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ABOUT THIS BOOK

The Core Science Stage 5 textbook and learnON are designed for students who come to the science
classroom with a range of interests, backgrounds and learning styles. The topic units provide an in-depth
coverage of essential and additional syllabus content.

Each unit provides a range of investigations, stimulus material and activities to engage and challenge
students, as outlined in this summary of Core Science features.

Chapter opening activities

and investigations can be
used to:

e show connections
between science
and students’ own
experiences
provide opportunities for
students to demonstrate

their current thinking on
topic concepts.

Thought-provoking
chapter openings,
including a summary of
the key content covered in
each unit

Activities at the end of each
unit cover a full range of lower to
higher order activities, including
learnON interactivities.

The black bolded words in
questions highlight use of the key
verbs that are applied in NESA
exam questions. These questions
give students some practice in
answering this style of question,
using the key words most relevant
to stage 5 students.

(=) 5.7 Exercise: Remember and think

5.7.2 Characteristics of covalent compounds

Most covalent compounds have the following propertics.

+ They exist as gases, liquids or solids with low melting points because the forees of atraction between
the molecules are weak.

+ They generally do not conduct electriciy because they are not made up of fons,

+ They are usually insoluble in water.

HOW ABOUT THAT!

published i 1915. They are now commonly used by physical chemists

Remember

2. Define he tor ‘covalent bon
3. Describe what an element’ eleciron dot diagram represans.
a

Think

L] sulfur
e e )
e
e e 6
O e s o e SR
Y

7. @) Draw olctron dot dagrams o show how the folowing

Methane (CH,) 1) Phosphorus chiride (PCI) () Hydrogen (9080 uoegln'ucigng

P Tetrachioromethane (CCL) (v) Ammonia
(NHQ () Carbon cisulfde (CS,)

®

nvalved in bonding?

8. Explain why the noble gases don't form covalent compounds.
5.

Investigate
10. Silcon dloxc
melting point. Find out about s structure,

12

learn (3] resounces — o ony e

ansess ()

L

TOPIC 13
Ecology

13.1 Overview

Numerous videos and interactivities are embedded just where you need them, at the point of leaming, in
‘your leamON title at www jacplus.com.au. They will help you to leamn the content and concepts covered
in this topic.

13.1.1 Why learn this?

Droughis, floods. bushfires! The Australian environment can certainly throw some nasty surprises. The

cycle of years of droughts and bushiires followed by periods of heavy and prolonged rainfall is not new.

“The Australian continent was experiencing these extremes even before Europeans first arrived in Australa.

Has the climate become even more extreme over recent times, though? How does this impact on animal

and plant species?

Studying the way in hel

the importance of preserving natural ecosystems. The loss of a species and other changes can have implica-
I 1 Clean

fresh water s in short supply in many parts of the world. Increasing levels of greenhouse gases are causing

our planet to warm up, and rubbish is piling up at an alarming rate. The situation is not hopeless, however.

Scientific i y

t==O) LEARNING SEQUENCE

134 Overview 502
132 Features of the local ecosystem 504
13.3 How many aro eft? 508
13.4 Ecosystems are solar powered 514
13.5 The flow of energy in ecosystems. 520
13.6 Cycling of materials In ecosystems 524
137 Keeping track of species 528
13.8 Inspired by traditional owners a2
13.9 I’ all about balar 538

1310 Different perspectives 544

131 Review 548

A kangaroo bouncing through flood waters

Ecological footprint
To

How big s your footprint?

Your festyle can deternine how much of our planet's
You use. Your ecological foot

measurement of how much biological produciive land s

needed to support someone with your Ifsiyle. It helps you

10 588 how much of an impact you have on our planet’s

What do you think may happen if the overall ecological
fooprint of our species is greater than our planet can
provide us with? By understanding more about the ideas.
behind ecological footprins,

take responsible personal and collective actions to support
sustainable festyles.

Thinking about ecology

1. Define the tern ‘scological footprint.

2. Why s it important to understand the deas behind
ecological footprints?

3. Use the My footprint weblink in the Resources tab and
{ake a qui o find out what your ecological footprin s Use:
the Inks provided at the en of the iz {0 fnd ot some
Ways n which you couid change your ety o redice your

ecol .

4. Charlotte completed an ecological footprint quiz. Her
results are shown below.

@) Explin the statement °f everyone on the pianat Ived
my lfestyle, we would need 6.18 Earths'.

{6) Overal, i Charlote’s footprnt igger or smaller than
the averago Australian?

‘and goods and services footprint.

d) People iving in wealthy countries such as Australia and
the , on average, a much bigger ecological
footprintthan peopl fving in poor countres. Explain why.

{e) Some airine companies now offer carban offsets when
passengers book fights. Find out what carbon offsats.
are. Discuss whether they are a good way for frequent
fllers to reduce their ecological footprint.

I evyons o th planet e my osf, s would e

29909

&l

learn[i]3] resounces - onne ony

Explore more with this wablink: Ecologica ootprint

214 sacaranca Core Sclence Stage 5

502 Jacaranda Core Sclence Stage 5

TOPIC 13 Ecology 503

invesTiGATION 4.6 O
Reflection from plane and curved mirrors.

AIM: To compare the ightrays reflected from plane and
curved mirrors

You willneed:

The ‘ray’ box. It povides a way of tracing
the path of ight.

r
+ Aray box contains a ight source and a ens that can be
oved {0 create rays of light that converge, ravel straight
or diverge. The figh box can be placed on a sheet of paper
making liht rays reflected from the paper visibl to the
‘eye. Black plasti siders can be placed In ront ofthe ight
Source o create a single ray of liht or multipl parale
ays. The path of the rays can be traced on the paper by
riing several smallcrosses along the path then crawing

aine to represent the rays using a ruler.

Part A: The plane mirror

« Create a single narrow ray of ight fom the ray box by
selecting the appropriate black plastc siide.

e

Ui

st Normal

right

roflected rays.

refiected rays. Use s o lstrae the directon of the ght
rays befora and afer stiking the miror

« Usinga protrator draw a dtted ne 90 o the miror fo
reprosent he normalas shown above right.

= Measurethe incdsnt angie and th roflcted angle

Part B: Gurved mirrors

+ Create multpl paralel raysof ght rom the ray box by

selecting the appropriate black plastc side.

» Shine the light rays onto spherical concave and parabolic
‘concave miors as shown at righ.

+ Draw a ine along the inner surface of each of the curvedt
mimors to mark their position then cra a series of small

crosses to mark the position of the ncident and reflcted
rays

« Remove the mirtor and draw lnes to represent the
Incident and reflected rays. Use artows to lustrate the

mirors as shown at right.
+ Create parale rays offight from the ray box by selecting
the appropriate black plastc side.
Discussion
1. Gompare the ncident and reflected angles. Discuss
whether your data follows the law of reflecton.
2

3

a
5. Describe what happens to lght strking convex mirors.

TOPIC 4 Invisble waves. 161

Units include descriptions of
elLessons, interactivities and

weblink-based activities available
in Resources tab.

Investigations in each chapter
reinforce the topic concepts and
provide a comprehensive practical

program for stage 5 students.
Investigations are placed in context,
to help students relate their practical
work findings to topic concepts.

