© ) Series and parallel circuits

Aim
To investigate series and parallel circuits.

Materials

e two 1.5V batteries and holders (or power pack)
e 3 torch bulbs and holders

® © connecting wires

e ammeter or multimeter

Planning and Safety Check

e Carefully read through the instructions for
the three parts on pages 126 and 127.

¢ To which terminal of the battery do you
connect the positive (+) terminal of the
ammeter?
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BETID oo 5 bt

Method

one bulb. Close the switch and observe the
brightness of the glow of the bulb.

2 Connect a second bulb in series with the first
bulb, as shown below.

X—&

:/ Does each bulb glow as brightly as the
single bulb in Step 17

Unscrew one of the bulbs from its socket.
-
£/ Record what happens.

3 Repeat Step 2 with three bulbs.

4 Connect up a second circuit with the two bulbs
in parallel, as shown below.

1 Connect up acircuit with a battery, a switch and

-
£/ In which two-bulb circuit do the bulbs glow
more brightly? Suggest a reason for this.

-
£/ What happens if you unscrew one of the
bulbs in the parallel circuit?

5 Add a third bulb in parallel with the other two.
What happens?

Discussion
1 What is the effect of increasing the number of
bulbs in series in a circuit?

2 |If one bulb in a series circuit blows, the others
also go out. Why?

3 Describe the effect of adding more bulbs in
parallel in a circuit.

4 When one bulb in a parallel circuit fails, the
others continue to operate. Why?

5 Parallel circuits are used in the electrical wiring
of a house. Suggest reasons for this.

: PART Battery problem

Inquiry: Can you make the bulb glow more
brightly by adding a second battery?

Experiment to find out whether you should add
the second battery in series or in parallel.

LF Write a brief report of your findings.

Notes for Part B

1 When connecting batteries in series, you
must connect the positive of one to the
negative of the other, as shown.

2 When connecting
batteries in parallel,
you must connect the
positive of one to the
positive of the other.
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m Using an ammeter

Inquiry: How can you use an ammeter to find out
whether the current is the same in all parts of a
series and a parallel circuit?

Discuss the research question in a group and <A>
design an experiment. Check it with your teacher -
before you start.

Don't forget to connect the positive terminal of the @

ammeter to the positive terminal of the battery or
power pack, as in the circuit on the right.

/“J Write a report of what you find.

1) -
g 2 Answer these questions about the circuit
below.

a How many paths can the electric

1 Copy and complete the sentences by current follow?
selecting the correct words to describe the b  Does the current have to pass through
circuit below. N bulb A for bulb B to glow?
a Inthis circuit the electricity has ¢ If bulb B blew would bulb A continue
(one / two) paths to follow. to glow?
This circuit is (open/ closed). d  What would happen if you added a
If bulb A went out while the switch was third bulb in parallel?

)

) closed, bulb B would (stay on / go out).
E d If more bulbs were added to the circuit,
) each bulb would glow (more /
E less) brightly.

) e If the circuit had only one bulb, it would
E glow (more / less) brightly.

E f  The bulbs are connected in
)

(series / parallel).
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- - - - - - - - - - .

3 Write out a list of the equipment needed to 5 What voltages are being used in these two
set up circuit A. Do the same for circuit B. electrical appliances?
Il Torch

A 5

Battery compartment of radio

top row
ek 15VOLT || —#we |[ —swl
/1 I D SIZE
——
B <A> connecting wires bottom row
- 6 Draw a circuit diagram that has:

a two batteries and a bulb in series
b one battery and two bulbs in series

4 Draw a circuit diagram for each of the ¢ two batteries in parallel and a bulb in
following. series

in series
e apower pack and a string of eight
decorative bulbs in parallel.

7 Draw a circuit using two batteries and two
bulbs that makes the bulbs glow most
brightly.

8 Inthe circuit diagram below, what happens
to each of the bulbs A, B and C when you:
a close switch 1?
b then close switch 27
¢ then open switch 3?

% 3

9 Give two reasons why lights in parallel are

|
)
)
)
)
1
]
)
)
]
)
)
)
1
)
)
)
1
)
)
1
1
)
)
1
1
)
'
)
1
1
)
)
1
]
)
]
1
)
]
)
|
1
]
]
1
)
|
)
)
)
)
1
)
)
1
E d two batteries in parallel and two bulbs
1
)
)
)
1
)
)
1
1
)
)
1
]
)
'
)
1
1
)
)
1
)
)
]
1
)
]
)
1
1
)
]
)
]
|
]
)
)
)
1
]
)
1
)
)
1
1
)
)
)
1
! better than lights in series.

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



Challenge

D

1 Draw a circuit diagram with a battery, three
lights and three switches so that each switch
turns on only one light. Where would you place a
fourth switch that could switch all three lights on
and off (that is, a master switch)?

2 Consider the two circuits below. The resistor in
the circuit is a piece of nichrome wire like that
used in kettle elements. If the nichrome wire has
a greater resistance than a light bulb, which of
the three identical bulbs (A, B or C) will have the
dimmest glow? Explain your answer.

A

%Y

&

&

3 The bulbs in this circuit are both dimly lit when
the switches are open. Predict what will happen
when:

a switch 1 is closed (two things)
b switch 2 is closed as well.

Chapter 5 — Electrical energy @

4 How is adding an ammeter (very low resistance)

to a circuit different from adding a light bulb or
electric motor?

Predict what will happen if you connect a

1.5 volt torch bulb in a circuit that is powered

by a 12 volt battery and turn on the switch. The
only other circuit components are the connecting
wires and the switch. Explain your answer.

6 Below is the circuit diagram for a caravan.

| 1
|l

\6

a Which switches do you need to close so that
only one light stays on?

b Which lights are on when switches 1, 4 and
6 only are closed?

¢ Are lights A and B in series or in parallel with
each other?

How would you connect six 1.5 volt torch cells
to give a voltage of:

a 9volts?
b 6 volts?
¢ 4.5 volts?

Draw circuit diagrams. You must use all six
cells. (Hint: Two 1.5 volt cells in parallel have a
total voltage of 1.5 volts.)

Design a circuit with one battery, four switches
and a bulb so that the light comes on when any
one of the switches is closed. Draw a circuit
diagram. (This circuit could be used to light the
inside of a car with four doors. Opening a door
closes a switch.)
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Experiment

Aim as well as your successes. Other students may
To use what you have learnt in this chapter to be gble lo'sliggestivays 9f improving your
invent a useful electrical device. design. (If your invention is good enough, you

may be able to enter it in a science contest.)
Method
1 Study the two inventions on the right. Explain to
another student how one of them works. Your
partner will explain to you how the other one
works. You could also have another look at the

Traffic lights

mousetrap on page 109. ®

2 Use your imagination to design your own ~
invention, or use the ideas below. ® °
e Qa battery tester ® .

e Qg circuit where you can switch a light on in
one place and turn it off somewhere else

e aburglar alarm where a bell rings, a light
flashes or a trapdoor opens to catch the
burglar

e a model house in which you can turn the
lights on and off independently

e analarm to warn you of strong wind

e adevice to warn you when a water tank is
about to overflow

e an alarm clock using a candle switch
e an electric maze

e away of dimming a light (Hint: A long wire
has more resistance than a short one.) Wiper glasses

e a pinball machine (Hint: A rolling metal ball
could be used to close a switch.)

wires to battery

electric .
and switch on belt

motor

3 Draw a sketch of your design before you start.

Try to draw a circuit diagram too. copper LTI

aluminium

4 Make a list of the things you will need to make
your invention.

5 Check your design with your teacher, and then
go ahead and make it. (You may be able to
work on your invention at home.)

6 Prepare a report of your invention for the rest of
the class. Make sure you report any problems,
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. Copy and complete these statements to make a summary of this ammeter
chapter. The missing words are on the right.

attract
""""" 1 Obijects can be given an electric by rubbing. Gaining charge
electrons makes an object negatively charged, and losing circuit
electrons makes it positively charged. conductors
2 Like charges ______ each other, while unlike charges ______each electrons
other. energy
3 Electric current will flow only if it has a continuous pathor . insulators
4 Electric currentis a flow of ______.Itis measured in amperes, parallel
usingan____ . repel
5 Batteries supply the ______to push electrons around a circuit. voltage

is a measure of how much energy can be given to the
moving electrons in a circuit. It is measured in volts.

6 offer little resistance to the flow of electricity. offer a
great deal of resistance.

71 A series circuit has only one conducting path for electrons, whereas a
circuit has two or more alternative paths.

Try doing the Chapter 5 crossword at

.

OneStopScience
|

1

2

3

What happens to two charged rods held near 4 Look at the diagrams below.

each other if they have: a Which is the correct way to put two

a the same charge? batteries in a torch?

b opposite charges? b Are the batteries connected in series or in

>
What charge is left on a material if it has been parallel:

rubbed and:
a loses electrons?
b gains electrons?

Which of the following are conductors and
which are insulators?

copper

plastic

steel

air

wood

salt water

-0 20 TR
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5 Consider the circuits below.
Work with a partner. From the two circuits be- =
Iy [y .
L |t low, select the one you are going to set up. Your L
partner (or your teacher) will mark you on your —
o 3 performance. E':"
& I -
L —X— &
It -l
: ®
. &
X \ —
a What will the brightness of the bulbs in ® ®
circuit B be like compared with the bulb in
circuit A? Why? @ (X)
b How bright will the bulbs in circuit C be
compared with the bulb in circuit A? Why? First write down a list of the equipment that you will
¢ Without changing the number of bulbs need to set up the circuit. Then set up the equipment
how could you make the brightness of the G C] Dol
bulbs in circuit B the same as the bulb in H
o . ow to score
circuit A? Draw a diagram of the new
circuit. List of equipment:
_ o A chose the equipment perfectly
6 Consider the circuit below. B left out a small item, such as a connecting wire
== C left out a major item, such as a bulb or a battery
D was not sure of the equipment needed
B C
(X) Setting up the equipment:
A set up the circuit correctly and promptly
1 ®A 2_ B set up the circuit correctly, but took quite a while to
do it
When switch 1 is closed and switch 2 is open: C set up the circuit promptly, but with a slight error in it
A none of the bulbs lights up D set up the circuit slowly, but with a slight error in it
B only bulb A lights up E was not sure how to set up the circuit
C bulb A and bulb B light up
D all the bulbs light up Dismantle the circuit. Now swap roles, so that this time
71 Explain why you sometimes get an electric you mal.rk t.he perf?rmance O VT S Sl e
other circuit. (Don’t forget to return all equipment.)
shock when you walk on a nylon carpet and
then touch something made of metal.
8 Design a circuit with a cell, a switch and a bulb,
so that the light goes off when the switch is
closed. Check your answers on page 297. '
\3~.\'\th [@
&0 2 Goto to access ) .
% §~ interactive activities to help you revise this chapter. OneStopScience
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. Science as a Human Endeavour : & /

% Conducting plastics

f‘. 4.
P

On page 120 you learnt that plastics are
See  insulators—they don’t usually conduct electricity.
'..a'}." § However, in the mid-1970s three scientists
S,  discovered a plastic that was somewhere
Y P98 between an insulator and a conductor.
. A Japanese scientist, Hideki Shirakawa, was
trying to make a plastic called polyacetylene.
By accident he added 100 times as much catalyst
as he intended, and a shiny metallic-looking
film appeared on the inside of his reaction
vessel. At about the same time two other
scientists, Alan MacDiarmid and Alan Heeger,
were experimenting with metallic films at the
University of Pennsylvania in the United States.
MacDiarmid and Shirakawa met by chance
during a coffee-break at a seminar in Tokyo.
When MacDiarmid heard about Shirakawa’s
accidental discovery, he invited him to work with This electronic reader relies on conducting
him in his laboratory in the United States. plastics. It can store thousands of documents
MacDiarmid, Heeger and Shirakawa did many and save you carrying around heavy books
experiments and found that if they exposed the gridoes,
polyacetylene to bromine vapour, its electrical Other applications of conducting plastics
conductivity increased by a factor of 10 million! N e s bedre:
They immediately published their discovery of a e rechargeable plastic batteries for use in

conducting plastic, and in 2000 they were jointly portable electronic equipment such as
awarded the Nobel Prize in Chemistry. Apple’s iPhone, and in hybrid electric cars
In 1990, another group of scientists in England windows that you can darken during the day
developed a conducting plastic that gave off light by passing a small electric current through
when sandwiched between two electrodes with them:
- electricity flowing between them. Scientists say AN tatic matermhforse 1 ofcctng
that it won’t be long before ultra-thin television operating theatres, where it is important to
screens using this new plastic are available, as well avoid a build-up of static electricity (see
as luminous traffic and information signs. Perhaps page 115).
light-emitting wallpaper for our homes will also
become a reality. Questions
Conducting plastics can also be used to make 1 What is the important development in
solar cells in a continuous roll. These are cheaper science described on this page?
and more versatile than the present silicon-based 2 What new technologies have been developed
solar cells. The solar cell plastic can also be made as a result of this development in science?
into fabric to make clothes that can convert 3 Which of these technologies do you think
light into electricity to run devices such as MP3 has the most potential for the future?
players. Explain your answer.
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In this chapter you will ... )

Science Understanding

describe chemical reactions using word equations
investigate reactions of acids with metals, bases and carbonates

give examples of how chemical reactions are important in both living and non-living systems
and involve energy transfer

compare respiration and photosynthesis and their role in biological processes
describe how the products of combustion reactions affect the environment

Science as a Human Endeavour
consider the impact of the Mount Isa mine on the local community

@ Based on Australian Curriculum, Assessment and Reporting Authority (ACARA) materials
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When you put sherbet in your mouth, you are
experiencing one of the chemical reactions

of acids. You can do this at home or at school,
provided all your equipment is perfectly clean.

Add the following to a paper cup:
* 3teaspoonsicing sugar

e Jateaspoon citric acid

* Jateaspoon baking soda

Mix the ingredients thoroughly, then taste the
mixture.

® Describe the taste of your homemade
sherbet.

What happens when you add a few drops of

water to the sherbet?

® Suggest a reason for the distinctive taste
of sherbet.

® Why do you think the reaction between
citric acid and baking soda occurs only
when you add water?
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6.1 What are acids and bases?

cream of
tartar
(similar to
tartaric
rhubarb acid)
leaves
(oxalic citrus fruit
acid) (citric acid)

(lactic acid)

What are acids?

Acids are very common substances and are used
widely in everyday life. Some occur naturally, and
some are synthetic. Some of them are potentially
dangerous because they are corrosive—they can
‘eat away’ metal, wood and clothing, and burn
your skin. For example, battery acid contains
sulfuric acid (H2SO4), which will burn your skin;
and hydrochloric acid (HCI) is used to clean
mortar from bricks.

The photo above shows some of the many
natural acids found in food and drink. They
all have a sour taste. The sherbet you made in
Getting started contains citric acid, which is in
all citrus fruits and tomatoes. Yoghurt contains
lactic acid, vinegar contains acetic acid, and
grapes contain tartaric acid. The bubbles in soft
drinks are due to carbon dioxide, which dissolves
in water to form carbonic acid. The hydrochloric
acid in your stomach is essential for digestion,
and the DNA that makes you different from
everybody else is deoxyribonucleic acid.

Acids that are corrosive attack your body
tissues. This is why lemon juice stings if you get

vinegar
(acetic acid)

soft drinks
(carbonic acid)

grapes
(tartaric acid)

it in a cut on your finger; and bees and ants sting
because they inject formic acid into you. You
can eat fruit that contains acids because the acid
is very dilute. A dilute acid is one that contains

a large amount of water and a small amount of
acid. The opposite of dilute is concentrated, and
concentrated acids such as the sulfuric acid in a
car battery must be handled with great care.

What are bases?

Bases neutralise (cancel out the effect of) acids. For
example, some toothpastes contain a weak base to
neutralise the acids formed by plaque bacteria on
your teeth. Bases are also used to dissolve grease
and dirt. Oven cleaners and drain cleaners usually
contain caustic soda (sodium hydroxide NaOH),
which dissolves grease. Other household cleaners
contain ammonia, which can be used to remove
grease from floors or to clean windows. Bases that
are soluble in water are called alkalis. The reason
they feel soapy is because they turn the oils on your
skin into soap.



Acids and teeth

When you eat, food often remains between your
teeth. Bacteria in your mouth then feed on this
food. Chemical reactions occur and the bacteria
produce weak acids as waste products. These
acids react slowly with your teeth, causing tooth
decay. The mixture of bits of food, bacteria, acids
and saliva that sticks to your teeth is called plague
(PLARK).

The top of a tooth is covered with enamel,
which is the hardest substance in the body. The
inside of the tooth is made of a softer substance
called dentine. If the bacteria and acids cause
this hard enamel to decay, then the tooth can be
damaged very rapidly.

dentine decay
enamel

food particle

gum

The best way of getting rid of plaque and food
particles from your teeth is by brushing them.
Toothpastes contain abrasives such as finely
powdered chalk that help scrape food particles
from your teeth. They also usually contain a small
amount of soap or mild detergent. This makes a
foam which helps brushing.

Some toothpastes are slightly basic to
neutralise the acids produced by decaying food.
They may also contain fluoride compounds. These
react with tooth enamel in young people’s teeth
to form a substance that is more resistant to acid
attack and less likely to decay.

Stomach acid

Gastric juice is produced in your stomach to help
you digest, or break down, the food you eat. This
gastric juice consists of dilute hydrochloric acid,
the enzymes pepsin and rennin, and water. The
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hydrochloric acid helps to kill most microbes. It
also helps the enzymes to work, since they will
function only in the presence of an acid. These
enzymes break down the proteins in food into
amino acids, which are needed for growth.

Your stomach is protected from the acid in the
gastric juice by a sticky fluid called mucus. This
protects the stomach wall and acts as a lubricant
so that food passes through smoothly. If bacteria
called Helicobacter pylori get into the lining of
the stomach, they can weaken the mucous layer,
allowing the acid to attack the lining. This can
lead to a painful stomach ulcer (sore).

Acids in food and drink

Baking powder and self-raising flour contain
baking soda (sodium hydrogen carbonate
NaHCOj3) and an acidic substance such as cream
of tartar. While the baking powder or flour is
dry, no reaction occurs. But when it becomes
moist, the baking soda reacts with the acid to
form carbon dioxide gas. The bubbles of gas are
trapped inside the cake, and when it is placed in
an oven, the carbon dioxide gas expands, making
the cake ‘rise’.

Acids are also used to preserve food. For
example, when vinegar (dilute acetic acid) is
used in the making of pickles or sauces, the acid
prevents the growth of bacteria, some of which
may be harmful.

Fig 1 The holes in this cake are produced by

bubbles of carbon dioxide gas.
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Indicators

Some solutions are acidic and some are basic,
while others are neutral (not acidic or basic).
For example, tap water is usually neutral.

A quick way to tell whether a solution is
acidic or basic is to use an acid-base indicator.
Such substances indicate when an acid or base
is present by changing their colour.

Some indicators occur naturally in dyes in
plants. For example, litmus comes from lichens, §
which grow on the bark of trees and on rocks.
In an acidic solution, litmus turns red; and in
a basic solution, it turns blue. There are also a
number of synthetic indicators. One of these is
called bromothymol (bro-mo-THY-mol) blue.
If bromothymol blue is added to an acidic
solution, it changes colour from blue to yellow.
If an alkali such as sodium hydroxide is added, it
turns blue again.

If you add bromothymol blue to a basic
solution, it stays blue. But if you add acid, it turns
yellow. To be sure that a substance is an acid (or
a base), you must observe a change in the colour
of an indicator. Suppose you test a solution with
bromothymol blue and it stays blue. You cannot
say from this that the solution is basic. It could be
water. You would need to use another indicator,
such as red litmus, and see if it changes colour in
the solution.

)
TIE QNN
ALY U

Fig 2 Household cleaners contain alkalis such as
ammonia and caustic soda.

Most indicators have only two colours.
Universal indicator is a mixture of several
different indicators. Because of this, universal
indicator can be many different colours depending
on how acidic or basic the solution is. (See the
colour chart below.)

Colour when

Indicator A L
solution is acidic

Colour when
solution is basic

Colour when
solution is neutral

bromothymol blue

(itmus

methyl orange

phenolphthalein

phenol red

universal indicator

pH
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Investigation 13 | ;O ) Red cabbage indicator

Aim
To extract the coloured substance from red
cabbage, and use it to test acids and bases.

Materials

e 2 or 3 large leaves from a fresh red cabbage

e sharp knife and chopping board

e two 250 mL beakers

e hotplate (or burner, tripod and gauze)

e stirring rod

® 6 testtubes and test tube rack

e dilute hydrochloric acid (0.5 M)

e dilute sodium hydroxide solution
(0.5 M)

e various household substances, eg:

window cleaner baking soda
shampoo and conditioner  cream of tartar
antacid tablet lemon juice
vitamin C milk

vinegar

SAFETY GLASSES

| Wear a lab coat or apron. ) |seuss

| Planning and Safety Check

What special precautions are needed when
handling acids and bases?

What should you do if you spill a corrosive
liquid?

Design a data table to record your results.

Method

1 Cut up two or three large red cabbage leaves
into small pieces. Put them in a beaker.

2 Add water to just cover the cabbage pieces.

3 Boil the cabbage mixture for 5-10 minutes. The
water should turn a dark colour, and the leaves
should almost lose their colour.

4 et the mixture "
cool. Then .
carefully decant
the coloured
solution into
another beaker.
Alternatively, you
could strain the
mixture through a sieve. i

&<,
£/ What colour is the
extract?

<\

5 Add a small amount of dilute
hydrochloric acid to a test tube and label
it. Add some sodium hydroxide solution to
another test tube. Now add a few drops of red
cibbage extract to each tube.

£/ What colours are the solutions?

6 Inthe same way, use the red cabbage extract
to test the various household substances you
have collected.

-,
£/ For each substance, record any colour
change.

Discussion

1 What colour is your red cabbage extract in a
neutral solution (water)? What colour is it in
acidic solutions? In basic solutions?

2 Which household substances are the most
acidic? Which are the most basic? How do you
know?

3 Suggest why the red cabbage extract is called
an acid-base indicator.

You may wish to extract and test the colour
from flower petals, eg tibouchina, hydrangea,
hibiscus, yellow pansies. You could also try
fresh beetroot or tea leaves.
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___________________________________________________________________________________________________

e Acetic acid can be formed from one of
the other acids in the table. Which one?

. 5 Wh toothpastes basic?
1 Copy and complete the following sentences. Y are some toothpastes basic

a Litmus turns in basic solutions, 6 Use the table of acid-base indicators on
and in acidic solutions. page 138 to answer these questions.

b A soluble base is called an . a What is the colour of phenol red in a

¢ Solutions may be acidic, basic or . basic solution?

d To be sure that a solution is acidic, you b What colour is litmus in:
must observe a in the colour of e vinegar?
an indicator. e ammonia solution?

e Bromothymol blue turns yellow in ¢ What colour would you expect if you

solutions. added methyl orange to tap water?

f  Vinegaris , and ammonia solution d Jerry added some phenolphthalein to

is . a solution and it remained colourless.

When he added bromothymol blue,
it turned yellow. Is the solution acidic,
basic or neutral? How do you know?

3  Why is it that the acids in food and drink e Universal indicator is added to some
do not harm your stomach? dilute hydrochloric acid and excess
sodium hydroxide (more than enough

to neutralise the acid) is then added.
What would be the order of the colour
changes shown by the indicator?

2 Give the names and uses of two alkalis
found in the home.

4 Use the information in the table below to
answer these questions.
a What acid is present in:
e sour milk?

e oil of wintergreen? 7 How is self-raising flour different from
e ants? ordinary flour?
b Where would you find: 8 Some food and drink labels indicate that a

e citric acid?
e tartaric acid?
¢ Apart from its value as vitamin C, why

food acid has been added. Suggest why this
food acid is added.

else is ascorbic acid added to fruit 9 Sodium hydroxide is used for cleaning
juices? greasy ovens. Gavin spilt some on his hand
d If oxalic acid is a poison, why is it and Fiona suggested that he rinse his hand
possible to eat rhubarb and spinach? with vinegar. Is Fiona’s suggestion sensible?
Explain.

acetic | fermented grapes vinegar, making PVA glue

ascorbic | fresh fruit and vegetables vitamin C, food preservative

citric citrus fruits, eg oranges and lemons | fruit drinks, medicines

formic | ants and stinging nettles preservative and antibacterial agent in livestock feed

lactic sour milk, tired muscles yoghurt and cheese, cosmetics

oxalic rhubarb leaves and spinach leaves wood bleaching agent, rust remover

salicylic | oil of wintergreen aspirin, acne creams, heat rubs

tartaric | grape juice flavouring agent, cream of tartar

...................................................................................................
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Challenge H)
1 When you vomit, you get a sour sensation in your
throat and mouth. Suggest a reason for this.

2 Water containing bromothymol blue turns yellow
when carbon dioxide is bubbled into it. Suggest
why this happens.

3 Huw read somewhere that a stinging nettle
contains an acid that is injected into your skin if
you touch it. How could he show that a stinging
nettle contains an acid?

Fig2 | Aclose-up view of the barbs on the leaf
stem of a stinging nettle (leaf on the right)

4 When Nemika put a piece of red litmus paper

in an unknown liquid, nothing happened. When
she added bromothymol blue, it stayed blue.
What inference can Nemika make from these
observations?

5 Why does boiling a dilute acid make it more

concentrated?

6 The dyes in some fabrics change colour when

washed with certain detergents. Suggest a
reason for this.

7 Andre did an experiment to investigate how

well mould grows under different conditions. He
placed cubes of cooked pumpkin in three jars.
He half filled the first jar with water, the second
with vinegar and the third with a solution of
baking soda. He then covered the jars and left
them in a warm, dark cupboard for 2 days. His
results are illustrated below.

What conclusion can Andre draw from his
experiment?

mould

vinegar

baking soda

(=

TRYTHIS @ ®

1 Mix equal amounts of cream of tartar and
baking soda in a container and then add a little
water. Explain your observations.

2 Disappearing ink

You will need phenolphthalein solution (0.1 g
in 10 mL ethanol, then add 90 mL water). Add
3 M sodium hydroxide, a drop at a time, until
the solution turns dark red. Put the solution in a
Spray bottle.

Accidentally on purpose, spill the red ‘ink’
on a white cloth or shirt. Blow on the cloth or
wave it in the air.

You could try dabbing the ink spot on the cloth
with a cotton ball dampened with ammonia or
vinegar.

The red colour is due to the sodium
hydroxide, which is basic. Carbon dioxide in
the air forms carbonic acid, which neutralises
the sodium hydroxide. As a result, the
phenolphthalein turns colourless.

Hayley asks her mother why she squeezes
lemon juice onto freshly made fruit salad. Her
mother says that the acid in the lemon juice
stops the apple and banana going brown.

Design and perform tests to find out whether
it is the acid in the lemon juice that stops the
browning, or some other substance.

.
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6.2 The pH scale Fig3 | Using pH paper to

measure pH

Jodie is checking the pH of the family swimming
pool. She takes a sample from the pool and adds
it to the test kit as shown above. She then adds a
few drops of phenol red indicator and checks the
colours on the scale. The pH is a little bit higher
than the ideal 7.4-7.6, so she needs to add some
acid to lower the pH slightly. Just what is pH?
pH is simply a scale from 0 to 14 that tells you
how acidic or basic a solution is. Acidic solutions
have a pH less than 7, and basic solutions have
a pH greater than 7. A pH of 7 tells you that the
solution is neutral.

To measure the pH of a solution, you can use
an indicator. For example, the phenol red that
Jodie used to test the pool water changes from red
to yellow at a pH of 7.4-7.6. If you use universal
indicator solution, you note the colour and read
the pH on the special colour chart. If you use pH
paper, you simply dip the paper into the solution
and note the colour, as shown in the photo. For
example, if it is orange, then the pH is about 4,
and if it is green, it is about 8. You can measure
pH more accurately using an electronic pH meter.



concentrated vinegar
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) § concentrated
sulfuric acid i sodium
tomatoes T hydroxide
SULFURIC lemon blood sea water
juice household
3 [PUIRE ammonia
— water
. . dishwasher
c_llgestlye powder
juices in
stomach soft drink
: 2 3 4 b 6 7 8 9 10 1 12 13 14

:ﬁFig 4  The pH scale, with the pH of some common substances

pH in your life

The pH of the liquids in your body varies from
one organ to another. In your stomach, acidic
conditions (pH 1.5) are needed for the digestion
of proteins. In your small intestine, alkaline
conditions (pH 8) are needed for the further
digestion of food. Your blood has a pH of 7.4,
and the pH of urine can vary from 6.5 to 8.

Each strand of your hair consists of a central
core surrounded by a scaly covering called the
cuticle. At a pH of 4-6, the scales of the cuticle
lie flat. They reflect light evenly, making the hair
look shiny. If the pH is higher than 6, the cuticle
becomes ‘ruffled’. Light is reflected in all
directions and the hair looks dull. For this reason,
shampoos and conditioners contain substances to
keep the pH in the range 4-6.

pH 4-6

smooth cuticle
hair shiny

pH more than 6

ruffled cuticle
hair dull

The pH of soil is important for the growth
of plants, and soil test kits can be bought to test
the acidity of the soil. Some plants grow better
in acidic soils and some prefer alkaline soils. If
the soil is too acidic, you can add basic solutions
such as powdered limestone or dolomite. This
is often necessary in agricultural areas where
nitrogen fertilisers have been used. If the soil is
too alkaline, you can add compost, manure or a
soluble fertiliser such as ammonium sulfate, which
is acidic.

Fig 5 '| In acid soil hydrangea flowers are white or
blue. In basic soil the flowers are pink.
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Investigation 14 | ;O ) Measuring pH

Aim
To measure the pH of various substances,
including soil.

Planning and Safety Check

~ Read both parts of the experiment.
e What safety precautions will be needed?
e Design a data table for Part A.

! PART A Household
substances

Materials

e various household substances in dropper
bottles, eg:
window cleaner baking soda
shampoo and conditioner vinegar
antacid tablet lemon juice
vitamin C milk

e universal indicator solution or
pH paper

¢ |aboratory acids and bases
® gpotting tile

Method

Use the diagram and notes below to measure the
pH of various household substances.
universal

indicator
solution

SAFETY GLASSES
MUST BE WORN

sample to
be tested

—

L J

spotting tile

» The samples to be tested must be in solution
or wet.
* Putafew drops of the sample in a cavity on a
spotting tile and add a drop of indicator.
¢ |fyou are using pH paper, add a drop of the
sample to a 1 cm piece of paper.

Discussion

1 Which was the most acidic substance you
tested (lowest pH)? Which was the most basic
(highest pH)? Make a list of the substances
from the most acidic to the most basic. How
do your results compare with those from
Investigation 13 on page 1397

2 What is the pH of a neutral solution? Were any
of the solutions you tested neutral?

3 Predict what will happen to the pH of an acid
when you dilute it with water. Will it be more or
less acidic? (You could test this.)

VA Soils

Materials

e universal indicator solution

e barium sulfate powder for soil testing
e petri dishes

e soil samples

e jceblock stick or spatula

Method
1 Place half a teaspoon of soil in a petri dish.

2 Add enough universal indicator solution to
make a thick paste. Stir with the iceblock stick.

3 Sprinkle this paste with a thin layer of white
barium sulfate powder.

4 After 2 or 3 minutes, match the colour of the
powder with the colours on the indicator colour

card. L
A 4 Record the pH of Inquiry
the soil.
5 Repeat for other soils. Design a similar
2"} Which soils were S EES

the soil acidity can be
changed by adding
powdered limestone
or ammonium sulfate.

-

acidic, which were
basic and which were
neutral?




Explaining acids
and bases

Acids have special properties. For example, they
are corrosive. In the activity below, you can test
whether they conduct an electric current.

Activity B

1 Half fill a small test tube with dilute
hydrochloric acid.

2 Use a conductivity kit to test whether the
acid will conduct an electric current, that
is, light up the bulb.

3 Wash the electrodes with distilled water,
then repeat the test with distilled water
instead of dilute hydrochloric acid. What
happens?

4 Repeat the test with sodium chloride
(salt) solution.

“ . .
£/ Try to explain your observations.

power pack
(6V)

-~ light bulb

conductivity

kit (6V) electrodes

test tube

lons in acids and bases
In the 17th century, one scientist suggested that

the particles that make up acids had sharp spikes.

He said that these spikes were the reason for

the sharp biting feeling of acids on your skin.
Scientists have since found that it is because they
contain hydrogen ions.
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As you probably know, an atom is a sort of
ball-shaped cloud with a tiny nucleus at its centre.
The nucleus is positively charged. The rest of the
atom is mostly empty space containing rapidly
moving electrons, which are negatively charged.
Some of these are close to the nucleus and others
are further away.

The number of positively charged protons
in the nucleus is the same as the number of
negatively charged electrons surrounding the
nucleus. So the atom is neutral. However, some
atoms can lose electrons (usually the outermost
ones), while others can gain electrons. In either
case, the atom is no longer neutral. An atom
that has lost or gained electrons is called an ion
(EYE-on).

A hydrogen atom has a single proton in its
nucleus, with a single electron orbiting it. This
electron is easily lost to form a hydrogen ion with
a single positive charge, as shown below.

HYDROGEN
ATOM
HYDROGEN
ION
nucleus
loses one @
electron and
becomes a... .
electron
1 proton 1 proton
1 electron 0 electron

H - H' + electron

Fig 6 How a hydrogen ion is formed

Atoms of metals tend to lose electrons. For
example, a copper atom can lose two electrons to
form an ion with two positive charges (Cu2+). In
contrast to metals, atoms of non-metals tend to
form ions by gaining one or more electrons. For
example, chlorine atoms form negative chloride
ions CI7, as shown in Fig 7 on the next page.
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CHLORINE
ATOM
CHLORIDE
2 ION
gains one
electron and ©)
becomes a...

17 protons
17 electrons

17 protons
18 electrons

Cl + 1electron =~ CI°

Fig 7 How a chloride ion is formed

The reason distilled water does not conduct
electricity is because the water molecules are
neutral. However, hydrochloric acid contains ions
that can carry the electric current through the
solution.

The formula for hydrochloric acid is HCI. In
water, it forms H* ions and Cl~ ions:

HCI - H* + CI

Similarly for sulfuric acid:
H2S04 = 2H* + S04

So, if a substance forms H* ions when dissolved in
water, then it is an acid.

The pH of a solution is a measure of the
concentration of H" ions. The p stands for
‘power’, so pH means the ‘power of hydrogen’.
Note that pH is always written with a small p and
a large H.

Basic solutions contain hydroxide OH™ ions.
For example, sodium hydroxide (NaOH) forms
Na* ions and OH™ ions when dissolved in water.

NaOH ~ Na* + OH-

Why salt solution conducts
electricity

Positive and negative ions attract each other, so
many compounds consist of positive and negative
ions held together by ionic bonds. For example,
sodium chloride consists of Na* ions and CI~ ions.
When you dissolve sodium chloride in water, the
sodium ions and the chloride ions break apart and
spread throughout the water, as shown in Fig 8.
This is why a salt solution also conducts electricity.

salt crystals

chloride ion _]

water
molecule —

sodium ion —]

electric current
(electrons)

Fig 8 Sodium and chloride ions break apart in the
solution. The ions carry the electric current
through the solution, and electrons carry it

through the wires to and from the power pack.



Match the following in your notebook:

pH 4 neutral

pH 7 moderately acidic
pH 1 moderately basic
pH 8 very acidic

pH 10 slightly basic

2 The words in the following sentences have Farmers add lime to the soil to decrease

been jumbled up. Rewrite the sentences the acidity.

correctly.

a A pH solution has a neutral of 7. The pH of a number of soils was measured:

b An acidic solution is an example of SoilA  pH=4.0
vinegar. )

¢ More than 7 solutions have a basic pH. SoilB pH=5.0

d H*ions tells you of the pH concentration. SoilC  pH=6.0

3 a Blood has a pH of 74. Is this acidic, basic SoilD  pH=75

or neutral? SoilE  pH=85

b When you exercise, your muscles a Which of the soils is the most acidic?
produce lactic acid. What effect might b In which soil would sweet peas probably
this have on the pH of your blood? grow best?

¢ Which of the crops would probably

{
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The ideal pH level is 7.4-7.6. What should grow best in soil E7 Explain your choice. -
you add to the pool to lower its pH—water, i What could be added to soil C to make it i
alkali or acid? more suitable for azaleas? :
e Ofsoils A, B and C, which would need !

5 Farronis reading a booklet on the most lime added to it to give a pH of 77 |
maintenance of swimming pools. He reads :
that if the pH falls below 7, the pool may {
[}

!
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]
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t

i

become corroded. Suggest a reason for this.

8 Copy and complete these sentences.
a A hydrogen atom loses one electron to

form a hydrogen ion.
6 An alkaline solution has a pH of 12. If it b A chlorine atom one electron to
is diluted by addlng water, will the pH form a negati\/e chloride ion.
increase, decrease or stay the same? ¢ In water, hydrochloric acid forms
7 The table below shows the most favourable positive_____ions and negative
pH ranges for the growth of some common 1ons.
plants. d Sodium hydroxide forms positive
sodium ions and negative ions
azalea 4.5-55 |barley 6.0-8.0 9 Suggest why tap water conducts electricity
calendula 6.0-75 | clover 5570 whereas distilled water does not.
daffodil 6.0-65 | wheat 55-70 10 In terms of ions, how are hydrochloric acid
— and sulfuric acid similar? How are they
hibiscus 6.0-70 | cotton 5.5-6.5 different?
sweetpea  70-8.0 |[rice 5.0-6.5

'
1
)
)
'
)
E
)
)
)
)
'
)
)
)
)
)
)
)
"
)
)
'
E
E 4 The pH of water in a swimming pool is 7.9.
)
)
1
)
)
'
"
'
)
)
'
E
'
)
)
)
)
)
)
)
)
"
'

N~ 2
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Challenge

kD

1 Pepsin is an enzyme in the human stomach that
speeds up the digestion of proteins. What does
the graph below tell you about the activity of
pepsin?

Enzyme

o

pH

2 The pH of a creek in an industrial area was
monitored by a group of Year 9 students over a
period of 4 weeks. They collected these data.

Day | 1 4 |7 |10 (13|16 |19 |22 |25 |28

pH (74 |73|74|74|72(51[39|39|65/|7.2

a Plot their data on a graph.
b Infer what might have caused the dip in the
graph.
3 Garden soil usually becomes more acidic as
time passes. Suggest reasons for this.

4 Electricity is passed through dilute hydrochloric
acid containing hydrogen ions and chloride
ions.

electrodes

dilute
hydrochloric
acid

a Draw a diagram showing what you predict
will happen to the hydrogen and chloride ions
in the solution. Use Fig 8 on page 146 as a
guide.

b What will happen if the connections to the
power pack are reversed?

5 The symbol for a silver ion is Ag*. How many
electrons does a silver atom lose to become a
silver ion?

6 What would need to happen for a chloride ion
CI~ to become a chlorine atom?

7 Hydrogen ions are never found on their own.
Why is this?

8 Explain why ionic compounds, which consist of
electrically charged ions packed together, are
electrically neutral. Use sodium chloride as an
example.

(&

TRYTHIS @ &

1 Test the effect of pH on the cooking of carrots.
Put about 100 mL of water into each of three
beakers. Add vinegar to the second beaker
until the pH is about 4 (use indicator paper).
To the third beaker, add baking soda until the
pH is about 9. Add thin slices of carrot to each
beaker and boil it for about 5 minutes.

Record your results.

2 Design and carry out an experiment to test the
effect of pH on the growth of seeds. You could
grow the seeds on filter paper or perlite in
petri dishes. Be careful to control all variables
except the one you are purposely varying.

3 Design an experiment to see if the pH of

different brands of hair shampoo is different. Is
there any relationship between their pH and the
type of hair for which they are recommended?

Well, personally, T \

Do you have anything
recommend sump oil.

for greasy hair?

7
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6.3 Reactions of acids and bases

Investigation 15 | ;O ) Reactions with acids

Aim
To investigate the reactions of acids with metals
and with carbonates.

@ Planning and Safety Check

Read Part A and Part B (on the next page).
e What safety precautions will be needed?
e Design data tables for both parts.

Aeaction with

i PART A
metals

Materials

e pyrex test tubes and test tube rack

e dilute hydrochloric acid (1 M)

e universal indicator solution or paper

e piece of magnesium ribbon (about 2 cm)

e taper and matches

e samples of other metals, eg aluminium, copper,
iron, tin, zinc

Method

1 Add about 2 mL of dilute hydrochloric acid to
a test tube and add a few drops of universal
indicator.

:/ Record the pH.