Accompanying worksheets can be
found in the student learnON as

Word files.

ousRs

’5.6 Covalent bonding

e e e

1 Madeh ol madecrdes
T Falioming iagran dhome sens wonrewnn rmbartly boadix, ambecubes

[ " bl shew the g
Carban dhacde tadane e po
P . omch
_—
Dvewe extren et hgar (e witee. meduae axd anpzen
1. Lighisieg
Ina dghrrng mibear ol

de reakecaien. The woed equathan

Nirwgen gan + Orypes g = Mirvges meomi gn
14) Yaw reay wree are presert  ane

0 wtregen endoade? - ) e okt

okl
1o cree 3 hoamed oqsio

o et 4d peidees mwbes s, 0 e abave
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A bakery supplying bread to a supermarket can be an analogy for an electric circuit.

Science as
4.5 The communication revolution a human

1. The bakery manager loads the
Science as a human endeavour

bread onto the vans and sends

Concepts are
explored through R e
visually stimulating BN

and detailed

diagrams that L e o o
engage visual and

linguistic learners. . iho mansgeroadsmors b

4.51 Electromagnetic waves endeavour
N Cenomgnete wave e rogh s o 300000 A roprrson o gt of an units in each
chapter provide
high-interest

content that

Empty vans collect
bread at the bakery.

Kilometres per second and can travel through a vacuum, The ~ ©lectromagnetic wave
‘waves actually consist of pulsing electric and magnetic fields.
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electromagnetic radiation is called the electromagnetic spectrum and is illustrated below. Higher frequency
radiation in the electromagnetic spectrum, namely X-rays and gamma rays. carry higher energy intensity
and hence can penetrate objects, including body tissues. Gamma rays are used in radiotherapy to attack
cancerous cells in tumours.
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content to make learning more visible, personalised and social. Hundreds of engaging videos and inter-
activities are embedded just where you need them — at the point of learning. At Jacaranda, our ‘learning
made visible’ framework ensures immediate feedback for students and teachers, with customisation and
collaboration to drive engagement with learning.

Core Science contains a free activation code

for learnON (please see instructions on the inside front cover),

so students and teachers can take advantage of the benefits of both print and digital, and see how learnON
enhances their digital learning and teaching journey.
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bring concepts to life
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TOPIC 1
All under control

1.1 Overview

Numerous videos and interactivities are embedded just where you need them, at the point of learning, in
your learnON title at www.jacplus.com.au. They will help you to learn the content and concepts covered
in this topic.

1.1.1 Why learn this?

How does this gymnast keep her balance?
Receptors throughout her body provide her brain
with information. Pressure receptors in the skin
of her palms and the sides of her feet provide
information about the position of the beam under her
hands and feet. Light receptors in her eye provide
visual information. Even receptors in her ears pro-
vide information that will help keep her balanced.
Sensory nerves carry the information to the central
nervous system. The brain processes it. When she
is ready to complete her move, nerve cells in the
gymnast’s brain will fire impulses that will cause
some muscles to contract and others to relax so that
she will execute her move perfectly.

In this topic you will learn about two body
systems — the nervous system and endocrine
system — and the role they play in controlling and
coordinating many of the processes that occur in
the body to keep cells alive.

This gymnast’s nervous system is coordinating the
action of her muscles to keep her balanced.

LEARNING SEQUENCE

1.1 Overview 1
1.2 Systems keeping cells alive 3
1.3 Keeping things balanced 8
1.4 Detecting change 11
1.5 Fast control 16
1.6 Brain power 22
1.7 Scientific research — spinal injuries 25
1.8 Slow control 32
1.9 Hormones and reproduction 34
1.10 Review 39
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INVESTIGATION 1.1

Measuring reaction time
AIM: To compare 2 methods for measuring reaction time

You will need:

a stopwatch

access to a computer or tablet connected to the internet

¢ Use each of the following methods to measure the average reaction time of students in your class.

Method 1:

— All the students in the class need to organise themselves into a single line around the classroom and hold
hands. The first student in the line needs to hold the stopwatch.

— When the teacher calls out ‘start’ the first student starts the stopwatch and squeezes the hand of the student
next to them. That student in turn squeezes the hand of the next student until the end of the line is reached,
then the hand squeeze needs to travel back down the line. When the first student feels the squeeze he or she
stops the timer.

— Repeat 5 times and calculate the average time taken for the squeeze to travel up and down the line.

— The average reaction time for students in the class can be calculated using the formula:

average time for sqeeze to travel up and down the line
2 x number of students

reactiontime =

Method 2:

— Use the Reaction testing 1 and Reaction testing 2
weblinks in the Resources tab to measure your reaction time.

— Enter each student’s reaction time into a Google Docs spreadsheet (or write them on the board if you do not
have access to Google Docs) and calculate the average reaction time for students in your class.

Discussion

Compare the results obtained by each method.

Which method is most valid? Justify your answer.

How could the reliability of each method be improved?

Which method gives the most precise measurement? Explain your answer.
What are some other ways that reaction time could be measured?

opod =

1.1 Exercise: Remember and think

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

1. List some organs of the body that detect changes in your surroundings.

2. Which body systems relay messages from one part of the body to another?

3. Explain why it is important for the systems of the body to work together in a coordinated fashion.
4. Give examples of situations where it is important to respond quickly.

5. Give examples of situations where a slower and carefully considered response is important.

learn RESOURCES

Explore more with this weblink: Reaction testing 1

Explore more with this weblink: Reaction testing 2
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1.2 Systems keeping cells alive
1.2.1 Systems

The human body is made up of trillions of
cells. Each of these cells must be supplied
with nutrients and oxygen and produces
waste products that need to be removed.
Cells have other requirements as well.
They function best within a narrow range
of conditions including temperature, pH
level and salt concentration. Body systems
work together to keep cells alive.

Cells

All living things are made up of at least
one cell. In multicellular organisms such
as humans there are different types of cells.
Each type of cell has a specific function
or job. Red blood cells carry oxygen to all
parts of the body. They are very small to fit
through tiny blood vessels.

The longest cells in the body are nerve
cells. Some nerve cells have a very long
tail called an axon that allows them to
relay messages from one part of the body
to another.

Tissues

A group of similar cells that carry out a
particular function together form a tissue.
For example, the muscles of your arm contain different types of tissue including skeletal muscle tissue.
Skeletal muscle tissue is made up of skeletal muscle cells.

Organs

Your heart, lungs, pancreas and kidneys are organs. Organs consist of different types of tissues. For example,
the heart is made up of a number of types of tissues including cardiac muscle tissue and connective tissue.

Systems

Organs form parts of systems. The kidney is an organ of the excretory system. The heart is an organ of the
circulatory system and the brain belongs to the nervous system. Systems in turn must work together to keep
the organism alive.

1.2.2 The respiratory and circulatory system work together to supply
cells with oxygen

All cells need oxygen. Air, containing oxygen, enters the respiratory system through the mouth or nose. It
travels through the trachea, bronchi and bronchioles of the respiratory system and enters the alveoli (air sacs)
of the lungs. There the oxygen diffuses into the bloodstream and binds to haemoglobin in red blood cells. It
has thus entered the circulatory system. It will travel to the heart in the pulmonary vein and is then pumped
out into the aorta, the main artery leaving the heart. The aorta splits into smaller blood vessels, which in turn
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branch into finer vessels. All cells of
the body are within a short distance of
very fine blood vessels called capil-
laries. Oxygen diffuses out of the cap-
illaries and into the fluid surrounding
cells — the interstitial fluid. From
there it diffuses into cells where it is
used for respiration.