2 Add a piece of magnesium ribbon to the acid.
To trap the gas released, hold a second dry test
tube upside down over the mouth of the tube as
shown.

3 When the magnesium has reacted, light a taper,
tilt the test tube upwards as shown and put the
burning taper near its mouth. A ‘pop’ indicates
that the gas is hydrogen.

4 Feel the test tube containing the acid and
magnesium.

burning taper

\7 Write an inference to explain your
observation.

Note the pH in the tube.

\7 How has the pH changed as a result of the
reaction?

Test the reactions of other metals with dilute
hydrochloric acid.

-,
£/ Record your observations in your data
table.

-,
£/ Which metals are the most reactive? Which
are the least reactive?

Discussion

1

Is hydrogen gas lighter or heavier than air?
How do you know?

Write a word equation for the reaction between
magnesium and hydrochloric acid. (The
colourless solution left in the test tube contains
the compound magnesium chloride.)

Suggest why the pH increases during the
reaction.

e
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Materials

m Reaction with
| carbonates

dilute hydrochloric acid (1 M)
test tubes and test tube rack
stopper for test tube
one-holed stopper fitted with glass and plastic
tubing, as shown below

taper and matches

limewater (calcium hydroxide solution)

2 or 3 marble chips (calcium carbonate)

Corrosive

other carbonates, eg sodium carbonate, sodium

hydrogen carbonate, copper carbonate

Method
1 Set up the apparatus below. Make sure the

collecting tube is dry. Put two or three marble
chips into the reaction tube.

Add about 5 mL of dilute hydrochloric acid to
the reaction tube, then quickly fit the stopper
and tubing.

After about 2 minutes remove the collecting
tube and put a stopper in it. Replace it with
another tube one-third full of limewater. Allow
the gas to bubble into the limewater while you
do Step 4.

SAFETY GLASSES
MUST BE WORN

glass tubing plastic tubing
reaction collecting
tube [» tube
dilute
hydrochloric
acid

ANy

marble chips

Light the taper, remove the stopper from the
first collecting tube, and put the taper into the
tube as shown. The taper going out indicates
that the gas is carbon dioxide.

Go back and observe the limewater from
Step 3. If it has turned milky, this also
indicates the presence of carbon dioxide.

Test the reaction of other carbonates with
hydrochloric acid.

-,
£/ Record your observations in your data
table.

Discussion

1

Is carbon dioxide lighter or heavier than air?
How do you know?

Suggest why carbon dioxide is used in fire
extinguishers.

Complete this word equation for the reaction
that occurred when you added hydrochloric
acid to calcium carbonate:

+ -

calcium chloride + water +

Write an inference to explain why the limewater
goes milky when you bubble carbon dioxide
into it.

burning taper

Design and carry out an experiment to
find out whether the concentration of the
hydrochloric acid affects how quickly it
reacts with metals and carbonates.

You must check with your teacher
before you start.




Salts

In Investigation 15 you found that dilute
hydrochloric acid reacts rapidly with magnesium
to produce two new substances. Hydrogen gas
is released and magnesium chloride stays in
solution.

magnesium + hydrochloric acid —
magnesium chloride + hydrogen

Similarly, dilute hydrochloric acid reacts violently
with the metal sodium to form hydrogen and
sodium chloride.

sodium + hydrochloric acid —
sodium chloride + hydrogen

The magnesium chloride and sodium chloride
belong to a group of compounds called salts.

If you had continued the investigation, you
would have found that dilute hydrochloric acid
and all other dilute acids react with most metals.
When the reaction is slow, its rate can be
increased by using a more concentrated acid or
by heating. You can write a general equation to
describe all these reactions.

metal + dilute acid — salt + hydrogen J

There are hundreds of different salts. Some
are shown in the table below. Note that they are
named after the acids they are made from. The
most common salt is sodium chloride or table salt.
Other examples include Epsom salts (magnesium
sulfate), used in bath salts, ammonium nitrate,
used as fertiliser, and baking soda (sodium
hydrogen carbonate), used in cooking.

Name of acid

Name of salts

Chapter 6 — Everyday reactions @

In Investigation 15 you found that acids react
with carbonates to produce carbon dioxide gas.

carbonate + acid —
salt + water + carbon dioxide

Most ‘health salts’ consist of sodium
hydrogen carbonate plus a solid acid such as citric
acid, and flavouring. When the mixture is stirred
with water, carbon dioxide is given off. This
produces the bubbles and ‘sparkle’ of the drink.
Carbon dioxide is also responsible for the ‘fizz’
when you put sherbet in your mouth.

Fig 10

A ‘fizzy drink’ is the result of the reaction
between an acid and a carbonate.

Examples

hydrochloric acid HCl chlorides sodium chloride  NacCl
calcium chloride CaCl
nitric acid HNOs nitrates potassium nitrate  KNOs
ammonium nitrate NHzNO3
sulfuric acid  HySOq4 sulfates copper sulfate  CuSOq4
magnesium sulfate  MgSOq4
carbonic acid H,CO3 carbonates calcium carbonate CaCOs
sodium hydrogen carbonate  NaHCOs
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Neutralisation

The photo is a close-up of the jaws of an
ant. Ants use them to hold you while
they inject you with formic acid using
a spike on their abdomen. This can be
quite painful. To treat the sting, you
can add a weak base such as baking
soda solution, which neutralises the
acid. Bee stings can be neutralised
in the same way. On the other
hand, wasp stings contain
a basic substance, which can be
neutralised using vinegar, a weak
acid. However, if you are not
sure what has bitten you, it is
best to treat the sting with ice,
which numbs the pain.
Neutralisation is a reaction
in which an acid and a base cancel
each other out to form a salt and water.
To neutralise an acid, you add a base, and to
neutralise a base, you add an acid. of your stomach become too acidic, you get
indigestion. This can happen when you have eaten
too much or too quickly. To neutralise the excess
stomach acid, people take antacid. These tablets
or powders contain a weak base, such as baking
soda (sodium hydrogen carbonate), magnesium
hydroxide or aluminium hydroxide, which
neutralises the hydrochloric acid. The baking soda
also produces carbon dioxide gas. This makes you
burp, releasing the gas trapped in your stomach.

acid + base — salt + water J

There are many applications of neutralisation
in everyday life. For example, the odour of fish
and other seafood is due to bases called amines.
Adding lemon juice or vinegar, which is acidic,
neutralises the amines, giving a more pleasant
smell.

Your stomach contains dilute hydrochloric acid
to break down the food you eat. If the contents

lemon .
lemon juice

+ » no fishy smell
amines

Fig 11  The smell of fish can be neutralised with
lemon juice. This is an acid—base reaction.




Investigation 16 : ;O ) Antacid
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Aim
To measure how much antacid is needed to
neutralise some hydrochloric acid.

Materials i:ﬁ§

e dilute hydrochloric acid (0.1 M) -

e small flask, eg 250 mL ‘

e 50 mL measuring cylinder Corrosive

e methyl orange indicator (B =)

e gspatula @

e antacid powder or crushed tablet

e plastic petri dish SAFETY GLASSES
QTR oS

e Dbalance

Planning and Safety Check

¢ Read the investigation, then describe to
your partner what you will be doing and
why.
What do you think is the purpose of the
sheet of white paper in Step 3?
Draw up a data table like this:

mass of petri dish + antacid = ____ (my)

mass of dish + unused antacid = (mo>)

mass of antacid used m1—my

Method
1 Put a spatula of antacid powder in a petri dish.

\7 Use the balance to measure the mass of
the petri dish plus antacid. Record this in your
data table.

2 Use a measuring cylinder to measure out
50 mL of dilute hydrochloric acid. This is similar
to the hydrochloric acid in your stomach.
Pour the acid into the flask and add
3 or 4 drops of methyl orange indicator.

3 Place a sheet of white paper under the flask
and use the spatula to add antacid bit by bit
to the acid. Swirl the flask gently to stir the

antacid

dilute sheet of
hydrochloric white
acid paper

+
methyl orange

mixture. Stop adding antacid when the colour
changes from red to orange.

\7 What evidence was there of a chemical
reaction as the antacid was added?

4 Measure the mass of the petri dish and the

unused antacid in it.

:} By subtraction, find the mass of antacid
used to neutralise 50 mL of dilute hydrochloric
acid.

Discussion

1 How much antacid was needed to neutralise
50 mL of dilute hydrochloric acid?

2 Compare your results with those of other

groups. How accurate do you think your
measurement was? Explain your answer.

3 If your stomach contained 1 litre of dilute

hydrochloric acid, how much antacid powder
would you need to neutralise it?

Design a test to compare the effectiveness of
several different antacid powders or tablets.
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Acid rain

In northern Europe and North America, millions
of trees have died due to acid rain. Some lakes
contain so much acid that all the fish have died
and the birds that relied on the fish for food have
left. Acid rain also speeds up the rusting of iron,
and buildings made of marble, limestone and
concrete have been affected.

Normal rain is usually slightly acidic because
carbon dioxide in the air dissolves in raindrops to

form carbonic acid.

However, the large amounts of waste gases from
industry and motor vehicles are making rain much
more acidic than normal.

Sulfur dioxide SO dissolves in rainwater to
form sulfurous acid. It also reacts with oxygen in
the air to form sulfur trioxide SO3, which
dissolves in rainwater to form sulfuric acid.
Nitrogen dioxide NO; also reacts with rainwater
to form acids.

Scientists are not sure about the most
important cause of acid rain. Power stations
certainly produce sulfur dioxide, although some
of them are now beginning to remove the sulfur
dioxide from the waste gases they produce, so that
it does not go into the air. At present, however,
it looks as though the nitrogen dioxide from car
exhausts is as much to blame as sulfur dioxide.

m This forest in Poland has

been damaged by acid rain.

carbon dioxide + water — carbonic acid

Acid rain is not as big a problem in Australia
as it is in Europe and North America. One reason
for this is that the coal we burn in power stations
does not contain as much sulfur as the coal used
overseas. However, acid rain with a pH as low as
3.6 has been recorded in Sydney.

ay

Because sulfur dioxide is poisonous,
especially for asthmatics, this activity can
be done only as a teacher demonstration.

Activity

Prepare a gas jar containing about 5 mL
of water and a few drops of universal
indicator.

Place a small amount of sulfur in a
deflagrating spoon, and use a Bunsen
burner to light it.

Quickly place the burning sulfur in the
gas jar.
When the sulfur has finished burning,
shake the jar to dissolve the sulfur
dioxide gas.

-
£/ Note any change in the colour of the
indicator. Why has this happened?

Add a coloured flower petal, a piece of
fruit peel or a piece of coloured paper to
thde water in the jar.

£/ What do you observe?

Also test the acidity of the water in
the jar by adding it

to magnesium
ble D
or .mar deflagrating
chips. spoon
gasjar ___
burning ___|
sulfur @
water +
universal
indicator

| ——

pen the

nd

OneStopScience
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12 The map below shows a power station and
the average pH of the rain that falls on
the countryside around it.

1 How can you test for the following gases? a  Where does the most acidic rain fall?
a hydrogen b Suggest why the water is more acidic
b carbon dioxide at B than at A.

2 Rosie has a white powder that she thinks is ¢ From which direction does the wind
calcium carbonate. Mary thinks it is calcium normally blow? How do you know?

chloride. How could they decide which it is?

pH of 3. When X is added to a solution of Y,

bubbles form and a gas is produced.

a One of the white powders is an acid. Is it
X orY? How do you know?

b The other white powder is calcium
carbonate. What is the gas produced in
the reaction?

a What was the aim of the experiment?
b Predict how long it would take for a
3 cm piece of magnesium ribbon to
dissolve at 10°C.
¢ Write a hypothesis linking reaction time
to temperature.
d Use a graph to predict the temperature
11 Which two chemicals would you mix to at which a 2 cm piece of magnesium
produce: would react in 45 seconds.
a hydrogen?
b carbon dioxide?

' 3 How does milk of magnesia (magnesium l N F x 3] I

: hydroxide) cure an upset stomach? 'r \

E 4 It is unwise to take too many antacid tablets. \ |

| . .. 5 w _
: Why do you think this is so? AL("
1 5  Why is rain slightly acidic even without air : |

: llution? e L~

: pollution? 5 ’

E 6 Marble statues are made of calcium ‘

E carbonate. Would they be affected by acid |

E rain? How? ., WoH50-
E 7 Which substances are always formed when: power ClpHs6.5
: a an acid reacts with a metal? ~| station D pH 6.0 £
; b an acid reacts with a carbonate? ] ] ]

E ¢ an acid reacts with a base? 13 Soo-Hong investigated the reaction

; ] between magnesium ribbon and acetic

, 8 When Anika was stung by an ant, she acid. In each test, he used 15 mL of dilute

E rubbed the bite with vinegar, but this only acetic acid. Here are his results.

; made it worse. What should she have done?

E 9 Some copper jewellery has become Te;npg;atoure Length of Rgactlon

] tarnished with greenish copper carbonate. of acid (°C) magnesium (cm) time (s)

E Which of the following would you use to 10 2 60

] cleal? itbwli(thout dc;ssclnlving away the metaLI 10 4 79

1 itself —baking soda, lemon juice, nitric aci

] or water? Explain your answer. 10 6 102

E 10 X andY are white powders. X is insoluble in 20 2 3

| water, but Y is soluble and its solution has a 40 2 15

___________________________________________________________________________________________________
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Challenge

ED

1 Hydrogen fluoride (HF) is an acid that reacts
with sodium hydroxide to produce a salt that is
used to help prevent tooth decay.

a What is the name of the salt that forms in
this reaction?

b Write a word equation for the neutralisation of
hydrogen fluoride with sodium hydroxide.

2 Lakes affected by acid rain appear to be much
clearer than lakes that have not been affected.
Suggest a reason for this.

3 Name the type of salts formed by:
a hydrochloric acid
b nitric acid
¢ sulfuric acid.

4 Kristy put 25 mL of dilute acetic acid in a
beaker. She slowly added a dilute sodium
hydroxide (NaOH) and used a datalogger to
measure and display the pH.

NaOH. Would the volume she used be more
or less than the volume in ¢?

Explain the shape of the graph, relating it to
the neutralisation reaction.

14

s

104

T 8]
[«8

6_

44

9

0 5 10 15 20 25
Volume of NaOH added (mL)

a What was the pH after 20 mL of NaOH had
been added?

b What volume of NaOH was needed to
produce a pH of 57

¢ What volume of NaOH was needed to
neutralise the acetic acid?

d Suppose Kristy had used a more
concentrated acetic acid. What effect would
this have on the shape of the graph?

e Suppose Kristy had used more concentrated

5 Write word equations for the reactions that you
would expect to occur between:

a calcium metal and hydrochloric acid
b zinc carbonate and nitric acid
¢ calcium hydroxide and carbonic acid.

6 The diagram below shows how sulfur dioxide
can be removed from the waste gases
produced in a coal-burning power station. Use
the information in the diagram and the equations
to explain how the process works.

KEY -»» air

> ey
< —> >~
o~ v —>p >

by cleaned gases
g to chimney
4
4
153
Sy
/4‘ 44 ‘4‘»
£ 50 e e
S Y R
ﬁ; :* & e a4+
; *i lime
4 A ‘ 2
4
gases from /! tf e (calpéu;n
burning coal g 47 $¢+ ox:.e
~
R ——— A % v A
= ~>>’>’i:v X # v t A water
e Rl t
A RVE 4
"
b
[ —

<< << << all

=

calcium sulfate

sulfur dioxide + calcium oxide —
calcium sulfite

calcium sulfite + oxygen — calcium sulfate )

1 Check the labels on antacid medications.
What are the active ingredients?

2 In a group, discuss who should pay for the
damage caused by acid rain.

3 Use the internet or the library to find out about
the damage caused by acid rain in Europe
and North America.



6.9 Energy in reactions

In this chapter, you have learnt about various
everyday reactions involving acids. However,
there are many other types of chemical reactions.
For example, what do you remember about the
chemical reactions that take place in and around
all living things? Do the activity below to test your
knowledge.

Activity -] "

Which type of chemical reaction:
1 do plants use to make food in their
leaves?

2 increases levels of carbon in our
atmosphere from the burning of fossil
fuels?

3 s taking place in your body to give you
the energy you need for living?

4 s the basis of all food chains and food
webs?

5 occurs when yeast causes bread to rise?
6 occurs when you light up the barbecue?

71 releases carbon dioxide into the
atmosphere?

Turn to page 159 to see if your answers are
correct.

You could not function
without the chemical reactions
taking place inside you.
Similarly, all living things rely
on their chemical reactions to
keep them alive. Think of a
plant in a forest. It may appear
that the plant is doing nothing,
but it is really like a factory.
There are many chemical
reactions that are occurring
within its leaves to keep the
plant alive. Two of the most
important are photosynthesis
and cellular respiration.

Chapter 6 — Everyday reactions ‘

Photosynthesis

Plants use the energy in sunlight to produce food
in the form of a simple sugar called glucose. This
can be written as the following word equation:

carbon dioxide + water + sunlight

'

glucose + oxygen

-

This type of reaction, which needs energy to make
it go, is said to be endothermic. It takes in energy
(endo means ‘in’).

Plant cells contain structures called chloroplasts.
These contain chlorophyll, which gives plants their
green colour. Chlorophyll absorbs energy from the
sun to start the process of photosynthesis. During
this process, small molecules—water (H,O) and
carbon dioxide (CO;)—combine to form large
molecules—glucose (CsH1204).

cell wall

vacuole

cytoplasm
chloroplasts

nucleus

Life on Earth would not be possible without
photosynthesis. It is vital for producing oxygen
in the atmosphere. Half of the world’s oxygen
is produced by land plants such as trees, shrubs
and grasses. The other half is produced by
phytoplankton (tiny microscopic organisms) that
drift around in our oceans. Scientists infer that
it wasn’t until organisms in the ocean started to
photosynthesise and release oxygen 2.7 billion
years ago that other life forms could exist.

Organisms that carry out photosynthesis
(producers) are the basis of all food chains and
food webs. When they are eaten by consumers,
the energy that they captured from the sun and
used to make large food molecules is passed along
the food chain.
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Cellular respiration

As well as photosynthesis, the plant in the forest
is also carrying out respiration. Some of the
glucose and oxygen made in photosynthesis is
used to make energy for the plant. This energy is
needed for other processes such as growth and
reproduction of cells and tissues. This is done

by breaking down the large glucose molecules to
small water and carbon dioxide molecules. This
breakdown process releases energy and is said to
be exothermic. It gives out energy (exo means
‘out’).

glucose + oxygen

y

water + carbon dioxide + energy

This process is called cellular respiration
because it takes place inside cells. Amazingly,
the cells in the forest plant carry out thousands
of chemical reactions every second. Without the
energy made from cellular respiration these would
not be possible.

Your body also carries out cellular respiration.
You need energy for all the chemical reactions
that take place inside you. This is called your
metabolism. You also need energy for muscles to
move and to carry out daily activities.

Since you are an animal, you are unable to
carry out photosynthesis and make your own
food. So you have to eat and digest food to be
able to use it. Some of the energy released from
cellular respiration is used in digestion, and some
is used by your body for heat. This heat keeps
your body at a constant temperature. Growth and
reproduction, removal of wastes, transportation
of substances around your body and repair of cells
are all processes that require energy.

Combustion

Combustion is the uncontrolled burning of a fuel
with oxygen to produce heat and light. This is
also an exothermic reaction. However, it is very
different from cellular respiration, which occurs
slowly and in a controlled way.

The combustion of wood or petrol requires
a large amount of energy to get it started. For
example, combustion of petrol in a car engine
requires a spark from a spark plug to ignite the
petrol and oxygen mixture in the pistons. The
large molecules in the fuel are broken down into
small molecules, so a large amount of energy is
released, mainly in the form of heat.

In many combustion reactions, a flame or
explosion occurs, producing heat and light.

fuel + oxygen

'

carbon dioxide + water + energy

-

In complete combustion, carbon dioxide and
water are produced. However, more often than
not, incomplete combustion occurs when fuels
are burnt in air. This produces other substances
too, such as soot and carbon monoxide. Nitrogen
oxides are also produced because air contains
nitrogen as well as oxygen. These substances all
contribute to air pollution.

Fig 13 = Combustion (burning) is an everyday reaction.




Reactions in the atmosphere

Living things rely on the non-living world
to survive. For example, air, the weather, the
availability of water and minerals in the soil can all
affect life on Earth.
Living things rely on chemical reactions that
take place in non-living systems, for example
the reaction of ozone in the atmosphere with
ultraviolet radiation from the sun. The ozone layer
protects all living things on Earth from the harmful
effects of ultraviolet radiation. It also helps prevent
extreme temperature changes from day to night.
Oxygen molecules in our atmosphere are
constantly being broken down by UV radiation to
produce single oxygen atoms (Oy = O + O). These
atoms are then free to combine with other O,
molecules to produce ozone Oy + O — O3 (ozone).
Ozone absorbs the UV radiation and stops it

reaching the lower levels of the Earth’s atmosphere.

The ozone layer therefore shields all living things
on Earth from the effects of UV radiation. Too
much UV radiation can cause changes in the DNA
or genetic code of living things. These changes

are called mutations and may lead to cancer. UV
radiation can also cause eye and skin damage and
affect the immune system of living things. So the

TFig 14"\'] How the ozone layer protects us from
harmful UV radiation from the sun

e

)
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chemical reactions that occur to make ozone are
vital to life on Earth.

Scientists have also discovered that nitric oxide
(NO) and nitrogen dioxide (NO3) in the
atmosphere also help with ozone formation.
These nitrogen oxides are formed by natural
processes such as lightning, combustion in forest
fires, and chemical processes that take place in the
soil. Living systems could not exist without such
important chemical reactions.

Living systems are also being affected by
chemical reactions caused by humans. For
example, as you learnt on page 154, gases
produced by power stations and cars can cause
acid rain. CFCs (chlorofluorocarbons), once used
as refrigerants and propellants, have destroyed
some of the ozone layer. UV radiation broke up
the CFCs, releasing chlorine atoms. These chlorine
atoms then reacted with the ozone molecules and
broke them apart. This caused a ‘hole’ in the
ozone layer above Antarctica, allowing dangerous
UV radiation to reach the Earth. The use of CFCs
is now banned in most parts of the world, but the
ozone layer has not yet repaired itself.

1 How is a living plant like a factory?
2 What is cellular respiration?

3 Explain the difference between
photosynthesis and cellular respiration

4 What is the difference between an
exothermic reaction and an endothermic
reaction?

5 Draw diagrams to show the difference
between an oxygen atom, an oxygen
molecule and an ozone molecule.

6 Why is UV radiation harmful to humans?

7 How does the ozone layer stop UV radiation
from reaching the Earth?
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Copy and complete these statements to make a summary of this el

chapter. The missing words are on the right. carbon dioxide

1 Acids and bases are important in everyday life, for example in electrons
swimming pools, in your and in gardening. energy

2 Bases are the opposite of acids. are bases that are soluble exothermic

in water. hydrogen

3 An acid-base is a substance that changes colour depending hydroxide
on whether it is in an acidic or basic solution. indicator

4 An is an atom or group of atoms that has a positive or ion
negative charge, caused by the loss or gain of . metals

5 is a number that indicates how acidic or basic a solution neutralisation
is. It is a measure of the concentration of ions in solution. pH

6 An acid is a substance that releases hydrogen ions (H*) in solution. stomach
A base is a substance that releases ions (OH").

7 Dilute acids react in a predictable pattern.
¢ They react with most to produce hydrogen gas.
¢ They react with carbonates to produce gas.

8 is the process in which an acid reacts with a base to produce a salt
(neutral) and water.

9 Endothermic reactions need to make them go, for example
photosynthesis. reactions produce energy, for example respiration.

R e é Try doing the Chapter 6 crossword at

-

OneStopScience

1  Which of these household substances contain Blu-Tack A
bases? (There may be more than one.) plastic straw
A vinegar with bend

B ammonia

.. string
C lemon juice
D oven cleaner
tea l_)a_g
2 To work the homemade fire extinguisher on the ERETE,
. . powder X

right, you let the string go so the tea bag falls small

into the liquid, producing carbon dioxide gas. soft drink ——

X and Y are most likely to be: Xeiidld

A baking soda and vinegar

B baking soda and water w liquidY

C baking soda and window cleaner
D salt and vinegar
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Which one of the following is zot an acid (does
not form hydrogen ions in water)?

A HF

B H;PO,4

C HCl

D NacCl

Which of the following are endothermic

reactions, and which are exothermic?

a combustion

b photosynthesis

¢ cellular respiration

d breakdown of oxygen molecules into oxygen
atoms

In the laboratory, you are given three solutions
marked X, Y and Z. You are also given red
and blue litmus paper. Copy and complete the
following table with the results that would
show that:

e X is neutral

® Y is acidic

e 7 is basic.

Unknown solutions

X Y z

blue (itmus

red litmus

Shanthi has been given a number of solutions,
and she has found the pH of each using
indicator paper. Here are her results.

Substance | P | Q[ R | S| T|U/|V
pH 3149|685

Which solution is the most acidic?

Which solution is the most basic?

Which solution is neutral?

To make solution Q more acidic, you need
to add:

A water

B sodium hydroxide

C solution P

D solutionT

20 TR

Wth zg

\ork /)ZQ
Do, | Y

Go to to access
interactive activities to help you revise this chapter.

Aluminium saucepans lose their shine when
they develop a dull coating of aluminium oxide,
which is a base. Explain why boiling lemon
juice in an aluminium saucepan will leave it
shiny.

Normal rainwater has a pH of about 6, distilled
water has a pH of 7, and acid rain can have

a pH as low as 2. Write a short paragraph to
explain these differences.

Write a paragraph explaining why knowing the
pH of soil is important.

10 Using the set-up shown below, Gerard tested

the electrical conductivity of three different
acids, all of the same concentration. Here are
his results.

light bulb

|" : 3 | battery
L._ acid J
Acid Bulb

A glowed brightly

B did not glow

C dull glow

How can you explain the differences between
the acids?

Collect unlabelled bottles of dilute hydrochloric
acid, dilute caustic soda solution, sodium chloride
solution and water.

Your task is to work out which one is which,
using the correct safety procedures.

Collect any chemicals and equipment you will
need to do your tests.

When you have finished, briefly describe the tests
you did and check your answers with your teacher.

Check your answers on page 298. '

*

OneStopScience

LAB REVIEW |




)

’
- .
P

PN

x 162 K

S aa e R e
iencelllorld 9 Australian Curriculum edition

"" ' ‘o S

B Mount Isa’s lead problem

“-

-
«s a0

Mount Isa in north-western Queensland has one
of the world’s largest underground mines. The city
has grown around the mine, and there are almost
22 000 mine employees and residents. The copper
and lead smelters produce sulfur dioxide and dust
particles that are released into the atmosphere via
the tall chimney stacks you can see in the photo.
Normally the wind blows these emissions to the
west of the city.

In 2006 The Australian newspaper reported
that testing had shown lead levels in soil in
residential areas of Mount Isa were 33 times
higher than the Australian safe level. As a result
of this story, Queensland Health began a study
of young children in the city. Their report wasn’t
released until May 2008. It showed that, of the
403 children under four years that it tested, 45
had blood lead levels higher than 10 micrograms
per decilitre, the level considered safe.

Lead is harmful to the human body and as a
result we no longer use it as much as we did in
the past. Lead paint is no longer used and leaded
petrol was not available after 2002. However,
lead is still used to make batteries for motor
vehicles. Young children exposed to high lead
levels are at risk of developing behavioural and
intellectual problems. This is why the families
of seven Mount Isa children are presently taking
legal action for unspecified damages against the
mining company (Xstrata) and the Queensland
Government for failing to act on a problem
that has been known about for decades. The
Queensland Government receives over $3 billion
in mining royalties each year.

Queensland Health studied the homes of the
children with high lead levels and found a definite
pattern. Most of the children had eaten soil,
played in bare soil, sucked their thumb or
owned a pet such as a dog.

~ Science as a Human Endeavour : @ )

Also, the average lead level was higher for
Indigenous children than for non-Indigenous
children.

The people of Mount Isa have learned to live
with the pollution, but are not prepared to risk
the lives of their children. Queensland Health
is continuing to monitor children’s lead levels,
and the Environmental Protection Agency is to
install a machine to monitor toxic metals in the
air 24 hours a day. Xstrata has also removed old
mine sediment from the Leichhardt River that
flows through Mount Isa.

Questions

1 The lead chimney stack on the right of the
photo is 270 metres high. Suggest a reason for
this.
What percentage of the children tested by
Queensland Health had lead in their blood
above the safe level?
Suggest why Indigenous children are more
likely than non-Indigenous children to show
high blood levels.
Why would having a dog increase a child’s
risk of lead poisoning?
The families of some Mount Isa children are
taking legal action against the Environmental
Protection Agency and the Mount Isa City
Council, as well as Xstrata. Suggest a reason
for this.
Do you agree with the lawyers’ claim that
Xstrata and the government have ‘put profits
before people’? Explain your answer.
In a small group, brainstorm then discuss
ways of overcoming the pollution problem
in Mount Isa.
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In this chapter you will ... )

Science Understanding

demonstrate reflex actions in the body

use flow diagrams to show how body systems are controlled and coordinated by the
nervous and endocrine systems

use an animation to gain an understanding of negative feedback systems in the body

Science Inquiry Skills
follow instructions to correctly and safely dissect a sheep’s brain and kidney
use the internet to obtain information on drugs and diabetes
write a short feature article on a disease of the nervous system for a science magazine

.

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

Work in small groups and discuss the following.
® Lucy isdriving her car towards an
intersection. The traffic lights turn amber,
and Lucy immediately takes her foot off the
accelerator and applies the brakes. The
car stops.
1 Which parts of Lucy’s body are involved
in this series of events?
2 0Ona piece of paper, draw a flow
diagram showing the events, starting

from the receptor that
Oh-oh,

Getting started

detects the amber light and finishing
with the car stopping.

@® Ruby’s aunt gave her a pot plant for her

room. She placed it near a window. After
2 weeks, the stem had bent towards the
window. Ruby rotated the plant 180°. After
a week, the plant had straightened up, and
after another week it was again bending
towards the window.

3 What stimulus made the plant bend?

4 Design an experiment to test your idea.

5 Given that plants have neither bones
nor muscles, suggest how they bend
towards the light.

amber
light! O

‘ ‘ L
-

.

< Y ¥

Foot off

( accelerator”
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? ] 'I N erues an d h OrmMonNes The brain is the control centre of your body,

and has nerve connections to all parts of the body.
At any one time, a huge number of signals are
travelling to and from the 10000 million nerve
cells that make up your brain.

You are walking along a path with a friend, eating
an apple. Have you ever wondered how you can
move, digest food, breathe, think, talk and keep

your blood flowing all at the same time without

even having to think about it?

All the systems in your body are controlled
and coordinated by two other systems—the
nervous system and the endocrine system. The
brain is the main organ of the nervous system
and controls the actions of the nerves and the
endocrine system.

The nervous system consists of the brain,
the spinal cord and nerves that run to all
parts of your body. Messages called nerve
impulses travel very quickly along nerves.

The endocrine system consists of a number
of endocrine glands throughout your body,
which produce chemical messages called
hormones. These are sent out by the blood,
so they take longer to act than nerves, but their
effects generally last longer.

Fig1  The softtissue of the
~ brainis encased in a hard,
bony skull for protection.

BODY CONTROL ; Brain—master organ of control

NERVOUS SYSTEM ENDOCRINE SYSTEM

Controls: Controls:

e muscle movement e |evels of glucose in blood

® senses e water levels in body
- sight ® glucose breakdown in cells
- hearing ® heat production
- feeling e sexual maturity
- pain e sperm and egg production
- taste e growth of cells and tissues
- smell

® heartbeat

® breathing

e digestion

® memory

o

speech
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sensory area (touch, pain)

cerebrum

memory

sight

cerebellum

balance and posture

heartbeat, breathing, digestion

movement of limbs

thought and reasoning

taste, smell

speech, hearing

spinal cord

Parts of the brain

There are three main parts to the brain.

Cerebrum

The cerebrum (ser-EE-brum) is the largest part

of the brain and controls memory, speech and
conscious thought. It receives information from
sense receptors to give you the sensations of taste,
sight, touch, hearing and smell. The cerebrum also
controls actions such as walking, running and
jumping. All of these actions are called voluntary
actions because you control them by thinking
about them.

Cerebellum

The small part of the brain behind the
cerebrum is the cerebellum (ser-a-BELL-um).
This coordinates muscular activity without you
having to think about it (involuntary actions).
It helps you balance when you ride your bike,
surfboard or rollerblades, and it coordinates all
your muscles when you walk, run and jump so
that you do not fall over.

Brain stem

The brain stem at the base of the brain is
responsible for other involuntary actions such as
heartbeat, pulse, digestion and breathing.

Activity

Dissection of a sheep’s brain

You will need a sheep’s brain, a scalpel,
a cutting board, disposable gloves and
newspaper.

Your teacher may show you the features
of a brain by using a videoflex microscope
camera before you start.

1 Identify the cerebrum, cerebellum and
prain stem. Describe their colour and
appearance.

2 Notice that the cerebrum consists of two
parts called hemispheres. Use the scalpel
to separate the two hemispheres, then cut
one of the hemispheres in half lengthways
to see a cross-section of the cerebrum.

\7 Draw a cross-section of the brain and
label the parts.
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TUPES of nerves The impulses from the sensory neurons are

received by the brain or spinal cord. Other
impulses are sent out along the motor neurons to
muscles or glands.

The table below lists the sensory receptors in
the human body and the stimuli they detect.

The basic unit in the nervous system is a nerve
cell or neuron (NEW-ron). Neuron is sometimes
spelled neurone. This is a specialised cell and

it is different from other types of body cells in
two ways. Firstly, it is the longest type of cell in

the body, with a long branch or fibre. Secondly, Receptor | stimuli detected
electrical impulses travel along the nerve fibre.

These impulses travel in one direction only. rods and cones in eye light
The main nerves in the body contain many cells in cochlear (inner ear) |sound
individual nerve fibres wrapped together in a : :
sheath skin (many receptors) touch, tissue damage

(pain), vibration,

There are two types of neurons—sensory pressure, hot and cold

neurons and motor neurons. Sensory neurons
send nerve impulses to the brain from the body’s around hairs in skin touching the hair
receptors. These receptors are attached to one end
of the neuron, and detect external stimuli such as

light and sound, or internal stimuli such as the olfactory cells in nose chemicals in air

level of carbon dioxide in the blood or the fullness

of your bladder.
SENSORY NEURON
receptor

nucleus
nerve fibre

taste buds in tongue chemicals in food

fatty covering branches

MOTOR NEURON

nucleus

nerve fibre

fatty covering branches

Fig2  Sensory nerve cells send impulses from receptors to the brain, and
motor nerve cells send impulses from the brain to muscles or glands.
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Diseases of the nervous
system

There are three major diseases of the nervous
system—polio, multiple sclerosis and motor
neuron disease.

Polio

Polio, or more correctly poliomyelitis, is a viral
disease. The polio virus can be found in faeces
and enters the body when a person ingests
contaminated food or drink. The virus spreads to
the gut and infects the motor neurons in the spinal
cord, which control the movement of the trunk,
limbs and rib muscles.

When a person is exposed to the disease, it can
take from three to 35 days for them to first show
symptoms. Thus the disease can spread quickly
before the person realises they have it. The first
symptoms are fatigue, fever, vomiting and pain,
but about 90% of people infected with the polio
virus fully recover after the first symptoms.

In severe cases, muscle paralysis occurs in
the legs and the ribs, making breathing difficult.
People suffering from paralytic polio have to use a
ventilator or an ‘iron lung’ to help them breathe.

Multiple sclerosis [MS]

MS is a disease that attacks the neurons in the
brain and spinal cord. It is an unpredictable
disease because the symptoms can occur at any
time and be mild or severe. MS symptoms range
from blurred vision to complete blindness, and
from tingling and numbness to paralysis.

MS affects more women than men, and
occurs more commonly in people with northern
European ancestry. In 2010, there were 2.5 million
people worldwide affected with MS, and 20000
of those were in Australia.

MS is not contagious or directly inherited and
the actual cause is at present not known. The
disease occurs when the body’s own immune
system attacks the fatty substance (called myelin)
around the neurons, causing a disruption to nerve
transmission.

Motor neuron disease [MND]

MND is a group of diseases that affect the motor
neurons that control the muscles that enable

you to use your arms and legs, breathe, talk and
swallow. It does not affect your intellect or your
memory.

The cause of MND is not known. In almost
all MND sufferers, there is no family history of
the disease. The disease is often fatal within two
to five years after diagnosis. One well-known
exception is Stephen Hawking, the Cambridge
University physicist and cosmologist (see photo),
who has had MND for nearly 50 years.

Symptoms of MND usually occur in people
aged 50 to 70. They start with muscle weakness in
the arms and legs, which gets progressively worse.
Muscles tend to wither and speech becomes
slurred.

At present there is no cure for MND.

WEBwatch .

Use the internet to find out more about the three
diseases on this page.

®

Questions and research

1 Draw up a table listing the causes, symptoms
and treatment of the three diseases.

2 Use the table to write a ‘compare and
contrast’ paragraph about MS and MND.

3 Use your table from question 1 to write a
short feature article for a science magazine on
one or all of the diseases. Include a fictitious
interview in your article.

4 Between 1944 and 1954, there were nearly
17000 cases of polio and 1013 deaths in the
world. In 2006, there were no cases recorded
in Australia. Use information from the web to
write an inference explaining this.




Reflex action

Not all the information from the receptors is
coordinated by the brain. Sometimes a nerve
impulse takes a shortcut to the spinal cord and
back. This is called reflex action. A reflex action is
a very fast response to a stimulus, and is generally
a response to danger. For example, you blink to
protect your eyes when an object approaches your
face, and you move your arm away quickly from a
frying pan that is burning hot to avoid damaging
your skin. Coughing is also a reflex action.

2 Arm moves hand away
from hot object.

1 Hand touches hot object

Reflex action flow diagram

Chapter 7 — Body balance @

In a reflex action, the nerve impulse travels from
a receptor along a sensory neuron to the spinal
cord and then back along a motor neuron to a
muscle. The whole action takes place very quickly
because the brain does not coordinate the action.

motor neuron
(to muscle)

sensory
neuron
(to spinal

muscle

Receptors in the NERD TS

Nerve impulse

skin detect heat or . St a1y . from spinal cord ‘ motor neuron acts Arm moves away
cell damage. sensory neuron to sent along motor on muscle in arm. e e
the spinal cord. neuron.

Impulse from

_Activity B

Reflex actions

There are a number of reflex actions that you

can observe in humans.

1 Have your partner sit on a chair with one
leg crossed over the other. With the side of
your hand, gently tap their knee just below
the knee cap.

\/ Describe this reflex action. What type
of receptor detects the stimulus?

L Draw a flow diagram like the one
above to show the reflex action.

2 Stand behind a window or a glass door or
hold a piece of clear plastic in front of your
face. Have your partner throw a crumpled-
up piece of paper at the glass.

:/ Why do you blink every time the paper
ball is thrown, even though you are
protected by the glass?

:/ Which receptor is used in this reflex
action?

L’} Draw a flow diagram to show the reflex
action.

3 Cover one eye with your hand for at least
30 seconds. After this time, have your
partner look at your eye when you take your
hand away.

\/ What happens to the size of the pupil?

\/ What was the stimulus that caused this
response'?

.’} Draw a flow diagram to show the reflex
action.
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Nerves, poisons and
drugs

The neurons in your nervous system do not
touch each other—there is a tiny gap between
them. When a nerve impulse reaches the end of
one neuron, it cannot jump to the next neuron.
Instead, the impulse releases a chemical called a
neurotransmitter, which travels over the tiny gap
and stimulates the other neuron to send a nerve
impulse.

Neurotransmitter
stimulates neuron 2.

Neurotransmitter
released by neuron 1.

e

NEURON 2

e

NEURON 1

Cas
L)

When the neurotransmitter has stimulated
the other neuron, it is quickly broken down so
the neuron can be stimulated again by more
neurotransmitter.

Scientists have found more than 50 types of
neurotransmitters in the human body.

Poisons

There are a number of poisons that react with
neurotransmitters causing paralysis and even
death. For example, curare (coo-RAR-ray) is a
poison extracted from plants in South American
forests. Animals that are hunted and hit by arrows
dipped in curare become paralysed. Bacterial
poisons that cause food poisoning and tetanus
also stop neurotransmitters working.

Insecticides

When the neurotransmitter is released and
stimulates the other neuron, an enzyme destroys it
so that it cannot keep acting and stimulating the
other neuron. This process also occurs in insect
nerves. The active ingredient in some insecticides
reacts with the enzyme and destroys it. This
means that nerve impulses fire continuously,
causing the insect’s muscles to move rapidly and
uncontrollably, resulting in death.

Drugs

Nicotine, found in tobacco, is a stimulant because
it acts like a neurotransmitter in the brain, giving
a pleasurable effect (making the body more active
or alert). However, it is addictive and very toxic in
large amounts.

Amphetamines (‘speed’) and cocaine are also
stimulants because they increase the release of
neurotransmitters. This results in heightened
emotions and an increased feeling of alertness
and confidence. But later this can lead to anxiety,
panic, depression and hostility.

Some other drugs such as alcohol and heroin
decrease the release of neurotransmitters, making
the person inactive or drowsy. These drugs belong
to a group called depressants (the opposite effect
of stimulants).

Fig3  Long-term use of depressants such as

alcohol leads to liver and heart damage as
well as memory loss and brain damage.

Questions and research

1 Compare the action of drugs (stimulants and
depressants) on nerve transmission with the
action of poisons such as curare.

2 Suppose you want to use the internet to find
out more about what is on this page. What
search words would you use? How could you
guarantee that the information was genuine
and accurate?

3 Invite a drug and alcohol consultant to discuss
with the class the use and misuse of stimulants
and depressants. Prepare some questions
to present to the consultant well before the
discussion.




Hormones—chemical controllers

Hormones are produced in endocrine glands.
The difference between these glands and others
in your body, such as sweat glands and glands in
the stomach lining, is that the hormones made by
endocrine glands pass directly into the blood.
There are many different hormones and each
one acts on specific target cells. For example, a
hormone released by certain cells in the lining of
the first part of the small intestine acts only on
cells in the pancreas that make digestive juices.
On the other hand, insulin, which is produced

——
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in specialised cells in the pancreas, has a broader
action. It makes the liver cells store glucose and
helps muscle cells throughout the body absorb
more glucose from the blood.

Hormones are different from nerves in that
they can act on the whole body, on body systems
or on individual organs. Nerves act only on
muscles and glands.

The diagram below shows some of the major
endocrine glands and the effects the hormones
produced have on the body.

gland produces:

hormones

nes that affect sex organs

nes that act on kidney cells

nes that control other endocrine glands

d gland produces:
ones that influence mental and
ical growth

I yroid glands produce:
mone that raises calcium levels

produces:

which lowers the level of glucose in
d

n, which raises the level of glucose
lood

jlands produce:
, raises blood pressure, heartbeat

€ athing rate in readiness for activity

males produce:
hat control the uterus, growth of
nd fat cells, and growth of breasts

males produce:
es that control growth of facial and
ir, and muscular growth
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0 Sugary food is eaten.

Increased glucose
level in blood triggers
release of insulin.

pancreas

small
intestine

glucose
enters
blood

insulin
-« enters
blood

Food is digested and
blood glucose levels
rise.

Fig4  How insulin reduces blood glucose levels

The pituitary—the master gland

The pituitary (pit-YOU-it-tree) gland, located on
the underside of the brain, is the master gland that
controls other endocrine glands. For example, the
release of the hormone from the thyroid gland in
your neck is controlled by a thyroid-stimulating
hormone from the pituitary.

brain skull

pituitary
gland

B

Pituitary
hormone
affects
thyroid.

thyroid gland
(around windpipe)

Insulin acts on liver
cells to store glucose.

liver

ye Glucose levels in

blood are reduced.
stored

lucose
g less

glucose
in
blood

absorbed

Insulin makes muscle
cells absorb more
glucose.

Growth and development in humans

The pituitary gland also releases hormones that
affect the reproductive organs. Before puberty
the main physical growth of a person is under the
control of the pituitary, which releases growth
hormones.

Between 10 and 15 years after birth, the
pituitary begins to release hormones that affect
the reproductive organs. This causes major
changes to the body and is the beginning of
puberty.

In males, one pituitary hormone acts on the
cells in the testes, which make sperm. Another
acts on the testes to make the hormone
testosterone. Testosterone stimulates the growth
of facial and body hair and is also responsible for
rapid muscular growth.

In females, one pituitary hormone leads
to egg production in the ovaries and also to
the manufacture of the hormone oestrogen.
Oestrogen causes an increase in body hair
growth, the growth of fat cells under the skin and
the development of breasts. Another pituitary
hormone acts on the ovaries and is responsible
for the start of the menstrual cycle.



% Diabetes
Diabetes is a fairly common disorder. Its main
symptoms are glucose in the urine, extreme thirst,
hunger and loss of weight. Before the 1930s, fewer
than 20% of people lived more than 10 years after
developing diabetes.

Diabetes is caused by the pancreas not
producing any or enough of the hormone insulin.
After a meal is digested, a large amount of glucose
is absorbed by the blood and the level of blood
glucose rises. Insulin makes liver cells store
glucose, and makes muscle cells absorb more
glucose from the blood. The net effect is to reduce
the amount of glucose in the blood. In people with
diabetes, the pancreas does not produce enough
insulin, or in other cases none at all, hence the
high levels of glucose in their blood.

Types of diabetes

There are two main types of diabetes.

e Type 1 diabetes occurs when the body stops
making insulin. This type is found in only
10-15% of all diabetes sufferers, and it
occurs mainly in younger people. It cannot
be prevented and is treated by daily insulin
injections.

e Type 2 diabetes is the most common type
and it occurs mainly in people over 40 who
are overweight and inactive, have high blood
pressure or heart disease, or in women who
develop diabetes in pregnancy.

Diabetes is a serious illness for which there is
no cure at present. You cannot cure diabetes but
you can control it.

Parts of the body affected by diabetes

The high levels of glucose in the blood cause
serious problems in the body. The blood vessels
and nerves are the most affected. The
walls of the small blood vessels thicken
and block the blood supply. This causes
problems in the eyes, kidneys, legs

and heart.

(5

WEBwatch

Go to www.OneStopScience.com.au and follow the links to
the websites below.

Diabetes Australia

Working with diabetes
Susan Mylne is a podiatrist (a person who
examines feet) who works in community health
and is very interested in diabetes.

Why is Susan interested in diabetes? Type 2
diabetes sufferers often have nerve damage in their
feet. This causes ‘pins
and needles’, a burning
sensation and numbness.
These people also suffer
blood vessel damage
which leads to poor
blood circulation, and
causes cramps, ulcers
and pains in the legs.

Many of Susan’s
patients who have these
symptoms often do not
know they have diabetes. She can test for the
complications of diabetes in their feet, help them
in their treatment, and help educate them about
their illness.

Questions and research

For this section you may use the websites in the
Webwatch below or search the internet for further

information. ol :
1 What is the importance of insulin in the body? - %,
2 What is the difference between type 1 and - s

type 2 diabetes? Which type would you class
as a ‘lifestyle illness’? Why?

3 There has been a rapid increase in the number
of people contracting type 2 diabetes in the
last five years. Suggest reasons for this.

4 Suppose you are in charge of preparing a
diabetes brochure. What information will you
include to inform people about the effects of
diabetes and its prevention? Prepare a draft
design for the brochure.
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1 Some of the following statements are false. A B
Rewrite the false ones to make them correct.
a The endocrine system controls muscle
movement, speech and the senses.
b The cerebrum controls involuntary
actions such as heartbeat and breathing.
¢ The spinal cord is protected from injury
by the skull.
d Motor nerves carry impulses from
receptors to the brain.
e Hormones are released directly into the
bloodstream. 5 Describe how hormones control the growth
and development of the human body.

response E D

2 Suggest why reflex actions might be useful
for an organism'’s survival. 6 How are the actions of nerves different from

. ? Gi
3 What are the differences between a sensory those of hormones? Give examples.

nerve and a motor nerve? 7 What is the role of the pituitary gland in the

L >
4 The knee jerk reflex that occurs when the functioning of your body?

knee is tapped is an example of a simple 8 Suppose you hear a sudden, extremely loud
reflex action. Copy the drawing top right and noise. What type of responses might occur
replace the letters with a description of what to this stimulus? Would these responses be
occurs at each stage. caused by nerves or by hormones? Explain.
’ .
H 2 A person who suffers a fractured neck is often
Chal Ienge E paralysed below the fracture. Why is this?
y . . . 3 The graph below shows the amount of glucose in
1 A way to test a person’s reaction to a stimulus is someone’s blood over a 24 hour period.

to drop a ruler between their thumb and fingers. - ;
The reaction distance is how far the ruler falls a Explain the reason for the peaks in the graph.

before they catch it. b At what times during the 24 hours did the

amount of insulin being released from the
pancreas increase? Suggest what caused this
increase. What was the effect of the increase
in insulin in the blood?

Trial 1 2 13| 4|5/ 6|7 ¢ Suggest why the level of blood glucose
decreases slightly during sleep.

a Ruby tested Ben'’s reaction by dropping a
ruler seven times. The table shows his results.
Suggest an inference to explain the results.

Reaction
distance | 28 | 21 | 17 [ 13| 11| 10| 9 1
(cm)

b Ruby then tested Mia's reactions. The ruler fell
an average of 16 cm before she caught it with
her right hand, and 18 cm with her left hand.
Suggest a reason for the different results.

¢ Use the formula below to find Mia’s reaction
time.
. . reaction distance (cm)
reaction time (s) = . - - .
500 6am 12 noon 6 pm
Time

sleep

Blood glucose
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night-time

7.2 Responses in plants

Why do some plants, such as the one in the
photos above, close their leaves at night?
The plant closes its leaves in response to light
and darkness. In the morning, the sunlight acts
as a stimulus for the leaves to open. Plants also
respond to other external stimuli such as gravity,
temperature, moisture and, in some plants, touch.
Plants have no nervous system, muscles or
specialised glands, so how do they detect stimuli
and how do they react to these stimuli?

Plant hormones

The internal control of activities in a plant are
due to hormones. These chemical compounds S
are made by certain cells and are distributed P> ;|
throughout the plant from cell to cell or by the T o N g
microscopic tubes that run through the plant. X <5 x5 .
Plant hormones are quite different chemically m Deciduous plants lose their leaves in autumn. ==,
from those in animals. But, as in animals, very “g% _ .» Astheweather becomes warmer in spring, ” “—
small amounts of the hormones have a large effect | SRS LHESEIER G TR EISTITEIC (CREESA S
on the target cells and the plant as a whole. TRy N growth of new leaves. s
Plants have far fewer hormones than animals, . AT ol S o2l Y i
and, unlike animals, have no specialised glands When a seed germinates, the young root of the
such as those in the endocrine system. plant grows downwards. If the seedling is turned
Plant hormones are responsible for controlling upside down, the root will bend and continue
the growth of stems and roots, the ripening of fruit to grow downwards. This response to gravity
and the loss of leaves during autumn. Hormones is caused by a number of hormones that are

L

R

-

also determine when a plant will flower and when ~ produced in the root cells. You can investigate the
seeds will germinate. response to gravity on the next page.
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Investigation 17 :

;O ) Responses of plant roots

Aim
To investigate the responses of roots to gravity.

Materials

e 8 small bean seeds, eg mung beans (see
Planning and Safety Check below)

e glassjar

e petridish (11 cm diameter)

e filling, eg rubber carpet underlay, cotton wool,
newspaper or cardboard

e 2 filter papers (to fit petri dish)

e Blu-Tack

e adhesive tape

) Planning and Safety Check

Prepare the bean seeds in advance. Soak
them in a jar of water until they start to

germinate. Tip out the water and leave the jar
in a cupboard until the roots grow to about
1 cm long. Rinse the sprouts with fresh water

each day.
\‘;-

Method

1 Place some filling (cotton wool, rubber
underlay, cardboard) in the bottom of the
petri dish. Then place two filter papers on top
of the filling.

two filter
papers

filling

petri
dish

2 Place two bean sprouts on the filter paper with
their roots pointing outwards, as shown in the
diagram at the top of the next column. Place
another two sprouts at the 90°, 180° and 270°
positions.

Position the pairs of
seeds as shown. 0°

270° 90°

3 Moisten the filter paper with some water. Put

the lid on, and tape it securely. Make sure the
seeds are jammed in by the thickness of the
filling and filter papers. If the seeds move, add
more layers of filter paper.

4 Place the petri dish on a piece of Blu-Tack in a

vertical position, as shown. Use a marking pen
to mark the position of the roots.

bb Stand the

petri dish

-9 ﬁs vertically.

Mark the
position of

the roots.

Blu-Tack

5 Leave the petri dish in this position for a day.
Then rotate the dish 90°.

:/ Record what happens to the direction of
growth of the roots.

6 Repeat for another position and again record
your observations.

Discussion
1 Write a report of your findings.

2 Suggest what might happen to the roots if the
petri dish was taken into space.
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Growth hormones light light

A group of hormones called auxins (ORK-sins)
are responsible for controlling the growth of
stems and roots. They also make plants bend
towards the light.

Response to light )
One type of auxin is made in the cells in the Auxin
growing tips of plants. This hormone moves is made Cells
through the cells away from the light. Leies di"ige
The hormone passes downwards until it gargw
reaches the cells in the growth region just below rgé?:r’]tgf longer.
the tip. It acts on these cells and makes them shoot
divide and grow in length. Hence, the plant grows 1H.H ‘H M
taller. The cells in the growing region of the plant (. LBl
are the target cells for auxin. Cells outside this SN ‘ Ml
region do not respond to the hormone (see Fig 7). "{ P ’{ gl
When light comes from one side, more auxin LGl : T P
is found on the side away from the light. This Fig 7  Auxin moves to the cells in the growth region

causes the growth of cells
on the darker side,
which bends the
plant towards the
light (see Fig 8).

where it makes them divide and grow longer.

Growth
|Ight occurs |Ight

Auxin
moves
away
a from
- light.
Fig 6 This tomato plant was placed on its side ) "T;N ’
2 days before the photo was taken. ] [
=Te
- L H ' H
Weedkiller HH.
The weedkiller glyphosate is a corr}pound |
with a similar structure to the auxin Produce Fig 8 When light comes from one side, cells on the
in a plant’s growing tip- (Roundup® s 4 darker side divide and grow more than the
brand name of the weedkiller that contains ones on the other side.

this compound.) When glyphosate is applied
in very dilute solutions, it will promote plant
growth. However, in stronger solutloqs, plants
grow uncontrollably and eventually die.
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a What external stimulus is the plant
responding to?
b What is the advantage of such a

1 Describe the changes in plants that response to the survival of the plant?
hormones are responsible for.

4 A bean seed was germinated and left to

moved around to face the window again.

5 2 Most animals, particularly mammals, show grow for a number of days. It was then

{ rapid responses to certain stimuli such as turned sideways as shown.

3 hot objects, loud noises and bright light. a Draw what you would expect to happen
] Plants, however, respond very slowly to to the seedling.

E stimuli. Suggest reasons for this difference. b What stimulus is the seedling

' 3 Apot plant has been growing near a responding to?

s window for a number of weeks and all the bean seed

] leaves face the window. turned

i The plant is turned around 180°. After sideways

4 a few weeks, the leaves of the plant have -

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

[
E 3 Plant fertilisers promote the growth of plants.
cha"enge ! H—) In which ways are fertilisers different from plant
hormones?
1 Biologists believe that another hormone besides 4 The root of a 1-day-old bean seedling was
auxin is produced in root tips. They think that marked with equally spaced lines. The root was
this hormone stops the action of auxin. Suggest observed on the second day.

how the two hormones might be responsible for
the growth of the bean shoot in Check 4 above.

2 The diagrams below show the results of four
tests in an experiment using oat seedlings. Use
the diagrams to answer the following questions.
a Suggest a title for the experiment.

b Look atthe results of C and D. Writean = o -~ H

inference to explain the differences. b R G
¢ Which were the control seedlings? Explain. S L TR

1-day-old >J. T~
seedling S ~

growth towards light

2-day-old

seedling
\ @ Dblack O Q . .
| B Dlastic a Which sections showed most growth?
’ ‘ caps . caps b Suggest what would have happened if the

E—

' — —— lower four sections had been cut off after
no growth towards light

growth towards light day one.




¢.J Body balance

On page 172 you learnt how the glucose level in
the blood is controlled by the hormone insulin.
Now let’s look at the control of heat and water in

the body.

Heat balance

Your body temperature stays at about 37°C. This
is the set-point temperature for humans. The
chemical reactions in the cells of your body work
best at this temperature. All mammals and birds
have a constant body temperature, although the
set-point temperature varies between groups of
these animals. For example, the set-point
temperature for a magpie is about 39°C, while
for echidnas it is about 31°C.

Most of the heat needed to maintain the
set-point temperature is generated during
the respiration of glucose in your body cells,

The brain detects a
higher blood

You exercise and
generate heat.

How heat is gained

* Heat released from respiration in all cells in
the body

* Heat released from respiration in muscle
cells during exercise

* Absorption of heat from the sun and
atmosphere

Chapter 7 — Body balance ‘

particularly in the liver, kidney and brain. On

the other hand, most of your body’s heat loss

is by radiation from your skin surface and by
evaporation of sweat from your skin. The table
at the bottom of the page summarises the ways in
which heat is gained and lost by your body.

Control of heat balance

During exercise, your muscles generate heat,
which increases the temperature of the blood.

A receptor in the brain just above the pituitary
gland is sensitive to changes in the temperature
of the blood and sends out nerve impulses to the
skin and sweat glands.

Fig9  The heatreceptors in your brain are sensitive
to changes in blood temperature and send

impulses to the skin.

The brain sends nerve
impulses to the sweat

The sweat glands are
activated to reduce the

temperature.

How heat is lost

» Radiation of heat from blood flowing beneath
the skin (The heat loss increases as the outside
temperature decreases.)

- Evaporation of sweat from the skin
+ Heat lost when breathing out

+ Heat lost in urine and faeces
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By sweating and radiating heat, your body
temperature falls. But when the temperature
falls below the set-point temperature, the heat
receptors in the brain detect a lower blood
temperature and send nerve impulses to the skin
and sweat glands to reduce heat loss, and the
body temperature gradually rises. All of these
actions cause the body temperature to fluctuate
between 36°C and 38°C.

This system of control is called a negative
feedback system because the response acts as a
stimulus to oppose (negative action) the change
caused by the original stimulus.

In the example, the original stimulus is the
higher body temperature. The body’s response
is to activate the skin and sweat glands to lower
the body temperature. Following this, the lower

Fig 10 A body temperature greater than 6°C above

body temperature acts as a stimulus for the brain set point can lead to death. This is why the
to oppose the original action caused by the high temperature of patients suffering from fever
body temperature. is closely monitored.

Z A o=

receptors
in brain

Stimulates Stops RESPONSE
action by action by Skin and sweat
brain. brain. glands are activated

to reduce body
temperature.

ORIGINAL
STIMULUS
Body temperature
increases

Body »

temperature
falls below
set point.

Fig 11  How a negative feedback system . To see how the body controls temperature,
controls body temperature : & open the animation at

o

OneStopScience




Activiy B

Evaporation and cooling

When your body gets hot, you sweat to

reduce your temperature. How does sweating

affect body temperature?

1 Place a small drop of water on your arm.
BIovv on it to evaporate the drop.

L What do you feel? Blow on your other
(dry) arm to compare the sensation.

2 Repeat Step 1 using a drop of methylated
seirits.
£/ Suggest a reason for the different
sensation with the methylated spirits.

J Your arm feels cooler when the liquids
evaporate. Why? Use the particle model
and your knowledge of change of state to
help you answer this.

\/ Write an inference to explain why
sweatlng lowers your body temperature.

J Design an experiment to measure the
cooling effect of evaporation. (You can use
a thermometer or a datalogger with

a temperature sensor for this.)

Air conditioners

Like your body’s control of temperature, air
conditioners also use negative feedback to
control temperature.

Use the points below to design a negative
feedback flow diagram for an air conditioner,
like the flow diagram on the previous page.
1 You set the temperature on the control

panel to, say, 23°C. This is the set-point
temperature.

2 There is a temperature sensor in the air
conditioner unit.

:/ Draw the flow diagram showing how
the air conditioner works.

£/ A sensitive thermometer will show that
the temperature in the room fluctuates
around 23°C. Why is this? Sketch a graph
that shows the temperature in the room
over a few hours. Mark on it when you
think the air conditioner switches on, and
when it switches off.

Chapter 7 — Body balance @

Water balance

Water is a very important substance in the body
because just over 70% of your body mass is
water.

You constantly lose water by evaporation from
your skin (sweat), in your breath and in liquid
and solid wastes. However, water is replaced by
drinking liquids and by eating foods. Many cell
reactions also produce water.

The kidneys are responsible for water balance
in your body. These two bean-shaped organs lie
close to your backbone behind the small intestine.
They have a rich blood supply from a branch of
the large artery that runs from the heart to the
lower part of your body.

large artery
from heart

large vein
to heart

kidney

Urine flows
down this
tube to

the bladder.

bladder

Fig 12 In the excretory system, the wastes in the

blood are filtered by the kidneys and are then
eliminated by the body as urine.

The kidneys filter wastes from your blood.
Your body contains about 5 litres of blood, and
about 1 litre of this passes through the kidneys
every minute. So in 5 minutes all the blood in
your body is filtered. The filtering process occurs
as the blood flows through capillaries in the
kidney. Water and dissolved wastes pass out of
the blood into tiny collecting tubes. A lot of the
water is reabsorbed, and a concentrated solution
called urine flows into the bladder for storage
until it is eliminated.
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Investigation 18 | ;© ) Kidney dissection

Aim 3 Use the scalpel to cut the kidney in half. Then

To examine a sheep’s kidney. use the diagram to identify the various parts.
- =

Materials ~ Warning: Take care when using a scalpel.j

e sheep’s kidney

e scalpel, scissors and tweezers (forceps) cortex medulla

e dissecting board

e disposable gloves and lab coat
® newspaper

e microscope and slides

e disinfectant and towel WU 8¢ WoRN

artery

to
bladder

W Planning and Safety Check

Read through the investigation so that
you know exactly what to do.

What safety precautions will you take
when handling the kidney? How will you
dispose of the kidney when you have
finished with it?

The cortex is where the wastes are filtered out of
the blood into tiny collecting tubes. The dark red
colour of the cortex is due to blood capillaries.
The medulla contains the collecting tubes. There
are about a million of these tubes in a kidney.

. Urine trickles down the collecting tubes into the
. PART A pelvis and then into the bladder.
1 Lay a few pages of a newspaper on the bench
and put the dissecting board on them. ! PART B

2 Ifthe kidney has fat around it, peel it off. Then 1 Use a scalpel to cut a very thin piece of kidney
look for the blood vessels attached to tissue from the cortex region.

the concave side of the kidney.

2 Place the thin section on a microscope
slide and look at it under low power on a
MIiCroscope.

\7 Record what you see.

3 Take a thin section of the medulla and look at it
under a microscope.

4 \When you have finished, dispose of the kidney
and scraps, disinfect the dissecting board and
wash your hands thoroughly.

Discussion

1 Suggest why there is usually a thick layer of fat
around the kidneys.

2 Suggest the advantages in having two kidneys
and not just one.




The table below shows the water inputs
and outputs that might occur in a person on a
mild day. The outputs and inputs are generally
balanced.

Water outputs Water inputs
(mL) (mL)
urine 1500 |drinking 1500
sweat 600 | food 800
breath 400 | from cell 300
faeces 100 |reactons
total 2600 | total 2600

The amount of water that is filtered out of the
blood changes with the heat and humidity of the
day, the amount of sweat you produce and the
amount of water you drink.

How much water is lost from the kidneys is
controlled by nerves and hormones. Receptors in
the brain are sensitive to changes in the amount
of water in the blood. For example, on a hot day

Stimulates
+ action by
brain.

Stops
action by — - 5
brain.

-

ORIGINAL
Water
STIMULUS _ content
Water content in in blood

blood falls. rises.

// < =
receptors
in brain

?Y>

pituitary
gland

Chapter 7 — Body balance ‘

a lot of water is lost in sweat. This means that
the water content of body fluids, including blood,
drops. The brain detects a lower water content

in the blood and sends a nerve impulse to the
pituitary gland. A hormone called ADH is
released that acts on the tiny tubes in the kidney.
These tiny tubes filter out less water and the
volume of water lost decreases.

Water balance and negative feedback
Water balance in the body operates by a negative
feedback system (see Fig 13). When the kidneys
reduce the amount of water in the urine (because
of the water lost by sweating), the water content
of the blood gradually increases. This increase is
detected by the receptors in the brain which in
turn stimulate the pituitary gland to release less
hormone, and so the reverse of the original action
occurs.

Fig 13 The amount of water lost by the body through
the kidneys operates by negative feedback.

nerves

RESPONSE
Kidneys
filter out

less water.

hormone
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How is heat lost from the human body? In
which ways can this loss be reduced?

a What is a set-point temperature?

b Which groups of organisms have a
constant body temperature?

¢ Whatisthe advantage to organisms that
have a constant body temperature?

Some of the following sentences are

false. Rewrite the false ones to make them

correct.

a Most water is lost from the body as
sweat.

b Body heat is lost only by evaporation of
water from the skin.

¢ Heat energy is released during cell
respiration.

d Urine is made in the bladder and stored
in the kidneys.

e The pituitary gland detects changes in
body temperature and sends hormones
to the skin and sweat glands.

How is water lost by your body? How is it
replaced?

Use the table of water inputs and outputs

on the previous page to infer the changes

that would occur if:

a the measurements had been taken on a
very cold day

b the measurements had been taken over
a period which included exercise.

The boxes and arrows below represent the
negative feedback system involved in the
control of body temperature in Fig 11 on
page 180.

Use the labels on the diagram in Fig 11
to replace the letters in the diagram below.

7

Temperature (°C)

9

___________________________________________________________________________________________________

The diagram shows the parts of a
heating unit that control the temperature
in a house.

L y

heat

a  What is the function of the thermostat?
What is the function of the switch?
Why is this an example of a negative
feedback system?

The graph below refers to the information

in question 7. It shows the temperature

inside a house over a 2 hour period.

a What is the set-point temperature?

b At what time did the heater turn on?
When did it turn off?

¢ By how many degrees did the house
temperature vary?

d Why do you get small rises and falls of
temperature in systems that operate by
negative feedback?

287
271
26
257
24
231

9 am 10 am 11 am

Time

Your body contains about 5 litres of blood.

a If the kidneys filter 1 litre of blood per
minute, how much blood is filtered in
1 day?

b How many times is the total volume of
blood filtered in a day?

¢ Suppose your body produced 1500 mL
of urine in a day. Express this volume
of urine as a percentage of the total
volume of blood filtered in a day.
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Challenge

151

1 Sweat contains about 99% water and 1% sallt, a Suggest how the actions of the blood

mainly sodium chloride. It is made in the sweat
glands in the dermis of the skin and is released
over the surface of the skin through the sweat
pores. There are about 2 million sweat glands in
the human skin.

a Use your knowledge of change of state of
matter to explain in terms of the particle
model how sweat reduces the temperature of
the skin.

b Some other mammals such as dogs have
very few sweat glands. During exercise or hot
weather, dogs pant. Suggest how they might
lose heat by this action.

¢ Why do you think that athletes, after a very

vigorous workout, drink liquids containing
salts and minerals?

capillaries can increase and decrease heat
loss from the bodly.

b Why does your skin look much redder during
or just after exercise?

¢ Suggest how a wet suit helps divers reduce
heat loss when they are under water.

A car is being driven at 60 km/h, the speed limit
around town. The car goes up a hill and starts
to slow down. The driver presses harder on the
accelerator pedal. As the car goes over the top
of the hill, it speeds up.

Draw a flow diagram to explain how keeping
a car at 60 km/h in this story is controlled by
negative feedback.

Your breathing rate at rest is about 18 breaths
per minute, but when you breathe into and out of

2 To lose heat, the capillaries in your skin dilate
(become much larger in diameter) and carry
more blood. To retain heat, the capillaries
constrict (become smaller in diameter).

a paper bag, your breathing rate increases.

To find out whether it is the lack of oxygen
or the rise in carbon dioxide that acts as
the stimulus to increase breathing rate, an
experiment was carried out. The tables below
show the results.

skin surface

% of 02 in air
breathed in 10 [ 15 | 20 | 25 | 30

Breathing rate 18 19 | 18 18 19

To lose heat, blood (breaths/min)

vessels dilate.

% of CO> in air
breathed in

Breathing rate
(breaths/min) | 16 | 19| 25 | 35 | 50

skin surface

a Which gas seems to affect the rate of
breathing?

b A receptor at the base of the brain is sensitive
to levels of CO» in the blood. Suggest
how negative feedback might control your
breathing rate. Draw a flow diagram to help
your explanation.

To retain heat, blood
vessels constrict.




‘ Sciencellorld 9 Australian Curriculum edition

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

brain
cerebrum
1 All of the body’s functions are controlled and coordinated by the chemical controllers

system and system. endocrine
2 The is the main organ of the nervous system and consists heat
of three main parts: the controls voluntary actions, while impulses
the cerebellum and brain stem control actions. .
involuntary
3 Sensory neurons relay from to the brain, while motor

neurons relay impulses from the brain to muscles or glands. negative feedback

4 A is an automatic response that occurs when an impulse nervous

travels to the spinal cord then straight back to a muscle. plant hormones

5 Hormones are that are made in endocrine glands and are receptors

: released directly into the blood. reflex action

6 are responsible for controlling growth, ripening of fruit
and the timing of flowering.

7 Many of the body’s processes such as water and balance are
controlled by

\}\.\th 1‘@
S % Try doing the Chapter 7 crossword at

%

e
2
S

S

OneStopSc:ence?'

3 Parts of the body are under voluntary control
and others are under involuntary control.
a Which body actions are involuntary?

1 In a darkened room, Joel felt a sticky cobweb

suddenly cover his face, and he immediately b Which parts of the nervous system
pulled away. coordinate involuntary actions?

WhiCh type of receptor was used for this 4 The flow diagram below shows a typical reflex
actlc?n.? action after a bright light has been shone in
A vision your eye. Match the letters in the diagram with
B taste the words in the following list.
C touch : .

receptors in eye pupil
o e flash of light motor neuron
2 The action of Joel pulling away from the spinal cord pupil decreases

cobweb was probably: sensory neuron

A caused by muscles activated by hormones .
B a reflex action {z\:}» B -
C the stimulus to the response

@ = F . E

D caused by a negative feedback system
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Nerves and hormones are both used by the
body to relay messages from one point to
another. How does the action of nerves differ
from that of hormones?

The body temperatures of four animals were
recorded over a 12 hour period. The results are
shown in the graph below.

w
S

20

Temperature (°C)

104

6 am ' 12 noon ' 6 bm
Time

@ Which of the animals are likely to be
mammals or birds. Explain.

b What is the set-point temperature for
animal A?

¢ Which animal is probably a human?

d Suggest an inference to explain the shape of
the graph for animal D.

The following three experiments on plant
hormones were done with oat seedlings.

Experiment 1
Tip of shoot is cut off.
Growth stops.

|
ﬂ Experiment 2
A Tip of shoot is cut off,
and crushed and the liquid
is placed on top of shoot.
Growth continues.

Experiment 3
Black plastic cap is
placed over shoot.
Growth stops.

\3~.\\tf fl [@0

@0”(//{0
NS

0oj0W

a Write an inference to explain the results of
each of the three experiments.

b Design an experiment to show that the plant
hormone will act only on cells just below the
tip of the seedling and not on cells further
down.

Read the following information about a
hormone that controls the sodium levels in
your body.

The adrenal glands are situated on top of each
kidney and produce a hormone (we will call this
hormone X) that regulates the amount of sodium
in the blood. It does this by acting on the kidney
to reduce the amount of sodium that is filtered out
into the urine.

The adrenal glands are under the control of
the brain and the pituitary gland. Receptors in
the brain detect a low blood sodium level. Nerve
impulses from the brain are sent to the pituitary
gland, which releases a hormone (called
hormone Y) that stimulates the adrenal glands
to release hormone X.

Go to to access
interactive activities to help you revise this chapter.

@ What happens to the blood when hormone
X is released from the adrenal glands?

b Which part of your body is sensitive to levels
of sodium in the blood?

€ Negative feedback is used to control the
amount of sodium in the blood. Use the
information above to replace each of the
letters in the flow diagram below.

low (+)
SOAdiUM s
levels 5 B
pituitary
gland

C

(=)

increased

sodium

levels E

L kidneys

r
~ Check your answers on page 298. '
“

OneStopScienc‘e‘




Professor Zee Upton

Zee Upton grew up in a small country town in
South Australia. She went to university but failed
her first year. Zee got a job with CSIRO and
finished her degree part-time. She then went on to
obtain a PhD in biochemistry from the University
of Adelaide. As part of her PhD, she studied growth
factors in the blood of chickens and made an
unexpected observation. Her supervisors told her
to ignore her observation because it wasn’t
important, but she felt it was.

Six years later, Dr Upton received funding
to continue her research. However, she didn’t
make much progress, and in 2000 moved to the
Queensland University of Technology. Dr Upton
worked with a PhD student, Jennifer Kricker,
and they soon worked out that the unexpected
observation was due to a special combination of
proteins that speeds up the rate at which certain
skin cells grow. They called this patented
combination of proteins VitroGro®.

Dr Upton and others formed a company
called Tissue Therapies (www.tissuetherapies.
com), which was listed on the Australian Stock
Exchange in 2004. This company has an exclusive
international licence to commercialise VitroGro.
Dr Upton is now a professor and has a team
of 52 researchers at the Institute of Health and
Biomedical Innovation. Her team has used
human skin removed during surgery to study how
effective VitroGro is in helping wounds repair
themselves. In 2008, trials of liquid VitroGro
began in Fremantle Hospital for patients with
chronic ulcers. These ulcers are common in people
with diabetes and in bedridden patients, and can
lead to amputations if they don’t heal. Hopefully,
VitroGro will reduce healing times, with obvious
benefits for patients, and a reduction in health
costs.

Professor Upton’s team would like to develop
a bioactive bandage—like an adhesive bandage,
but containing VitroGro for faster healing. They
are also hoping to improve the spray-on skin
developed by Dr Fiona Wood. This would be

particularly useful for burns victims like those
from the Bali bombings or the Victorian bushfires.
Professor Upton’s team are also developing a
human skin equivalent that can be used for testing
detergents and cosmetics, rather than using
animals such as pigs.

Questions

1 What do you think would have happened
if Zee Upton had taken the advice of her
supervisors and ignored her unexpected
observation?

2 Do you think Dr Upton did the right thing in
forming a company rather than continuing full
time with her research? Explain your answer.

3 Professor Upton says it is essential to
have people on her team with different
qualifications—physics, chemistry, medicine,
mathematics and engineering, as well as
biology. Suggest a reason for this.

4  Would you like to join Professor Upton’s
team? Explain your answer.

e
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Science as a8 Human Endeavour

evaluate the impact of coal-burning and nuclear power stations on the environment
consider the impact of solar cells developed in Australia

Science Inquiry Skills
experiment to find the relationship between voltage, current and resistance in an electric
circuit
use mathematical equations to calculate the value of a third variable, knowing the values of
the other two variables
use animations to gain an understanding of how power stations work
interpret graphs of electrical power demand

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

Find the electricity meter at your home. It

measures how much electricity you use in

kilowatt-hours (kWh). Some meters are digital

and easy to read. Others have five dials as

shown below. You read the left-hand dial first

and move across to the right, writing down

the numbers. If the pointer lies between two

numbers you write down the smaller one. The

reading on the meter in the photo below is

84 147.4 kWh.

® Ask someone to turn on an electric stove,
heater or toaster. What happens to the
rotating disk in the meter? What happens
when you turn the appliance off?

® Read the meter today and at the same time
tomorrow. Use the readings to find out
how much electricity your household
usesin a day.

® You might like to find out how
much electricity you use
in a week. Try to explain
why the amounts vary
from day to day.

Soveris 2002
FORMWAY METERING ![lVlC(S Pyl nse No 1428

]v

4-141 61 ‘
W’z T

580205

WATTHOUR METER TYPE M3
EMAILiurwo

MADE IN AUSTRALIA




B.1 Electrical safety
AC and DC

Caitlin has just unpacked the mobile phone she
received for her birthday. She notices that it has a
rechargeable battery, and it has a cord so she can
plug it into a power point to recharge it. However,
she is not sure what the things on the recharging
plug mean.

When Caitlin connects her mobile to a power
point, she is using the mains supply, with a
voltage of 240 volts (or 240 V) AC. AC stands
for alternating current, since the current changes
direction 50 times a second (50 hertz or 50 Hz).
The electric current flows first in one direction

/@ ‘

INDOOR USE ONLY

INPUT: AC 100-240V,
50-60 Hz, 150 mA
OUTPUT: DC 5.7 V, /4
800 mA

Chapter B8 — Using electricity '

and then in the opposite direction. Mains power
is dangerous because the high voltage can drive
large currents, which can kill you. The recharger
converts the 240 V AC to 5.7 V DC to charge the
battery. DC stands for direct current, where the
electric current flows in one direction only.

Activity -] D

If your school has a cathode
ray oscilloscope (CRO), your
teacher may show you the
difference between DC and
AC.

1 If you connecta 1.5 volt
battery to the CRO, you
see a straight line.

2 |If you connect an AC
power supply, you see a
wave shape. Above the
horizontal axis the current oebe
is in one direction, and
below the axis it is in the

DC-0OMMH.

L

OBCILLOSCOPE DC-10MMH2 OSCILLOSCOPE

opposite direction.
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power points
circuit

Electricity in the home

Mains electricity is supplied to your home by two
wires covered with plastic insulation. The wires
are often enclosed in a single cable. One of the
wires carries AC electricity into the house and is
called the active or live wire. It alternates between
+240 volts and —240 volts. The neutral wire (zero
volts) completes the electric circuit from the house
back to the power station.

Both the live and the neutral wires are
connected to a meter box, which contains the
electricity meters, main switch and circuit-
breakers or fuses. The meter measures how much
electricity is used in the house. From the meter
box, the live and neutral wires branch out to
make several different circuits. These circuits
carry electricity to the lights, power points, stove
and hot water system. Switching on an appliance
allows AC electricity to move from the active
wire through the appliance and back through the
neutral wire.

Houses are usually wired using parallel
circuits, as in Fig 1. The advantage of this is that
all the circuits can be connected separately to the

e —
ele O
DO e d O
7
wly
\/V""_L : Remember this?
| N =
_®_®_ a series circuit
N

a parallel circuit

J

mains power supply. For example, if a light bulb
in one room ‘blows’ (that is, the circuit is broken),
all the other lights in that parallel circuit can still
operate.

The meter box also contains circuit-breakers
or fuses, which are safety devices in case there is a
short circuit. In Investigation 19, you can see how
a fuse works.

main ~._ circuit-breaker
switch or fuse
o
active wire

I
switches k k

lights (X) (X)

MAINS
SUPPLY

neutral wire

Fig1  If one bulb blows in this parallel lights circuit,
the other bulb continues to work.



Investigation 19 :

Chapter 8 — Using electricity @

:© ) Short circuits and fuses

Aim

To investigate what causes a short circuit and how

a fuse works.

Materials

power pack or battery

4 connecting wires

switch

torch bulb in holder
screwdriver or other conductor
large rubber stopper

2 large pins

strands of steel wool

heatproof mat

&

SAFETY GLASSES
MUST BE WORN

Planning and Safety Check

Discuss with your teacher the safety
precautions necessary when using a power
pack.

Suggest why the circuit has a switch in it.

AN A short circuit

Method

shown here, with a
power pack, a switch
and a bulb in series.
Set the power pack
on 2 volts DC.

2 Close the switch. Then carefully touch a

screwdriver or other conductor across the
alligator clips at A and B. Immediately you see
what happens, take the screwdriver away.

1 Connect up the circuit

Discussion

1

What you have observed is a short circuit.
Describe it in your own words.

Infer the path of the electric current:

a without the screwdriver

b with the screwdriver.

Why do you think the path through the
screwdriver is called a short circuit?

VIR Making a fuse

1

Make a simple fuse from a large stopper, two
pins and a strand of steel wool. Put it on a

heatproof mat as shown.
stop

strand of
steel wool

Connect your home-made fuse into the circuit
you used in Part A, and close the switch.