Respiration is a process that
releases the energy stored in glucose
and converts it to a useable form. In
respiration glucose and oxygen react
to release carbon dioxide, water and
energy. It’s a multi-step process but it
can be summarised by the following
word and symbol equations:

Glucose + oxygen — carbon dioxide
+ water + energy

C6H1206 + 602 - 6C02 + 6H20

The carbon dioxide produced in
respiration must be removed from
cells. It diffuses out of cells and into
the interstitial fluid, then moves into
capillaries where it is carried in the
bloodstream back to veins and then
the heart. The heart pumps blood to
the lungs where the carbon dioxide
diffuses out of the bloodstream and
into the alveoli of the lungs. It is then
breathed out.

The circulatory system transports substances around the body.

Head, upper limbs

Aorta

Pulmonary a
Lung
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Kidneys, trunk
and lower limbs

Oxygen diffuses into the blood in the lungs and is delivered to cells by the circulatory system.
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INVESTIGATION 1.2

Model of the respiratory and circulatory system
AIM: To model the role of the respiratory and circulatory systems

You will need:

A4 sheets of white, blue and red cardboard

thick marker

¢ Use the sheets of white cardboard and the markers to make some signs with the words: lungs, head, right
atrium, right ventricle, left atrium, left ventricle, liver, intestines, kidneys, trunk and lower limbs. Use the figure
at the top of the previous page to decide how to organise the cards.

e Cut up at least 5 sheets of the red and blue cardboard into 4 smaller cards. Write ‘oxygen’ on the red cards
and ‘carbon dioxide’ on the blue cards. Give the red cards to student A who will play the role of the lungs.
The blue cards should go student B who will play the part of the body cells.

¢ All the other students in the class will play the part of red blood cells, moving around the circulatory system. Use
the figure at the top of the previous page to decide how the red blood cells should move around the room to
model the circulatory system.

Discussion

1. What are the benefits of using a model such as this one?
2. Identify some limitations of this model. How could it be improved?

1.2.3 Supplying cells with nutrients

In addition to oxygen, cells also need glucose for respiration, as well as other nutrients such as amino acids,
fatty acids, vitamins and minerals that come from the food we eat. The digestive system breaks down food
both physically and chemically. By the time it
The digestive system reaches the small intestine many of the carbohy-
drates in food have been converted to glucose,
proteins are converted to amino acids, and fats
are broken down into fatty acids and glycerol.
These substances pass through the walls of the
small intestine and diffuse into the blood in the
capillaries of the villi of the small intestine.
From there they will be carried in the blood-
stream to all cells of the body.

o
Tongue , =S,

Teeth

Oesophagus

Small finger-like projections
called villi line the walls of the
small intestine.

Liver
Stomach

Large intestine

Small intestine

Anus
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1.2.4 Getting rid of waste

Waste products must be removed from cells to
ensure that they do not reach dangerous levels and
interfere with normal cell functions.

Carbon dioxide is a waste product of respira-
tion. It is excreted in the lungs.

There is also another type of waste called nitrog-
enous waste that needs to be removed from cells.
It results from protein metabolism. The liver is
involved. It processes the nitrogenous waste and con-
verts it to a substance called urea. Urea is transported
in the bloodstream. When it reaches the kidneys it is
filtered out of the blood. The kidneys produce urine,
a solution of urea and other substances including
salts. In addition to excreting urea the kidneys are
also involved in salt and water balance.

The skin also plays a part in excretion. Excess
water and salts and small amounts of urea and
uric acid are removed from the body via the skin.

The excretory system

Vena cava Aorta

) Renal artery
Kidney:

filters the
blood and
produces
urine.

Renal vein

<— Ureter:
transports urine
from kidney to
bladder.

Bladder:
stores

urine.
Urethra:

<«— transports urine
from bladder to
outside body.

HOW ABOUT THAT!

The human kidneys remove excess salt from the blood to help keep levels constant. Different types of animals
have other ways of removing excess salt from their bodies. Turtles, for example, have salt-secreting glands
behind their eyes. Hence you may see a turtle ‘shedding tears’. On the other hand, penguins and some other
seabirds, such as the southern giant petrel, may appear to have runny noses because that is where their salt-

secreting glands are located.

1.2 Exercise: Remember and think

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

1. Copy and complete the following statements using these words: multicellular; organ; stomach; tissues.

(@) organisms are made up of many cells.

(b) are made up of similar cells that carry out a particular function.
c) An consists of different types of tissues.

(c) Al ists of different t f ti

(d) The is an organ of the digestive system.

2. Why do cells need oxygen?

3. Identify the part of the lungs where oxygen diffuses into the bloodstream.
4. Which molecule does oxygen bind to in the bloodstream?
5. What are carbohydrates, proteins and amino acids converted to in the digestive system?
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6. Identify the part of the body where nutrients diffuse into the bloodstream.
7. List some substances that must be removed from cells. .
8. Outline the function of the liver and kidneys in the excretion of nitrogenous Kidney
waste. Bladder
9. Identify some substances that are excreted via the skin. Ureter
10. Copy and complete the table at right. Urethra
Think
11. Distinguish between the terms ‘breathing’ and ‘respiration’.

12

. CPR (cardiopulmonary resuscitation) involves chest compressions and artificial respiration (sometimes in
the form of mouth-to-mouth resuscitation). Explain why:
(@) It would be pointless to do mouth-to-mouth breathing without chest compressions if a person’s heart had
stopped beating.
(b) CPR needs to be started as soon as possible after a person goes into cardiac arrest (heart stops beating).

Skill builder
13

. Study the 3 flow charts below and answer the questions that follow.
(@) Which process is represented in flow chart 1?
(b) Draw a diagram similar to flow chart 1 to show the parts of the respiratory system that carbon dioxide
would pass through as it is breathed out.
(c) Flow charts 2 and 3 show the movement of blood around the body. Compare the two flow charts by
answering the following questions:
() What additional information is shown in flow chart 3?
(i) Identify an advantage of flow chart 2.
(iii) In flow chart 3 some of the arrows are blue and some are red. What is this meant to represent?
(d) Draw a flow chart to show what happens to excess amino acids in the body.

Lung

Bronchi Bronchioles Alveoli

o=
mea Capillary geg Body cells Capillary

From body To body
Right atrium Left atrium
1
Venacava —> <
Deoxygenated lz l7 A
blood
6 Oxygenated
Right ventricle Left ventricle A blood
« 3 |
> 3 > Aorta
A
A
Pulmonary Pulmonary
artery Qiygenated blood vein
g Oxygenated blood
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1.3 Keeping things balanced

1.3.1 Homeostatis

Enzymes, the proteins that regulate chemical reactions in the body, work best within a narrow range of condi-
tions. For this reason it is important that blood sugar levels, body temperature, pH and salt levels in the blood
are carefully controlled. Conditions inside the human body remain fairly constant despite changes in the external
environment. This is known as homeostasis. In most instances it involves a negative feedback mechanism.

1.3.2 Negative feedback A negative feedback mechanism is involved in the maintenance of
. ) constant body temperature.
Negative feedback involves the fol-

lowing three steps:

1. A change in the body is detected
(e.g. a change in temperature or
glucose level).

X = ) ?
‘. \‘_‘T @ .16
2. A message is sent to a gland or \ & i
(B

organ. (Note: In some cases this i

may be a multi-step process.) /_, /fnba/%
3. A response 1s initiated. The Q Home§stasis= normal body

. temperature (35.6 — 37.8°C) .
response returns the body to its j — (G
. o,

normal state. e

The diagram at right shows how
negative feedback is involved in ?1 )
the maintenance of constant body

temperature. S~ Q -
Negative feedback is also involved ‘;
in the maintenance of blood sugar @

level. The hormone insulin is released
by the pancreas when an increase in

blood sugar levels is detected. Insulin Q Air temperature I )

. . (® Heat receptors detect increase in temperature and send
causes cells, including those of mus- . .