Again short the circuit across A and B with the
screwdriver.

:/ Observe what happens.

If nothing happens, increase the power pack
voltage slightly.

Discussion

1

Why did the fuse blow in Step 3 but not in
Step 27

Why do you think you used a rubber
stopper to make the fuse?
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Fuses and circuit-breakers

In Part A of Investigation 19, the metal
screwdriver was a better conductor of electricity
than the strand of steel wool. It had less electrical
resistance. The current therefore took the easier
path and flowed through the screwdriver. This
path is called a short circuit.

Short circuits are very dangerous. If two bare
wires touch, there may be a spark. Or the wires
may become so hot that they cause a fire. So
when short circuits occur, you need to cut off the
electricity using a fuse or a circuit-breaker.

A fuse is a safety device containing a piece
of wire that melts if too great a current passes
through it. Fuses are used mainly in cars and
electronic appliances. They are usually thin strips
of metal inside a plastic or glass cartridge, and
they snap into clips. Ask an adult to show you the
fuse box in a car. It is usually on the driver’s side

under the dashboard.

10

10 NS

10 7 OL: ¢ 0T g NN 10

Or g O12See~ 10
- 15~ e
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Fig 2 The fuse box in a car. Notice that there are
different fuses for different circuits. There are

also several spare fuses.

Note that there are different fuses for different
circuits such as lights (10 A), cigarette lighter
(15 A), and heater (25 A). A 10 amp fuse will
allow a current of up to 10 amps to flow through
it before it fuses (melts). A 25 amp fuse will
allow a current up to 25 amps. The thicker the
fuse wire, the more current it will take before it
‘blows’. If a fuse blows, you simply replace it with
one of the correct value. If it keeps blowing, there
is probably a fault in the circuit that needs fixing.

Most homes now have circuit-breakers
(Fig 3) instead of fuses. If too much current flows,
the circuit-breaker automatically turns off the
electricity. This happens if a household circuit
becomes overloaded, for instance when you are
using several appliances already, then plug in
another such as an electric heater. Circuit-breakers
are more convenient than fuses since you do not
have to replace any wires. Once the cause of the
short circuit has been fixed, you simply switch the
circuit-breaker on again.

Fig 3  The circuit-breakers in a meter box. If there
is a faultin a particular circuit, that switch

automatically turns off.



Earthing

Most electrical appliances have three-pin plugs.
The longer pin is called the earth, because it is
connected to the ground (earth). You may be
able to find the earth wire connected to a metal
water pipe or stake outside or under your house
somewhere.

main switch

UOUELS

meter box

neutral wire

active wire ﬂ

earth | ——— & if

| wire / \
earth /,A_. — L e S R A I - ea.rth

connection
three-pin I l

R \

neutral
wire
(blue)

earth wire
(green and yellow)

active wire (brown) 7

Fig 4

A three-pin plug and power point showing
how the earth wire is connected

Because metals are such good conductors of
electricity, electrical appliances with a metal case,
such as washing machines and toasters, must be
earthed to protect you from electric shocks. With
no earth wire, if the live wire loses its insulation
and touches the metal case, current will flow
through the live wire via the case and through
your body, and you will receive an electric shock.
The earth wire is attached to the metal case and
normally carries no current. But if there is a short
circuit, current flows harmlessly from the live
wire through the earth wire to the ground and
you don’t receive an electric shock. The circuit-

breaker in the meter box will probably switch off,

since too much current has flowed through the
appliance.

Chapter 8 — Using electricity ‘

l appliance not earthed

(electric shock)

current
passes o
through

appliance earthed

the ’roas’rer
(no electric shock)

doesn't seem

current
passes
through

' ‘\ earth wire
s

live wire touching metal

Many appliances such as portable radios and
hair dryers are made with no external metal
parts. They are instead totally surrounded by
plastic, which is an insulator. This insulation is
sufficient to protect you even if a fault occurs.
Such appliances are said to be double-insulated,
and have the double-insulation symbol [O]
marked on them. (See the information on the
plug for Caitlin’s mobile phone charger on page
191.) These appliances do not need an earth and
have a two-pin plug instead of the normal three-
pin plug.

You should also keep in mind when using
electrical appliances that water will conduct
electricity. For this reason, you must be extra
careful using electrical appliances in places where
water is likely to be spilt, for example in the
kitchen, laundry or bathroom.
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Why do some appliances have a
three-pin plug and some have a two-pin
plug?

Suppose a toaster has a metal case.
Would you expect it to have a three-pin
plug or a two-pin plug? Explain.

To which part of the toaster would you
expect the earth wire to be connected?

Explain what is dangerous about each of the
situations shown.

3 What is the meaning of the number 15
marked on a fuse or circuit-breaker?

4 What would happen if the live wire in a
double-insulated hair dryer touched the
plastic case?

5 Light circuits usually have an 8 amp circuit-

breaker, and power circuits a 15 amp one.

a What might happen if you put an 8 amp
circuit-breaker in a power circuit?

b What might happen if you put a 15 amp
circuit-breaker in a light circuit?

¢ Which mistake would be more
dangerous—a or b? Why?

6 What is the advantage of having Christmas
tree lights connected in parallel?

7 Stupid Sparky said: ‘Fix a broken car fuse
with anything—a nail, a piece of wire or a
coin. It's too much trouble to get the proper
fuses. And they don’t blow again when you
put thick wire or nails in them. Explain why
Stupid Sparky is being so stupid.

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

1 When Jordan plugs a toaster into a power point

and turns it on, the power goes off. He finds that
the circuit-breaker has switched off, so he turns
it back on. He then turns the toaster on again,
but the circuit-breaker switches off again. What
should Jordan do next? Why?

The diagram below shows a kettle with a fault:
the active wire is touching the metal case,
causing it to be live. Copy the diagram and add
two safety devices that would protect someone
using the kettle.

active neutral

3 Draw a circuit containing an AC power source

(symbol —&—) and five light bulbs:

a in series

b inparallel

¢ some in series and some in parallel.

For b, put in switches to turn each light on and

off independently, and one that will turn them all
on and off together.

Use the diagram below to explain how this
type of circuit-breaker works. The bimetallic
strip consists of two different metal strips, one
of which expands more than the other when it
becomes hot.

bimetallic

ON
OFF

compressed .

spring wire

touching
contact

=

TRYTHIS | & )

1 Obtain some old electrical plugs, sockets

and switches that are no longer being used.
Examine them carefully and try to explain how
they work. You could also pull apart an old
electrical appliance such as a toaster, iron or
radio—with its 240 V plug removed. See if you
can identify any of the parts. Can you put the
appliance back together correctly?

Look at some car fuses or fuse wires. Note the
relationship between the thickness of the wire
and the current that will pass through it.

Design a poster to draw people’s attention to
the hazards in using mains electricity.

L8
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8.2 Measuring electricity

Current, voltage and resistance

Before you can measure the electrical energy used
by household appliances, you need to be able to
measure the current and voltage in a circuit. The
diagrams below show how you can use the flow
of water through pipes for a swimming pool as
a model to explain the flow of electricity in an
electric circuit.
In the water circuit, you can measure the
rate of flow of the water. In the electric circuit
you can measure the electric current (I), which
is a movement of electrons. Electric current is
measured in amperes (or amps for short)
using an ammeter. One ampere is about
6 000 000 000 000 000 000 electrons moving
past a point every second. The electric current is
the same everywhere in the circuit, so it does not
matter where you connect the ammeter, so long as
it is in series with the resistance and the battery.
In the water circuit, the pump pushes the
water around the circuit and has to overcome
the resistance of the pool filter. In the electric

gauge to measure
difference in pressure

pool filter

(resistance to flow)

meter to
measure rate
of flow

tap (

g ammeter

3

circuit the battery supplies the electrical ‘pressure
(voltage V) to push the current through the light
bulb. The higher the voltage, the more current
is forced around the circuit. As the electrons are
pushed through a resistor (such as a bulb or a
piece of wire), they lose some of their energy
as light and heat. As a result, there is a drop in
voltage across the resistor. This is measured in
volts using a voltmeter. Note that because you
are measuring a difference in voltage, you must
connect the voltmeter in parallel across the part of
the circuit where you want to measure the voltage.
Insulators like plastic do not allow an electric
current through them easily. They have a high
resistance. On the other hand, metals and other
conductors have a low resistance, although some
metals have a higher resistance than others. For
example, the nichrome wire used in heating
elements and the thin tungsten wire used in light
bulbs have a higher resistance than the copper
wire used in electrical wiring. The resistance of
wire also depends on its length, thickness and
temperature. When measuring resistance, you use
a unit called the ohm. (Ohm rhymes with ‘home’
and its symbol is the Greek letter omega Q.)

voltmeter to measure
voltage drop
(V)
N&

&

light bulb
(resistance to flow)

switch

(AD to measure

Fig 5

current ?
—> s
]
electrons |

battery

A water circuit for a swimming pool is similar to an electric circuit.



Ohm's law

In 1826, the German scientist Georg Ohm
investigated how voltage, current and resistance
in an electric circuit are related. He discovered
that if you double the voltage across a conductor,
twice as much current will flow through it.
Three times the voltage produces three times the
current, and so on. This discovery came to be
called Ohm’s law. The current flowing through
a conductor is proportional to the voltage
difference between its ends.

For a given conductor, the ratio V/I is
constant. This ratio is the resistance (R) of the
conductor. It is the resistance of the conductor
that determines whether the current in a circuit
is large or small. Ohm’s law can be written as an
equation:

=R

voltage . Vv
——— = resistance or —
I

current

This can be rearranged to give V = IR

A simple way to rearrange equations is to
write the three variables in a triangle as shown.
Cover the symbol that stands for what you want
to find, and the other two symbols tell you how

[ .
Skillbuilder | YA

Drawing lines of best fit

Suppose you graph your results from an
investigation into the relationship between two
variables, as shown. In this case, the points
lie roughly on a straight line. For this reason,
it is best to draw a line of best fit, rather than
joining all the points. A line of best fit averages
out any errors in your measurements. It shows
the general trend of all the measurements.
Drawing lines of best fit takes practice. The
line need not go through all the points, but
it should pass as close as possible to all the
points. As a guide, there should be about as
many points above the line as below it. To
draw the line, use a plastic ruler that you can

Q&I\’[h le

WO rk//;p
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to calculate it. Other maths equations can be
rearranged in the same way.

Suppose you have a 4 ohm resistor connected
to a 12 V battery. You can find the current in the
circuit as follows:

\') 12 volts
|l = — = ——— = 3amps
R 4 ohms

In Investigation 20, you can test Ohm’s law for
yourself.

see through. Also, use a pencil so you can rub
the line out if you are not happy with it.

line of best fit

Current ()

o

Voltage (V)

For an animation of this, click on
at

Tojo0;

OneStopScienc :.
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Investigation 20 : ;O ) 0hm's law

Aim
To find out how voltage, current and
resistance in an electric circuit are related.

Materials

e power pack

e piece of nichrome wire (jug element wire) about
50 cm long or small resistor (eg 20 Q)

e voltmeter and ammeter or 2 digital multimeters

® switch

® 6 connecting wires, with alligator clips

® heatproof mat

Planning and Safety Check

You must prepare well for this investigation,

so read it carefully before you start.

e Discuss with your partner(s) how you will
connect the voltmeter in the circuit.

e How will you connect the ammeter?
Draw up a data table like the one below.

Power Vv | Vv
sut[}ply Voltr(l;_eter Amn&gter T
setting reading reading

(volts) (volts) (amps) I

Students could do this

~ investigation using the computer program

Method

1 Set up an electric circuit as shown top right, with
the nichrome wire on a heatproof mat. Connect
the ammeter in series with the nichrome wire.
Connect the voltmeter in parallel with it.

Make sure that the positive terminals of the
ammeter and voltmeter are connected to the
positive side of the power pack as shown.

2 Set the power pack to 4 volts DC. Close the
switch and read the voltmeter and ammeter
as quickly as possible. (If you leave the switch
closed for too long, the nichrome wire becomes
hot, and this changes its resistance.)

voltmeter

—

nichrome wire
resistance

ammeter(A)

? +

=+

|
/[l

variable power supply

'/Warning: Do not turn on the power pack until —
. your teacher has checked your circuit.

-~
£/ Record the voltage V and current | in your
data table.

3 Repeat the measurements for a number of
different power pack settings less than 4 volts:
say 3, 2, 1.5, 1 and 0.5 volts. Allow plenty of
time between readings for the wire to cool.

£/ Record all results.

4 Plot current | (vertical axis) against voltage V
(horizontal axis) on graph paper.

Discussion

1 If you increase the voltage, what happens to
the current? If you double the voltage, what
happens to the current?

2 Use your graph to predict the current for some
voltages you did not test, eg 2.5 volts, 5 volts.
Test your predictions.

3 Complete the data table by calculating the
values for voltage divided by current. As the
voltage and current change, what do you notice
about V/I ?

4 Suggest why the plotted points are not all
exactly on a straight line.
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Electric shocks

An electric shock is caused by an electric current
passing through your body. The muscles in your

body are triggered by small voltages in the nerves.

Your nervous system cannot cope with larger
voltages and currents, and the muscles suddenly
contract or spasm. Your heart may also spasm or
even stop.

The larger the current, the more painful and
serious the shock. In general, if there is a large
voltage and a small resistance, then the current
will be large. The mains voltage is always 240 V|
but the resistance of the human body varies.

The diagrams on this page show three different
situations.

In A the person
touches the live wire
with one hand and
the neutral wire with
the other hand. If his
hands make good
contact, he will have a
low resistance and the
current through his
body will probably
be fatal. This is
called electrocution.

In B the person B
touches the live wire
with one hand and a
good conductor such
as a metal pipe with
the other. The current
that flows through
her body will again
probably be fatal.

People normally get shocks when they touch
just the live wire, as in C. If the person is wearing
rubber shoes or standing on a plastic floor, her
resistance could be as high as 10 000 ohms. This
means the current through her body would be
0.024 amps:

\' 240
|1 = E = = 0.024 amps

10 000

However, if she is barefoot and standing on a
concrete floor, her resistance could be as low as
1000 ohms, giving a fatal current of 0.24 amps.
The severity of the shock also depends on which
part of your body the electricity travels through.
A current of 0.01 amps can flow harmlessly
from one finger to another, but the same current
through your heart is nearly always fatal. The
presence of water reduces resistance and so
increases the danger of serious shocks.

If you see someone who has suffered an electric
shock, it is essential that you don’t get shocked
yourself. First switch off the electricity and push
the person away from the appliance or wire using
an insulator such as a wooden broom handle. If
the person is unconscious, call an ambulance. If
their breathing or heartbeat has stopped, they
must be given mouth-to-mouth resuscitation and
heart massage.
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Paying for electricity Appliance '

C . Power ratin
Electricity is just one form of energy. What we (operating at (watts) 9
consume when we use electrical appliances is not 240 volts)
voltage or current, but energy. So, when
we pay for electricity, we are charged for the caleulator 0.0003
amount of electrical energy we have converted clock >
into other forms. Electricity is sold in energy portable radio 12
units called kilowatt-hours (kWh). The number light bulo 60
of kilowatt-hours that you use at your house is

U personal computer 100
measured by the electricity meter, as shown. —
television set 200
refrigerator 400-500
89012 21098 89012 2109s 89?\12 - -
NI S VIS EJRNES electric drill 500
&5 2 B & &5 toaster 1000
Date 19/4/11 Reading: 34 560 kWh bar heater (small) 1000
hair dryer 1500
89012 21098 89012 21\?98 89012
o) o ) G sl G hotplate (on stove) 2000
&5 g2 i ;2 > dishwasher 2500
Date 12/7/11 Reading: 36 515 kWh hot water system 3000
Sl el ool madon wattage of an appliance, the more it adds to your
=1955KWh electricity bill. For example, a 1000 watt bar
. . _ . heater uses electrical energy twice as quickly as a
Different elecn.rlcal appliances use dlffefent 500 watt heater. One kilowatt is 1000 watts, so a
amounts of electrical energy, as shown in the kilowatt-hour is 1000 watts used for 1 hour (or
table. The rate at which an appliance uses energy 500 watts used for 2 hours).

is called its power, and this is measured in
watts W (joules per second). The higher the
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Using equations

The price charged for electricity depends on
how much you use and when you use it.The
night rate is much cheaper because the demand
for electricity is less then.To calculate the energy
used by an appliance, you use the equation:

energy = power x time or E = Pt J

Note that you must use the correct units for
the variables. If you want the energy in kilowatt-
hours, then the power of the appliance must be
in kilowatts (not watts), and the time the
appliance is used must be in hours (not minutes
or seconds).

Suppose a 200 watt television set is used
for 5 hours. The energy used by this appliance
is calculated as follows:

P = 200 watts = 0.2 kilowatts
t = b5hours
E = Pt = 0.2kilowatts x 5 hours

1 kilowatt-hour

Chapter 8 — Using electricity @

The voltage and power rating marked on
appliances allow you to calculate the operating
current, using the equation:

power (watts) = voltage (volts) x current (amps)

or P=VI

As an example, a microwave oven operating
at 240 volts has a power of 600 watts. To
calculate the current it uses, you need to
rearrange the equation as follows:

P 600 watts

V = 20volts - 20 amps

Appliances such as electric stoves use
electrical energy very quickly, using large
currents. They therefore need thicker wiring
and larger amperage circuit-breakers.
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Activity : ‘o

1

You can measure the power of a portable
radio as follows.

Count the number of batteries to find the
DC voltage of the radio.

Cut a piece of aluminium foil about

20 cm x 8 cm. Fold it three times
lengthwise to give it extra thickness. Then
cut it in half to give two strips each 10 cm
long. Finally cut a piece of cardboard
about 10 cm x 2 cm.

Put one piece of foil either side of the
cardboard strip. Have someone push
and hold apart two of the batteries in the
battery compartment of the radio. Push
the strips into this gap.

aluminium .
foil £ alligator

Pull the aluminium strips apart and use
alligator clips to connect them to an
ammeter. (Remember to connect positive
to positive.)

Switch on the radio and measure the
current with:

a no station tuned in

b a station on low volume
¢ a station on high volume.

Use the equation P = VI to calculate the
power under these different conditions.

If the radio has a CD player, you could
also measure the power needed to play
CDs.

1 Copy and complete this table.

Symbol [ Unit h?‘i?;;red
Voltage
Current
Resistance

b A conductor has

2 Copy and complete the following sentences.
a All materials offer some
flow of electricity.

to the

resistance and

an insulator has
¢ If the resistance in a circuit is increased,
the current

resistance.

3 Copy and complete the following table
using Ohm'’s law.

Voltage Current Resistance
(volts) (amps) (ohms)
— 5 3
6 3 -
240 — 20
110 — 19

4 Atoaster connected to the household
240 volt supply has a current of 4 amps
flowing through it. What is the resistance
of the heating element in the toaster?
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How many kilowatt-hours of electricity are
used by the following appliances:

a a120W ceiling fan, used for 12 hours
b two 60 W electric blankets, used for

7 When cooking dinner, Kaori used four
hotplates (each 2000 watts) for 30
minutes. How much electricity did she
use (in kWh)?

9 hours . . . ..

¢ adozen 40W fluorescent lights, used 8 What is the reading on this electricity
meter?

for 5 hours

d a1500W hair dryer used for 10 minutes 100
109

Use the table on page 202 to answer these 1000 2 \; 10
questions. ‘s

a Which appliance uses the most electrical
energy per second?

b Which is more expensive to leave on for
the same length of time—a light, aTV or
a bar heater?

¢ Which appliances are run by batteries?
What do you notice about their power
consumption?

d Why do stoves and hot water systems
have their own circuit and circuit-

0 4 90
89 2 8 /2
7 3 7 3
10 000 65\4 5 p 4
10 9 109
2\ 8 2 8
3 7 e
&g G '456
1 kWh per division =

9 A family turns their TV set on for about
3 hours per day.The power rating of the
TV is 300 watts. On the basis of a cost of
15 cents per kWh, calculate the cost of

breaker? running theTV for a year.
Challenge EI_)
1 Explain why the element in a toaster becomes b If his hands are dry, then the resistance is

red hot, while the wires connecting the toaster to
the mains power supply remain cool.

An electric blanket connected to the household
240 V supply has a current of 0.5 A flowing
through it. What is the resistance of the heating
element in the blanket?

Ohm'’s law says that current is proportional to
voltage. Use examples to explain what this
means.

Which is cheaper to run over 5000 hours—a
15 W compact fluorescent light bulb with a
lifetime of 6000 hours and costing $8, or an
equivalent 35 W halogen energy-saver bulb
with a lifetime of 3000 hours and costing $5?
Assume 1 kWh of electricity costs 20 cents.

a A person with wet hands has a resistance
across his chest of 2500 ohms. Would it be
dangerous if he touched the terminals of a
12 V battery with both hands? (Assume that
a current of 0.01 amps through your heart is
fatal.)

about 100 000 ohms. Would he still be in
danger?

¢ A person with sweaty hands has a resistance
across her chest of 2400 ohms. If she
touched a 240 V live wire, would she be in
danger?

d Draw a person’s body and in colour show a
path that a current of 0.1 amps might take in

an accident that would not be too dangerous.

Use a different coloured pen to show a path
that would be very dangerous. (Hint: See
page 201.)

6 The Jones family has just received their
quarterly electricity bill, and they have used
2000 kilowatt-hours of electricity. The
electricity tariff is as follows:

e first 1020 kWh ... ... 14.47 cents per kWh
e balance........... 15.27 cents per kWh
a Calculate the Jones’ electricity bill.

b Suggest a reason for this type of tariff.
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¢ During summer, the Jones’ 750 watt swimming
pool filter runs for 8 hours each day. Calculate
the cost of running the filter for a month.

YEAARRGH!

-1 A A

He has - I just /A B
ave him the
electricity billl l

Geez! It sounds like
your dad's had an
electric shock or

something.
L 4

©

7 In an experiment to measure the resistance of a
piece of nichrome wire, the following apparatus
was used: a battery, an ammeter, a voltmeter, a
switch, the nichrome wire and connecting wires.
a Draw a circuit diagram to show how the

apparatus would be set up.

b When the switch is closed, the voltmeter
reads 6 V and the ammeter 0.5 A. What is the
resistance of the wire?

¢ If anichrome wire twice as long was used,
what do you think its resistance would be?

d What would the ammeter read now?

8 What is the power of an appliance which uses:
a 0.5 kilowatt-hours in 2 hours?
b 1.5 kilowatt-hours in 30 minutes?

9 A 1200 watt microwave oven uses 5.2 amps of
electric current. Use the formula P = IR
to calculate the electrical resistance of the oven.

A car has four headlights, each with a rating of
36 watts. Two tail-lights, a numberplate lamp and
a dashlight are all rated at 6 watts.

a What is the total power needed for the car’s
lights?

10

11

12

13

b What current will be drawn from a 12 volt
battery?

¢ What happens when you turn the car's engine
off but leave the lights on? Why?

Thomas did an experiment to test Ohm'’s law.
His results are shown below.
V (volts) I (amps)

0 0

1.5 0.12

3.0 0.15

3.5 0.25

4.5 0.30

6.0 0.42

a Thomas thinks one of the current values is
wrong. Which one do you think it is? (There
are two ways to work this out.)

b What is the resistance of the wire he used?

The circuit below contains three lamps, each
marked 80 W, and four ammeters. The bulbs all
glow with equal brightness, and ammeter 1 (A1)
reads 1 amp.

a What do A, and Az read?

b What does A4 read?

¢ What is the voltage drop across each lamp?
d What is the voltage of the power supply?

A)

e

4 Y

power pack
(A A 7
B—QR—E)—Q—®

A bulb is charged in a reading lamp from 40 W

to 60 W to get a brighter light.

a Will the electric current through the bulb
increase, decrease or stay the same?

b How does the resistance of the 60 W bulb
compare with that of the 40 W bulb?




8.3 Where does
electricity come from?

You can’t make electricity from nothing.
However, DC electricity can be released
from batteries or by using solar cells. AC
electricity can be generated using magnets.

Using batteries

Some chemical reactions produce electricity.
For example, in a torch battery, there is a
reaction between the zinc case and the
chemical paste it contains. This reaction
makes the zinc case negatively charged and
the top terminal positively charged. When the
cell is connected in a circuit, electrons are
pumped out of the cell as shown in Fig 6.
The electric current is simply a flow of electrons
around the circuit. The electrons lose energy as
they pass through the bulb and get it back again
in the battery.

chemical paste

carbon rod o

zinc electrons =
case
CHEMICAL ELECTRICAL A and
ENERGY ENERGY ENERGY

' Fig 6  The chemical reaction in a torch battery
causes electrons to flow in a circuit.

When the reaction is finished, no more
electricity is produced and the battery is “flat’. If
the cell is rechargeable, you can pass electricity
through it to reverse the reaction. The battery
can store this energy until you use it again.
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"Fig 7  The 2009 World Solar Challenge from
Darwin to Adelaide was won by the
Japanese solar car Tokai Challenger. It
averaged over 100 km/h for the race.

Using solar cells

A solar cell is made of almost pure silicon. It
produces a small electrical voltage (about

0.5 volts) when exposed to sunlight. If you
connect many solar cells together, you can
generate enough electricity to power outback
telephones, spacecraft, automatic lighthouses,
even cars. Solar cells are still fairly expensive,
and you need a lot of them, but they are
becoming more widely used.

motor of
solar car

I

4]

C) .
LIGHT ELECTRICAL KINETIC
ENERGY ENERGY ENERGY

‘Fig8  How a solar cell works
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Using magnets

An electromagnet is a temporary magnet made
from a coil of wire wound around a piece of iron.
When electricity flows through the wire, it creates
a magnetic field around the electromagnet. But
can a magnet be used to produce electricity? You
can find out in the activity below.

_Activity B

1 Make a coil by winding two or three
metres of thin, insulated wire around a
cardboard tube. Hold the wire in place
with adhesive tape. Alternatively, use a
ready-made coil.

2 Connect the bare ends of the wire to a
multimeter or galvanometer. This can
measure the direction as well as the size
of small electric currents.

3 Plunge a bar magnet into the coil. Then
quickly pull the magnet out
of the cail.

Record your
observations
of how the
reading on the
multimeter
changes when
the magnet

is moving in,
when it is still,
and when it is
moving out. Does it matter how quickly
you move the magnet?

Write a hypothesis to explain all your
observations.

4 Use your hypothesis to predict what will
happen if you hold the magnet still and
move the coil up and down. Test your
prediction.

5 Predict what will happen if you reverse
the magnet so that the other pole goes in
first. Try it.

Moving a magnet through a coil induces
(produces) an electric current in the coil. This
process is called electromagnetic induction,
because the moving magnetic field induces the
electrons in the wire to move. Moving the magnet
in the opposite direction reverses the direction
of the current. In this way, you can produce
alternating current AC. You can produce a larger
current if you increase:

o the strength of the magnet
e the number of turns of wire in the coil

e the speed of movement of the magnet or coil.

coil magnet multimeter
of

wire

N

KINETIC ENERGY === E|ECTRICAL ENERGY

Generators

Most electric generators, such as the one

in a car, have a coil of wire which is rotated
between the poles of a magnet. quever, the
huge AC generators in power stations are
designed differently. They use electromagnets
that rotate inside the coil, as shown.

inning electromagnet .
spinning O electric current

to create
O electromagnet

O induced
alternating
current

Note: There are special connections to the
electromagnet so the wires don't tangle.
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Power stations

The generators in a power station
are turned by turbines with fan-like
blades that are spun at 50 cycles per
second by jets of high-pressure steam.
After leaving the turbines, the steam is
condensed back to water and returned
to the boiler. Vast amounts of water
are needed for the condenser, and
this normally comes from a nearby
lake into a cooling tower (see Fig 10).
Most Australian power stations burn
coal to produce the steam; however,
it can also be produced by burning
natural gas or oil.
About 5% of Australia’s power
is generated in hydro-electric power
stations (see Fig 9). Here it is the
kinetic energy of falling water rather
than the pressure of steam that drives
the turbines and generators. The
greater the height the water falls, the
more electricity is produced.
Hydro-electric power stations are m A hydro-eleetric power station in the Snowy
cheaper to run than coal-burning
power stations, and they can be
started up or closed down much

more quickly. Coal-burning power stations into operation. This usually occurs at the
operate 24 hours a day, and when more electricity ~ beginning and end of a working day, when
is needed, the hydro-electric stations are brought people are using electric trains, lights, stoves etc.

T waste gases
—> to electricity

ﬁ transmission

rT i transformer system
turbine
boiler

A

el

dust

> enerator |
collector r g |
from coal Lt AT
mines t "lr*unlﬂuuu:[:ﬂ‘

chimney pulveriser Eqrider ser cooling water frqm
lake or reservoir

ash

'Fig 10 How a coal-burning power station works

Mountains. Water flows from the reservoir at the top,
down the pipes to:the power station at the bottom.

-

| cooling
|\ tower

water
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Go to www.OneStopScience.com.au and follow
the links to the websites below for information on
all types of power station.

How electricity is created
This website has an animation of the various
stages in a coal-fired power station.

How our power stations work
This website has an animations of a coal power
station and a hydro-electric power station.

Nuclear power
This website has an animations of two different
types of nuclear power stations.

How hydropower plants work

This site has an interesting section on hydro-
electric footwear.

®

[OneStops‘r 1eNC ‘ y

Problems with power stations

A major problem with coal-burning power stations
is that they release carbon dioxide, a greenhouse
gas, into the atmosphere. One possible solution to
this problem is geosequestration, where the CO;
is compressed and injected into rocks 1-3 km
underground. This idea is being tested near
Warrnambool in south-western Victoria.

transport

Fig 11  Geosequestration of carbon dioxide
Nuclear power stations do not produce
greenhouse gases, but they have several major
disadvantages. Firstly, there have been several
serious accidents at nuclear power stations. The
most recent of these was the Fukushima nuclear

Fig 12 The damaged Fukushima nuclear plantin
Japan, March 2011

plant in Japan. It was damaged in a 9.0 magnitude
earthquake and subsequent tsunami on 11 March
2011. There was a partial meltdown in three of
the reactors and radioactive material leaked into
the surrounding area.

The second major problem with nuclear
power stations is what to do with the spent
fuel rods after being in a nuclear reactor. They
are extremely radioactive and are stored under
water for a couple of years until their radiation
decreases. They are either reprocessed to make
new fuel rods or transported to a disposal site for
long-term storage, but they remain radioactive for
thousands of years.

m Radioactive spent fuel rods

stored under water

‘- T s et e St
Vo B o
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100

Percentage of maximum winter elecltricity demand (%)

ELECTRICAL POWER DEMAND

winter
maximum

mid-summer
average

20
10
1 1 1 I I I 1 I I I 1
12 2 4 6 8 10 12 2 4 6 8 10 12
am noon pm
Time

The graph above shows the typical demand 6 |If the peak demand on a winter’s day is
for power in Australia on a week day. Use the 10 000 megawatts, what is the minimum
graph to answer these questions. demand on that day?

What units have been used on the vertical 7 Even at 4 am we still use considerable

axis of the graph? electricity (a bit less than half the peak

o

At what time of the day does the peak demgngl). How can you explain this’

(maximum) demand occur in winter? 8 Why is it that the summer graph has only

There is also a demand peak in the ngkr;%ak AT ) VST el 1 (70

morning in winter. When does this occur? P - o _ .

Explain the shape of the winter graph 9 Tge T%hffrﬂe r?'er?:]rllclrtyttarlsff (COS’[?[ is

in terms of our use of electricity over about hai the hormar rate. suggest a

54 hoUrs. reason for this.

10 Given that electricity cannot be stored,

Why is the demand for electricity greater
in winter than in summer?

how is it possible to meet the changing
demand for electricity over a 24 hour
period?



‘ Sciencellorld 9 Australian Curriculum edition

step-up

transformer

power station

step-down
transformer

consumers

i

iron core

)

Fig 14

primary
coil

secondary
coil

Transmitting electricity

Electricity is transmitted from the power station
to your home through power lines. However,
some electrical energy is always lost as heat
when it travels through wires, and the greater the
current, the more heat that is lost. To reduce this
heat loss, you can increase the voltage and
thereby decrease the current.

The voltage can be changed in devices called
transformers. A transformer contains an iron
core and two coils of wire called the primary coil
and the secondary coil (Fig 14). The alternating
current in the primary coil creates a magnetic
field. Because the current changes direction
50 times per second, the magnetic field also
changes. This changing magnetic field interacts
with the secondary coil and induces a current
in it.

If the secondary coil has more turns of wire
than the primary coil, it is called a step-up
transformer. The voltage induced in the secondary
coil is greater than that in the primary coil, but
the current is lower. If the secondary coil has
fewer turns of wire than the primary coil, it is
called a step-down transformer. This produces
a lower voltage but higher current than is in the
primary coil.

Before leaving the power station, the
voltage is stepped up (increased) to as much as
500 000 volts. This is done to reduce the current
in the wires. Then, before it reaches your home,
the voltage is stepped down to 240 volts.

iron core

secondary
coil

primary
coil

How transformers are used to increase and decrease the voltage from a power station

There are transformers in many of the
appliances in your home. Many devices, such
as portable radios, run on batteries yet can be
plugged into the mains. It is better to use mains
electricity than batteries because it is cheaper.
The appliance must therefore have a step-down
transformer to reduce the voltage from 240 volts
to 9 volts or whatever the appliance uses.

________________________________________________

1 Copy and complete the table below by
putting in the type of energy from which
the electrical energy is formed.

Electical energy
Energy formed from...
battery
solar cell

2 Suggest why solar cells rather than batteries
are used in spacecraft.

3  What must be brought near a rotating coil of
wire if an electric current is to be generated
in the coil?

electric generator
E 4 |k Jin connects a coil of wire to a multimeter.
E When he pushes the south pole of the

: magnet into the coil, the voltage is positive.

...............................................
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_______________________________________________

Will the voltage be positive or negative

when lk Jin does the following:

a pulls the south pole of the magnet out
of the coil?

b pushes the north pole of the magnet
into the coil?

¢ holds the magnet steady inside the coil?

d holds the magnet steady and moves
the coil towards the south pole of the
magnet?

Use Fig 10 to try to explain what
happens in each part of the power
station.

b Draw an energy chain to describe the
energy changes that take place.

6 What are the similarities between nuclear
power stations and coal-burning power
stations? What are the differences?

7 What is the difference between a step-up
and a step-down transformer?

Go to www.OneStopScience.com.au and follow
the links to the websites below.

Fuelling the 21st century
Use this as a starting point to research fuel cells.

Beakman’s electric motor

Use this to make your own simple electric motor
and demonstrate it to the class.

disk magnet

rubber band

coil of wire battery

[OneStop Scienc -’J
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Challenge

ED

1 Suggest three ways of making an electric
generator produce a larger current.

2

The graph below shows how the current
produced in an electric generator varies with

time.

a What is the maximum current generated?

b How long does it take for the coil of the
generator to rotate once?

¢ Suppose you connected a light bulb to the
generator. Would you expect the
brightness of the bulb to vary? Explain.

+14

Current
(amperes)
o

-1+

.2 0 .6

Timé (sec<‘)nds)

What are the advantages and disadvantages of
the following types of power stations?

a coal-burning
b hydro-electric

¢ nuclear

Suggest why there are no nuclear power
stations in Australia.

Why is electric power transmitted at very high
voltages over long distances?

How is an electric generator like an electric
motor? How is it different?

These readings were obtained from a
transformer.
Voltage (V) | Current (A)
Primary coil 200 1.00
Secondary coil 1000 0.19

a Does the transformer step the voltage up
or down?

b Calculate the power of each coil.

¢ How much power is ‘wasted’ by the
transformer?

d What happens to this wasted power?
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. Copy and complete these statements to make a summary of this

.. . alternating
chapter. The missing words are on the right. -
|
1 current (DC) is a flow of electrons in one direction only. earth
current (AC) is a flow of electrons that continuously reverses generators

direction. Mains supply is 240 volt AC. .

: 2 A occurs when the electric current takes a ‘short cut’ along

3 hof | magnet
a path of lower _____ Ohm's law
, 3 Circuit-breakers and wires are essential for safety in electric .0,
: circuits. .
] resistance
4 The electric current flowing in a circuit depends on the electrical short circuit
; resistance in the circuit and the .The relationship between
: . transformers
: voltageV, current | and resistance R can be shown by the formula
; V=IR( ) voltage

. . . . waltts
, 5 is the rate at which energy is produced or used. It is
5 measured in (joules per second).

6 Electrical energy is sold in
equation:
energy (kilowatt-hours) = power (kilowatts) x time (hours).

. It can be calculated using the following

. 7 A and a coil of wire, in motion relative to each other, can produce
: an electric current. This is how in power stations work.
: 8 can increase or decrease the voltage of alternating current.

Try doing the Chapter 8 crossword at

OneStop‘Science‘

1 The number of watts printed on an
appliance tells you:
A the rate at which the appliance uses energy spring
B the voltage at which the appliance operates
C the electrical resistance of the appliance
D the heat the appliance gives off

switch

2 The diagram on the right shows an electric
door-bolt, which is used to lock a door. Write a
paragraph explaining how this device works.

electromagnet

N\

battery
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3 Look at the diagram of a three-pin plug.

a Which is the earth pin?

b What is the purpose of an earth wire?

¢ Why do some
electrical plugs
only have two
pins?

A plate on the plastic case of a portable radio—

CD player has the following information:

AC: 240V ~ 50 Hz 12W
O

DC: 9V ---- (‘D’ SIZE x 6)

What does AC stand for?

What is the power of the radio?

How many batteries does it need?
Would you expect the radio to have a
two-pin or a three-pin plug? Why?

e Would you expect the radio to contain a
transformer? Explain.

The diagram shows the layout of a coal-
burning power station (in simplified form).

electric

coal current

—
water

What happens in A?
What energy change occurs in B?
What is C? What is its purpose?

20 T

through the power lines before it can be
supplied to your home?

e Which part of the diagram would be
different for a nuclear power station?

An electric radiator has a small plate on the

back that reads 240 V, 1500 W’. If the cost of
electrical energy is 15 cents per kilowatt-hour,
how much would it cost to run this radiator for

3 hours?

N%\g.\\th le,

A

S
= =3
[=) (<)
Z N

What must happen to the electricity passing

Go to to access
interactive activities to help you revise this chapter.

71 Here is a diagram of an electric circuit

containing an ammeter and a voltmeter.

ammeter

P~ 2.3

~0 amps 9

voltmeter

@ What is the size of the current flowing
through the light bulb?

b What is the voltage drop across the bulb?

€ What is the resistance of the bulb?

Juanita did an experiment similar to
Investigation 20. Here are her results.

Voltage Current Resistance
(volts) (amps) (ohms)

Trial1 6 1 6
12 2 6

24 4 6

Trial 2 6 2 3
12 2 6

24 2 12

Trial 3 6 0.5 12
6 1 6

6 2 3

@ What were the three variables in Juanita’s
experiment?

b Which variable did she control in trial 12

€ What happened to the voltage when the
resistance stayed the same and the current
was doubled?

d What happened to the voltage when the
current stayed the same and the resistance
was doubled?

e What happened to the voltage when the

current was doubled and the resistance was

halved?
f Write a mathematical equation that
summarises Juanita’s results.

fﬁ Check your answers on page 299. J
-

OneStopScienc‘e‘



Solar cars

The photo above shows the Australian-built solar

car Aurora 101 approaching the finish line in the

2007 World Solar Challenge. It travelled 3000 km

from Darwin to Adelaide using only the power of

the sun.

1 How do solar cars work?

2 List as many differences as you can between
solar cars and normal cars.

The photovoltaic effect was discovered in 1839
and the first solar cell was made in 1883. It was
only 1% efficient—it only converted 1% of the
solar energy into electricity. However, it wasn’t
until 1905 that Albert Einstein explained how
the photovoltaic effect works. Since that time
scientists and engineers have
improved solar cells so they are
more efficient.

In 1998, Martin Green and
Stuart Wenham, two Australian
scientists from the University of
New South Wales, made a solar
cell that was 25% efficient—a
world record. To do this, they
etched the top of their solar cells
into tiny upside-down pyramid
shapes, using a laser, as shown
on the right. This pyramid design

finger (how one module
joins to the next)

negative region

traps and bounces the sunlight around the cell,
extracting as much solar energy as possible.

Even more efficient triple-junction solar cells
were developed for use in space. These have red,
green and blue cells stacked on top of each other.
Each cell is designed to convert the red, green or
blue parts of light into electricity. More recently,
solar cells have been made more cheaply by
coating them onto a thin flexible film.