) message to the hypothalamus in the brain. Message travels
cles and the liver, to take up glucose, along nerve cells.
thereby returning blood sugar levels (@ Hypothalamus sends messages to sweat glands and walls of
to normal. When blood sugar levels capillaries close to the skin. _

(® Capillaries close to the skin dilate and heat radiates from the
are lower than normal the hormone !
. . skin surface.
glucagon, which has the opposite (@ Sweat production increases. Heat is lost as sweat evaporates
effect to insulin, is released. from the skin.
(@ Temperature returns to normal. Messages from hypothalamus
) . cease and cooling responses are turned off.
1.3.3 It’s not all negatlve ®© Air temperature decreases.
Homeostasis usually involves negative  (§) Heat receptors detect decrease in temperature and send
feedback but there are instances of message to the hypothalamus in the brain. Message travels
tive f . along nerve cells.

positive feedback in the body as well. @ Hypothalamus sends messages to muscles and walls of
Positive feedback is when a change capillaries close to the skin.
from the normal state triggers a reac- @ Capillaries close to skin contract. Less heat radiates from skin.
tion that results in the change being (@ Muscles shiver, generating heat.
amplified. ~Contractions becoming (B Temperature returns to normal. Messages from hypothalamus
gradually more intense during labour cease and warming responses are turned off.
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is an example of positive feedback. In the early
stages of labour the baby moves into the cervix,
the lower part of the uterus that connects to the
vagina. This causes stretch receptors in the cervix
to fire and bring about the release of a hormone
called oxytocin. Oxytocin causes the uterus to con-
tract, pushing the baby further into the cervix and
activating the stretch receptors. More oxytocin is
released, intensifying the contractions. With con-
tinued positive feedback the contractions continue
to become stronger until the baby is born. Once
the baby is out of the womb the stretch receptors
no longer fire. Oxytocin levels fall and eventually
the contractions stop.

1.3.4 Salt and water balance

The kidneys do more than just filter blood to remove
nitrogenous waste. They also regulate salt and water
balance. The process involves negative feedback.
Inside the kidneys are structures called nephrons.
The part of the nephron called the renal corpuscle
is where filtration occurs. The renal corpuscle con-
sists of a network of capillaries called the glomer-
ulus and a structure called the Bowman’s capsule.
Fluid and small particles pass from the glomerulus
into the Bowman’s capsule and into a tube called
the nephron tubule. Large particles including blood
cells remain in the blood. The liquid in the tubule
will eventually be excreted as urine, but as it passes
through the tubule the composition of the fluid is
adjusted. Useful substances are reabsorbed into the
bloodstream. Some water is also reabsorbed and salt
levels are adjusted. The amount of water and salts
that are eventually expelled from the body is care-
fully controlled. On a hot day or following exercise
less water will be excreted than on a cool day.

The hormone ADH (anti-diuretic hormone) is
one of the hormones involved in regulating the
amount of water excreted by the kidneys. If you
drink a lot of water, receptors send a message
to the hypothalamus in the brain to release less
ADH. Anti-diuretic hormone affects the nephrons
in the kidney so that less water is reabsorbed by
the nephron. The kidneys produce a large amount
of dilute urine. This returns water balance to
normal. If you are dehydrated the opposite hap-

The hormones insulin and glucagon are secreted by
the pancreas to control glucose levels in your blood.

b Pancreas secretes

insulin.

a Glucose level Sey: C Blood
rises above Insulin  glucose
given point. Ievel falls.

High ‘ ﬁr',
o Blood glucose ; &
\ level balanced.

d Glucose
£ Blood level falls
glucose bglow
level rises. given

/ point.
Glucagon o h %

@7 \ | .."g‘ﬁ' >

e { e Pancreas secretes {

glucagon.

As the baby moves into the cervix, stretch receptors
fire and stimulate the release of oxytocin, a hormone
that triggers contractions of the uterus.

Stretch
receptors
in cervix

<«—— Distal
convoluted
tubule

pens. More ADH is released by the hypothalamus and the kidneys excrete less water to restore water bal-
ance. Aldosterone is another hormone involved in salt and water balance.
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INVESTIGATION 1.3

Kidney dissection
AIM: To investigate the structure of a kidney

You will need:

kidney (from butcher)

scalpel

newspaper or dissection board
disposable gloves and goggles

CAUTION: To minimise the risk of infection from pathogenic organisms that may be growing on the
kidneys, ensure that the kidneys are fresh and refrigerated prior to the dissection. Wear gloves and goggles
to carry out the dissection and take care with the scalpel.

¢ Place the kidney on the dissection tray or newspaper and use a digital
camera or mobile phone camera to photograph it. Try to identify the
renal artery, renal vein and ureter and label these on your photo.

e Slice longitudinally through the kidney (see diagram). Take a photo and add

Make a longitudinal incision
when dissecting the kidney.

Make a longitudinal

the following labels to your photo: cortex, medulla, renal pelvis, ureter. S :
cut with a scalpel
Discussion
. Blood Medulla
1. Compare the colour of the medulla, cortex and renal pelvis. |
2. Copy and complete the following sentence: Urine is formed in the vesse S\‘
and collects in the . From there it is Renal .'4‘
taken out of the kidney via the : pelvis \/l \ J
3. The use of animal organs and whole animals in Science raises ethical Ureter ~i 2%
issues.
Cortex

(@) Explain what is meant by ‘ethical issues’.
(b) What are some factors that might be taken into consideration in
deciding whether the use of animals or their organs is justified for a particular scientific investigation?

1.3 Exercise: Remember and think

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Define the following terms: homeostasis, negative feedback, positive feedback.
2. In hot weather outline what happens to:
(a) the capillaries near the skin.
(b) the sweat glands.
3. Identify the hormone that is released when:
(@) an increase in blood sugar levels is detected.
(b) a decrease in blood sugar is detected.
(c) labour begins.
(d) you are dehydrated.
4. In the table below, match each organ or structure with its function.

Organ Function

() Kidney (a) Tube leading from kidney to bladder

(i) Glomerulus (b) Functional units of the kidney

(iii) Nephrons (c) As urine travels along this tube its composition
is adjusted.

(iv) Tubule (d) Organ that filters blood

(v) Ureter (e) Network of capillaries in renal corpuscle
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Think

8.
6.

7.
. Use the Negative feedback weblink in the Resources tab to see how a thermostat is used to model how

What happens to the hairs on your arms and legs in cold weather? Suggest why.

Suggest why your face might become flushed in hot weather and your lips might appear blue in cold
weather.

There are many more examples of negative rather than positive feedback in the human body. Suggest why.

negative feedback works.

() What is the advantage of using a model in this instance?

(i) In what way is a thermostat different to the way in which the human body regulates body
temperature?

. In type 1 diabetes the pancreas does not produce sufficient insulin. Insulin must be administered regularly

either by injection or with the use of an insulin pump. Explain why a person who has type 1 diabetes
needs to monitor the amount of carbohydrate they eat and adjust the amount of insulin they take in
accordingly.