The efficiency of World Solar Challenge cars
has also been increased by a motor that sits
inside the wheels. It was designed in Australia
by CSIRO engineers, and is 98 % efficient. The _
motor is used by Aurora 101, which won the race %
in 1999 and came third in 2007.

Solar cars can manage speeds of over 100 km/h
even on cloudy days. Much more research is
needed before we will use them for everyday
travel, but it may not be long before small hybrid
cars have solar panels on the roof to improve
their efficiency.

3  Why do most solar cars have a cockroach
shape?

4 Why do they usually have only three narrow
wheels?

5 What scientific concepts and principles have
been used in the development of solar cars?

At www.OneStopScience.com.au (WebWatch
for ScienceWorld 9 Chapter 8), there is a link to
‘Virtual World Solar Challenge” where you can
design and race your own solar car.

inverted pyramids

Light bounces
around the wall
of the pyramid.

positive region
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* In this chapter you will ...

Science Understanding
explain how biotic and abiotic factors in the environment can affect the survival of organisms
describe the flow of matter and energy through ecosystems
examine the effects on ecosystems of events such as droughts, floods and bushfires

Science as 3 Human Endeavour

present views from different interest groups on the effect of human activity on the Murray—
Darling river system

Science Inquiry Skills

write and present a report on the effect of human and natural changes on ecosystems
make inferences about the sustainability of ecosystems

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

The photos on this page show four

different Australian environments.

® For each photo, think of some of
the animals and plants that might
live there.

® Make a list of the features that the
animals and plants would need to be
able to survive in each.

(“ "‘;-Y tv“" ‘
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3.1 Living in ecosystems

Chapter 9 — Ecosystems ‘

The island in the photo above is a few kilometres
from the mainland. Over the years it has been
colonised by many types of plants, as well

as animals such as lizards, native mice, small
wallabies and many types of insects and birds.
This island can be described as an ecosystem
because there is a complex system of relationships
between the organisms and with the non-living
part of the environment.

The survival of an organism depends not
only on its ability to get food and be protected
from predators, competitors and disease-causing
organisms, but also on the supply of water
and air, a suitable temperature and weather
conditions, and good soil.

The factors that affect the survival of an
organism in its living place can be grouped into
two categories—biotic or living factors and
abiotic or non-living factors.

wallabies native mice insects

fruits and seeds
from plants

\\ decomposers

Fig1  The animals and plants that live on the island

grass

Activity

1

How much do you know about food
webs? Use Fig 1 to answer the following
questions.

/:/ Which of the organisms are
producers? Write a definition for producer.

f/ Which organisms are competitors of
native mice”? Which animals are predators
of native mice? Explain your answer and
include definitions for competitor and
predator.

L‘/ Draw a food web for the organisms in
Fig 1.

Form a group of three or four people and
discuss these questions about the island.

:/ The island probably formed as the
sea level changed many thousands of
years ago. Suggest how the island might
have been colonised by organisms.

L‘/ Why can the island be described as
an isolated ecosystem? How is this
different from other ecosystems such as
those that might exist in each of

the four photos on page 2187

:/ Most of the food chains you could
draw for the organisms on the island
would contain a producer and no more
than one or two consumers. Suggest why
the food chains are short.
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The biotic factors in an ecosystem are * ]
all the living things that interact with an '
organism—the availability of food, the
presence of predators and competitors, and
the organism’s ability to ward off disease-
causing organisms.

The abiotic factors include temperature,
light, humidity, the availability of air and
water, and soil fertility. These factors are
extremely important for the survival of any
organism. For example, microscopic algae
(plankton) are found only in the surface
waters of the ocean where there is sufficient
light for photosynthesis. And many reptiles
and amphibians will hide away in logs or
holes in the ground when the air temperature Fig 2
falls in winter.

_Activity B

Work in a small group for this
activity.

Look at the photo of the river.
Write a brief report on the survival
of an organism in this ecosystem,
using the following three points as
your structure.

1 Choose an organism that lives
in or around the river. Make
a list of all the biotic factors
that affects its survival. Give
examples if possible.

2 Construct a food web that
contains the organism.

3 Describe the abiotic factors
that may affect the survival
of your organism. Give
examples.

Swap reports with another
group. Read their report and
assess its good points and poor
points. Make some brief notes.

Give the report back to the
other group and read their notes
about your report.

Microscopic algae are found near the surface of the
ocean where there is enough light for photosynthesis.




Adaptations

The survival of an organism also depends on the
characteristics of the organism itself. For example,
the organisms in the photos in Figs 3-5 live in
quite different habitats, and each organism has
characteristics that enable it to survive in its own
particular habitat. These characteristics are called
adaptations (ADD-ap-TAY-shuns).

Chapter 9 — Ecosystems ‘

For example, the jabiru in Fig 3 lives in
wetland areas of northern Australia. It has very
long legs that enable it to walk through the
swampy areas where it finds food. Its beak is long
and pointed so it can collect snails, worms and
fish from the water and mud. It also has large,
strong wings to help it escape from enemies.

Fig3  Jabiru

- Activity :

1 Look at the animals in Figs 3-5. For each animal,
list all the physical and biological factors that may
affect its survival in its habitat. Suggest how the
animal’s adaptations help its survival.

2 Your teacher will supply you with three or four
preserved animals (or photos of animals). Work
in a group for this part of the activity.

¥ Use observations and your knowledge of the
animals to make inferences about how well their
characteristics help them survive.

-
£/ For each animal, record your observations
about its size, shape, colour and other
characteristics that you think are important in
it§l survival.
£/ Decide where each animal lives and describe
its habitat. Then infer how the characteristics help
it survive in its habitat.




Types of adaptations

The katydid (KAY-tee-did) in the photo above
is similar to grasshoppers. It eats the leaves and
shoots of plants. Birds and carnivorous insects
such as preying mantises feed on katydids.

A katydid has a number of adaptations that
ensure its survival. Its body is sideways flattened
and is leaf-green in colour. This helps to
camouflage it amongst plants. It also quivers,
making it appear like a leaf moving in the wind.

It has very keen eyesight and long, strong legs katydid’s flattened body, its colour and the shape

that help it escape quickly when threatened by and size of its legs.

predators. The katydid lays a very large number Functional adaptations refer to the working

of eggs in the soil. of an organism’s body; for example, the katydid’s
For convenience, we can classify adaptations egg-laying ability and the way it can digest plant

into three groups—structural, functional and leaves and shoots.

behavioural. Behavioural adaptations are to do with how
Structural adaptations refer to the shape and the organism behaves; for example, the quivering

size of the organism and how the various parts of the katydid mimics the movement of leaves and

of its body are put together, for example, the makes it hard to see in the bushes.

Investigation 21 : ;O ) Colour adaptations

Aim Method
To use a model to explain the effect of colour on 1 Measure out a3 m x 3 m area on your
the survival of organisms in different habitats. selected surface. Mark the corners of the

square with pieces of paper, sticks or rocks.

Materials You could mark the area with string if you
® 60 coloured plastic disks, toothpicks or beads have some.

(20 green, 20 red and 20 yellow)

W Planning and Safety Check

e Work in groups of three. One member will
be the scatterer, the other two will be the
predators.

Carefully read through the Method and
prepare data tables for Steps 3 and 4.
You will need to do this experiment on at
least two different surfaces or ‘habitats’;
for example, grass, dirt, sand, concrete,
carpet or leaf litter.
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2 Ask the ‘predators’ not to look, then scatter the 3 Compare the survival rates for the different
disks randomly over the marked area. surfaces. Suggest why they are different.
3 Give the ‘predators’ 15 seconds to find as many 4 Compare your survival rates with those of
disks as they can. other groups. Your teacher may organise a
\7 Count the numbers of each colour of disk class discussion.
found and record the data. 5 Suppose the three different coloured disks
4 Collect all the disks then repeat Steps 1to 3 on were part of a large disk population in
the other surfaces. a particular ‘habitat’. Assume the same

‘predators’ were present. Predict what might
happen to the disk population in the area
over a period of time. Give reasons for

your prediction.

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

Discussion

1 For each colour, calculate the survival rate as a

percentage of the original 20. 6 Do you think your model was a good one?

Suggest ways in which you could improve it.

% survival rate = PUmber remaining 444 J 7 Using the results of your model, write a
20 L
generalisation about the effect of camouflage
2 Draw a bar graph of the percentage survival (CO|9W) on th? survival of organisms in a
rates for the three different colours. particular habitat.

Adapted to fire

During a hot, dry summer, the chance of bushfires
anywhere throughout Australia is quite high.
Bushfires destroy houses and other property and
burn out hectares of bush. The fires also kill
animals that cannot escape from the flames.

However, fire is part of the Australian
environment and many native plants are fire-
tolerant. Some even need fire for their survival.
For example, the seeds of some wattles need the
heat from fires to germinate, and the thick woody
banksia fruit (shown in Fig 6) open and release
their seeds only when heated by fire.

Many eucalypts have very thick, fire-resistant
bark that protects the living cells inside the trunk
from damage. The old leaves that are destroyed by
the fire are quickly replaced by new shoots. In this
way, the eucalypt recovers from the fire damage
while other types of plants are killed. Eucalypts
are adapted to fire and this helps in their survival.

One species of eucalypt called the candlebark
gum even spreads fires. Pieces of burning bark
break off the trunk and are carried by the wind to Fig6  The thick, woody fruit of the banksia open
start fires a long way away from the original trees. and release their seeds when heated by fire.
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lllhl[ pUpUlatiDnS ChangE I.n 'Fhe tqothplck model, there were colour
o variations in the toothpick population. When

In Investigation 21 you probably found that of equal numbers were placed on grass, more of

the three colours of toothpicks, the green ones the green toothpicks ‘survived’ than either of the

were the most difficult to ﬁr_ld on grass, Whlle the other colours. In this case, biological factors (the

yellow or ‘red ones were easily seen and picked ‘predators’) caused a change in the make-up of the

up by the ‘predators’. As a result, the green population. The green toothpicks had the most

toothpicks had a hlgher SuerV_al rate on grass. favourable characteristics for a grass habitat and

In any population of organisms, there are are said to be selected

variations among the individuals. For example, In a natural ecosystem, this selection of

in a population of field mice, you might see favourable characteristics is called natural

dark-coloured ones and light-coloured ones, selection. The organisms in a population

short ones ?‘nd long ones, ones with larger ears that have favourable characteristics survive

and ones with shorter ears. in a particular habitat, breed and pass their

characteristics on to their offspring.

What happens if the conditions change?

Suppose there is a drought and the grass in our
model dies, leaving bits of dead grass and
sand-coloured soil. The green toothpicks will now
be more easily seen by the ‘predators’ than the
yellow ones. Under these conditions, the yellow
toothpicks have a higher survival rate than the
green ones. The yellow toothpicks are better
adapted to this habitat, and after some time the
make-up of this population will be different from
the toothpick population on the green grass.

With zo
& 2 To see what happens to a population of

&
% \‘ organisms when factors change, click on

the animation at

Fig 7  Ina population of field mice, you often see
variations in colour, size and shape.

OneStopScience‘

a population of
organisms biological
factors

Organisms with Organisms breed and
favourable pass favourable characteristics
characteristics to their offspring.
survive.

physical
factors

Figg J How natural selection works
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__________________________________________________________________________________________________

Classify the following statements according
to whether they refer to structural,
functional or behavioural characteristics.

a Frill-necked lizards raise the large spiny
layer of skin behind their head when
they are threatened.

Sharks have a very streamlined shape.
¢ Sea turtles lay up to 100 eggs in the
breeding season.

d  When sea turtle eggs hatch, the young
turtles dig through the sand and head
directly for the water.

e Many plants that live on the rainforest
floor have very large leaves.

f  Fungi release enzymes that are able to
break down the dead organism they are
growing on.

g The large front legs of a preying mantis
have spines on them.

Certain plants have prickles or thorns on

them.

a What is the advantage to the plant of
having these structures?

b Name three plants that have these
structures.

Look at the three types of birds’ feet in the

diagram below.

a Describe the habitat in which each bird
might live.

b How does the structure of its feet help
the survival of each bird in its habitat?

a What are biotic and abiotic
environmental factors? Give examples
of each.

b Make a list of the biotic and abiotic
factors that might affect the survival of
a dingo in its natural habitat. Are these
factors the same for a pet dog in a city
suburb, or a working dog on a sheep
farm? Explain your answer.

The biotic factors in the environment do not
affect humans and domesticated animals
such as dogs and cats as much as they
affect other animals in natural ecosystems.
Suggest why.

The sugar glider is a small possum-like
animal that lives in eucalypt forests. At night
it feeds on the nectar in the flowers in the
forest canopy. It has a thin layer of skin that
stretches from its front legs to its back legs.

a Suggest a reason for the skin between
the sugar glider’s legs.

b Suppose the animal did not have the
skin between its legs. What problems
would the animal then have to face?

¢ Suggest why the animal feeds at night.

Explain the process of natural selection in
your own words. Infer what might happen
in the long term to a population of a
particular type of animal whose individuals
looked, functioned and behaved identically.
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| Challenge H—)

1 A certain type of moth called the peppered moth
has two main colour variations—a light form and
a dark form.

— ).; g
dark form | &85

v’ o A AT Vs

Fig9 | Thelight and dark forms of the peppered
moth on a lichen-covered tree

During the day, the light form rests on
light-coloured trees and rocks, while the dark
form rests in cavities in trees, on dark-coloured
bark of trees and in caves.

a What do you think would be the main
predators of the peppered moth?

b Suggest why the moths rest during the day.
Which type of adaptation is this?

¢ Inan experiment, students caught and
counted the moths in a particular place.
Qver 3 nights, they caught five light-coloured
moths and 46 dark-coloured ones.
Use this information to infer what the place
was like where the students caught the
moths, and why they caught so many dark-
coloured ones.

2 The European rabbit is native to Spain. It was
introduced into Australia in 1859 and on several
occasions after this to ‘enrich the country’. By
1890, rabbits were in plague proportions in
southeastern Australia.

a Suggest why rabbits spread so quickly in
Australia.

b Make inferences about the effect the growing
populations of rabbits were having on
ecosystems.

¢ What do you think ‘enrich the country’ meant
to the early European settlers?

d Suggest why the rabbits were not found in
plague proportions in Spain or the rest of
Europe?

3 The body temperature of birds and mammals is
fairly constant and changes very little even when
the surrounding temperature changes greatly.
Other animals have body temperatures that
change with the surrounding temperature.

a Suggest why a constant body temperature
might be an advantage for the survival of a
particular animal.

b Which type of adaptation is a constant body
temperature? Explain your answer.
¢ Explain the following observations.
e Snakes, frogs and insects are rarely found
in places with snow and ice.
* Snakes are very slow-moving on cold
mornings.
¢ Fish can exist in the Arctic and Antarctic
regions.
4 The diagram below shows the distribution of
three types of plants. Use the information in the

diagram to decide, giving reasons, whether the
statements are true or false.

g l:‘ swampy area
@3 eucalyptus A |:| rich loamy soil

* eucalyptus B D sandy soil

a Eucalyptus trees die in water-logged soil.

b The distribution of ferns depends only on the
type of soil.

¢ Eucalyptus B is adapted to different soil
types.



3.2 Matter and energy in
ecosystems

In any ecosystem, matter in the form of solids,
liquids and gases is used and recycled through
food webs.

What happens to the matter as it passes
through an ecosystem? How does an organism
use the food it consumes? The story of Lucy and
her kitten will help to explain this.

Activity : ‘D

Your task

Work in a group of three or four people and
read carefully the three parts of this task.
Answer the questions in each part, and be
prepared to discuss them with others in the
class.

Information

Lucy wanted to compare the growth of her
kitten with the amount of food and water she
gave it. To do this, she measured the mass of
the kitten as well as the mass of the food
and water it consumed each month. She also
measured the mass of the wastes.

The cartoon below shows the results of
Lucy’s investigation.

Part A

Copy and complete the data list below using
the information in the cartoon. One entry has
been done for you.

Initial mass of kiten ... g
Mass of kitten after a month ... g
Change in the mass of kitten ... g
Mass of food and water takenin ... g
Mass of wastes . g
Mass of food and water used in

body processes ... g
Mass of new tissue of kitten 620 g

Mass of food and water used by
the body but not for growth ... g

Chapter 9 — Ecosystems ‘
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1 What does ‘mass of food and water used
by the body but not for growth’ mean?
What main process in the body would this
refer to? What other substance is used
in this process? What substances are
produced?

2 Of all the food and water eaten by the
kitten, what mass was used for the growth
of new tissues? What mass was not used
for growth?

3 What are the two main processes for
which organisms use food?

Part B

Copy the matter flow diagram below into
your notebook. Then use the data in the table
on the previous page to fill in the missing
quantities.

respiration
.................. g
wastes
.................. g
food and water
taken in
.................. g

growth of new tissues

respiration
\ wastes

raw materials =
used

producers
(plants)

first-order consumers
(mice) (owls)

1 The matter flow diagram shows three
possible destinations for the food eaten
by an organism. What are they?

2 What percentage of the food eaten by the
kitten is used for growth?

Part C

The way food is used by Lucy’s kitten is an
example of how food moves through a food
chain. Look at the food chain below.

grass seeds = mice = owls

Matter flow diagrams can be combined for
the three types of organisms in the food chain.
The diagram at the bottom of the page is an
example.

1 Matter enters the food chain through the
producers. What is this matter?

2 What percentage of the matter in the
raw materials is used to make new plant
tissue?

3 What percentage of the plant tissue
eaten by the mice is used for the growth
of new tissues”?

4 Explain what happens to the matter that
is not used to make the tissue of the
organisms.

Suggest what role decomposers play in
a food chain like this one.

If you feel creative try this: modify the
matter flow diagram below to include
decomposers.

respiration

\ wastes

5 respiration
wastes

tissue in
mice
300g

second-order consumers
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Flow of matter in food webs

The activity on the previous pages showed that
only a small percentage of the food eaten by an
organism is actually used for growth. The
remaining matter is given off either as products
of respiration or as solid and liquid wastes
(faeces and urine).

The diagram below shows the flow of matter
through a food web. The size of each yellow box
represents the total mass of organisms in each of
the three feeding levels. For example, the size of
the producers’ box represents the mass of all the
plants in the food web.

' Fig 11 'j"] Drought reduces the mass of producers
(grass), which then cannot support the mass
of consumers. Animals like this cow die from

' o starvation.
The diagram shows two main things about the
flow of matter through a food web. Firstly, the one level will only support a smaller mass in the
mass of the organisms in a feeding level decreases next level. Secondly, the wastes and dead bodies
as you pass up through the food web from are broken down by decomposers, who return the
the producers to the highest order consumers. matter to the soil, air or water. This means that
This means that the mass of food available to decomposers are vital to the functioning of the
consumers becomes less and less at each level. food web. The products from respiration are also
Consequently, a particular mass of organisms in recycled through the soil, air and water.
death second-order consumers respiration
and eaten by
wastes *
death first-order consumers respifation
and

| Chilg h eaten by A ‘

decomposers respiration
AT producers r.naFter_i'rAlA
soil, air { ( soil, air -,

~ andwater

and water

-

1 Fig 10‘-'"| The matter cycle in a food web.
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Matter cycles o

_dioxide \‘ .
The carbon cycle / Lo fossi fucls
/ X

The element carbon is one of the main
materials in sugars, proteins and fats in living
things, and in waste products such as carbon
dioxide and urea. Carbon is also found in
fossil fuels—coal and oil—which are formed
from decaying plants.

Sugars, proteins and fats make up the
tissues of all living things. Animals obtain
the raw materials to make these substances
by eating other organisms. Plants and algae
make these substances from carbon dioxide
and water in photosynthesis.

Carbon is returned to the air or soil
when decomposer organisms break down
the bodies of dead organisms into carbon
dioxide. Carbon dioxide is also produced
when coal and oil are burnt, and during

bushfires.

photosynthesis"‘
by plants :

and protists

™= decay by
: fungi and
bacteria

respiration SN T

plants by all :
eaten by organisms 1 ,
animals > |

/
/

The nitrogen cycle

Nitrogen makes up about 78 % of the Earth’s ”gmh;{(‘égg PR
atmosphere. It is also found combined with nitrates in the air
oxygen in nitrates in rocks and soil, and it is B B

one of the elements in proteins.

Animals obtain their nitrogen from the
protein in plants or other animals. The
protein in their food is broken down into
amino acids, which are then built into
proteins in the animal’s cells.

Plants and algae take in nitrogen in the ‘nitrogen in
form of nitrates. These compounds are jgimal prote}
soluble in water and are found dissolved in
the water in aquatic habitats and in the soil
of lapd habitats. by fungi and :

Nitrates are formed from the decay of v v .(h‘ Progenm
dead organisms. Decomposers break down ‘ ~
the proteins in the cells of the dead organism N
into amino acids and then into nitrates.

Nltr.ogen is returned to the alr.thr.ough. s bacteria in soil
the action of other bacteria that live in soil in soil and on plant

and in swamps. roots

decay ‘/ " 5




Flow of energy in food webs

In a food web, producers use solar energy to
manufacture large molecules of carbohydrates,
proteins and fats from carbon dioxide, water and
other substances from the soil.

When animals eat producers, some of the
energy stored in the tissues of the plants is
used for the body growth, and the remainder is
released as heat energy during respiration, muscle
movement and other body processes.

third-order

onsumers heat

second-order
death and consumers
wastes ‘—\ "

first-order
consumers . hent
decomposers producers
decay
energy from
; sunlight
nutrients
in the soil

Fig 12 The flow of energy through a food web. Notice
that only a very small amount of energy is
recycled. The rest is given off as heat.

Fig 12 shows the flow of energy through a food
web. The size of the boxes represents the amount
of energy stored in the tissues of the organisms.
Notice the large amount of energy that is given off
as heat. This heat energy cannot be used by the
organisms in the ecosystem. It is absorbed by the
air and eventually radiated out into space.

Only a small amount of energy is recycled
through the soil, air and water. This is in the
form of energy bound up in small molecules such
as carbon dioxide, nitrates and phosphates that
result from the action of decomposers. When you

Chapter 3 — Ecosystems @

compare the energy flow diagram with the matter
flow diagram in Fig 10, you can see that matter is
recycled in the ecosystem but most energy is not.
The energy that is lost by organisms is replaced
by the energy from sunlight which is absorbed by
producers.

Energy pyramids

If you stacked the energy boxes in Fig 12 on
top of each other, an energy pyramid would be
formed. In Fig 13, an energy pyramid has been
constructed for the food web shown.

/sna\kes WIS
frogs skinks birds
msects mice sugar gliders
\ /'
\
\\ // \ /
grass seeds and fruit

third-order
snakes and owls TG
birds, frogs second-order
and skinks consumers
insects, mice, first-order
sugar gliders consumers
grass,
seeds and producers
fruit

Fig 13 An energy pyramid of the organismsin a
forest ecosystem

Since there is a large loss of energy from one
feeding level to the next, the food web cannot
have an unlimited number of levels. For this
reason, most food webs consist of producers,
first-order, second-order and perhaps third-order
consumers. Very rarely will a food web support
fourth-order consumers or higher.
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Inferring from energy pyramids

By studying energy pyramids, a number of

inferences can be made about the way humans

feed themselves. Look at the two energy

pyramids on the right. plants
Both food webs begin with producers,

containing the same amount of total energy.

However, in Fig 15, there are more feeding levels

humans

in the food web and consequently more energy Fig 14 = A human vegetarian diet
lost between producers and humans. This food
web supports fewer people than the vegetarian humans

diet. This means that a mainly fish diet is less
energy-efficient than a vegetarian diet.

In most cultures, the human diet is varied
and includes a high proportion of foods that
have come from plants. In countries where the
population density is high, people have to rely water plants
on plants to supply most of their energy. In these (algae)
countries, the eating of animal foods is more a
luxury than an everyday occurrence.

Fig 15 A human diet consisting mainly of fish

__________________________________________________________________________________________________

1 Ecosystems are not limited by size.The
Earth can be considered an ecosystem, as

can a river. What do all ecosystems have in F
common?

2 The diagram on the right shows the flow of

(@)

A~ =T O =0

matter in a rocky shore ecosystem. Match
the following descriptions with the letters . \
in the diagram. (You will have to use some *
descriptions more than once.)
producers L
decomposers
. N M
first-order consumers
food eaten

3 a Inafoodweb, alarge mass of
producers supports a smaller mass of

matter lost through respiration consumers. Why is this?

matter in air, water and soil b Why is a vegetarian diet considered to

be more energy-efficient than a diet of

meat and fish?

matter lost as wastes

second-order consumers

___________________________________________________________________________________________________
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___________________________________________________________________________________________________

4 Isit possible that a carbon atom inyour | F
body could be the same one that was part in the air
of a protein in the body of a dinosaur
180 million years ago? Give reasons for

your answer.

9 In what form is energy lost from an
ecosystem? Why doesn’t an ecosystem run
out of energy?

protein in
animals

6 The ooze and mud at the bottom of oceans

and seas contain an abundance of bacteria.

a  Why are so many bacteria found there?

b Why are these organisms an important
part of the marine food web?

7 Some parts of the labels in the cycle on the
right have been left off and letters have been N = : O
used in their place. For each of the letters in i ST S
the cycle, choose the appropriate word.

nitrates protein
nitrogen decomposers
absorbed bacteria
[ 1
‘ i 5 Mass pyramids are similar to energy pyramids
cha"enge E H) except that the boxes in the mass pyramid
represent the mass of the organisms at each

1 An ecosystem is considered productive if it feeding level. Is it possible to have a mass

contains a large mass of producers (plants and pyramid the shape of the pyramid in question 47

algae). Suggest why the following statements Explain your answer.

are frue. 6 Anarea of open eucalypt forest is cleared and

a A rainforest is a more productive ecosystem burnt. In its place, sugar cane is planted. Write
than a desert. inferences to explain the following.

b Ecosystems in warm climates are more a The sugar cane is more productive over time
productive than ones in colder climates. than the native forest.

2 a Why does a large molecule, eg sugar b The sugar cane is not a self-sustaining .
(C12H00014), contain more energy than a ecosystem, whereas the eucalypt forest is.
molecule of carbon dioxide or water? ¢ There is a smaller mass of decomposers in

b You mow the lawn and dump the lawn the sugar cane ecosystem.
clippings in a pile on the compost heap.
A day later you notice that the pile is quite : @
warm. Explain how this heat was generated. WEBwatch 1 \

3 How is it possible to increase the nitrogen

: ; Go to www.OneStopScience.com.au and
content in the soil of your P

vegetable garden without 533?123;,2’;‘,’?' follow the links to the websites below.
using synthetic fertilisers? - Footprint calculator
4 Is it possible o have an Bigfoot—test your ecological footprint

energy pyramid like this

; ducers
one? Explain your answer. pro
g / {OneStopS«: tenc f-‘

L ]




3.3 Human impact on
ecosystems

No matter where humans live, they are a
part of an ecosystem. City dwellers are part of
an urban ecosystem, while people who live on
farms are part of rural ecosystems.

Humans often forget that their needs, like
those of any other animals, are closely linked
to the health of the environment. Look at the
cartoon below. Humans clear land for farming,
for recreation and for houses, and in doing so
destroy most of the food web in these areas.
In this case, the mangroves will be cleared for
houses, and the fish breeding grounds will be
destroyed. Then the people who come to live
where the mangroves used to be expect to catch
fish when they go fishing.

Of all organisms, humans can be the most
destructive. For example, the following may have
been the story of a forest that was cleared many
years ago for crops. When the forest was cleared,
the natural food web in the area was destroyed.
After the crops were planted, predators of the
crops, mainly insects, invaded the area. However,
because the original food web had been destroyed,
the predators of these insects (mainly spiders,

.. yeah, so once we've cleared all this
rubbish and dumped a bit of fill, we'll
be able to flog it off as about 500
prestige home sites.

Fig 17  People protesting about proposal land

clearing

birds and frogs) had moved away from the area.
The farmer, faced with losing the crops, used
pesticides to kill the insect pests. These poisons
affected many of the animals in the area, as well
as the life in the nearby creeks.

Can humans balance their activities and needs
as well as conserving, protecting and maintaining
the quality of the environment? The river red gum
case study on the next page examines the impact
of humans on this ecosystem.

Fig 16  Mangroves contain many complex food webs. They are the breeding grounds
for fish and crabs, and their destruction affects the food webs in the ocean.



The river red gum
ecosystem

For thousands of years, large forests of
the river red gum have flourished along
the Murray River and other large rivers
that flow into it. However, over the last
200 years, huge changes have occurred
to these forests.

The Murray River floodplain
The river red gums are well adapted
for the floods that once occurred
regularly along the Murray. Under
natural conditions, the river flooded
every 1.7 years for about 2-3 months,
as the snow melted in the Snowy
Mountains.

The floodwaters carry fertile soil,
and branches and leaves from dead trees,
which are caught around the roots of the
trees. Over thousands of years, soil rich
in nutrients has built up the floodplain.

The river red gum forest

A river red gum forest can produce 250 million
seeds per hectare! Most seeds fall in spring and
early summer when the floods naturally recede,
and the seeds germinate in the warm moist soil
during summer.

The seeds create food for ants and other
insects as well as some birds. The flowers attract
nectar-eating birds, insects and possums. These
herbivorous animals attract echidnas, goshawks
and water rats.

Human impact on the ecosystem

Farms established along the Murray River

systems required a dependable water supply for

crops. To regulate the water flow, over 100 dams

and weirs have been built along the rivers. As a

result, the following changes have occurred to

the natural cycle:

e Flooding now occurs only every 10 years.

e Flooding lasts for several days only instead
of several months.

e The total volume of water has been reduced.

Chapter 9 — Ecosystems ‘

Questions

Use the information on this page and from

the websites below to complete the following.

1 Describe how the river red gum is well
adapted for life on the floodplain.

2 What abiotic factors have changed since
agriculture was established on the Murray
River?

3 Predict what effect human impact has had
on the life of this ecosystem.

WEBwatch | ) N

Go to www.OneStopScience.com.au and follow
the links to the websites below.

River Red Gum
This website has comprehensive information on
the river red gum.

River Red Gum Ecosystem
This website has comprehensive information

about the human impact on the
river red gum ecosystem.

[OneStopScxenc.:f. ]
oo
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Sustainable ecosystems

The river red gum forests along the Murray River
flourished for thousands of years. In some years
droughts may have slowed the growth of trees and
the animals that lived in the forests, but over this
time, the forests remained alive and productive.
This is an example of a sustainable ecosystem.

A sustainable ecosystem is one that can exist,
be productive (contain lots of producer organisms)
and support a diverse group of organisms over a
period of time.

Human activity, including logging, along the
Murray River has affected the growth of the
forests, and has reduced the numbers and types
of animals that live in the forests. In general,
human activity has reduced the sustainability of
ecosystems.

Sustainable agricultural ecosystems
Most agricultural ecosystems are not sustainable
because they do not support a diversity of plant
and animal life. They generally have only one
type of crop.

However, with the help of scientific research
organisations such as the CSIRO, farmers have
experimented with growing forests alongside
their crops to increase diversity. In many cases,
animals including birds, spiders and insects, have
settled in the forests and have helped reduce the
insect pests in the crops.

Fig 18 ' This forest has been

growing crops.

Controlling populations

When crops are grown, a large population of
producer organisms is established. As a result,
populations of insects, birds and small mammals,
whose numbers were kept in check in the natural
community, grow unchecked and damage crops.

Chemical control of populations
Populations of animals and plants can be
controlled by using poisons. These poisons can be
obtained from natural sources, such as plants, or
made synthetically in the laboratory.

Fig 19 = Crop dusting—applying pesticides by plane

There are two problems with using pesticides.
Firstly, most pesticides do not target specific
organisms. This means they will kill both pests
and useful organisms. For example, aphids can
destroy cabbage plants, and orange and apple
trees. But one lady beetle can eat up to 100 aphids
a day. By spraying the crops, a lot of insects, even
helpful ones such as the lady beetle, are killed.

The second problem is about biodegradability.
A biodegradable pesticide is one that breaks down
naturally to a state where it is no longer active or
harmful. All pesticides are biodegradable to some
degree. The natural ones break down very rapidly,
but the synthetic ones can take from days to years.
The now banned insecticide DDT, which was used
in the 1950s to control mosquitoes, is still active
in the soil in many places.



Urban ecosystems

Urban ecosystems include cities and towns
where humans live and work. But an urban
ecosystem is different from other ecosystems.
First, humans are the dominant organism,
not necessarily because there are more of them,
but because their activities affect almost every
other organism in the food webs within this
ecosystem. For example, a house is sprayed with
insecticide to kill cockroaches and other pests.
This poison also kills spiders and predatory
wasps, which control many insect populations.
Second, almost all the energy inputs in an
urban ecosystem come from other ecosystems.

Activiy B

Form a small group to discuss some of the
following issues. Choose someone to report
back to the class at the end of the discussion.

1 Most animals have predators and
competitors in their habitats. Do you, as
an animal, also have predators and
competitors? How do you deal with these
organisms? Are there any other types of
organisms that affect your life? Explain
your answers.

2 In a natural ecosystem, the wastes
from the organisms that live there are
usually broken down and recycled in that
ecosystem. How do urban ecosystems
deal with human wastes? What other
wastes are created in urban ecosystems?
What is done with them?

Chapter 3 — Ecosystems

Food, electricity and fossil fuels have to be
supplied to an urban ecosystem for its survival.
You notice how much your household relies on
external energy supplies when there is an
electrical blackout for a number of hours!
Third, an urban ecoystem produces
enormous amounts of wastes that are usually
not recycled. Unlike the matter cycle in Fig 10
on page 229, wastes are often taken outside
the urban ecosystem for decomposition. In
addition, some of the wastes in an urban
ecosystem are toxic. For example, oil
discharged into creeks and rivers around
industrial plants can affect other organisms.

3 Most animals in natural ecosystems move
around to find food. How do humans
usually find food? Does the supply of
food to cities create problems for the
environment? Explain your answer.

4 A natural ecosystem has to be self-
sustainable to be able to survive. How
could an urban ecosystem become self-
sustaining? Have your group brainstorm
some ideas. You might like to write your
ideas on a large piece of paper to
present to the class.

5 Some rural homes use a remote area
power supply (RAPS) system instead
of being connected to the electricity
grid. Could this system be used in small
urban ecosystems as well? To answer
the question, use the internet to find
information about the RAPS system.
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Problems in ecosystems Your task—impacts on ecosystems
When Captain James Cook sailed along the east Read the questions in the coloured boxes on this
coast of Australia in 1770, he wrote in his journal =~ page and the next. Use the ideas in the questions
that this land was a ‘continent of smoke’. He was to write a report about a natural or human-caused
referring to the numerous bushfires he could see disaster and how it affects a particular ecosystem.
from his ship.

R e S P What to do

Before humans came to this land, it seems
that fires, which were started by lightning strikes,
occurred only very occasionally. However,
Aborigines, whose ancestors arrived about
50000 years ago, used fire for their survival and
changed the natural pattern and timing of fires.
This in turn changed the relationships of the
organisms in certain ecosystems. However, over
this long period of time the ecosystems remained
sustainable.

Major changes such as bushfires, droughts and
floods or large toxic chemical spills have a huge
impact on the organisms in ecosystems.

e  Work in a small group.

e Choose a topic and decide what you are going
to write about and how you are going to
structure your report. You could present your
report as an essay-type report, a PowerPoint
presentation, a newspaper-type article, an oral
presentation, a video presentation etc.

e You are not limited by the ideas listed for each
topic or the order in which they appear. You
can include other information as well.

e You can use information from past or recent

disasters as well as models or predictions in

your report.

Document your report with the source of your

Bushfires information—website addresses, book titles and

authors, titles of newspaper articles and dates.

® How do bushfires start naturally? What
weather conditions cause bushfires?

® Some bushfires are called ‘low-heqt
fires' while others are very intense and
destructive. Why does this occur?

The Aboriginal method of burning
actually protected their environment
rather than destroying it. Explain
what this statement means,

What changes occur to the populations
of organisms in an ecosystem as a
result of a bushfire?

What emergency services are involved
in fighting bushfires?

What methods are used to reduce the
risk of bushfires and to reduce the
damage caused by them?
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Droughts and floods

® How is a drought defined? Are some areas
in Australia more likely to experience
droughts than others? Why does this
happen?
What is the El Nifio effect? Does it affect
the weather in all parts of Australia? Can
it be predicted?
What changes occur to the populations
of organisms in an ecosystem as a result
of a drought and flood?

Are some areas of Australia more likely to
experience floods than others? Why does
this happen?

Floods cause huge losses of property,
crops and livestock. However, there are
benefits to the environment as a result of
flooding. What are these benefits?

Oil and chemical spills

® Damage to ecosystems can occur from
oil spills. This can happen when it is
being transported from the oil fields to
the refineries, or oil leaks from offshore
oil rigs. Find out where in Australia oil is
drilled and where it is transported to.

Give an example of a major oil spill
anywhere in the world and document the
damage it caused to the ecosystem. What
methods are used to clean up oil spills?

Heavy metals are very toxic to most
organisms. What are heavy metals? Give
examples of industrial processes that
produce them. How do heavy metals get
into natural ecosystems?

The photo shows a fish kill. Why do they
occur? What measures are taken to avoid
fish kills in Australian waterways and
seas?
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__________________________________________________________________________________________________

1 a Describe in your own words what a
sustainable ecosystem is.
b What activities put pressure on these
sustainable ecosystems? Give examples
with your answer.

2 Alake is surrounded by a wide band of
reeds. The ecosystem has been untouched
by humans for over 100 years.

a List the biotic and abiotic factors that
might affect the survival of fish in the
lake.

b Suppose a farmer began to pump water
from the lake for irrigation. Suggest how
this might affect the lake ecosystem.

¢ The farmer cleared the bush down to
the reedy areas surrounding the lake.
He used fertiliser for his crops and

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

some excess fertiliser ran into the lake.
Suggest how this might affect the lake
ecosystem.

3 List the ways an urban ecosystem is
different from a natural ecosystem, for
example a eucalypt forest ecosystem.

4 On a farm that had been cleared of most of
its trees many years ago, a farmer planted
thousands of trees and shrubs in wide
bands around her paddocks.

After some years, she noticed that the
number of insect pests on the farm had
dramatically decreased, without the use of
pesticides. Suggest reasons for this.

5 Describe two environmental problems the
use of pesticides can cause. How can these
problems be solved?

SR~

g

| Challenge

1 Freeways like the one in the photo slice through
ecosystems and form a barrier that stops the
movements of animals from one side of the
freeway to the other.

a What changes might occur to an ecosystem
over a number of years after a freeway is built
through it?

b Suggest ways to reduce the impact of freeways
forming a barrier through ecosystems.

2 Use the matter cycle in Fig 11 on page 229 to
explain how logging can destroy a sustainable
forest ecosystem.

3 In 2011, Cyclone Yasi swept in from the Coral
Sea and onto the north Queensland coast.
Suggest how a natural ecosystem might change
as a result of extreme weather conditions such
as cyclones or bushfires.

4 The photo below shows the cooling towers of
a power station. The water from these cooling
towers is returned to the rivers or oceans after
it is used. However, the temperature of the
used water can be up to 20°C warmer than the
original water. Suggest what effect this would
have on the organisms in the surrounding
ecosystem.
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Copy and complete these statements to make a summary of this

i . absorbed
chapter. The missing words are on the right. .
adaptations
1 An is a system of relationships between organisms and the  biotic
non-living parts of their environment. carbon cycle
2 The survival of organisms in an ecosystem depends on consumers
factors (eg predators) and abiotic factors (eg availability of decomposers
clean water).
ecosystem
3 are characteristics that help an organism survive in its functional

particular living place. They can be classified as structural,

) photosynthesis
or behavioural.

pyramid
4 Matter is used and reused as it cycles through an ecosystem. For producer
example, in the , carbon atoms are used in and et
respiration and are recycled by protecting
5 Anenergy shows that the energy available decreases from the
producers to the highest order .
6 Energy from the sunis and used by organisms. It is then

continually given off as heat by all organisms in a food web.

7 Conserving and the quality of the environment should be balanced
with the needs and activities of humans.

Try doing the Chapter 9 crossword at

d

OneStopScience

1 In the nitrogen cycle, nitrogen in the air is: 3 In an experiment similar to the one on colour

A converted to nitrates by soil bacteria and by
lightning

B converted to amino acids by bacteria in the
gut of some animals

adaptation on page 222, disks (20 of each
colour) were scattered over an area 3 m by 3 m.
The ‘predators’ found as many as they could in
10 seconds and the results were tabled.

bsorbed directly by plants and al
5 elioibe ey YD Rt Colour of disk | Number found
D very reactive and forms nitrates with oxygen 7 =
ue
2 Which of the following would you class as a
: . green 17
functional adaptation? (There may be more than T
one answer.) yerow
A Dolphins have a layer of fat under their skin. red 8
B Dolphins SOMELIMES fo!low Shl_p S a Draw a bar graph of the results.
C Female dolphins give birth to live young and b Infer the type of surroundings over which

produce milk on which to feed them.

D A dolphin is able to make many sounds with
its voice box.

E Dolphins have a streamlined shape.

the disks were scattered.

¢ Explain how this experiment can be used as
a model to show how important camouflage
is for the survival of organisms.
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4 Which of the following would you class as a
physical factor in an ecosystem? (There may be
more than one answer.)

A the number of predators in the area
B the availability of light

C the density of trees in the area

D the amounts of nutrients in the soil

5 The energy pyramid below shows the
organisms in a forest ecosystem. According to
the pyramid, which of the following is correct?
A Snakes, birds and possums are all second-
order consumers.

B Not all the energy in one feeding level is
transferred to the one above it.

C The energy in one feeding level is equal to
the energy in the feeding level below it.

D Insects, possums, worms and mice supply
the energy for the feeding level below them.

snakes
and hawks

birds, frogs
and skinks

insects, worms,
possums, bugs and mice

leaves, flowers, seeds
and fruit

6 The photo below shows a river ecosystem. List
the ways this ecosystem is different from an
urban ecosystem in a large town.

2
=

Go to to access

@0"/(//{0

interactive activities to help you revise this chapter.

71 Give reasons why a wheat field is not a

sustainable ecosystem. In your answer, mention
the flow of matter and energy.

8 The diagram shows some of the animals and

plants that live in a pond ecosystem.

/lobsters
'56 7> £,

/* , “ " tadpoles

algae

insect
larvae iz =

microscopic
animals

The flow of matter in the pond ecosystem can

be represented in the diagram below.

a Which organisms are producers?

b What are the products of respiration that are

reused in this ecosystem?

What do the letters J and K represent?

What do the letters L and M represent?

@ The simple diagram shows that matter is
recycled in the ecosystem. In reality some
matter does escape from the ecosystem.
Suggest how this occurs.

death and \ /

QO

wastes respiration

v ‘ I
death and 4\ /—b

W * respiration

death and 4\ eate . /’ &
n by

N respiration

Decomposers Producers i

LA R

. Check your answers on page 300. )

OneStopScience‘




Murray River crisis

The Murray is Australia’s longest river, and its
basin covers 1000000 square kilometres of
Queensland, New South Wales, Victoria and
South Australia. Most of its water comes from
the Great Dividing Range in the east, and it then
wanders across the western plains, reaching the
ocean in South Australia. An Aboriginal legend
says its wandering course was formed by a giant
cod thrashing as it tried to escape a hunter’s spear.

Forty per cent of Australia’s farms are in the
Murray-Darling basin and they produce a third of
Australia’s agricultural production—wool, cotton,
wheat, sheep, cattle, dairy products, rice, oil-seed,
wine, fruit and vegetables. The water used to
irrigate these farms is taken from the river. Once
25000 gigalitres flowed down the river each year,
but today the flow is less than 3000 gigalitres!
Dams and reservoirs have been built to control
the flow of water. This means there is not enough
water in places, and too much in other places.
This has affected plants such as the river red
gums (page 235) and animals such as the Murray
Cod—Australia’s largest freshwater fish. In 1991,
there was an outbreak of toxic blue-green algae
along 1000 km of the Darling River.

Too much water is being taken out of the
Murray River, and too much pollution is being
put back in. This is a major problem for the city
of Adelaide, which draws its water from the
Murray. Over the last 200 years, 40% of the
natural vegetation has been cleared, and shallow-
rooted crops, such as wheat and pasture for
livestock, have been planted. This has caused the
underground water to rise, bringing salt to the
surface and causing a major salinity problem.

Obviously the Murray River needs more water,
but where will it come from, if rainfall doesn’t
increase? Australia is suffering a long-lasting
drought, perhaps the worst in 1000 years, and
climate change could reduce the flow in the river
even further. The federal and state governments
are working together to try to solve the problem.
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One obvious solution is to reduce the amounts
of water that farmers are allowed to use for
irrigation. Also, large amounts of water could
be saved by improved irrigation systems, as up
to 85% of water is now lost due to evaporation
and leaks. Perhaps farmers could switch to crops
that use less water. It has even been suggested that
water could be piped from high-rainfall areas into
the Murray-Darling.

Questions

1 How would the following groups differ in
their views on what should be done about
the Murray?
e farmers in the Murrumbidgee Irrigation

Area

e people living in Adelaide
e the federal and state governments
e the Australian Conservation Council
e people living in Sydney
The Wiradjuri Aboriginal people who live
along the river say, ‘Look after the land and
rivers, and the land and rivers will look after
you.” Explain what you think this means.
Try to correctly use the word sustainable in
your answer.

“Brisbane"



‘ i In this chapter you will ...

Science Understanding
model earthquake waves using a slinky, and build a model seismograph
explain the movement of tectonic plates in terms of convection currents in the Earth’s mantle
recognise the Earth’s major tectonic plates on a world map
relate the occurrence of earthquakes and volcanic activity to plate boundaries

Science Inquiry Skills

locate the epicentre of an earthquake using seismograms from three different places
use a range of animations to gain an understanding of the dynamic nature of the Earth’s crust

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




Look at the two photos on this page and
discuss the questions below.
® What observations can you
make from these photos?
® Infer what might have caused
these natural disasters.

® What do your observations
and inferences suggest about
the structure of the Earth’s
interior?

Chapter 10 —
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10.1 Earth's movements
Inside the Earth

Volcanoes are evidence that the Earth is
constantly changing. They form when molten
rock from inside the Earth forces its way to the
surface through a crack in the ground. This
molten rock indicates the nature of the material in
the Earth’s interior. The Earth is made up of three
main layers—the crust, the mantle and the core,
as shown below.

The layered structure of the Earth can be
compared to that of a soft-boiled egg. The
outermost layer is called the crust and is rigid and
very thin compared with the other two layers.

It is thicker under the continents than under the
oceans. Like the shell of an egg, the Earth’s crust
is brittle and can break.

Below the crust is the mantle, which can be
thought of as the white of the egg. It is a layer of
semi-solid rock almost 3000 km thick. It is hotter
and denser than the crust because temperature
and pressure inside the Earth increase with depth.

At the centre of the Earth is the core. Unlike
the yolk of an egg, however, it is made of two
distinct parts—a liquid outer core and a solid
inner core.

crust 0-100 km
thick

outer core

inner core

The crust and the upper part of the mantle
form a rigid layer called the lithosphere (LITH-
os-fear). Scientists infer that below this is the
asthenosphere (ass-THEN-os-fear). This layer is
composed of hot, semi-solid material that can
soften and flow due to the high temperatures and
pressures over millions of years. The heat causes
convection currents that cause the asthenosphere
to flow. The rigid lithosphere is thought to ‘float’
on top of the asthenosphere.

When the molten rock (magma) is forced
upwards from the asthenosphere, it may cause
cracks in weaker regions of the crust. When this
happens, volcanoes form.

Go to www.OneStopScience.com.au and follow
the links to the websites below.

Structure of the Earth
Click on each layer for information on it.

Convection in the Earth’s mantle
This animation shows how the hot rock in the

asthenosphere moves by convection over millions
of years.

& [OneStopScienc e‘ ]/

[} Fig1  Cutaway view showing the interior of the Earth

lithosphere (crust and
3 uppermost solid mantle)

> mantle

2500°C 9

r core




Fig2  Avolcanologist studying lava on the slopes of
Mt Etna in Italy

rock cracked here

rock
compressed
here

Fig3
forces.

Folds are formed when rocks are squeezed by sideways

Chapter 10 — Dynamic Earth ‘

Folds in rocks

Some of the largest mountain ranges in the world
contain sedimentary rocks. For example, the rocks
in Mt Everest were originally laid down under
water, and fossil marine shells have been found in
some of the rocks on the mountain. Also, many
of the rock layers in these mountains are bent and
buckled. How could sedimentary rocks be found
on the highest mountains on Earth? And how
could they be bent and buckled?

Huge forces caused by movements in the
mantle cause changes in the Earth’s crust. These
forces result in the formation of volcanoes, and
the uplifting and buckling of the solid crustal
rocks. Scientists have experimented with models
of rocks under enormous heat and pressure, and
have shown that these solid rocks can soften
and bend slowly without breaking. When this
happens, the rocks form folds, as shown in Fig 3.
The folds that bend downwards to form
a U-shape are called synclines. Those
that bend upwards like a dome are called
anticlines.

Minerals are often found near folds.
During folding, the rocks in a syncline
are subject to enormous compressive
forces. As a result, the rock may be
metamorphosed (changed) to form new
minerals, often containing large crystals.
The gold at Bendigo in Victoria was
formed this way. The compressive forces
may also cause the top of an anticline
to crack. Later on, various mineral
solutions may flow through these rocks
and crystallisation may occur.

drill Oil is trapped between Anticlines can also form a trap for

Fig4  Oilis sometimes trapped in anticlines.

layers of non-porous rock.

oil, which tends to move upwards
through porous rocks such as sandstone.
However, it cannot move through non-
porous rocks such as shale. As a result,
oil is sometimes trapped in an anticline,
as shown in Fig 4. This oil can be tapped
by drilling into the anticline. If the

drill is too far to the left or right of the
anticline, no oil will be struck. Hence,

it is important to know exactly where
anticlines are when searching for oil.
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Faults in rocks fault

If the pressures in the Earth’s crust are very
intense, the rocks may break, especially if they
are near the surface where they are more brittle
than the deeper rocks. When this happens, a
crack appears and the rocks slide along the crack.
A crack in the Earth’s crust along which rocks
move is called a fault. This movement can be
vertical (Figs 5 and 6), horizontal or both, and -~ porous

1 2 rock -
can be hundreds of metres or a few millimetres. >
Sometimes a huge amount of rock moves along
a fault relative to the rock on the other side,
forming mountains and valleys.

Geologists looking for minerals often look
along fault lines. The reason for this is that
mineral solutions can flow along a fault and
crystallise to form minerals.

Oil can also be trapped against faults, as
shown in Fig 7. It tends to move towards the
surface through porous rocks and it sometimes
becomes trapped under non-porous rocks.

Fig 7  0il can be trapped against a fault.

Fig 8 A normal fault in sedimentary rock layers in
Canberra. Notice that the rock layers on the
right have slipped downwards, as in Fig b.

WEBwatch

Go to www.OneStopScience.com.au and follow
the links to the websites below.

~

Savage Earth animations

This website has many excellent animations, not
just of faults.

Fault motion

Fig6  Areverse or thrust fault caused by pushing These animations are of four _
—a2 forces different types of faults. O"QSWPSC'C‘“CE‘

[ ]



Activiy B

Modelling Earth changes

Suppose layers of sediments were laid
down over millions of years in a shallow sea.
During this time, these layers changed into
sedimentary rocks. The cross-section below
shows a block of these rocks.

1 Your task in this activity is to draw models
of what might have happened to the
sedimentary layers in the block during
the course of a number of changes in the
Earth over 300 million years.

2 Copy (or photocopy) the sedimentary
layers in the block below. Colour the
layers. Label this Step 1.

3 Read Step 2 opposite. Then underneath
the Step 1 block, draw and colour a
cross-section showing what you think
might have happened to the block as
a result of these events. Label this Step
2. Use arrows to indicate the forces that
caused the changes.

4 Now read Steps 3-6. Do more cross-
sections, each time making changes to
the previous cross-section. You may need
to do some cutting and pasting.

Chapter 10 — Dynamic Earth @

Step 1 (400-300 million years ago): Layers
of sediments have been changed to
sedimentary rock.

Step 2 (300-250 million years ago):
Enormous sideways forces squeezed the
rocks, creating two complete synclines in
the block.

Step 3 (250-200 million years ago): The
pushing forces continued. A reverse fault
appeared through the left-hand syncline,
pushing up the left-hand side.

Step 4 (200-150 million years ago): The
earth movements stopped for a period of
time and erosion occurred, eroding the
mountains (anticlines).

Step 5 (150-100 million years ago): The
valleys filled up with water and sediment
until the top surface of the block was fairly
level.

Step 6 (100 million years ago to present):
A river formed on the right-hand side
of the block. Over millions of years, the
running water eroded the sedimentary
rocks, forming a steep-sided canyon that
reaches the bottom of the block.

:/ What would the block in Step 6 look like
viewed from above? Use your cross-section
to sketch a plan view of the rock layers. Mark
which rocks are the youngest and which are
the oldest.

~ Teacher note: You may want to give each
student a photocopied sheet with six cross-
sections on it. They can then cut and paste
. to make the six steps.
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Write in your own words the meanings of
the following words. Then use the page
numbers to check the meaning in the text.
Change your answers if necessary.

a mantle page 246
b anticline page 247
¢ fold page 247
d fault page 248

[-\)

How are sedimentary rocks formed?
b How is it that they are often found above
sea level?

In which ways is the inferred structure of the
Earth like a soft-boiled egg? (See page 246.)
In which ways is it different?

The photo below shows part of the
MacDonnell Ranges just south of Alice
Springs. Suggest why the layers are almost
vertical rather than horizontal.

5 Look at the photo above. Sketch the

patterns in the layers and mark the position

of an anticline and a syncline.

6 Oil was found at A but not at B. How could
you explain this?

7 The photo below shows a fault.

a
b

Suggest what happened to cause this.
Suppose the land eroded away over a
long period of time until it was once
again flat. How could you tell where the
fault line was?
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Challenge

EEI:)

1 You and a friend are standing at a lookout
overlooking a valley with a mountain in the
middle of it. Your friend says that the mountain

is actually an old volcano that has been eroded.
You disagree and say that you think that the land
around the mountain was formed under the sea
and earth movements pushed the land up to
form the mountain. How could you find out who
was correct?

Infer how the sequence of rock layers in the
diagram below was formed. List the rocks from
youngest to oldest.

3 The photo below shows one of the Glasshouse

Mountains in Queensland.

a What part of a volcano might this structure
have been?

b Why did the outer parts of the volcano erode
more easily than this structure?

4 The table shows the years from 79 CE to 1944
in which Mt Vesuvius in ltaly has erupted.
The dates marked in bold show the biggest
eruptions. Can you tell when the volcano will
erupt again? Write a brief report.

Years when Mt Vesuvius erupted

79 1631 1794 1891
203 1660 1804 1895
472 1682 1805 1900
512 1689 1822 1903
685 1694 1838 1904
993 1707 1850 1906

1036 1737 1858 1913
1139 1760 1861 1926
1306 1767 1871-72 1929
1500 1779 1875 1944

Temperature (°C)

5 The graph below shows the estimated
temperature, density and melting point of the
materials in the layers inside the Earth.

Density (g/cm?)

14
| 13
______ 12
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3
2
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core  core
T —— T 0

0 100020003000 40005000 6000
Depth (km)

What is the radius of the Earth?

How thick is the mantle?

Which layer has the highest average density?
Make a generalisation about the temperature
changes in the mantle.

e Which layer in the Earth’s interior is liquid?
Explain how you arrived at this answer.

[ — T I — -\




10.2 Earthquakes

Forces caused by movements in the Earth’s
mantle can change the shape of the rocks in
the crust. Generally these movements are very
slow. Sometimes, however, there is a sudden
movement that can result in large cracks in the
ground, and can make buildings collapse and
break water and gas pipes.

Earthquakes occur when intense pressures
in the Earth’s crust cause the rocks to break
and move along a fault. The stored-up energy
in the rocks is released as shock waves, which

spread out in all directions, like the waves

produced in a pond when a pebble is thrown in. YfFig 10 The San Andreas fault appears as a scar
running from left to right across the photo.

The stream in the centre has been displaced
130 metres by the fault.

The earthquakes that have occurred in
California have been caused by Earth movements
along a very large fault called the San Andreas
fault. It is about 800 km long, and the rocks to
the west of it are being pushed northwards at
about 5cm a year. If this movement is slowed or
stopped, the pressure builds up along the fault.
When the rocks move again, the energy is released
and an earthquake occurs.

" The Christchurch earthquake in February 2011 killed
181 people.

earthquake

fault

:Fig 9 ’ Crustal pressure causes the rocks
to slide along each other at a fault,
causing an earthquake.
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Earthquakes are recorded on
tremor instruments called seismographs
felt (SIZE-mo-graphs). The frame of

the seismograph is set on solid
rock. In an earthquake, the solid
mass tends to remain motionless
while the rest of the seismograph
shakes, and a pen or laser beam

I Earth’s crust makes marks on a rotating drum.
focus of Any movements of the solid rock
earthquake show up as a series of troughs

Fig 12 Cut-away view of the Earth’s crust showing
shock waves spreading out in all directions
from the focus of an earthquake.

How are earthquakes recorded?

The vibrations or waves caused by an earthquake
spread out in all directions. The place inside the
Earth where the movement of the rocks occurs is
called the focus of the earthquake. The epicentre
is the point on the Earth’s surface directly above
the focus.

As the shock waves spread out from the focus,
they lose energy and the vibrations become
smaller. On the surface, the damage is greatest at
the epicentre since this is the closest point to the
focus, and the damage decreases as you go further
away from the epicentre.

spring flexes

}

heavy mass

drum
does not move

rotates

(0000009

rock vibrates

¥

Fig 13 A simplified diagram of a seismograph

and peaks on the recording. The

seismograph in Fig 13 measures
vertical movements, while other types measure
horizontal movement.

L waves

Pwaves S waves

f

beginning of
recording

Y

time
Fig 14 A seismogram

A record of the waves caused by an earthquake
is called a seismogram. Fig 14 above shows a
simplified seismogram. Notice that there are three
types of waves. The first to arrive at the recording
station are the primary waves or P waves. These
waves are also called compression waves and
are formed when matter in the rocks is pushed
together by the Earth’s movement—in much the
same way as sound waves form when air particles
are compressed by a vibrating object (see page 47).
P waves can travel through solids and liquids.

The P waves are followed by secondary waves
or S waves. These are also called shear waves and
are due to the sideways motion of matter. S waves
can travel only through solids.

L waves are the last waves to arrive at an
earthquake recording station, but have the most
impact. The energy in L waves causes the surface
of the Earth to vibrate like a shaken bowl of jelly.
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These waves produce the largest movement on a
seismogram (see Fig 14). L waves, which are also
called surface waves, cause the most damage to
objects on the surface. Buildings, trees and other
structures can be completely flattened.

The differences in the times taken by
earthquake waves to travel certain distances are
used by scientists to estimate the exact location
of the epicentre.

The graph below is a distance-time graph for
P and S waves. Suppose the time between the
arrival of P waves and S waves is 196 seconds.
From the graph, the distance to the epicentre of
the earthquake is 2000 kilometres.

TSUI'IBITI[S Fig 15 People running from the tsunami that devasted
On 26 December 2004, an earthquake measuring Indonesia, Thailand and Sri Lanka in 2004
9.2 on the Richter scale occurred just off the
western coast of northern Sumatra in Indonesia. to 10 metres. These ‘walls of water’ travel as fast
It was the second largest earthquake ever recorded  or faster than a commercial jet. The Indonesian
on a seismograph. The earthquake triggered a tsunami travelled at 480 km/h and caused
series of tsunamis that spread throughout the enormous damage along the coasts of Indonesia,
Indian Ocean, killing almost 300 000 people. Thailand and Sri Lanka. Small waves (25 cm)

A tsunami (tsoo-NAH-me) is a wave or series were noticed in Western Australia.
of waves in the ocean that can be hundreds of Fig 16 explains the Indonesian tsunami. Huge
kilometres long. The word ‘tsunami’ is from the Earth forces from the left-hand side of a large fault
Japanese words tsu (harbour) and nami (waves). caused the rocks on the right to move upwards

Tsunamis have been known to reach heights of up ~ about 5 metres. This is what caused the wave.

Fig 16 How the Indonesian tsunami
formed

300

tsunami

200 Bt

100

Difference in the times of arrival
of P and S waves (seconds)

mantle

0 1000 2000 3000 4000

Distance from earthquake (kilometres)
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;O ) Earthquake waves

Aim
To model earthquake waves and to construct a
simple seismograph.

. PART Earthquake waves

Materials
spiral spring (slinky)

Method

1 To model primary or compression waves, stretch
the spring on the floor between you and your
partner. Bunch up 10 coils, then let them go.

- G-

-\7 Record what happens as the pulse moves
along the spring. In which direction do the coils
move? In which direction does the wave move?

2 To model secondary or shear waves, stretch out
the spring on the floor as before. This time flick
the spring sideways as shown.

£,
£/ How do the coils move this time? In which
direction does the wave move?

Discussion
1 How do the two types of waves differ?
2 Which type of wave produces an up and down

movement of the Earth? What type of movement
would the other produce?

Making a
seismogragh

: PART

Method

1 Use the diagram of the seismograph below
as a guide to make a model seismograph
(as a class activity).

tin can

2 To attach the pen to the
metal can, first glue the
stopper to the base of the
can. Then push the blunt end

Glue

of the pen firmly into the hole : ;e(a':]
i stopper
in the stopper. dan

3 Test your seismograph by
banging on the desk or giving it a shake.

4 Tear off your seismogram and test your
seismograph again.

Discussion
1 Is your seismograph better at recording

horizontal or vertical movement?

2 What is the relationship between the intensity
of the movement (the earthquake) and the size
of the waves?

tin can
half filled

with sand metal

stand

[ hardwood
block

permanent
bench

ad_fhesive
ftape

[ B
“piece of cardboard

===
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Activiy B

| WEBwatch .

For animations of primary, secondary
and surface waves, go to
www.OneStopScience.com.au and

10 h 26 min 18 s 10.28.28 follow the links to Savage Earth
(P wave) & follow
nimations. ( -
- * : WJ\/\»*: | OneStopScience y
Adelaide WWwvvwwvwmwwwwwwwvwvwwwvmwwvwvwv\/\/W\a ~
,J‘S\¥\i/\(? f( \
10.25.42 (P wave) 102653(Swave) 7 i\
. v o 2 { /\
¢ ~wE \’\ )
Brisbane ’JJV‘NV‘V\M’W/WWWWMW\NWW\F'JW C’\{) ./ \\\
(*\2 )

10.25.12 (P wave) i

, 1

.
v y- N\
Sydney AW\ Wiip— s \
+WVWIW\ q Brisbane-g
\
10.25.25 (S wave) % j
Finding an earthquake’s epicentre \\\ = N Sydney //
9 qu P \ N// \4>Ade|aide 4
1 Look at the three seismograms yPerth f‘\ Z
recorded at Adelaide, Brisbane and - <o M;Jb urne
0 1000 km ey

Sxdney.
\! Which city felt the earthquake first?
£/ In which city were the waves strongest?

£ Which city can you infer was nearest to
the epicentre of the earthquake?

2 Calculate the difference between the times
of arrival of the P and S waves in each city,
in seconds.

:/ Record the three times.

3 Use the graph on page 254 to work out how
far the earthquake waves travelled to each
of the three seismographs.

:/ Record the three distances.

4 Photocopy and enlarge the map of
Australia. Then use the scale to convert
the three distances to the distances on the
map.

5 Select a city, say Adelaide first, open out a
compass to the scale distance, place the
point on Adelaide and draw a circle with
this distance as the radius.

Do the same for the other two cities.

&

-_—

8
scale x;:“

6 The three circles
should intersect
at one point. In
practice they rarely
do, but instead
enclose a small area
as shown, whose
central point can
be taken as the
epicentre of the earthquake.

:/ Where was the epicentre?

4 Why are three seismograms needed
for this calculation?

WEBwatch ) )

You can do this activity by going to

www.OneStopScience.com.au and following

the links to Virtual earthquakes. ( -
® { OneStopScience J

circle 1
circle 2

epicentre

circle 3




The Richter scale

Scientists can use seismograms to work out the
strength or magnitude of an earthquake. The
magnitude of an earthquake is how much energy
it has, and is measured on a scale from 0 to 10.
This scale is called the Richter (RICK-ter) scale
after its inventor, Charles Richter. A shock of
magnitude 2 is the smallest normally felt by
humans, and magnitudes of less than this can
only be detected by seismographs.

On the Richter scale, the intensity or
energy of an earthquake increases tenfold for a
single increase in magnitude. For example, an
earthquake of magnitude 6 causes ten times more
ground motion (potential damage) than one of
magnitude 5, and 100 times more than one of
magnitude 4.

The table below compares the magnitudes
of earthquakes and their effects at the epicentre.

Magnitude
oh Richter
scale

Effects at the epicentre

Chapter 10 — Dynamic Earth

"Fig 17  In September 1999, the strongest earthquake

to hit Taiwan for more than 100 years had its
focus 1.1 km below the middle of the island.
The photo shows rescue workers searching
for survivors in the ruins of this hotel, which
collapsed when the earthquake struck at

2 o’clock in the morning. It measured 7.6 on
the Richter scale.

Go to www.OneStopScience.com.au and follow
the links to the websites below.

Elastic rebound animation
This is an animation of an earthquake in an

How tsunamis work

This website has dramatic before and after photos
of the 2004 Indonesian tsunami.

25t02.9 Detected only by instruments
3.0t03.9 Suspended objects may swing,
vibrations like passing trucks
40t04.9 Wakes sleeping people,
dishes and windows rattle
5.0t05.9 Felt by all, furniture moves,
walls crack and chimneys topple
6.0t06.9 Most houses damaged
70to77 Ground cracks, foundations
damaged, pipes burst, landslides
78 t0 8.6 Disastrous, few structures
remain, large cracks in ground
greater Total destruction, orchard.
than 8.6 waves seen oh the ground,
magnitude 9.5 most severe ever
recorded (Iran 1972)

The Newcastle earthquake
This website has details of the only recorded
Australian earthquake to have
claimed human lives.

(OneStopScience‘ ]
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__________________________________________________________________________________________________

6 Use a diagram to explain the terms focus
and epicentre of an earthquake.

1 How can a fault cause an earthquake? 7 The diagram below shows a seismogram
2 What are P S and L waves? Which type recorded at a partlculal.' location. Use the
graph on page 254 to find out how far away
causes the most damage? . . .
the recording station was from the epicentre
3 What is the Richter scale? What is the of the earthquake.
difference, in energy terms, between a
magnitude 4 and a magnitude 5
earthquake?

P (2h 12min 10s)

4  What is the smallest magnitude earthquake
that can be felt by humans? An earthquake
of which magnitude would cause trees to
sway?

S (2h 17min 25s)

5 Explain in your own words how a
seismograph works.

Bhananan e an an an e e e o0 e e e o e e e e o e e e e e e e e o e oo o on 0

___________________________________________________________________________________________________

!
| cha"enge m) S waves after travelling 700 km. Does this

agree with your answer from b? If it doesn't,
suggest reasons for the difference.

1 Three seismograph stations in Brisbane, 3 California has had a number of very strong

Adelaide and Perth recorded an earthquake. hauak ith A l
The times at which the P and S waves were \?V?S. quakes, compared with Australia. Suggest

detected are shown below. -
. , : 4 What patterns can you see in Fig 22 on
Brisbane: P wave 7h20min 10's page 2617 It shows where major earthquakes

Swave 7h 24 min10s
Adelaide: P wave 7 h 21 min 46 o have occurred around the world.

Swave 7 h 26 min 34 s 5 In February 2011, a magnitude 6.3 earthquake
Perth: P wave 7 h 23 min 22 s occurred in Christchurch, New Zealand.
' Swave 7 h 28 min 59 s The photo below shows damage to a railway

line caused by the earthquake. Suggest what
sort of earth movement occurred here.

a Which city first detected the earthquake?

b Which seismograph station detected the
earthquake first? What does this tell you
about the location of the earthquake?

¢ Using the map on page 256, find the
epicentre of the earthquake.

2 P Sand L waves travel at different speeds
depending on the composition of the rocks in
the crust. P waves travel at about 10 km/s,

S waves at 5 km/s and L waves at 3 km/s.
Suppose there was an earthquake 700 km
north-west of Melbourne.

a How long will it take P, S and L waves to
reach Melbourne?

b Calculate the difference in arrival times of the
P and S waves.

¢ Use the graph on page 254 to find the
difference between the arrival times of P and




10.3 Earth plates

During the late 1800s and early 1900s, most
geologists believed that the Earth was still in the
process of cooling down because the crust was
shrinking. They thought it was buckling like the
skin of an old, dried-out apple. The continents
were the raised parts of the skin and remained
fixed in place.

However, a small number of
geologists formed alternative
ideas about the formation of
continents. They suggested
that the distribution of the
continents is not fixed.

South
America

Fig 18 A mapdrawnin
1856 shows how
some geologists
thought Africa and South
America had been joined.

Europe

Chapter 10 — Dynamic Earth ‘

Instead they suggested that some continents, such
as Africa and South America, had been joined at
some stage in the Earth’s history (see Fig 18).

In 1915, a German scientist, Alfred Wegener,
suggested that Africa, South America, Australia,
Antarctica and India were joined about
200 million years ago. This supercontinent,
called Gondwana, gradually broke apart and
the continents separated. Wegener’s hypothesis
was called continental drift.

There was considerable evidence to
support Wegener’s ideas. Similar rocks
are found in Australia, Antarctica and
southern Africa. Fossils of an ancient
plant called Glossopteris are widespread
in all five continents and absent from
? Europe, Asia and North America. Fossils
of Mesosaurus, a crocodile-like reptile,
are found in southern Africa and in
South America.

Asia

Madagascar

Fossils of the ancient fern
Glossopteris found in
these locations

Fossils of Mesosaurus
Sl found in Argentina and
Southern Africa

. Deposits of similar rocks

Fig 19 A collage of the southern continents showing the locations
of similar fossils and rocks (for Activity on next page)
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In the middle of the ocean, a mountain range

] :‘.ﬂ_ﬂ ' higher than any on the continents was mapped.
4 This was called the Mid-Atlantic Ridge and it was
1 Photocopy (and enlarge if possible) the later found to run from the Arctic, right down the
map of the southern continents at the middle of the Atlantic Ocean.
bottom of the previous page. In the middle of the ridge, Tharp discovered a
2 Cut carefully around the dotted lines (the deep trench. When rock samples from this trench
edges of the continental shelves). were taken and analysed, they were found to be

3 Try to fit the six pieces together, leaving very much younger than samples taken further

as few gaps as possible, to make the away from the ridge. Another suprising piece of
supercontinent of Gondv;/ana. Try to evidence was that the temperature of the ocean

match up the fossils and similar rocks. bed along the Mid-Atlantic Ridge was eight
times higher than anywhere else. From these two
observations, Ewing inferred that at the Mid-
Atlantic Ridge new rocks are being made as hot

4 When you are happy with the positions
of the continents, glue them into your

notebook. i
/% Which continents did Australia touch? material rises from the Earth’s mantle and pushes
- Cor? Inen. S ! US_ raia touch the older rocks away from the ridge line.
You can try this activity by going to This new idea created a dilemma. Scientists

www.OneStopScience.com.au and following
the links to Wegener:
continental drift. OneStopSciean.

knew that the Earth is not expanding, but in

fact getting smaller. How could this happen if
new crustal rocks were being made along the
ridge? In 1960, Professor Harry Hess, using
echo-sounding data he had collected from the
Pacific Ocean in the 1950s, suggested that as new

Plate tectonics

Wegener’s continental drift idea was not well crust is being made along the ocean ridges, older
accepted, because few scientists were convinced crust is slowly being pushed outwards towards
that there was enough evidence to support it. the continents and then down into the mantle,
However, in the 1950s two American scientists, as shown in Fig 20. The idea that giant sections
Maurice Ewing and Marie Tharp, used new or plates of crustal rock move over the Earth’s
technology called echo-sounding to map the depth  surface became known as the theory of plate

of parts of the Atlantic Ocean. (Echo-sounding tectonics, a modification of the old continental
uses sound waves to find the depth of the ocean drift hypothesis.

floor.)

- Scientists infer that the Earth's

Earthquakes and volcanoes crust is made of slowly moving
asthenosphere occur along the boundary plates that spread out from the

between two plates. mid-ocean ridges. Because
the oceanic plates are heavier
than the continental plates,
they slide under them and
melt into the asthenosphere.
For computer animations of

: this process, go to -
g ! www.0neStopScience.com.au
-\ ~ oceanic = confir{ehtal and follow the links to Plate
— s \ plate ovement. <
: \ ‘ » | OneStopScience

mid-ocean
trench

mid-ocean

lithosphere ridge

convection currents
in molten rock in the
asthenosphere



The theory of plate tectonics suggests that
the Earth’s crust is made up of separate plates
that float on top of the semi-solid rocks in the
mantle. Convection currents in the asthenosphere
push the molten material to the surface along
the mid-ocean ridges (Fig 20). The newly formed
crustal rock becomes part of the oceanic plates,
which are forced away from the ridges in the
directions shown in Fig 21.

Eurasian plate

African 0
plate ’

fold mountains formed

zones where oceanic plates uyg®
slide under continental plates

mid-ocean ridges v

Fig 21

2004 Indonesian tsunami
occurred here.

— —_—

Fig 22

s =N

collision zone — : E

Indo- Australlanoplate
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Fig 22 shows the world’s major earthquake
zones. Notice that they correspond to the plate
boundaries in Fig 21. When an oceanic plate
collides with a continental plate, earthquakes and
volcanoes are produced along this line. Notice
that where the 2004 Indonesian earthquake
occurred is at the boundary of two Earth plates.

: vea

A
North American QD
fSaaurlntAndreas P plate
W Ao
Pacific plate

ALY
outh
w American
, plate

Antarctic plate

The Earth’s crust is made up of large plates, which move an average of 2 cm per year.

Each dot on this map shows where a major earthquake has been recorded.
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__________________________________________________________________________________________________

7 Ewing and Tharp echo-sounded vast areas
of the Atlantic Ocean during the 1950s.
They concluded from their results that the

1 Atthe start of the 20th century, most seafloor was spreading. Why was this a
scientists accepted a theory about the dilemma for scientists at the time?
formation of the continents.
a Describe this theory.

8 Copy the drawing below and label it with:

E b How is it different from the theory : 2222:;2 n;?alltzlate E
1 d by Alfred Wi ? i
4 broposed by Allredivegener e region of colliding plates !
, 2 Describe the evidence used to support the e mid-oceanic ridge i
; theory of continental drift. e convection currents in the mantle ¢
, 3 Why is Gondwana called a supercontinent? ® regions of earthq_uake _acitlwty {
: * regions of volcanic activity. ;
! 4 Suggest why certain fossils have been ¢
E found in Australia, India and Antarctica but direction of a
] not in Europe or North America. movement of plates
E 5 What discoveries during the mid-20th — e jt —> i
| century added new evidence to the idea that !
E the Earth’s crust is not fixed in place? E
E 6 Suppose a continental plate moves 5 cm i
E a year. Predict how far it will move in E
4 200 years, and in 20 million years. ¢
L 1
E 5 Use an atlas to locate the following volcanoes:
cha"enge ! H) Mt Fuji, Mt St Helens, Mt Vesuvius, Kilauea,
Mt Pinatubo, Krakatoa.

1 Some of the highest mountains in the Andes in Then use a pencil to mark them on a copy of
South America are made mostly of sedimentary the map of the Earth’s plates on page 261. Why
rocks containing marine fossils. do you think they are found in these places?

Use your knowledge of plate tectonics to 6 The photo shows a hydrothermal vent or ‘black
explain how this mountain range might have smoker’ on the ocean floor. Use the internet to
formed. find out what black smokers are, where they are

found, and why they are important.

2 Use Fig 20 on page 260 and the maps on
page 261 to explain why a deep-sea trench more

than 10000 m deep is found on the eastern side Y
of Japan. 2B ) | J‘.

3 Which way is Australia moving on the surface of : ./‘“_&_ eq ! ;
the Earth? If it is moving at an average of 4 cm a Boo. 2 in AN
year, what is its likely position 100 million years ", ‘v
from now? % f :

4 There are two types of plates—oceanic plates
and continental plates.

a Briefly describe what happens when an
oceanic plate collides with a continental plate.

b Use library resources to find out what happens
when two continental plates collide.
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Copy and complete these statements to make a summary of this

collide
chapter. The missing words are on the right. —
1 Scientists infer that the Earth is made up of three main layers: earthquakes
the , the and the core. faults
2 The mantle consists of very hot, semi-solid material called folds
When this breaks through the Earth’s surface, form. magma
5 3 and fossils fuels are often found near folds and faults in rocks.  mantle
E 4 Movements in the mantle cause changes in rocks in the crust: rocks minerals
5 that bend slowly form and those that break suddenly form plate tectonics
- Richter scale
5 occur when large blocks of rock move suddenly and slide seismographs
; along each other at a fault. volcanoes
5 6 Earthquakes produce three types of :P S and L.These are waves

detected by .

(from 0 to 10).

; 8 According to the theory of , the Earth’s crust is made up of a number of large
: plates that move slowly relative to one another. Earthquakes and volcanoes occur
: where these plates

The magnitude of an earthquake is usually measured on the

Try doing the Chapter 10 crossword at

LOneStopStience‘

a The shape of the sedimentary rocks is most
likely the result of:
A a fault
B horizontal squeezing forces
C the way in which the sediments were

originally laid down

igneous rock D the pushing up of magma from below

b Copy the diagram in your notebook. Mark
the position of an anticline and a syncline
on the diagram.

€ Account for the layer of igneous rock on top
of the sedimentary rocks. Suggest why this
layer is relatively flat on top.

d Infer which of the rock layers is the oldest,
and which is the youngest? Give reasons for
your inferences.

1 The diagram below shows a cross-section
through an area of the Earth’s crust.
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2 Use the maps of the world’s earthquake zones 6 An earthquake of magnitude 6 on the Richter
and the Earth’s plates on page 261 to explain scale is recorded at location A and another of
why there is a greater chance of an earthquake magnitude 3 is recorded at location B.
occurring in Wellington, New Zealand, than in a Use the table on page 257 to describe
Melbourne. the damage that could be caused by each

3 The seismogram below is a record of an earthquake.

b How many times more energy is released by

earthquake.
the earthquake at A than the one at B?
3.19.00
time 3.15.00 3.24.50 7 The data below summerises the three types of
earthquake waves:
e Primary (P) waves: speed 5-13 km/s.
® Secondary (S) waves: speed 4-8 km/s, travel
through solids only.
* Long (L) waves: speed 3—4 km/s, travel only
a Which is the P wave and which is the on the Earth’s surface, most destructive.
L wave? a Which type of waves are sometimes called
b Which waves are due to the compression of surface waves? Why?
matter in the crustal rocks? b What is the shortest time an S wave will take
¢ Which type of wave has the most energy? to travel 1000 km?

d Which type of wave causes the most damage
to structures on the Earth’s surface?
@ What is the difference in the arrival times of

the P and S waves? L waves. Other seismographs at location C

f Use the graph on page 254 to calculate how and D detected only P and L waves. Suggest
far away the earthquake was. a reason for this.

g Can you use your answer in f to find the
epicentre of the earthquake? Explain your
answer.

(]

The diagram below is a cross-section of the
Earth. An earthquake occurred at point A. A
seismograph at location B detected P, S and

A <«—— Earthquake
occurs here.

4 Forces inside the Earth act on rocks in the crust
as shown in the diagram below. As a result of
these forces, the rocks move. Draw labelled
diagrams to show what the rock layers could
look like after this movement. There are three
possibilities.

= |-

5 Scientists have calculated that the D
Mediterranean Sea between Africa and Europe
is becoming narrower over time. Use the map
on page 261 to suggest why.

\%\ Wth le,

A

Go to to access : ‘
interactive activities to help you revise this chapter. OneStopSaence

\\orki
Dojo
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In this chapter you will ... )

Science as 8 Human Endeavour
consider how communication methods are influenced by new technologies that rely on
electromagnetic radiation

describe and distinguish between the fixed (landline) telephone network and the mobile
phone network

Science Inquiry Skills

use diagrams to explain the difference between analog and digital signals
demonstrate how optical fibres work

set up electric circuits using common electronic components

explain in simple terms how a picture is formed on a TV or computer screen

Based on Australian Curriculum, Assessment and Reporting Authority (ACARA) materials .‘
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Getting started | Qj

® Discuss ways in which technology such as
broadband, mobile phones and digital TV is
changing our lives.