Skill builder

10. Study the table at right.

A comparison of what is found in

blood and in urine
(a) Present the information in the table at right in the form of a

column graph. Quantity (%)

(b) Proteins are large molecules. Suggest why the concentration Substance In blood In urine
of protelr.1 in urine is 0%. . Water 92 95

(c) Glucose is a small molecule. What must happen to glucose in Brotei 0
the nephron tubule? roteins ’

(d) Would you expect the amount of water, salt and urea in urine Glucose 0.1 0
to remain constant from one day to the next? Explain your Chloride (salt) 0.37 0.6
answer. Urea 0.03 2

Iearn Resources

Complete this digital doc: Worksheet 1.1: The endocrine system (doc-12735)

1.4 Detecting change

1.4.1 Types of receptor cells

The first step in homeostasis is to detect a change from the normal state. Once the change has been detected

it can be corrected. Receptor cells are a special type of nerve cell that identify changes in the environment

both inside and outside the body. In humans many receptor cells are located in the sense organs including
the eyes, ears, skin, nose and tongue.

Stimulus these receptors respond Example of places where these

Type of receptor to are found
Chemoreceptors Chemicals Tongue

Photoreceptors Light Eye

Mechanoreceptors Pressure or distortion Skin, inner ear
Thermoreceptors Heat Skin
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There are different types of receptor cells. Each type responds to a particular stimulus. Once receptor cells
detect a stimulus, a message in the form of a nerve impulse is sent from the receptor cell. A nerve impulse
is a message that travels along nerve cells as a progressive wave of electrical and chemical activity. The
message eventually reaches the central nervous system (the spine and brain).

What role do the sense organs play in keeping you alive?

Eye

Photoreceptors in the retina of the eye detect light. There are

two types of photoreceptor: rods and cones. Rods cannot detect Nose

colour, but only low light is needed to trigger a nerve impulse Molecules of gas, including
from rod cells. Cones are involved in colour vision. In humans those that cause odour
cone cells respond to blue, red and green light respectively. (smell), enter the nasal

cavity of your nose when
you breathe in. There they
dissolve in the mucus

and cause the cilia of the
chemoreceptor neurons to
generate nerve impulses
that are sent to the brain
along the olfactory nerve.

Sounds cause vibrations in the

inner ear that are detected by

" mechanoreceptors in the cochlea.

"~ The impulses generated by the
mechanoreceptors travel along the
auditory nerve to the brain to be
interpreted. Other mechanoreceptors
in the semicircular canals detect
movement of your head and give you
Skin a sense of balance.

Tongue

Flavour molecules are detected

by one of four different kinds of

tastebud, or chemoreceptor —

sweet, salty, sour and bitter — that

are located on the tongue surface. The skin contains mechanoreceptors that detect

Each tastebud contains one of the vibration, pressure, touch and pain. Touch and

four types of chemoreceptor. pressure receptors are stimulated by compression of
the skin. Thermoreceptors in the skin detect heat.

INVESTIGATION 1.4

Touch receptors in the skin

AIM: To detect where skin is most sensitive to
light contact

Can you feel one point or two?

You will need:
2 toothpicks
ruler

2 rubber bands
blindfold
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Draw a table like the one on the right in your workbook.

Use rubber bands to attach twvo toothpicks to a ruler so that they are 2 cm apart.

Blindfold your partner. Gently touch your partner’s inside forearm with the points of the two toothpicks.

Ask your partner whether two points were felt. Move one toothpick towards the other in small steps until your

partner is unable to feel both points. To make sure that there is no guesswork, use just one point from time to

time.

¢ Record the distance between the toothpicks when your partner can feel only one point when there are really
two points in contact.

¢ Repeat this procedure on the palm of one hand, a calf (back of lower leg), a finger and the back of the neck.

e Swap roles with your partner and repeat the experiment.

Where is your skin most sensitive?

Distance (cm) between two points when only one point is felt

Part of the skin Your partner

Inside forearm

Palm of hand
Calf
Finger

Back of neck

Discussion

1. Which area of the skin was most sensitive?

2. Which area of the skin was least sensitive?

3. Suggest why the skin is not equally sensitive all over the body.

4. Which parts of the skin are likely to have the most touch receptors that respond to light contact?

1.4.2 The eye — a complex organ

Your eyes, like your other sense organs, are made
up of many different parts, each with its own special
job to do. Look into a mirror (or into the eyes of the e
person next to you). The dark spot in the centre of Fo s
your eye is called the pupil. Your pupil is simply

a hole in the iris. Your iris is the coloured part of

your eye. The amount of light entering into your g—
eye is determined by the size of your pupil, which is
controlled by your iris. Your iris is a ring of muscle,
so when it relaxes the pupil appears bigger, letting 2
more light into the eye; and when it contracts, the '
pupil looks smaller, letting less light into the eye.

1.4.3 Getting the picture

The cornea is the clear outer layer of your eye. It is
curved so that the light approaching your eye is bent
towards the pupil. The clear, jelly-like lens bends or
focuses light onto a thin sheet of tissue that lines
the inside of the back of your eye called the retina.
The lens is connected to muscles which can make it thick or thin. This allows your retina to receive a
sharp image of distant or nearby objects. Short-sightedness and long-sightedness are conditions in which
a sharp image is not received on the retina. In these cases, the image can be sharpened by using artificial
lenses such as those in spectacles.

Pupil (black hole)
Iris (coloured part)
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A number of structures within your eye function together so you can detect and respond to light.

Retina

i Image

Vo h
\ i i/ Optic
Light from a nerve

distant object ~cral

Lens

Although your eye receives light and produces an image of what you see, it is your brain that interprets
and makes sense of the image. The photoreceptors in the retina respond to the light stimuli by sending sig-
nals to your optic nerve which then forwards them to your brain for interpretation.

INVESTIGATION 1.5
Getting an eyeball full!

AIM: To investigate the structure of an eye

You will need:

bull’s eye or similar
safety glasses
dissection board
forceps

newspaper

stereo microscope
paper towelling
water

scalpel or razor blade

CAUTION: In this activity you will be using sharp instruments. Discuss with your teacher and other
members of the class a list of safety rules that should be followed carefully before beginning this activity.

e Carefully place the bull’s eye on a dissection board which has been covered with newspaper and paper towelling.
e Draw and label the structures of the bull’s eye before and after your dissection. (Use the diagrams below and
on the next page to help you to label your drawing.)

Cornea —» 2. Locate the optic
nerve. ltis a
hard, white solid
tube at the back
of the eye. You

1. Place bull’s eye on
dissection board covered
with newspaper. Locate

the transparent skin of may have to

the cornea. remove some fat
Eyeball is protected to see it.
by a tough —
protective layer Optic nerve —> &
(sclera).
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Iris 4. Cut a small window

in the eyeball. Be
careful that the
vitreous humour does
not run out. Starting
from this window, cut
forward and around
the iris.

3. Look at the
coloured part
of the eye (iris)
and the black
part in the centre

(pupil).

Pupil
o Cutting lines

¢ Add descriptive comments to your labels as you make your observations throughout this activity.

¢ Put on safety glasses just in case any of the aqueous or vitreous humour squirts out at you. Aqueous and
vitreous humour are jelly-like liquids which give eyes their shape.

e Carefully cut a small window just behind the iris using a razor blade or scalpel. Record your observations
regarding the toughness of the sclerotic coating.

¢ From this window, cut towards and then all the way around the iris so that you have cut the eye into two
parts.

e Lift off the top part of the eye and examine the iris.

¢ Remove the lens with forceps and see if you can read the print on the newspaper through it.

e Use water to rinse out the jelly-like material (humour) from inside the eye and examine the retina.

¢ Follow your teacher’s instructions regarding the cleaning of your equipment and disposal of the
dissected eye.

Discuss and explain

. What is the black part in the middle of the iris?

. What did you observe when you looked at the newspaper through the lens?

. What did the retina look like? Could you find the optic nerve?

. Summarise your findings in a table underneath your labelled bull’s eye drawings.

. What does the diaphragm in a microscope do? Which part of the eye does the diaphragm in a monocular
microscope most resemble?

6. Find out more about one of the parts of the eye that you have observed, such as its function, related

diseases or surgery.

a b~ N =

1.4 Exercise: Remember and think

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember

1. What name is given to all of the neurons that detect change in your sense organs?
2. Outline what a receptor does when it detects a change.

3. Identify the two types of photoreceptor cells in the eye.

4. Complete the below table.

Sense organ Stimulus Type of sensory neuron
Eye Light Photoreceptor

Sound and gravity

Nose

Chemical flavours

Vibration, pressure, touch and pain
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5. Identify the function of each of the following parts of the eye:
(@) lens
(b) iris
(c) optic nerve.
6. Jayden has good close vision but distant objects appear blurry to him. Is he short-sighted or long-sighted?

Think

7. ldentify the sense organs and sensory neurons that would be involved in detecting:
(@) a bee flying towards you?
(b) a tennis ball hitting you?
(c) hot chocolate entering your mouth?
8. If the human eye contains only 3 types of cone cells (red, blue and green) explain why are we able to see a
huge variety of colours.
9. Have you noticed that food tastes really bland when you have a blocked nose? Use the information about
the nose and the tongue in this subtopic to suggest why.
10. Deduce why the thickest part of your skin is on the soles of your feet.
11. Explain why some parts of your skin, such as the back of your hand, are more sensitive to heat than
others.

Research

12. Use the Eyeball 1 and 2 weblinks in the Resources tab to learn more about the name and function of the
parts of the eye.

Investigate

13. With a partner, play a guessing game to see how well you can use your sense of touch alone to identify 10
unknown objects.

14. You will need a blindfold and 10 objects of about the same size. Sandpaper, plastic, coins and pieces of
carpet, polystyrene, nylon and wool would be ideal. See who can identify the most objects correctly.

Iearn Resources

Explore more with this weblink: Eyeball 1

Explore more with this weblink: Eyeball 2

1.5 Fast control!
1.5.1 The nervous system

Your nervous system has an important role in the coordination and control of your body. Messages from
receptor cells are transmitted along nerves to the central nervous system where they are processed and a
response is initiated. Messages then pass along nerves to muscles or glands to bring about a response.

The nervous system is composed of the central nervous system (the brain and spinal cord) and the
peripheral nervous system (the nerves that connect the central nervous system to the rest of the body).
Once receptor cells have detected a stimulus, information about the stimulus in the form of electrical
impulses (nerve signals) passes rapidly from the receptors and along the peripheral nervous system to the
central nervous system. These electrical impulses travel through the nervous system via neurons (also
known as nerve cells). Neurons grouped together form a nerve.

There are three different types of neurons: sensory neurons, which carry the impulse generated by the
stimulus to the central nervous system; interneurons, which then carry the impulse through the central
nervous system; and motor neurons, which take the impulse to effectors such as muscles or glands. The
response from these effectors depends on the original stimulus. For example, if you put your hand on the
hotplate of a stove, the response is for your arm muscles to move your hand away from the hotplate.
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Relationship between the sensory neuron, interneuron and motor neuron

Nerve cell Dendrite
Interneuron body l

Axon branch >

Synapse

Dendrite Axon branch
Motor
Sensory neuron
neuron
Axon —» Axon \

Myelin sheath \

insulates the axon.

Path of /

nerve signal

\
P /

Nerve cell body

~

Receptor in the
skin produces
a nerve signal

T

Nerve signal arrives
at the effector

1.5.2 The structure of a neuron

A neuron is a long cell with the following features:

* a cell body containing a nucleus. It supplies energy and nutrients for the activity of the neuron.

* dendrites, fine branches that extend from one end of the cell and receive messages from receptors and
other neurons

* an axon, which is a long structure through which the nerve impulse passes along. There are axon branches
at the end of the axon. The axon is electrically insulated by a sheath or covering made of myelin.
Nerve impulses travel along a neuron in one direction only — from dendrite to axon branch.
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1.5.3 Passing the message on

Nerve impulses need to be passed
on from one neuron to another. This
happens at the synapse, the junc-
tion between two nerve cells. There
are also synapses where neurons
connect to effector organs. When
an impulse reaches the axon termi-
nals of a neuron, it causes chemical
compounds called neurotransmit-
ters to be released into the synaptic
cleft, the gap between the axon ter-
minal and the cell that the message
needs to be passed along to. The
neurotransmitter locks onto recep-
tors in the membrane of the cell on
the other side of the synapse and
this causes the cell to ‘fire’. Thus,
each impulse is passed on from one
neuron to the next until it eventually
ends at a muscle or gland, which, in

‘Receiving’

A synapse

‘S di f
Synaptic cleft ending’ neuron

Axon of
‘sending’ neuron

T ——

- oOko
, o<t

Neurotransmitter
packages

Mitochondrion

Released
neurotransmitters

turn, responds. While the impulse travels, it changes from an electrical message (within the neuron) to a
chemical message across synapses, then back to an electrical message again in the next neuron.

Many substances including alcohol, some painkillers, drugs such as heroin and cannabis, and some med-
icines prescribed to treat depression affect the way in which messages pass from one nerve cell to another.

HOW ABOUT THAT!

Ever noticed that you are often in a better mood after doing some exercise? When you
exercise your brain releases neurotransmitter molecules called endorphins. Endorphins
are morphine-like chemicals that act as natural painkillers. They block out some of the
mild pain associated with exercise. It is not known whether the endorphins themselves
result in an improved mood or whether the endorphins interact with the release of other
brain neurotransmitters. Exercise is such a powerful mood enhancer that in cases of
mild depression doctors will sometimes prescribe a daily walk or some other form of

exercise.

1.5.4 Watch out!

Have you ever had sand thrown in your eyes or touched something too hot? Sometimes you don’t have time
to think about how you will react to a situation. Some actions need to be carried out very quickly. These

reactions may require only a few neurons.
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The pathway shown at right is
known as a reflex arc. No con-
scious thought is required for
this type of action. The impulse l
follows a direct route from the :
receptor to the effector with an v '
interconnecting link in the spinal : {/<— Effector (muscle)
cord. Additional impulses are ' ‘
sent to the appropriate part of

the brain to keep it ‘informed’ Heat —> ¥~
and pain
receptor

can be described in terms of a v

stimulus — response model. The
stimulus may be the heat from a
flame and our response may be
to move away from the flame Diagram of the reflex arc
quickly.

This response involves a reflex arc.

Spinal cord

1 <——— Motor nerve

~<— Sensory nerve

of what happened. The reflex arc

Central Effector Action
nervous (muscle or or

system Motor gland) response
neurons

neurons

Interneurons

INVESTIGATION 1.6

How good are your reflexes?
AIM: To investigate some automatic responses

You will need:

a well-lit room

stopwatch or clock with a second hand
chair

e Work in pairs for both parts of this activity. Decide who will be the experimenter and who will be the subject.
Then swap roles and repeat both parts.

Part A: Kept in the dark

¢ |f you are the experimenter, look closely at the eyes of your partner,
noting the size of the pupils.

e Ask your partner to close his or her eyes for 60 seconds.

e At the end of this time, monitor your partner’s eyes for any changes.

Your pupil is not always the same
size.