® Inthe cartoon below, you will see many
different ways of communicating.
Work in a small group and try to identify as
many different examples as you can.




Chapter 11 — Communication technology ‘
1.1 Communication Activity  ; DYJ\)

Communication is the sending of a message
(information) from one person to another. This
message can be in written or spoken form,
called verbal communication, or using gestures
or symbols, which are forms of non-verbal
communication. However, communicating does
not only occur between humans. Communication
can also involve animals.

Communication involves the transmission
of information from a sender to a receiver. The
sender encodes this information into a message
suitable for transmission. That is, the message is
put into a code. The words that you are reading
now are in a code that you have learnt over a
number of years. These words form sentences that
have meaning. Can you make any sense of this
sentence? (See Check 2 on page 273.)

| o ~.50 that explains \

V an electric circuit.

,lh- e =
Sorry Miss. |
I couldn't |
hear you.

FAEA - AECEERE Al The teacher in the cartoon wants the students

To understand a message like the one above to set up an electric circuit.
the receiver has to decode it—change it from this ¥ How does she know whether her message
code to a code that you can understand. has been understood?

The flow diagram in Fig 1 shows the steps in
the process of communication. Feedback is an
important part of this process because it tells
the sender whether or not the message has been LF What is the effect of noise in this situation?
received and understood. Noise is something
that might interfere with the transmission of
the message: for example, someone playing
loud music while you are trying to talk on the
telephone. Noise can also be electronic.

':/ What would you need to be able to do to
decode her message?

Fig 1 A model to show the steps in the process of
communication

SENDER RECEIVER

v

information * encode * tran;r:slzzlgo: @ * decode * information

FEEDBACK =
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Communication devices

Communication devices such as a telephone
require voice to be changed into electrical signals,
radio waves or light pulses. These signals are
transmitted over long distances and then changed
back into voice, which is heard by the receiver.
Voice is changed into electrical signals by a
microphone and the electrical signals are changed
back to voice by a loudspeaker.

In previous studies, you learnt that a magnet
induces an electric current when it moves in a coil
of wire. A microphone uses this principle. Sound
waves make the diaphragm (DIE-a-fram) in the
microphone vibrate. The coils of wire attached
to the diaphragm vibrate near a magnet. This
movement then creates a current in the wires,
which changes with the loudness of the voice. Soft
sounds produce small currents and loud sounds
produce larger currents. The pitch of the sound
also affects the current.

A loudspeaker works in the opposite way to
a microphone. The varying current in the wire
passes through a coil near a magnet and this
causes the coil to move. The coil is attached to
a diaphragm that also moves. This movement
causes the air next to the diaphragm to move and
you hear a reproduction of the original sounds.

Digital and analog signals

In a microphone, the vibrating diaphragm
produces a varying electrical signal like the
one below. The size or amplitude of the signal
determines the loudness of the sound.

+ no sounds

A/\f\r\f\ﬂ

A

1V
Yy

loud sounds

Amplitude

M
i

soft sounds

coil fixed

cllzgel e to diaphragm

magnet

sound
waves

Current

= flows

The diaphragm mlcrophone in the
vibrates when sound wires.

waves hit it.

amplifier

Coil moves
when current
flows through it.

sound
waves

The diaphragm
vibrates and
makes sounds.

Fig2 A microphone converts sound waves to
electrical signals, and a loudspeaker converts
electrical signals to sound.

For an animation of this process,
click on at

OneStopScienc e'.




_Activiy B

Teacher demonstration

Your teacher will set up a microphone
attached to a cathode ray oscilloscope
(CRO). The electrical signals produced by
the microphone can be seen on the screen
oLthe CRO.

£/ Observe a variety of different sound
patterns on the CRO. For example, speak into
the microphone, sing a note or use a tuning
fork or musical instrument.

‘:/ What is the relationship between the
amplitude of the waves on the CRO and the
volume of the sound made?

Instead of using a CRO, you could use a
sound probe connected to a datalogger and
then print out the wave pattern.

The wave pattern produced on the CRO
when you speak into the microphone changes in
amplitude as the volume of your voice changes.
The wave pattern varies in value at different
points in time. This type of signal is called an
analog (AN-a-log) signal. The electrical signals
that travel along the wires from the microphone
in your telephone handset are similar to these
waves.

Before 1980, telephone transmission in
Australia was analog. Now, however, most
transmissions between telephone exchanges use
digital signals. A digital signal is made up of a
sequence of binary digits—digits that have one of
two values, 0 or 1. In electronic devices, the value
1 is represented by a switch being on, and 0 by
the switch being off.

The two words binary digit are shortened to
the one word bit. Telephone transmissions (and
computer data) are usually sent in millions of
small units made up of eight bits that are called
bytes. The digital signal in Fig 4 is a byte and has
the value 10011010.

Chapter 11 — Communication technology @

wave [ LLL

pattern \/J\/V{w\ %%
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oscilloscope

You could also connect a microphone to a
galvanometer and observe the movement of
the pointer as you speak into the microphone.

+14

Value

Time

Fig 3 Analog signals vary continuously in value
over time.

+1

Value

1
1
|
|
I
I
1
1
I
1
|
|
|
|

Time

Fig 4 An eight-bit digital signal—each bit can have
a value of 1 or 0, but nothing in between.
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The telephone network

Analog signals from your telephone are converted
to digital signals at the telephone exchange. These
digital signals then travel through cables to other
telephone exchanges. Most of the cables that link
major Australian cities are now optical fibres
made of glass.

The telephone
microphone
converts sound
waves to analog
electrical signals.

microphone

telephone
exchange

5 At this telephone
exchange the digital
light signals are
changed back to
analog signals.

optical fibre cable

6 The analog electrical
signals travel
through copper
wires to the

receiver’s telephone.

copper
wire

4 The digital signals travel through optical
fibres or via microwave repeater stations
between telephone exchanges.

7 The speaker in the
telephone converts
the analog electrical
signals back to
sound waves.

The diagram below shows how the telephone
network encodes the information in sound waves
to electrical signals and then to optical signals.
At the receiver’s end, the information is decoded
back again to sound waves. Instead of using
cables, telephone signals can also be transmitted
via microwave repeater stations or even satellites,
especially in isolated areas.

The analog
electrical signals are
transmitted to the
closest telephone
exchange through
copper wires.

copper

. —
wire

telephone
exchange

3 The analog
electrical signals
are changed to
digital laser light
signals.

sound
waves

speaker

Note: Digital phones use digital signals rather than analog signals.



telephone
exchange

switching
centre

WEBwatch | )

For an animation of how the telephone network
works go to www.OneStopScience.com.au and
open How telephones work. The How Stuff
Works site is generally useful for finding out

how all sorts of things work. (
LOneStopS(.ience }

Mobile phones

Mobile phones don’t need to be connected
by wires. Instead they have a built-in radio
transmitter and receiver. When you make a
call, the mobile phone sends out a radio signal.
This signal is picked up by a base station that
has several antennas on top of a tower or tall
building. The base station is connected to a
switching centre, which switches the call to other
base stations or to the fixed telephone network.
In the United States, mobile phones are called
cell phones. This is because the base stations form
a network of hexagonal cells, as shown in Fig S.
The cells range in size from 100 metres across
to more than 30 km. The base stations receive
mobile phone calls from the cell around them.
Each call is then passed from cell to cell until it
reaches its destination. The base stations also
return calls to the cell around them.

Faxes and modems

The telephone network also carries data from fax
machines and computer modems, as well as from
credit card and EFTPOS terminals in shops. Most
of the data sent from these devices are digital.
This means that the copper wires connecting these
devices to the exchange have to be able to carry
electrical digital signals as well as analog ones.

e
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A

Mok IR ———

[\ station ¢ %
? .

Fig 5 A mobile phone network
On the other hand, the optical fibres connecting
telephone exchanges carry digital information
only.

Fax machines send and receive documents
containing words, graphics or photos. The
document is fed into the fax machine where a
light scanner reads the degree of lightness or
darkness on the page. The scanned data are
then encoded into digital signals, which are
sent through the telephone network.

The digital signals travel via
the telephone network.

page containing
words, graphics
or photos

A light scanner
converts the
information on the
page to digital
electrical signals.

Fax machines convert written information to
digital electrical data.

Fig 6
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Optical fibres

The optical fibres used in the telephone network
are very thin, pure glass fibres. Each fibre consists
of a glass core, a glass cladding and a protective
outer jacket, and the whole fibre is thinner than a
human hair.

outer glass claddlng

inner

glass protective jacket
core

outer glass cladding

\

/

Light is internally
reflected from the
inside surface of
the glass core.

Fig 7  How light pulses travel through optical fibres

Activity L)

1 Set up a binocular microscope and look at
the end of an optical fibre.

Ly Sketch what you observe.

2 The diagram on the right shows the
equipment you need to make a model that
demonstrates how optical fibres work.

3 Use the diagram as a guide to make the
model. You will need to test it in a
darkened room, or test it at home at night.

4 Can you improve the design of the model?
Discuss your design with your partners.

At telephone exchanges the electrical signals
from local telephones are converted to pulses
of laser light. These laser pulses are narrow
high-intensity light beams of a single colour
(wavelength). They are digital (on or off) and
they travel through the optical fibre by total
internal reflection. That is, the light can travel
around bends and even loops by reflecting off the
inside surface of the inner glass core. One optical
fibre can carry up to 2 billion pulses of light per
second.

The advantages of optical fibres are that
they can carry much more information more
quickly than copper wires do. They are lighter
and cheaper to make, and they produce a better
quality of communication with very low noise.

copper

fibre
optic
cable

Fig 8 A copper cable that can carry 10 000
~ telephone calls is much larger and heavier
than a fibre optic cable which carries the
same number of calls.

darkened room

clear plastic
fruit juice

bottle filled
with water

stream of
water
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4 A speaker and a microphone work in
opposite ways. Explain what this means.
Use the words sound waves, diaphragm,
vibrate, coil, magnet and electric current in
your answer.

The diagram below shows how a
telephone network works. Select
words from the following list to match
the numbers in the diagram. You will
need to use some words twice.

5 Construct an energy flow diagram that
shows all the energy conversions that occur
in Fig 2 on page 268. Use the words sound

sound waves energy, kinetic energy and electrical energy.

analog electrical signals

digital light signals microphone Below is the start and end of the diagram.
telephone exchange speaker microphone
sound | 0" T —» | sound
energy energy

6 How are mobile phones different from fixed
telephones in the way they transmit and
receive voice messages?

WEBwatch . 5

1 Use the internet to research whether mobile
phones can cause cancer. A good way to start
is to go to www.OneStopScience.com.au and
follow the links to Mobile phones—

2 If you were given an incomplete key for the 3 How does SMS work? Go to .
coded words on page 267, can you decipher www.OneStopScience.com.au | Onestopscience
the message? and follow the links to

* =T %= | A=S How SMS works.
3% = E . = N D = O L
3 The CRO wave pattern below was made

b Which of the numbered arrows could
represent a distance of many thousands
of kilometres? Explain your answer.

by sounds that were directed into a
microphone.

a In which periods were there no sounds?
b Which sound was the the loudest?

communications on the go (NOVA).

2 Use the internet to find out other uses for optical

fibres besides those in telephone networks.
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: 4 A digital signal is made up of eight bits having
Ghallenge : the values 11001011. Using Fig 4 on page 269
. as a guide, draw a graph of this signal.
1 a Why is feedback an important part of the 9 The graph below shows the current produced
communication process? by a microphone when a person speaks into it.
b During a conversation, the person listening The vertical axis has both positive and negative
might say ‘Yes', ‘| see’ or ‘OK’. Explain why values. The horizontal axis is measured in units
these responses are forms of feedback. of time.
¢ Give some examples of non-verbal feedback .
that might occur during a conversation.
2 Look at the telephone network diagram on
page 270. Use this to construct an energy flow =
diagram that shows all the energy conversions §
that occur during a telephone conversation. 5 Time
(@)
3 Use the code to decode the following message.
Code B
A|D|G K Using your knowledge of how a microphone
B|l|E|H J L works, explain:
M a why the current has positive and negative
ClF]|I values

b why the value of the current varies with time.

6 Encoding is changing one type of code to
another. Decoding is the reverse process.
Describe where signals are encoded during
a telephone conversation and where they are
decoded. In your description, include the type
of device used in the processes. (Use the
telephone network diagram on page 270 as a

Message guide.)

1 Study the data in the table below.

/\ J \/ D |: —| Colour Speed of light (m/s)
of light in air in glass
red 2.988 x 108 1.983x 108
=] = :| |_| D j |_| blue 2.998 x 108 1.958 x 108

a Describe the information in the table.

b In optical fibres, pulses of laser light are
transmitted in the glass core. If white light
is used, suggest why the pulses of light

S=lwn |
become stretched out or ‘smeared’ after

a What would happen if the message was travelling through a very long optical fibre.

' ?
turneq upside down’ , ¢ Suggest how the problem in b could be
b Try to improve the code to overcome this overcome.

problem.
¢ What other problems arise using this code?




1.2 Electronics

Communication devices such as mobile phones,
computers and fax machines all have one thing in
common—they need electricity to work. Before
the 1950s, most communication devices contained
bulky parts that used a lot of electrical power.
During the 1950s, tiny electronic components
made from the elements silicon and germanium
replaced the older bulky devices.

Electronic components such as diodes, resistors
and transistors are now very small and cheap to
manufacture, and they also use very little electric
power. This means that they can be operated
for long periods using either mains power or
batteries.

A great breakthrough in electronics has taken
place with the development of the ‘microchip’
or integrated circuit. The microchip contains
thousands of electronic components etched onto
the silicon by a photographic process.

m Microchips are the brains behind the many
electronic devices we use every day, such as
this calculator.
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Resistors

R_esistors control the amount of current in a
circuit. The coloured stripes on the resistor

indicate the size of the resistance. Resistance is
measured in ohms (Q).

Bands show size
of resistance.

resistor symbol —-:-_

Light-dependent resistors (LD R) are light-
sensitive resistors. The resistance of the resistor
decreases with the intensity of the light. That is,
more current flows in bright light.

\
LDR symbol ———

Thermistors are heat-sensitive resistors. The
amount of current flowing through the resistor
usually increases with the temperature.

Diodes

Diodes allow current to flow in one direction
only, making that part of the circuit a one-way
street for the current. They are used in electronic
circuits to stop current flowing in unwanted
directions.

One end of a diode is marked with a band.
This end should be connected to the negative
side of the circuit.

Band shows
negative side.

diode symbol —)}—

Light-emitting diodes (LED)
are electronic light bulbs—they
glow red, green, yellow, orange
or blue when electricity is
passed through them. They are
widely used in digital displays,
traffic lights and tail-lights on P

cars.
LED symbol —H——
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Transistors

Transistors are devices that can act like Capacltors

switches, turning the current in a circuit on Capacitors are used in electronic circuits tolstore

and off. They can also increase the size of the electric charge for a short time before allowing

current. In this way, they act as amplifiers, it to flow to other parts of the circuit. They are
Transistors are made n different shapes used to separate different parts of 2 ircuit s that

but each of them has three electrodes (Iegsj each can have a different current. They consist of

and the symbol remains the same. ’ two conducting plates separated by an insulating

material called a dielectric.

e >tors have The amount of chargg tha}t can be_stored for
S each volt across a capacitor is called its
capacitance. This is measured in farads (F),

although microfarads (pF) are more commonly
used in electronics.

transistor symbol

Capacitors have

various shapes. capacitor
symbol
activity )
In Investigation 23, you will be using resistors Colour Value | Colour I Value
in circuits. For this you will need to know how black 0 green 5
to tell the value of a resistor by using the brown 1 blue 6
coloured bands on it.
Your teacher will give you some resistors. red 2 pukple /
Use the information below to work out their orange 3 grey 8
values in ohms. yellow 4 white 9

The resistors you will use have four
coloured bands on them. The code for the
coloured bands is shown in the table.

To read the code, hold the resistor with the
gold or silver band on your right. Then start
with the first colour on the /eft.

The colour of Band 1 gives the value of the first digit.

This resistor has a resistance of 560 Q.

The colour of Band 2 gives the value of the second digit.

The colour of Band 3 tells how many zeros follow the first two digits.

The colour of Band 4 tells how precise the value of the resistor is.




O

Investigation 23

Chapter 11 — Communication technology @

Electronic circuits

Aim
To set up circuits using electronic components.

Materials

e resistors (1 watt) 10 Q, 22 Q, 56 Q, 390 Q,
10 000 Q

e diode (1N4002 or similar)

* light-emitting diode

e light-dependent resistor (eg ORP12)

e switch

e ammeter (eg 1A range) or multimeter

e power pack

® 6 volt torch bulb and socket

e 4 connecting wires with alligator clips

e two 10 cm x 10 cm pieces of cardboard,
5 drawing pins and some thin, bare wire

e clear adhesive tape

Planning and Safety Check
¢ Read through Part A and describe to your
partner what you have to do. Swap roles

and do the same for Part B (which itself has
two parts).

What precautions are necessary when
using a power pack?

VIS Resistors

Method

1 Use the clear tape to fix the four lower value
resistors to one of the pieces of cardboard.
(Alternatively, you could use a
‘breadboard’.) Write the
value of each
resistor next
to it.

clear
adhesive
tape

2 Connect up the circuit as shown bottom left.
Set the power pack on 6 volts DC and connect
each resistor in turn.

\7 Observe the glow of the light bulb for each
resistor. Record your observations.

3 Take the light bulb out of the circuit and
replace it with an ammeter.
Note: Remember to connect the positive (red)
terminal of the ammeter to the positive side of
the power pack.

4 |Inturn, find the current flowing through each
resistor.

£/ Record your results
in a table.

Discussion

1 Write a generalisation linking the resistance to
the glow of the light bulb.

2 Write a generalisation linking the resistance to
the current flowing in the circuit.

3 Predict the effect of a very large resistance
(10 000 Q) on the glow of the light bulb. Then
test your prediction.

4 Why do the resistors heat up when you leave
the power pack on for a while? Suggest why
higher value resistors heat up more.

Y AN Diodes

1 Set up the circuit as shown. Make sure you
connect the banded end of the
diode to the negative side
of the power supply.
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The circuit diagram for the set-up is shown your partner to use the test circuit to find out
below. In this circuit, the banded end of the where the diode is connected and which is
diode is shown by the vertical line in the symbol, the negative end.
and this is connected to the negative side of the Ask your partner to explain how they
power pack. solved the puzzle.
- 6\{5(: 6 Set up the circuit below containing a light-
- o emitting diode (LED). The 390 Q resistor is

used to reduce the current in the circuit so
that the LED does not ‘burn out’.

N
D X
2 Setthe power pack to 6 volts DC.
-,
£/ Record your observations when you close

the switch.

3 Disconnect the diode and turn it around so that
the banded side is connected to the positive
side of the power supply.

-

£/ Record what happens this time.

Qs D=,
4 To make a puzzle for your partner, push 390 O resistor
five drawing pins into the second piece of
cardboard as shown. Connect a diode between
two of the pins. Then connect some bare wire

between the other pins.

7 Experiment with the LED to find out:

a whether the LED allows current to flow in
one direction only
b if the short leg of the LED is the positive
or negative side
¢ if a current that lights an LED will light a
. torch bulb.
£/ Write a report of your findings.

— drawing pin

connecting
wire

Discussion

1 Draw circuit diagrams using the correct
symbols for the circuits in Steps 3 and 6.

2 Does an LED look brighter when viewed
from the top or from the side?

3 Look at the circuits below. Will the light
bulbs glow?

N N
Vi Vi

- 74— (0%

5 Turn the cardboard over and number each of
the pins without your partner seeing. Now ask

4
s
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Jim West and the
electret microphone

Jim West was born in 1931 to African-American
parents in Virginia, United States. Jim said that
‘in those days in the South, the only professional
jobs that seemed to be open to a black man were
a teacher, a preacher, a doctor or a lawyer.” So his
parents were disappointed when he chose to study
physics instead of medicine. He went to university
and began working as an intern at Bell Labs

in New Jersey during his summer holidays. He
joined the company full time in 1957.

A new type of microphone called a condenser
microphone had been invented at Bell Labs in
1916. It is essentially a capacitor (see page 276)
with two plates with a voltage between them.
One of the plates is made of very light material
and acts as the diaphragm. When sound waves
hit the diaphragm, it vibrates. This changes the
distance between the plates and therefore changes
the capacitance, creating a small electric current.
However, these microphones were not suitable for
widespread use in telephones because they were
expensive and required a large battery. So West
and a colleague were given the task of inventing
a new technology to produce a microphone
that was small, high-quality and cheap to
manufacture.

After several years of experimenting, West and
his colleague patented an electret microphone. It

e audio signal

/ back plate

front plate
(diaphragm)

Fig 10 = A condenser microphone

»

Fig 11 Jim West invented the electret microphone
P NN 1952:

uses a thin plastic film with a metallic coating.
When exposed to a strong electric field, the
film retains its electric charge, and doesn’t need
a battery. These electret microphones can be
made very small and are now in virtually every
telephone in the world.

Jim West is still working and says ‘My hobby
is my work. I have the best of both worlds
because I love what I do’. He is active in a
program aimed at encouraging more women
and people from minorities to enter the fields of
science, technology and engineering.

Questions

1 Why were Jim West’s parents disappointed
when he decided to study physics?

2 Why is the electret microphone suitable for
use in mobile phones?

3 How is an electret microphone different from
a condenser microphone?
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Semiconductors

Diodes and transistors are made from materials
called semiconductors. These materials, which
include the elements silicon and germanium, have
properties in between conductors and insulators.

Silicon is the most important semiconductor
material. It is made from sand (silicon dioxide),
and it is cheap and easy to manufacture in pure
form. In pure form, silicon does not conduct
electricity very well. But when very small amounts
of another substance, such as arsenic or boron,
are added (this process is called doping) the
silicon conducts electricity.

An atom of silicon has four outermost
electrons. An atom of arsenic has five electrons,
one more than silicon. When silicon is doped with
arsenic and wires from a battery are placed at
each end of the crystal, a current flows. The fact
that the extra electrons in the arsenic atoms are
relatively free to move causes the doped crystal of
silicon to conduct electricity. This type of doped
semiconductor is called n-type or negative type
because of the extra electrons.

extra electron arsenic atom

o \ T ®
electron &
flow .. | .- L A SIS -
""" -
silicon | @ @ ®
atom |
Fig 12 How an electric currentis carried through an

n-type semiconductor by mobile electrons

Boron has only three outermost electrons,
one less than silicon. When silicon is doped with
boron, the crystal also conducts electricity. It
seems that the boron atom creates an electron
space or ‘hole’ into which electrons from the
silicon can flow, causing an electric current. This
type of doped semiconductor is called p-type or
positive type.

Diodes
A diode is made by placing an n-type crystal next
to a p-type crystal. When this is connected in a

circuit, the ‘extra’ electrons in the n-type crystal
can jump across to the holes in the p-type crystal.
However, if the battery terminals are reversed, the
electrons cannot jump back in the other direction.
This is why diodes carry current in one direction
only. (By convention, the arrow in the diode
symbol points in a direction opposite to that in
which the electrons flow.)

p n

o ® 3 °
— °

---0

_.D|_

diode symbol

Electrons flow from the
n side of the diode into
the holes on the p side.

Current directon

In the diagram above, you will notice that the
electrons flow in the opposite direction to

the arrow in the symbol. When scientists first
studle_d _electricity, they thought it was a flow
of positive charge—from positive to negative. It
was a long time before they discovered that it
was, in Faf:t, hegatively charged electrons that
were moving. By this time everyone had been
thmkl.ng about current flowing from positive to
hegative for so long that it was impossible to
change. This flow from positive to negative is
called ‘conventional current’.

Transistors

A transistor is made of three pieces of
semiconductor crystal sandwiched together. This
is why transistors have three legs (electrodes).

base
electrode | N

— -— p

Fig 13 An n-p-n transistor and its symbol

A transistor can be used as a miniature switch,
as shown on the next page. It works like a gate
where one person can control the movement of
thousands of people.



A small flow
of electrons
through the &

base ... &

‘e

...turnson a

large flow of

electrons this
way.

Fig 14  How a transistor works. When a small current
is applied through the base leg, a large current

can flow through the other two legs.

A transistor can also be used as an amplifier,
as in the circuit in Fig 15. When the microphone
is turned on, the current it produces is not enough
to power the loudspeaker. However, the small
current flowing into the transistor is amplified,
producing a larger copy of the original signal
from the microphone. This amplified current is

large enough to operate the loudspeaker.

transistor

N

T microphone

w loudspeaker

- 9V

R
N

Fig 15 Inthis circuit a transistor amplifies a small
microphone current to produce a large
current in the loudspeaker.

...................................................................................................
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_______________________________________________

2

3 Which one of the following circuits contains

How is a resistor different from a diode? In
what units is resistance measured?

a battery, one resistor, one transistor and
two diodes?

1

N
V1

—_

| S
X
XZ
Y | ¢
¥ IR
Circuit A Circuit B
ZX N N
| s =
¥ ¥
Circuit C Circuit D
4  List the equipment you would need to
build the following circuit.
1000Q AVAN
100 mF
{|
IJ’ 1
Zd —_—
10 000 @
5 In which of the following circuits would you

expect the light bulb to glow?

1
N

&
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Challenge

D

1 Use the resistor code table on page 276 to find
the values of the following resistors.

a c
-QAles— Qe
b ] : d g :

2 Why were very small portable radios not

available in the 1930s?

3 Security beams in the doorways of shops
sometimes use a light-dependent resistor. How
do they work?

4 a Inwhich of the two circuits below would the

LED glow more brightly? Explain.

b If the LED in the circuits below has a
resistance of 50 Q, find the current flowing in
each circuit.

¢ Suggest why LEDs, rather than light bulbs,
are used in electrical appliances.

5 Suppose you are making an electronic fire
alarm. Which electronic component could you
use to detect the fire? Explain.

6 An undoped semiconductor such as pure silicon
will not conduct electricity at low temperatures.
However, as the temperature rises the ability of
the silicon to carry current increases. Suggest
how electronic thermometers might use this
material to measure temperature.

7 a Explain in terms of electrons how
semiconductors differ from conductors and
insulators.

b Explain how an n-type semiconductor
differs from a p-type.

8 The circuit below can be used to switch on a
light when the sun goes down.

a Explain how a light-dependent resistor (LDR)
works.

b Explain what happens in the circuit during the
day and when the sun goes down.

Hint: Consider the effect the two resistors and
the LDR have on the electric current in the
different parts of the circuit. During the day,
the resistance of the LDR is about

500 Q and at night about 200 000 Q.

6V 12V
—/P};( : — }Jl" @ 470 Q
— 45V
100 Q X7 N NZ N 4700 Q
H E ' \N(|LoR
220
= (You might like to build this circuit if h
L = ou might like to build this circuit if your teacher
Ciruit A Cireuit B can organise the components.)
r':’,‘/’: L 4

TRYTHIS @ @

1 Use library resources to find out what microchips
or integrated circuits are. Where are they used?

2 Use an electronics kit, eg Dick Smith’s Funway,
to build a simple everyday device such as
flashing lights, a siren, a radio or a Morse code
sender. You simply follow the instructions to put
the electronic components together to make the
device.

—

& |

-

N\

A\




11.3 Television and radio

In 1896 Guglielmo Marconi, an Italian inventor,
patented the radio, or ‘wireless’ as it was known.
The first television picture was produced by John
Logie Baird, a Scotsman, in 1925. Black and
white TV was introduced to Australia in 1956
and colour in 1975. We now have satellite, cable
and digital TV.

The information sent by television and radio
is transmitted via electromagnetic waves of long
wavelength. These waves are received by a metal
aerial or antenna that converts electromagnetic
waves into electric current. This current is then
decoded into pictures or sound.

visible light (red light) \ \ /)
wavelenzth =4x 190'6 m “f \u'l/\"j LMMJ%%%

microwaves e ‘\\ / ~
wavelength =1 x 10® m ' X o \‘\\ o

radio and television waves
wavelength =1 m to 1000 m

/—\
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How does television work?

Until fairly recently, all TV sets had a picture
tube. This is a type of cathode ray tube (CRT)
which is also found in a cathode ray oscilloscope
(see the activity on page 269). It is called a
cathode ray tube because the image is formed by a
beam of electrons, which are produced at a heated
negative terminal called a cathode. The electrons
are attracted to a hollow positive terminal called
the anode, which is just in front of the cathode.
The electrons pass through the anode in a narrow
beam. They then strike the back of the screen,
which is coated with a special material that glows
when electrons hit it.

The direction of the electron beam in the
cathode ray tube is controlled by two sets of
deflecting plates—one positioned horizontally, the
other vertically. A changing electric current in the
plates creates a changing electric field between the
plates, which, in turn, affects the direction of the
electron beam.

The picture tube in a colour TV is similar to
the cathode ray tube in a CRO except that it has
three electron guns instead of one. The TV tube
also has deflecting coils instead of plates. The coils
create a magnetic field that alters the direction of
the electron beams.

o The heater e Electrons are eThe horizontal deflecting
heats the ‘boiled’ off the plates control the sideways
cathode. cathode and are movement of the electron
attracted to the beam.
positively eThe beam of
charged anode. electrons passes
through the
/ vacuum in the
+ tube.
74 /
\ A
— F 2 }/ #
= / OThe fluorescent
/ screen glows
when the
eThe electrons pass eThe vertical deflecting plates electrons hit it.
through the anode, control the up-and-down

forming a narrow beam.

movement of the electron beam.

Fig 16 A cutaway drawing of a cathode ray tube from a CRO
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Activiy B

Your teacher will set up a CRO and adjust the
controls to give a spot on the screen. When
the time sweep control is on the largest setting,
the spot moves very slowly across the screen.
The position knobs control the vertical and
horizontal deflecting plates.
1 Watch what happens to the spot when the
position knobs are adjusted.

2 Hold a bar magnet near the spot on the
screen.

:/ How does the magnet affect the position
of the spot?

:/ What inference can you make about the
way the deflecting plates work?

Inside the TV picture tube, the electron guns
fire electrons at the screen. The deflecting coils
sweep the electron beams over the screen, making
a horizontal line. After the first horizontal sweep
the deflecting coils move the electron beams down
to sweep across a second line. Each complete
picture on the TV screen is made up of 625
horizontal lines and each set of 625 lines is redone
25 times every second. These changes are far too
fast for our eyes to detect, so we see a continuous
picture on the screen.

The inside of the screen is coated with three
different substances in very small strips or
dots called pixels. These substances are called
phosphors (FOS-fours). One phosphor glows red
when struck by an electron beam, the other glows
green and the third glows blue. The picture on the
screen is built up of millions of red, green and blue
strips or dots. The shadow mask positioned close
to the screen makes sure the electron beams strike
the correct phosphors.

Digital TU

Over the last few years, Australia has changed
from analog to digital TV. Suppose the graph
on the right shows how the electrical voltage of
an analog TV signal varies during a fraction of

Warning: Do not hold a magnet near a colour TV
set. You will do permanent damage to it.

a second. The table under the graph shows how
this changing voltage can be converted to a digital
signal consisting of numbers only. The voltage is
sampled electronically many times per second,
and these measurements are coded into binary
numbers, using only Os and 1s. The signal is then
a series of pulses (pulse = 1 and no pulse = 0).
The big advantage of digital is that you can see
pictures with the same crispness and detail as on a
computer screen. At the same time, the old bulky
CRT screens are being replaced by flat screens.

5
4

Voltage 3+
of
signal 2

e

L T T | Sy | S | A W5

voltage 0 1 4 5 2 0 1 4
binary 1, 56/001/100/101[010[000loo1/100
code

ey anaiain Wi

Fig 17

How an analog signal can be digitised
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Activiy B

!

Observing pixels

Turn on a computer monitor and use a
magnifying glass or hand lens to look at the
screen.

You will see a grid of tiny pixels. Look more
closely and you will see that each pixel is
made up of three sub-pixels that glow red,
green or blue.

Observing colours

1 Open a computer program such as Word
or Paintbrush and find the colour palette.
Alternatively, you can make your own as
shown below. You need the three primary
colours (red, green and blue) and the

three secondary colours (yellow, cyan and

magenta), plus black and white.

red green blue black

yellow cyan magenta white

2 Use the hand lens to look at a white patch
on your palette. Can you see the individual
red, green and blue pixels?

3 Predict what you will see if you look at
the black patch. Give a reason for your
prediction. Use the hand lens to check
your prediction.

4 Use the hand lens to look at the red, green
and blue pixels on the screen. Record the
colours of the pixels.

9 Use the colours in the colour mixing wheel
to work out which two primary colours
combine to give yellow. Then observe the
yellow patch on the screen.

H magenta

o] [U1]

Fig 18 | A colour mixing wheel

6 Repeat Step 5, but this time look at the
cyan and then the magenta patches.

£/ Which coloured pixels combine to give
ygllow, cyan and magenta?

£/ How are other colours such as orange
and purple formed?

‘/Teacher note: The phosphors are easier to
observe on a TV screen, but you will need to
use a video on pause. You could video the test

- pattern on this page.

WEBwatch |

Go to www.OneStopScience.com.au and follow
the links to these websites.

How television works (How Stuff Works)
TV screens (Physics 2000)

This website is written very simply with
excellent interactive animations.

& (
N LOneStopSr‘u‘»m-g‘ ]’/
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LCD screens

The picture tubes used in the older TV and
computer screens are quite bulky. The flat screens
now used in most computers and TV screens use
liquid crystal displays (LCDs). A liquid crystal
has the properties of both a liquid and a solid.
The long molecules in a liquid crystal stay in
position like those in a solid, but they also move
around like the molecules in a liquid.

To make an LCD, two polarising filters (like
those in polaroid sunglasses) are used. When
these are arranged at right angles to each other,
no light passes through them (see Fig 19). The
liquid crystals are placed between the filters and
arranged in a twisted pattern that allows light
to pass through. However, when an electric field
is passed through the liquid crystals, the twist
disappears. This means that light can no longer
pass through—that area of the screen appears
dark.

LCDs do not give off light. Those in digital
watches and calculators have a mirror behind
them to reflect light. This is why they don’t work
in the dark. In flat screen TVs, each pixel is an
LCD instead of a phosphor. The LCDs are lit
from the back by tiny fluorescent tubes or LEDs.
They have red, green and blue filters above them
to produce colours.

light ray

OFF 'ighi ray ON

Light passes through.

Fig 19 How a liquid crystal display (LCD) works

Plasma screens

Plasma TV screens are much larger than normal
screens but are only about 1.5 c¢cm thick. So they
can be mounted on the wall in a home theatre.

In a plasma screen each pixel consists of a tiny
fluorescent cell, like a fluorescent light. Inside
each fluorescent cell is a mixture of xenon and
neon gases. When a voltage is passed through
this gas, high-speed electrons are produced.

These electrons collide with the atoms in the gas,
knocking out more electrons and creating positive
ions. The resulting mixture of positive ions and
electrons is a plasma. Particles speed rapidly in

all directions, bumping into each other. These
collisions excite the atoms in the plasma, causing
them to release ultraviolet radiation. When this
UV radiation hits the phosphors on the bottom of
the cell, it produces red, green or blue light.

electrode._ coloured light front of screen

‘7

electrode UV radiation phosphor coating

Fig 20 How a plasma screen works (above)




Radio and TU transmission

Your favourite radio station might have a call sign
of 107.5. What does the 107.5 mean? And what is
the difference between AM and FM?

Each commercial radio station in Australia has
its own broadcast frequency that you can tune
in to with your radio tuner. To understand what
frequency means, your teacher may set up a CRO
as in the activity below to show you different
wave patterns.

A microphone converts sound waves into an
electronic audio signal. These are low-frequency
waves and if broadcast would travel only a few
metres through the air. To overcome this problem,
radio stations mix this audio signal with a much
higher frequency wave with more energy, which
can travel hundreds of kilometres through the
air. This wave is called a carrier wave, and the
combined audio signal and carrier wave is called a
modulated wave.

_Activiy B

Your teacher will connect an audio generator

to a CRO.

1 Look at the wave pattern produced by the
generator. What do you notice when the
pitch of the sound is changed?

The frequency of a wave is the number
of waves that pass a point in 1 second.
Frequency is measured in hertz (Hz),
where 1 hertz is one wave per second. The
wave below has a frequency of 2 Hz. Two
complete waves pass each point every
second.

0.5 1.0

Time (s)
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AMm

There are two ways to combine an audio signal
with a carrier wave. One way results in a wave
that has its amplitude modulated or varied.

Radio stations that broadcast in this form are
called AM stations.

audio signal / s \\

+ + —
carrier wave

B

amplitude
modulated
wave

Fig 21 Modulated waves from an AM station. The
frequency is the same as the carrier wave
but the amplitude varies.

:/ What happens to the frequency when
the pitch of a sound increases”?

":/ What happens to the wavelength of
the wave when the pitch increases?

J Make a generalisation about the
pitch of sound and the frequency.

Make another generalisation about the
frequency of a wave and its wavelength.

2 Turn up the volume on the generator. Now
turn the volume down.

-‘:/ Record what happens to the shape of
the wave on the screen.

:/ Make a generalisation about the
loudness of a sound and the amplitude of
the waves.

£ Does changing the volume affect the
frequency or wavelength of the waves?
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Fm audio signal

The second way of broadcasting is to combine

an audio signal with a carrier wave to produce =

a wave whose frequency changes but whose I {. , ,'1 1 \ A \ \ \ 'r

amplitude stays the same. This type of radio carrier wave = N M '\» / j J \'_ _/1 \ H =

wave is called frequency modulated or FM } \/ JU{ HJI u [ I U |

(see Fig 22). e bR T
FM stations broadcast on a much higher l l

frequency than AM stations. AM stations frequency /\l f ﬂl = t‘ ﬂl ’l"\ I (”\ f\ ',m\

broadcast at frequencies between 520 kHz and modulated bk {‘ rerl-,'-_'\__ I‘JH‘IW'*'LH'L'L

1600 kHz (1 kHz = 1 kilohertz = 1000 Hz). FM AT U JIVUY VY

stations broadcast at much higher frequencies, = === =

between 87 MHz and 108 MHz (1 MHz = Fig 22 Modulated waves from an FM station. The

1 megahertz = 106 Hz). amplitude is the same as the carrier wave
The steps in sending and receiving radio but the frequency varies.

signals are shown in the diagram below.

electromagnetic
wave

o)

receiving
aerial

transmitting
tower

demodulator

. h audio
lcropaone amplifier

audio =
signal =

carrier modulated
wave . wave
sERREEERE modulationErssssssssanss

e
.
'..'llllllllllllllllllllIlllllIIIIIIIIIlllllll‘llllllllllllll



The carrier wave frequency determines the
radio station’s broadcast frequency. For example,
AM station 873 has a carrier wave frequency
of 873 kHz, while FM 104 has a carrier wave
frequency of 104 MHz.

Television transmission is much more
complicated than radio because the signals have to
carry both sound and pictures. The colour and the
brightness of the TV picture are transmitted on a
video signal which is similar to an AM signal. The
sound is transmitted separately as an FM signal. A
TV antenna picks up the signals and relays them
to the TV set where the picture signals and sound
signals are synchronised.

With cable TV, the signal travels directly to
your TV without being transmitted.

Radio and TV reception

The frequency of the radio or TV broadcast
determines the quality of reception and how far
away the broadcast is received. Broadcasts that
are transmitted on relatively low frequencies can be
received much further away than higher frequency
ones. The lower the frequency of broadcast the
greater the range. For example, low-frequency
amateur radio broadcasts can be heard from
overseas countries thousands of kilometres away
because the radio waves are reflected from the
ionosphere in the Earth’s atmosphere. However,
radiation from the sun affects the gases in the
ionosphere, so these broadcasts suffer from
interference (noise), especially during the day.

Local AM stations broadcast on a lower
frequency than amateur radio. Their signals
can travel many hundreds of kilometres from
the transmitting tower and are less affected by
interference from the sun.

The very high-frequency waves transmitted by
FM radio and TV stations suffer less interference
and the sound quality is usually far superior to
AM stations. However, these waves travel only in
straight lines and are not reflected by the
atmosphere. So if your antenna is behind a hill or
mountain, your radio and TV reception will be
poor. Another disadvantage of FM radio and TV
waves is that they normally have a range of only
about 100 km. With satellite TV, this problem is

Chapter 11 — Communication technology ‘

overcome by beaming the signal up to a satellite
and then back down to your TV.