Discussion

1. What changes did you notice?

2. What was the stimulus?

3. What was the response?

4. Why do you think this reflex action is important to our survival?
5. Can you control the size of your pupil?

Part B: Knee jerk
Have your partner sit on a chair with one leg crossing over the other knee. Use
the edge of your hand to gently strike the crossed leg of your partner just below
the knee in the joint. You may need to repeat this a few times to get a response
from your partner.
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Discussion

6. What happened?

7. What was the stimulus?

8. What was the response?

9. What was the effector?
10. Did you get the response the first time? Why or why not?
11. Can you control a knee-jerk response?

1.5.5 Think about it

More complex actions involve many interconnecting neurons and specialised parts of the brain. The mes-
sages pass into and along the spinal cord to be interpreted. When thinking takes place, we can make deci-
sions about which responses are needed. Impulses are then sent along appropriate motor neurons to the
effectors. This is called a conscious response. Many learned actions can become automatic if the same path-
ways are used often enough. Skill development and control in playing musical instruments and sport, for
example, depend on practice during which the same pathways are often used.

1.5.6 Chemical warfare

Beware of toxic ticks, stinging trees, nasty nettles or jellyfish! Many plants and animals have ways of repel-
ling boarders or paralysing their prey.

How do they do it? Blue-ringed octopuses, paralysis ticks, tiger
snakes and other animals and plants produce cocktails of poisons that
block the production and action of neurotransmitters at synapses. The
poison from a red-back spider, for example, empties the impulses out
of the neurotransmitters. Interfering with the neurotransmitters’ job of
carrying the message to the next neuron interferes with the transfer-
ence of the message and can cause spasms and paralysis.

Many plants produce chemicals that sting by strongly stimulating the Some chemicals can
pain receptors in the skin. Messages are sent rapidly to the brain, which specifically target your
interprets them as pain. Other plants, including chrysanthemums, pro- nervous system and disrupt

. . . its functioning. Scientists
duce insecticides such as pyrethrums. These target the nervous system and experts working with
of insects, resulting in their death. The commercial production of such dangerous materials use suits
natural pesticides is a large industry and is regarded as environmen- such as the suit shown here
tally friendly because natural pesticides replace the use of more harmful ST [PROE e,
chemicals. -’7 Pl

Similar chemicals have been used as agents of human warfare. f{ %
These chemicals specifically target the nervous system. Nerve gas, for .
example, contains a substance which prevents neurotransmitters func-

tioning properly at the synapses. The neurotransmitters accumulate,
causing the nervous system to go haywire. Such chaos can result in
death.

The first nerve gas, tabun, was initially developed when German
scientists were developing a better insecticide. This has led to more
deadly agents such as sarin and VX. All nerve gases block the body’s
production of an enzyme called acetylcholinesterase. This enzyme reg-
ulates the nerves controlling the action of particular muscles. A defi-
ciency of acetylcholinesterase leads to tightening of your diaphragm,
convulsions and death.
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1.5 Exercise: Remember and think

To answer questions online and to receive immediate feedback and sample responses for every question, go

to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

1.

Remember
Copy and complete:
(@) The central nervous system consists of the and the .
(b) The nervous system consists of all the nerves that connect to the central nervous
system.

N

~N O

(c) Sensory and effector nerve cells have a long tail-like structure called an
(d) The junction between two nerve cells is called a .
(e) A reaction that does not involve conscious control is called a action.

. Copy and complete the table at right.
. Exp;lam why animals need a nervous Type of neuron Function SR
system. :
. Describe the role of neurotransmitter Sensory Carry nerve impulses
molecules at a synapse. from sense organs to
. Distinguish between: central nervous system
(a) a receptor and an effector Interneuron
(b) a sensory neuron, an interneuron and Motor neuron Long axon

a motor neuron
(c) a neuron and a nerve
(d) a reflex action and a conscious response.

. Construct a diagram to describe how impulses are transmitted between sensory and motor neurons.
. Describe one way in which animals can cause paralysis.

8. Describe how some plants defend themselves against:

(@) humans
(b) insects.

Think

9. Explain why the axon of neurons is covered with a myelin sheath.

10. Which of the following are reflex actions?
blinking, clapping your hands, coughing, blowing your nose, sneezing, shivering

11. Identify the reflex action that occurs when:
(a) dust gets caught in your nose
(b) you step on a prickle.

12. Politicians are sometimes accused of having ‘knee-jerk reactions’.
() Define the term ‘knee-jerk reaction’.
(b) How do you think the term got its name?

18. Why does the pupil of your eye grow bigger in dim light?

14. How does blocking the production and action of neurotransmitters cause paralysis?

15. Suggest why nerve gas is used in warfare.

Investigate

16. Investigate the effects of an illness on the nervous system. Choose one of the following: polio, multiple
sclerosis, Alzheimer’s disease, Parkinson’s disease, mad cow disease.

17. There is a danger that chemical and biological weapons may be used in acts of terrorism.

(@) Search the media for relevant examples of chemicals and their effects.

(b) Report on your findings and discuss them with your team.

(c) Is the use of chemical warfare ever justifiable? Discuss this with your team, recording all the various
opinions and views.

(d) What sorts of strategies do we have in Australia to cope with threats of chemical warfare? How effective
do you consider these to be? In your teams, brainstorm other strategies that could be used.

(e) On your own or in a team, write a story, newspaper article or diary entry that describes the effects of a
chemical warfare attack in Australia.
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learn RESOURCES

Complete this digital doc: Worksheet 1.2: The nervous system (doc-12736)

1.0 Brain power

1.6.1 The body’s control centre

It weighs about 1.5 kg, sends thousands of messages each second and is more complicated than any com-
puter ever made. What is it? It’s the human brain, of course!

Your brain is your control centre. It enables you to learn and store information, and perform complex
physical and mental tasks because of your ability to think. It also controls your actions and feelings.

Your brain is well protected within a bony skull. It is also covered with three layers of connective tissue
called meninges, and is surrounded by cerebral fluid that cushions it against bumps and knocks.

Structures
protecting the brain

Skull bone
<—Hair and skin
Cerebral fluid
Three layers of
menings
W
»

HOW ABOUT THAT!

Did you know that your brain:

¢ is made up of about 80% water, 10% fat, 8% protein and small amounts of other substances?
¢ is made up of about one hundred billion cells and is the most complex organ in your body?

¢ will grow to about the size of a large grapefruit?

Like your thumbprint, your brain is unique. Not only is it a different size and weight from your friends,
but the learning connections between cells in your brain are different as well. These connections are made
as a result of your experiences, and this forms your own personal ‘cognitive map’. This difference in our
brain’s ‘internal wiring’ can explain why people at the scene of the same accident can have such different

eyewitness reports.
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1.6.2 Parts of the brain

The human brain consists of three main sections: the cerebrum, the cerebellum and the brain stem.

The cerebrum makes up 90% of the brain’s volume and is composed of two grey, wrinkly hemispheres.
It looks grey because it contains a lot of grey matter (the cell bodies of interneurons) and a little white
matter (the myelin sheath that protects axons). The cerebrum controls memory, speech and thought. All of
our conscious actions, such as walking, running and speaking, are also controlled by the cerebrum.

The cerebellum sits towards the back of the brain, underneath the cerebrum, where the skull curves
inwards. It has a wrinkly surface too, but is pink in colour. The cerebellum controls balance and coordi-
nates complex muscle actions. Footballers can jump and kick, netballers can shoot for goal, rollerbladers
can balance and we can all walk without falling over because of the cerebellum’s coordination.