Digital radio

From 2009, radio stations in Australia have

been broadcasting digital radio, which is quite
different from AM or FM. The audio signal is first
digitised as shown in Fig 17 (page 284), and it is
the resulting digital data that modulates the radio
signal.

The big advantage of digital over AM or FM is
that the quality is better. All radio signals weaken
as they travel, and there is interference. However,
with digital signals these effects can be corrected.
Even if the incoming signals have added noise, it is
still possible to tell the 1s from the Os, as these are
the only values the signal can have. A regenerator
can then be used to restore the pulses to their
original quality.

To listen to digital radio, you need a digital
radio, which usually has a small screen. You tune
by station name, rather than by frequency, making
it easier to find your favourite stations. The screen
can display information such as program details,
the name of the track currently being played, web
addresses, competition details, news, sports and
weather. With some digital radios, you can even
pause and replay, as you can with digital TV.

1 Why are the pixels onTV screens grouped
in threes?

2 What are the advantages of LCD and
plasma screens over the older CRT screens?

3 Radio station FUN broadcasts on a
frequency of 690 kHz while station WIZ
broadcasts on 94.5 MHz.

a  Which is the FM station?

b  What do kHz and MHz mean?

¢ Which station do you predict could be
heard 300 km away? Why?

4 How is it possible to receive live TV
broadcasts of events taking place on the
other side of the world?

_______________________________________________
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5

Why do radio stations use a carrier wave
to transmit their broadcasts? What is the
difference between a carrier wave and a
modulated wave?

Suppose you use a magnifying glass to look
at the pixels in a very small area of your TV
screen. At 10 second intervals you record
the colours of the pixels that are glowing
(0 = pixels not glowing).

Use the colour wheel on page 285 to
determine which colours you will see at the

Challenge

5D

e

1

2

If someone next door is using a power tool, it
may cause interference on your TV set. How?

Construct a flow chart to show how a free-to-air

TV picture gets from a studio at the TV station to

the TV set in your home.

Make inferences from the following observations.

a The car radio goes crackly when you drive
under high-voltage power lines.

b People living in valleys have to have very tall
TV antennas.

¢ TV and radio signals can be picked up by
aerials inside houses.

d AM radio fades when you drive through
an underpass or tunnel but FM does not.

The diagram below shows modulated radio

waves from four stations.

a For each station, say whether it is AM, FM or
digital. How do you know?

b Which AM station broadcasts at a higher
frequency?

five recording times if you are standing back
from theTV screen.

Interval number Colours of pixels
1 red, 0, O
2 red, green, O
3 0, green, blue
4 0,00
5 red, green, blue

N\ |f'|. i AN A ‘/‘3. ' 1| " | l‘ ‘l lH |‘. ﬁ ‘ﬂ |m| |w| A
\/ | f \ / "l J" N/ "‘ | \ [\ \ / A\ | ‘ | l '“ l ‘
TRTATR TRTRTA ¥, 11 l VU VUYY I\ U\ \| U
Station 1 Statlon 2
) A\ f\ N )

I 4y A \ /\/ N
Station 3 Station 4

Suggest how feedback could be achieved with
TV and radio transmissions to make them a true
form of communication according to the flow
diagram on page 267.

6 Most TV transmissions are digital. Screen colour

information is transmitted in a three-bit binary
code. The first bit codes for red, the second
bit for green and the third bit for blue. For
example, the binary code for the screen
colourredis 10 0.

What are the digital codes for the screen
colours black, green, cyan, yellow, blue,
magenta and white?

Each of the numerals in a digital clock has
seven segments, and each segment is a
separate LED. When current flows through a
particular combination of the seven terminals
(marked 1 to 7 on the diagram), the LEDs glow
and a number is formed.

a Which terminals have current flowing through
them when the numeral 3 is glowing?

b Digital clocks have four seven-segment LEDs
separated by a colon (:). Which terminals on
each of the four segments are illuminated
when the clock reads 12:457

terminals 1 2 3 4 567
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Copy and complete these statements to make a summary of this

e g decoded
chapter. The missing words are on the right. digital
1 Communication occurs when information is encoded by a electrical
sender, , then and understood by a receiver. electromagnetic
2 Electronic communication devices such as telephones, modems LCDs
and fax machines encode messages into signals or light
pulses which are then sent over long distances. lower
3 Optical fibres transmit information in the form of light pixels
pulses. resistors
4 Diodes, transistors, and capacitors are electronic semiconductors

components used in communication devices. e )

5 Diodes and transistors are made from .These are
substances that conduct electricity when doped with small
amounts of another element.

6 Television and radio signals are transmitted though the air as
waves of long wavelength.

71 TV sets are now digital rather than analog, with screens made up of many
thousands of tiny containing or plasma.

8 Radio signals are made up of an audio signal mixed with a carrier wave. AM
radio signals have a frequency than FM radio signals.

Try doing the Chapter 11 crossword at

.

OneStopScience

1  Which of the following statements is incorrect? List A List B

A A microphone converts sound energy into
electrical energy.

B Noise affects the quality of the transmitted

resistance 1 lets electric current pass in
one direction only

message transistor 2 an electronic light bulb
C Analog signals can only have a value of 0 LED 3 stores charge
or 1. : . : diode 4  can act as a switch or as an
D When the diaphragm in a microphone sl
vibrates, an electric current is induced in the . . .
<oflls aff e capacitor 5 is measured in ohms
2 Match the correct descriptions in list B with the LIDIS 6 is measured in amps

electronic terms in list A. current 7 its resistance changes with the
intensity of the light




‘ Sciencellorld 9 Australian Curriculum edition

energy

b gives off light when struck by electrons

€ alters the number of electrons hitting the TV
screen

d changes electrical signals into electron
beams

e alters the direction of the electron beam

f changes electromagnetic waves into electric
current

4 a In which of the following circuits will the
light bulb glow? Explain your answer.
b If the diodes and light bulbs each have a

3 Match the pieces of television equipment with 6 Four wave patterns were produced on the
the functions listed below: screen of a CRO by a sound generator. Which
antenna speaker sound:
i ?
electron gun phosphor a s the loudest: .
deflecting coil brightness control ) DD s
¢ & & € is quiet and has a high pitch?
a changes electrical energy into sound A

71 The wave below was produced on a CRO
connected to an audio generator.

&
&

5 A fax machine is connected by wires to
the telephone exchange, which, in turn, is
connected to other exchanges by optical fibres.
Draw a flow diagram that shows all the energy
changes that occur when you send a fax to your
friend in another state.

\3~\.\th [@0
5 Go to to access

interactive activities to help you revise this chapter.

A

= =X
S S
Z N

@ sound waves

resistance of 50 Q, which circuit has the 0- 1 2 3 4
largest current flowing through it? ] Time (s)
A 12V B 6V
L L
z =
@ What is the frequency of the wave?
10Q X 15Q b Sketch this wave in your notebook. On the

same sketch, draw the wave produced by a
sound of higher pitch but the same loudness.

8 Use the diagram below to explain how a

loudspeaker works.
¢ 3V b 6V
1y 1y
| ! magnet
5Q 7N 12Q paper
/;' cone

cone
vibrates

electrical signals

( Check your answers on page 302. J
o

OneStopScience‘




y7. " Science as a Human Endeavour &
P,

Microchips

Use the internet to research the following
questions about microchips (page 275), either
individually or in groups, and share your findings.
Because there are so many questions, you

may need to divide the task between different
individuals or groups.

1 What are microchips? How are they

manufactured?
2 How many transistors are there on a typical
microchip?
i 3 Who invented the microchip? When was it

invented?

.

Fig 24 = Many microchips can be made from this thin
wafer of pure silicon.

10 Microchips are often implanted under the
skin of pets. Why?

11 Professor Stan Skafidis from Melbourne
has developed a 5 mm square chip that can
transmit data through a wireless connection
at high speed over distances up to 10 m.
Suggest uses for this chip.

12 A microchip the size of a rice grain can now S g
Fig 23  Fitting a microchip into a circuit board be implanted under your skin to store all ®
¥ your medical information. Ambulance and ¥
4 How are microchips used? other medical personnel can use a scanner to d ;
5 Why are microchips used on credit cards? retrieve your medical information, enabling e
6  Why are microchips becoming smaller? them to treat you more quickly and possibly P S ‘
7  What is Moore’s Law, and what does it have save your life. re 2
to do with microchips? a Discuss other ways in which human )' 3 .
8  What are nanochips? How big are they? microchip implants could be used. X
9  Microchips are manufactured in special b What are the pros and cons of this Q'.
cleanrooms where the workers wear special technology? R
suits, masks, caps and gloves (see the photo ’ . Q
in Fig 24). Suggest a reason for this. R

By . )
D R T e g
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Answers to Reviews ‘

Answers to Reviews

If your answer does not agree with the answer given
here, go back to the chapter and read the relevant
section again. Your answers may be slightly different
from the answers given here. If in doubt, check with
your teacher.

Chapter 1 Science is investigating

1
2
3

B
H

C—If the researchers know who gets the lotion
containing Z and who doesn’t, this may influence
their observations of the effect of the lotions.

To overcome this problem a procedure called a
double-blind experiment is used (see page 8).

A

You catch, count and tag a sample of mullet (eg
20) in that section of the river. You then release the
tagged mullet back into the river. After some time
you catch a second sample (eg 10) and count how
many are tagged (eg 2) and untagged (eg 8).

Proportion of tagged mullet in 2nd sample =
proportion of tagged mullet in river

So 2. - 20
10 total
Therefore total = 20x10 _ 109

2
So you estimate there are 100 mullet in this
section of the river.

a Total number of periwinkles = 120
b Total area = 100 m?

Area of 1 quadrat = 1 m?

Area of 10 quadrats = 10 m?

population = no. of periwinkles in 10 quadrats
total area

X area of 10 quadrats
100

=120 XW

= 1200 periwinkles
¢ The quadrat method was used because the
periwinkles are not mobile—they are fixed in
position on the rocky platform.

N

7 a The uncontrolled variables were the type of

bicycle, the condition of its brakes, the mass of
the rider, the speed of the bike and how hard
the rider braked.

b It would be best for the same person to test
each bike, travelling at the same speed and
braking the same way on both bikes. Ideally
the bikes should be the same, with different-
sized wheels, but this is not possible.

a 1200 4
>
< 1000 1
C
©
% 800
o
£
& 600 -
)
m X
400 x . ! | |
0 1 2 3 4 5

Diameter of rope (cm)

Note that the line does not go through all the
points, but it goes close to them.

b As the diameter of the rope increases, the

breaking strain also increases. (If you wanted to
be quantitative you could say that the breaking
strain increases by about 175 kg when the rope
diameter increases by 1 cm.)

Chapter 2 Light and sound

1

B—Only for this ray (AX) is the angle of
incidence equal to the angle of reflection.

D—See page 39.

A

D—The light rays are refracted through a
rectangular glass block as shown in A, but the

rays that come out the other side of the block are
always parallel to the incoming rays.

D A




‘ Answers to Reviews

Chapter 3 Living with microbes

1 A B,D,E FandH (all except G and B)
2D

3 Bacteria are usually prevented from entering the
body by the skin. If they do enter the body, liquids
produced in the nose, lungs and stomach trap and
kill most bacteria. If bacteria get into the blood,
they are destroyed by phagocytes or by antibodies
made by other types of white blood cells.

4 C—Bacteria can reproduce independently of other
organisms.

E—Antibiotics kill bacteria only.

5 © and E (Yeasts are microscopic fungi.)

(
5 a 15cm 71 sultanas—dried and sealed in plastic
b Lens B will be less curved and thinner. mixed berries—frozen
6 a green light only can oc chickpeas—heat sterilised
b red and violet light wine—chemical preservatives added
€ The filter is green because a green filter will margarine—refrigerated
transmit its own colour and absorb the others. pasta—dried .
71 White light is shining in your eye because it cream cheese—refrigerated
. : . peas—frozen
contains green, blue and red light, affecting all . -
.. strawberry jam—heat sterilised
three types of colour vision receptors.
8 When different coloured lights pass through a oL
prism, red light is refracted least, and blue the 9 No carbon dioxide was produced in tube 3 because
most, with green in between. So if beam C is there was no sugar for the yeast to use as food.
green, then B must be yellow (between red and 10 Debbie wanted to find out whether sugar was
green) and A must be red. needed by yeasts to produce a gas, and whether the
N e gemel e et e dn 010 eaaeii rate of reaction depended on the temperature. Tube
came from the shoal of fish. 3 was used as a control tube to make sure the yeast
b The sound wave took 0.05 seconds to travel to (without the sugar) did not produce any gas.
the fish. If sound travels 1450 m each second, 11 @ The bacteria were added to the agar
then the fish are 1450 x 0.05 = 72.5 m below beforehand so that an even distribution of
the ship. growth occurred.
€ The table on page 48 shows that the speed of b Antiseptics X and Y are effective in killing
sound in water is less at lower temperatures. bacteria A, while only antiseptic X is effective
Therefore as the temperature decreases the against bacteria B.
speed of sound also decreases. The sound wave € Josep is partly correct. The test showed that
will take longer to return, and the fishermen Antiseptic X is more effective than antiseptic Y
may therefore think that the water is deeper in killing two types of bacteria. However, it may
than it is. not be as effective in killing all types of bacteria.
12 You had chickenpox when you were younger so

you have antibodies in your blood that will fight
the virus. However, Belinda probably doesn’t have
these antibodies, and therefore has a much greater
chance of catching the disease.

Chapter 4 Inside the atom

1

gl A WDN

B, because the number of electrons must be the
same as the number of protons.

B

A—See page 98

D—See page 102

In the nucleus, there are protons (positive charge)
and neutrons (no charge). Around the nucleus

are much smaller fast-moving electrons (negative
charge).
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6
7

Gamma rays, beta particles, alpha particles.

a In nuclear fission a large nucleus splits into
two smaller nuclei. In nuclear fusion two small
nuclei such as hydrogen join together.

b The nuclear reactions in bombs are
uncontrolled. It has been possible to control
nuclear fission in a nuclear power station.
However, it has not yet been possible to
produce a controlled fusion reaction.

@ The numbers 2, 4 and 5 indicate the mass
number of the isotope (total number of
protons and neutrons in the nucleus).

b All three isotopes have the same atomic
number (two protons in the nucleus).

€ Helium-2 has no neutrons in its nucleus,
helium-4 has two neutrons, and helium-5 has
three neutrons.

d You would expect helium-5 to be radioactive
because there are more neutrons than protons.
This makes the nucleus unstable (see page 89).

Alpha radiation is stopped by a few layers of
paper (see diagram top right on page 97), so

it probably wouldn’t pass through cardboard.
Therefore the alpha particles wouldn’t reach the
detector on the other side of the cardboard and
the thickness monitor wouldn’t work (see Fig 11
on page 100).

Now

6min |12 min |18 min |24 min | 30 min

800 g

4009 [ 2009 | 1009 | 509 | 259

10

11

12

The half-life is 6 minutes, so after 6 minutes there
will be 400 g left. After another 6 minutes (that is,
after 12 minutes) there will be 200 g, and so on.
After 30 minutes there will be only 25 g.

If strontium-90 particles fell on the farming area,
they would over time end up in the food web.

If the babies’ mothers then ate food from the
contaminated farming area, the strontium-90
would enter their bodies and the bodies of the
breast-fed babies.

Chapter 5 Electrical energy

1

a Rods with the same charge repel each other.
Rods with opposite charges attract each other.

@ If a material loses electrons it becomes
positively charged.

b If a material gains electrons it becomes
negatively charged.

Conductors Insulators
copper plastic
steel air
salt water wood

a A (set-up D may or may not work, depending
on whether the battery terminal touches
the spring at the bottom. Because of this, torch
batteries are usually put in with the + terminal
nearest the bulb.)

b The batteries are connected in series.

@ The bulbs in circuit B will glow only half as
brightly as the bulb in circuit A. This is
because the electric current has to flow
through two bulbs instead of one.

b The bulb in circuit C will glow as brightly as
the bulb in circuit A. This is because the three
bulbs are in parallel, and each bulb glows
as brightly as if it were the only bulb in the
circuit.

€ You would need to arrange the two bulbs in
parallel. Alternatively, you could add a second
battery to give the current more ‘push’.

i L

C (Current flows only in the left-hand part of the

circuit—through bulbs A and B, but not through
bulb C.)

As your shoes rub on the nylon carpet, static
electricity builds up on your body. When you
touch something that conducts electricity (eg
a metal door knob), an electric current flows

across your skin and you feel a slight electric
shock.
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The battery, bulb and
switch need to be in
parallel, as shown.
When the switch is open

(off), current flows in
the bottom half of the
circuit, lighting the bulb.
When you close the

switch, virtually all the ®

current flows through the top

half of the circuit. This is because the switch has
a much lower resistance than the bulb, and the
current follows the path of least resistance. Hence
the light goes off when the switch is closed.

Lab review

The equipment needed is almost the same for
both circuits:

1.5 volt battery and holder

3 bulbs and holders

switch

connecting wires (6 for the left-hand one,
7 for the right)

1
2

Chapter 6 Everyday reactions

BandD

A—Vinegar reacts with baking soda (sodium
hydrogen carbonate) to produce carbon dioxide
gas.

D—NaCl is a salt. It does not contain hydrogen.

a exothermic

b endothermic

€ exothermic

d endothermic (see page 159)

Unknown solutions
X Y A
blue litmus blue red blue
red litmus red red blue

20 o
o< =m®~

10

Lemon juice is an acid and will neutralise
aluminium oxide (a base) to produce a soluble
salt and water. Because the coating of aluminium
oxide has been removed, the saucepan is shiny.
Heating the lemon juice makes the neutralisation
reaction go faster.

Normal rainwater (pH 6) is slightly acidic
because carbon dioxide in the air dissolves in
raindrops to form carbonic acid (see page 154).
Acid rain is even more acidic because waste

gases from power stations and cars dissolve in

it. Sulfur dioxide dissolves to form sulfuric acid,
and nitrogen dioxide also dissolves to form acids.
Distilled water (pH 7) does not contain impurities
such as carbonic acid, so it is neutral.

Some plants grow better in acidic soils and some
prefer alkaline soils. If the soil is too acidic (pH
less than 7), you can add powdered limestone,
and if it is too alkaline (pH more than 7), you can
add compost or a soluble fertiliser. See page 143.

A releases more H* ions in solution than C, and
hence conducts electricity better—as indicated
by the brightly glowing bulb. B doesn’t contain
enough H* ions to make the bulb glow.

Lab review

Use universal indicator solution or pH paper
to decide which liquid is acidic (hydrochloric
acid) and which is basic (caustic soda solution).
The sodium chloride solution and the water
are both neutral, but when you evaporate the
sodium chloride solution you are left with a
white solid.

Chapter 7 Body balance

H
B

a Involuntary actions include heartbeat,
breathing, digestion and balance (see page 166).

b The cerebellum and the brain stem coordinate
involuntary actions.
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flash of light
receptors in eye
sensory neuron
spinal cord
motor neuron
pupil

pupil decreases

OTEOO® >

Hormones can act on the whole body, on body
systems or on individual organs. Nerves act only
on muscles and glands.

@ Animals A, B and C are mammals or birds
because they have a constant body
temperature.

b 40°C

€ Animal B is probably a human because the
set-point temperature is about 37°C.

d The body temperature of animal D increases
during the morning as the outside temperature
increases. Its body temperature decreases when
the outside temperature decreases in the
afternoon.

a Experiment 1: The cells that produced the
growth hormone were removed, so the growth
of the shoot stopped.

Experiment 2: The growth hormone in the
extract acted on the cells below the cut and
growth continued.

Experiment 3: The black cap stopped the

light getting to the cells in the tip, which

in turn stopped the production of growth

hormone, and growth stopped.

b There are several possible designs. Here is
one way:

e Cut the tip off one plant, crush it and
place the extract on the cut shoot (as in
Experiment 2).

e Cut the tip off a second plant and crush
it. Then cut off another piece of the shoot
to expose the cells further down. Place the
extract on this shoot.

e The first plant should grow while the
second one will not.

@ Hormone X stimulates the kidney to reduce
the amount of sodium being filtered out of
the blood and therefore increases the amount
of sodium in the blood.

b the receptors in the brain

Chapter B Using electricity
1 A

2 When you turn the switch on, electric current
flows in the coil and the electromagnet works. It
attracts the L-shaped piece of metal attached to
the spring, pulling the bolt out of the door. When
you turn the switch off, the electromagnet no
longer attracts the metal bar, which is pulled up by
the spring, locking the door again.

3 a
b

c
4 a
b
c
d
e
5 a
b

~
(+)
q
nerve
( 3 impulses
pituitary
gland
(o) hormone Y
adrenal
glands
hormone X

kidney

The earth pin is the bottom slightly longer one.
The earth wire connects the metal case of an
appliance to the ground. If there is a short
circuit, the electric current travels to the
ground instead of through your body.
Appliances that are double-insulated do not
need an earth wire. They are surrounded by
plastic (an insulator) and have no external
metal parts (conductors).

alternating current

12 watts

six D-sized batteries

The [O] symbol indicates that the radio is
double-insulated. It therefore needs only a
two-pin plug.

The radio operates on 9 volts DC, so it would
need a step-down transformer to reduce the
voltage from 240 V to 9 V.

High-pressure steam spins the turbines.
In the electric generators, kinetic energy is
converted to electrical energy.
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¢ C contains step-up transformers to increase
the voltage before it is transmitted to our
homes.

d Before the electricity is supplied to our homes
the voltage must be decreased to 240 volts,
using step-down transformers.

e Everything would be the same, except that
instead of burning coal to heat the boiler you
use a nuclear reactor. (See Fig 6 on page 94.)

6 cnergy (kilowatt-hours) power (kilowatts)
x time (hours)

_ 1500
= Tooo <3
= 4.5 kilowatt-hours

4.5 x 15 cents

cost of energy =

= 68 cents

7 a 2amps

b 4volts

c R=-Y- Avolts _ 5 ohms

I 2amps

8 a voltage, current and resistance

b resistance—kept at 6 ohms

€ The voltage doubled.

d The voltage doubled.

@ The voltage stayed the same.

f V=1IR

Chapter 9 Ecosystems
1 A

2 C and D—Functional adaptations are those
that refer to the functioning or working of the
organism’s body.

3 a Disks found on different surfaces

20
181

Number found

16
14
127
10
8_
6
4
2

Blue Green VYellow Red

b The yellow and red disks were similar in
colour to the surroundings, since fewer of

them were found than blue and green. The
surroundings might have been a yellow-red
coloured sand or soil.

€ The four different coloured disks represent the
variations in a population. On this particular
surface, the yellow and red disks have a better
chance of survival. Over time the ‘predators’
will reduce the numbers of blue and green
disks and the population will consist mainly of
red and yellow disks.

4 B and D—AIll the others involve living things

(biotic factors).

5 B

6 The table shows some of the differences

between the two ecosystems; you may have
others. Check with your teacher if you are
unsure.

River ecosystem Urban ecosystem

* Humans are not the * Humans are the
dominant organism dominant organism
Matter is usually + Matter is usually
recycled in the taken out of the
ecosystem ecosystem

* Apartfrom solar * Large energy inputs

from outside the
ecosystem

energy, very few other
energy inputs

7 A wheat field is not sustainable because matter is

taken out of the field when the wheat is harvested
and other matter in the form of fertilisers is added
when the wheat is growing. So this ecosystem will
always lose a large amount of matter and energy
when the crop is harvested, and gain a smaller
amount of matter and energy when the crop is
fertilised.

8 a The producers are the water plants and algae.

b The products of respiration are carbon dioxide
and water.

€ ] represents the first-order consumers—snails,
microscopic animals, tadpoles (they are
also second-order consumers), insect larvae.
K represents fish, lobsters and tadpoles (they
are also first-order consumers).

d L and M represent matter in the pond water
and the soil at the bottom of the pond.
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@ Matter can leave (and also enter) the
ecosystem when animals leave the pond. For
example, the insect larvae may change into
adult insects and fly away from the pond. Fish
can also be caught and eaten by birds that live
outside the ecosystem. Extreme weather events
such as floods can wash away the organisms
in the pond and the soil at the bottom of
the pond.

Chapter 10 Dynamic Earth

1 a B
b
syncline anticline
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€ The igneous rock probably came from lava
which flowed from a nearby volcano, then
later hardened to form igneous rock. Being
liquid, the top of the lava is flat.

d The lowest layer of rock is the oldest because
it was deposited first. The other sedimentary
layers were deposited on top of this one. The
youngest layer is the igneous layer, which
formed after the other layers had been folded
and eroded.

2 Wellington is on a plate boundary. Here the
relative movement of the two plates means that
earthquakes are highly likely. Melbourne is well
away from the edge of the plate, so the Earth
there is less likely to move.

3 @ The P wave is the first wave to arrive (time
3.15.00) and the L wave is the last (3.24.50).
See pages 253-254.

b P waves

L waves have the most energy because they
have the largest vibrations.

L waves

4 minutes (240 seonds)

The earthquake was about 2500 km away.
No. You know how far away the earthquake
was, but not its location. To find the epicentre
you need seismograms from three different
locations.

4 The rocks may be folded:

(]

Q =00

Or they may be folded and faulted:

5 The African plate is moving north (upwards on
the map), while the large Eurasian plate is moving
south-east (downwards and to the right). The
Mediterranean Sea is on the boundary of these
two plates, which are moving closer together.
This movement is making the Mediterranean Sea
narrower.

6 a The earthquake at location A has 1000 times
more energy than the one at location B (see
page 257).

N
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2 LED

3 capacitor
4 transistor
5 resistance
6 current

7

LDR

(
b Location A earthquake, magnitude 6— a speaker
most houses damaged. b phosphor
Location B earthquake, magnitude 3— € brightness control
suspended objects swing, vibrations are like d electron gun
those caused by passing trucks. e deflecting coil
7 a L waves are called surface waves because they f antenna
travel only on the Earth’s surface a The light bulb will glow only in circuit B
b The fastest S waves travel at 8 km/s. The time where the negative end of the diode (the
taken to travel 1000 km is straight line in the symbol) is connected to the
negative side of the battery (short fat stroke).
1000 km - 125 seconds (2 min S s) b Circuit A has the largest current. This is
8 km/s because it has the largest voltage and the
resistance in each circuit is about the same.
€ The outer core of the Earth is in a liquid To calculate the actual current in each circuit
state and S waves do not travel through it. you can use Ohm’s law.
Therefore S waves generated at location A will fax
not be detected at location C or D. machine [glectrical
COCHIST energy telephone
A «—— Earthquake e
occurs here. \ 9
S waves light
cannot energy
pass o
through % telephone
outer core. machine [glectrical| o or
message «— Sy exchange
B
abD
b D
cC B
a 1 Hz (1 wave per second)
b
wave from higher-
original wave pitched sound
D
Chapter 11 Communication ol
technology ‘:
1¢C
2 1 diode '

The sound waves cause the paper cone to
vibrate. This causes the coil to move in and out
of the magnet. This movement then creates an
alternating current in the wires.



The first mention of the words in this list occurs in dark

type. 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, tsunami (tsoo-NAH-me).

abiotic factors: physical or non-living factors that
affect the survival of organisms in ecosystems; for
example, soil type, availability of clean water and
temperature 219

acid rain: rain that is acidic due to dissolved air
pollutants; it can damage plants and buildings 154

acids: substances that can form hydrogen ions (H*) in
solution; an acid can neutralise a base 136

adaptations (ADD-ap-TAY-shuns: the characteristics

of an organism that enable it to survive in its habitat
221

addition (of colour): making colours by adding different
coloured lights together 42

alkalis: bases that are soluble in water 136

alpha particle: positively charged helium nucleus
(two protons and two neutrons) given off during
radioactive decay 97

ammeter: an instrument used to measure electric
current, in amperes or amps (A) 118

AM (amplitude modulated): radio stations that
broadcast using a type of wave whose frequency is
constant but whose amplitude varies 287

amplitude: the size of a signal or the loudness of a
sound, measured by the height of the wave above or
below the zero point 268

analog (AN-a-log) signal: a wave signal used in
communication devices, that varies in value at
different points in time 269

antibiotics: chemicals that stop the growth of bacteria
inside the body 78

antibodies: special proteins made by the body in
response to invasion by microbes and their toxins 77

anticlines: upwards-bending folds in rock layers 247

atomic number: the number of protons in the nucleus
of an atom; equal to the number of electrons 89

auxins (ORK-sins): a group of hormones responsible
for the growth of cells in the stems and roots of
plants 177

bacteria: unicellular organisms that have a very simple
structure and no distinct nucleus 62

bases: substances that can form hydroxide ions (OH")
in solution; a base can neutralise an acid 136

behavioural adaptation: the way an organism behaves
in order to survive in its environment 222

beta particles: high-speed electrons given off during
radioactive decay 97

biotic factors: biological or living factors that affect the
survival of organisms in ecosystems; for example,
predators and availability of food 219

bit: a binary digit, with the value 1 (on) or 0 (off) 269

blind experiment: a controlled experiment involving
people, where the subjects do not know who is in
the control group and who is in the test group 8

brain: the main organ of the nervous system, which
controls all the systems in the body 165

brain stem: the base of the brain, which controls
involuntary actions such as breathing and heartbeat
166

byte: a unit of information, usually eight bits, used in
communications technology 269

capacitors: electronic components that store charge in a
circuit 276

cathode ray tube: a glass tube in which an electron
beam is produced and controlled to form a pattern
of light on a fluorescent screen 283

cellular respiration: the process that occurs in cells in
which food is broken down in chemical reactions to
release energy 158

cerebellum (ser-a-BELL-um): a small, crinkly part
at the lower back of the brain that controls
involuntary actions such as balance and
coordination 166



Glossary

cerebrum (ser-EE-brum): the largest part of the brain;
it controls memory, speech and voluntary actions,
and receives information from sense receptors 166

chain reaction: the process in which one nuclear
reaction produces particles that start off a chain of
similar reactions 93

circuit-breakers: safety devices that break electric
circuits when they carry too much current 194

circuit diagram: a standard way of drawing an electric
circuit, using symbols 124

conductor: a substance that allows heat or electricity to
move through it easily 118

continental drift: an early theory that suggested that
the positions of the continents on the Earth’s surface
have changed over time 259

control: part of an experiment not allowed to change;
results obtained in the experiment are compared
with this control 64

core: the innermost part of the Earth, made of a liquid
outer core and a solid inner core 246

correlation: how closely two variables depend on each
other 15

corrosive: type of chemical that can burn or ‘eat away’
skin and other materials; examples include acids
and alkalis 136

crust: the relatively thin, solid outer skin of the Earth
246

digital signal: a wave signal used in communication
devices; it has one of two values—zero or one 269

diodes: electronic components that allow current to
flow in one direction only 275

dispersion: the splitting up of white light into the
colours of the spectrum 39

double-blind experiment: an experiment in which
neither the subjects nor the experimenters know
who is in the control group and who is in the test
group 8

earth wire: a wire connecting the metal case of an
appliance to the ground 195

ecosystem: a system of relationships among organisms
and the way they interact with the non-living things
in their habitat 219

electrical resistance: resistance to the flow of electric
current through a conductor; good conductors have
low resistance 121

electric charge: results when an object gains
electrons (negative charge) or loses electrons
(positive charge) 110

electric circuit: a continuous path around which an
electric current can flow 118

electric current: the flow of electricity around an
electric circuit 117

electromagnetic spectrum: the full range of
electromagnetic radiation, such as heat, light,
ultraviolet and X-rays 49

electrons: tiny particles carrying a negative charge; they
surround the nucleus of an atom 87

endocrine glands: glands found in various places in the
body, which produce hormones and release them
directly into the blood 171

endocrine system: system consisting of a number of
endocrine glands throughout the body 165

endothermic reaction: a reaction during which energy
is absorbed; energy must be supplied to keep the
reaction going 157

energy pyramid: a diagram that shows the amount of
potential energy in each level of a food web 231

epicentre: the point on the Earth’s surface directly
above where the movement of rocks occurs in an
earthquake 253

exothermic reaction: a reaction that releases energy 158

extrapolating (ex-STRAP-oh-late-ing): using a graph
to predict a value beyond the range of a set of
measurements 14

fault: a crack in the Earth’s crust along which rocks
move 248

fermentation (FUR-men-TAY-shun): the process in
which yeasts use sugars as food, producing carbon
dioxide and alcohol 67

FM (frequency modulated): radio stations that
broadcast using a type of wave whose amplitude is
constant but whose frequency varies 288

focus: the point at which rays of light meet after
reflection from a curved mirror, or refraction by a
lens 30

folds: the buckling of rocks caused by huge Earth forces
247

frequency: the number of waves that pass a certain
point in 1 second; it is measured in hertz (Hz) 287

functional adaptation: the way an organism’s body
works in order to survive in its environment 222

fuse: a safety device containing a piece of wire that
melts and breaks the circuit if too great an electric
current passes through it 194

generators (electric): devices that use electromagnetic
induction to convert kinetic energy into electrical
energy 208



gamma rays: very high-energy electromagnetic
radiation given off during radioactive decay 97

half-life the time required for half the nuclei in a
sample of a radioisotope to break down (decay) 98

hormones: chemical messengers emitted by endocrine
glands that control important processes of an
organism, such as growth 165

indicator (acid-base): a substance, eg litmus, that turns
different colours in acidic and basic solutions 138

infectious diseases: diseases caused by microbes such as
viruses, bacteria and unicellular organisms 73

insulator: a substance that does not allow electricity
(or heat) to move through it easily 118

interpolating (in-TERP-oh-late-ing): using a graph
to predict a value between two or more
measurements 14

ion (EYE-on): an atom or a group of atoms that has
a positive or negative charge, caused by the loss or
gain of electrons 145

isotopes (EYE-so-topes: atoms of the same element
that have the same number of protons, but different
number of neutrons 89

kilowatt-hour (kWh): the unit used to measure electrical
energy; it is 1000 watts used for 1 hour 202

law of conservation of mass: the total mass of the
reactants in a chemical reaction is always equal to
the total mass of the products 92

law of reflection: the angle of incidence of a light ray is
equal to the angle of reflection 30

line of best fit: a line that is closest to most of the
plotted points drawn on a graph; it shows the
relationship between two variables 12

liquid crystal displays (LCDs): displays that use liquid
crystals sealed between two glass plates; used in
digital watches, calculators and flat screen TVs 286

mantle: thick layer of rock below the Earth’s crust; it is
partly solid and partly molten 246

mass number: the total number of protons and
neutrons in the nucleus of an atom 89

microbes: microscopic organisms that include bacteria,
algae, protozoans and viruses 59

mutations: changes in the DNA or genetic code of
living things; they may be caused by exposure to
radiation or chemicals 159

natural selection: the process in which organisms
that have favourable characteristics survive in a
particular habitat, and reproduce 224
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negative feedback system: a system of control in the
body in which the response acts as a stimulus to

oppose the change caused by the original stimulus
180

nervous system: system consisting of the brain, spinal
cord and nerves that runs to all parts of the body
165

neuron (NEW-ron): the basic unit of the nervous
system; a nerve cell 167

neutralisation: the reaction of an acid and a base to
form salt and water 152

neutrons: neutral particles in the nucleus of an
atom 88

nuclear fission: the splitting of the nucleus of a large
atom such as uranium into smaller atoms, with the
release of a large amount of energy 93

nuclear fusion: a nuclear reaction in which two small
atomic nuclei (usually hydrogen) join to form a
large nucleus, with the release of a huge amount of
energy; nuclear fusion occurs in the sun 94

nuclear reaction: a type of reaction that involves
changes to the nucleus of the atom; these reactions
release huge amounts of energy 92

nuclear reactor: a device in which nuclear reactions can
be controlled 94

nucleus (atom): the positively charged core of an atom;
it contains protons and neutrons 87

ohm (Q): the unit of electrical resistance 198

Ohm’s law: the current (I) flowing through a resistor is
proportional to the voltage difference (V) between
its ends; the equation for Ohm’s law is V = IR,
where R is the resistance 199

optical fibres: cables made of thin pure glass fibres that
allow the transmission of digital light pulses over
long distances 35

parallel connection: a method of connecting
electrical components (eg batteries and bulbs), so
that the current divides and part passes through
each component 125

pH: a scale from 0 to 14 that indicates how acidic
or basic something is; pH stands for ‘power of
hydrogen® 142

phagocytes (FAG-o-sites): large white blood cells that
are able to engulf and destroy microbes and other
foreign bodies 75

phosphors (FOS-fours): substances, coated on the
inside of a cathode ray tube or plasma screen, that
glow when struck by electrons 284
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pituitary (pit-YOU-it-tree) gland: an endocrine gland,
located on the underside of the brain, that controls
other endocrine glands 172

pixels: tiny dots of colour (red, blue or green) on a
television or computer screen 284

placebos (pla-SEE-bows): substances that have no
chemical effect on the body; given to a subject in a
blind or double-blind experiment 8

plate tectonics: a theory modified from the continental
drift theory, which suggests that the Earth’s crust is
made up of slowly moving plates 260

power (electrical): the rate at which an appliance uses
electrical energy; it is measured in watts (W) 202

protists: large group of organisms (kingdom) that have
a very simple structure; the group includes algae and
unicellular organisms that live in water 59

protons: positively charged particles in the nucleus of
an atom 88§

quadrat: a small measuring area that can be used to
sample the organisms in a particular area 18

quarks: particles even smaller that protons and
electrons; scientists infer that protons, neutrons and
electrons are made from quarks 90

radioisotope: an isotope that is radioactive 89

reflex action: an automatic response to a stimulus
without involving the brain 169

refraction: the bending of light that occurs when light
passes from one transparent substance to another
32

resistors: poor conductors used to reduce the amount
of current flowing in an electric circuit 275

Richter (RICK-ter) scale: a scale from 1 to 10, used to

measure the magnitude or strength of an earthquake
257

salts: compounds formed when an acid reacts with a
base, a metal or a carbonate 151

scatter graph: a graph where you plot many points to
see if there is any correlation between two variables
15

scattering (of light): the bouncing of light from particles
such as dust or smoke 45

seismographs (SIZE-mo-graphs): instruments that
record earthquakes and measure their magnitude 253

semiconductors: substances (for example, silicon
and germanium) that have properties between
conductors and insulators and that are used to make
diodes and transistors 280

series connection: a method of connecting electrical
components (for example, batteries and bulbs),
so that the current passes through one then the
other 124

short circuit: a fault that allows current to flow along
an unintended low resistance path in an electric
circuit 194

solar cell: a device that converts light energy into
electrical energy 207

spectrum: the rainbow colours produced when white
light is split up after passing through a prism or
raindrops 39

structural adaptation: a special feature of an
organism’s body that helps it survive in its
environment 222

subtraction (of colour): making colours by mixing
different paints or pigments together 42

sustainable: an ecosystem is sustainable if it supports
diverse groups of organisms and can exist over a
long period of time 236

synclines: downwards-bending folds in rock layers that
forms a U-shape 247

total internal reflection: occurs when light hits a
boundary between two transparent substances at a
large angle of incidence and is reflected, with none
transmitted 35

toxin: a poison given off by a microbe 73

transformer: a device designed to increase (step up)
or decrease (step down) the voltage of alternating
current 212

transistors: electronic components that act as a switch
or an amplifier in a circuit 276

tsunami (tsoo-NAH-me): a giant wave or series of
waves caused by an underwater earthquake 254

vaccination: the process in which heat-treated viruses
and bacteria, or the toxins they produce, are
injected into the body so that the body will make
antibodies ready in case of infection by those
microbes 78

viruses: extremely small microbes that can only
reproduce inside other living things 73

voltage: the electrical ‘push’ causing current to flow in
an electric circuit 118

voltmeter: an instrument used to measure voltage, in
volts (V) 198

watt (W): the unit of power, equal to 1 joule per second
202



abiotic factors 219-220
AC 191-192
acetic acid 137
acid-base indicator 138
acid rain 154, 159
acid (stomach) 137
acids 136-137, 140
explaining them 145-146
in food and drink 137
reactions 149-152
active (live) wire 192, 195, 201
adaptations 221-223
colour 222-223
to fire 223
addition (of colours) 42
alcohol (from bread) 68
algae 59, 61
alkalis 136
alpha particles 97
americium 100
ammeter 119, 127, 198, 200
amplitude 268
AM radio 287, 289
analog signals 269-270, 284
anode 283
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antacids 152
investigation 153
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antibodies 77, 79
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antiseptics 78
asthenosphere 246
atomic bomb 107
Fat Man 107
Little Boy 107
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auxins 177, 178

background radiation 98-99
bacteria 62, 76
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