The brain stem, sometimes called the medulla, controls the activities in our body that we don’t think about.
It controls our unconscious or involuntary thoughts, including breathing, heart rate and digestion. The brain
stem connects directly to the spinal cord. Injury to the brain stem generally results in immediate death.

Impulses from This area controls

the skin are This area speaking. Corpus callosum — a The sun‘ac_e of the
received here controls bridge of 100 million cerebrum is the
" _muscle action. nerve fibres that link the cerebral cortex.

The cerebrum is
made up of two
hemispheres.

two cerebral hemispheres

Impulses from
the ears are
received here.

Pituitary
gland
Hypothalamus
Impulses Cerebellum P )
from the Pineal gland i Brain stem
eyes are Cerebellum|/
Lecelved Brain stem (or medulla) i 7 Spinal cord
ere. 0|

Scientists have been able to determine the function of the various parts of the brain by observing people
with brain injuries and through experiments where electrodes are used to stimulate particular parts of the
brain. There have been some interesting cases where damage or a tumour in a particular part of the brain
has affected a very specific skill, such as remembering names of common objects.

INVESTIGATION 1.7

Brain dissection
AIM: To investigate the structure of a brain

You will need:

a semi-frozen sheep’s brain

dissecting board

dissecting instruments (scalpel, forceps, scissors)
plastic ruler

paper towel

gloves
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CAUTION: Handle dissecting instruments with care and ensure they are placed in a sterilising solution
after use. Wear gloves throughout the dissection and wash your hands thoroughly at the end.

¢ Place the brain so that the cerebral hemispheres are at the top of the board and ~
the brain stem is at the bottom.
¢ |dentify the external features of the brain: the cerebral hemispheres, cerebellum and O\

brain stem. J 1 [\
e Use your forceps and try to lift the meninges (membranes protecting the brain). ) W )>
You may be able to observe the cerebral fluid between these membranes and the A7 j LA
hemispheres. ¥ j’ e ,f
e Carefully observe the overall appearance of each structure and, using a plastic ruler, et _i/
measure its size (length, width and height). Include this information in a table. =% =
S
Appearance
Brain structure Colour Texture Other features Size
Cerebrum
Cerebellum
Brain stem

¢ Draw a diagram of the sheep’s brain, labelling the external features.
¢ On your diagram, identify and label the part of the brain that controls the sheep’s:
(@) heart rate
(b) balance required for walking
(c) ability to locate its lamb.
* Using your scalpel, cut the brain in half between the right and
left hemispheres, and separate the two cerebral hemispheres.
* Draw a cross-section of the brain. Be sure to label it!
¢ Now, make a second cut down through the back of one of the
hemispheres to see inside the cerebellum and brain stem.

Discussion ba S
1. Which structures contain the grey and white matter? ) BEESSES
2. Which part of the sheep’s brain is the biggest?

1.6 Exercise: Remember and think

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember

1. Name the three major structures of the brain and outline the main function of each.
2. Recall the three structures that protect the brain.
3. Explain why the ‘grey’ matter is concentrated in the cerebrum.
4. Identify the part of the brain that controls:
(a) breathing
(b) balancing on a skateboard
(c) puzzle solving
(d) creative writing.

Think
5. Explain why a major injury to the brain stem is often fatal.
6. If meninges are membranes that protect the brain, what is meningitis?
7. The brain of an average elephant weighs about six kilograms. Explain why it needs to be so large. (Hint: It is
not because an elephant never forgets!)

Investigate

8. If the left side of the brain is damaged in an accident, it’s often the right side of your body that is affected.
Investigate why.
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1.7 Scientific research — spinal injuries

Science as a human endeavour

1.7.1 Spinal injury

There are many reasons why a person may need to use a wheelchair to get around. Sometimes a spinal
injury is the cause, where damage to the spinal cord can result in loss of sensation and mobility. However,

the extent of paralysis depends on the severity and location of the injury.

There is currently no
cure for spinal injury, but
teams of scientists are
doing research that may
improve the quality of life
of people living with spinal
injury and possibly take us
closer to finding a cure.

All the nerves that run
through your body join the
spinal cord. Damage to the
spinal cord can prevent
messages from travelling
between your brain and
other parts of the body. If
your spinal cord was com-
pletely crushed in the lower
back section of your spine
for example, messages
would no longer be able
to travel from your legs
and feet up to your brain
and back down again. That
means that you would not
be able to feel pain, heat,
cold or touch in these parts
of your body. Also, you
would not be able to con-
trol the muscles in your legs
and feet, so you would not
be able to walk.

Damage to your spinal
cord in the neck area
could result in loss of
mobility in your arms, legs
and torso. You may not
even be able to breathe
without a machine blowing
air in and out of your
lungs. The figure at right
shows how the location of

Damage to the upper part of the spinal cord will usually result in greater loss

of mobility than damage lower down the spine.

Levels of injury and extent of paralysis

C4
injury
(quadriplegia)

C6
injury
(quadriplegia)

T6
injury
(paraplegia)

L1
injury
(paraplegia)

Thoracic
(upper back)

Lumbar
(Lower back)

Sacral

Coccygeal
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the injury can affect the extent of paralysis (loss of movement). The number of nerve fibres that are
damaged is important as well. If a significant number of nerve fibres are still working, some mobility
may be regained.

1.7.2 Scientific research has led to improved wheelchair design

Having a well designed wheelchair can greatly improve independence for people who are not able to
walk. Many people who have to use wheelchairs are able to drive. Having to get a wheelchair in and
out of the car can make it difficult to go out alone, however. Cars can be fitted with a wheelchair lift
that lifts the wheelchair onto the roof of the car and lowers it when the destination is reached, but with
limited mobility it can be difficult to get the wheelchair on and off the lift. Researchers in the US have
come up with a solution — a laser-guided robot wheelchair that automatically gets itself on and off
the wheelchair lift. To get into the car the driver presses a button and the driver’s seat lowers to make
it easier to get into the car. The driver then uses a remote control to direct the wheelchair to the back
of the car. Once at the back of the car, the wheelchair uses radio signals and a laser to position itself
onto the wheelchair lift. At the destination, the process is reversed so that the wheelchair is within easy
access of the driver.

1.7.3 Research into rehabilitation

Anyone who has suffered a spinal injury will spend

a great deal of time in rehabilitation. Depending on

the degree of injury it may be possible for some

patients to regain some movement in certain mus-

cles. For the doctors and physiotherapists involved it ) ,

.. el 2. Asignal is sent

is important to know when the rehabilitation process from computer to

should start and what the program should involve. implanted receiver,
For example, is it best to encourage patients to which then sends

try to stand I())n crutches early after tk%eirp injury, or larl';r;sjfetr):’i’izz:end igg:;;ootfalssitr:c;des

is it best for the patient not to put any weight on  to waistband. '

their legs and use a wheelchair as much as pos-

sible? An experiment carried out on rats may assist

physiotherapists to answer this question. In this

experiment rats had their spinal cord crushed. Half

The electrode system that allows Julie Hill to have
some control of her leg muscles

the rats had small ‘wheelchairs’ strapped to their

bodies to enable them to get around. The other half \67;.

did not have the wheelchairs attached and could 777 Receiver
move around only by dragging themselves using Control Y

their front legs. The rats with the wheelchairs computer

strapped to their bodies recovered less limb func-
tion than those without. This has led researchers
to hypothesise that there is a time window during
which it is important to encourage patients to put
weight on their legs. Further research might help
them identify exactly when this time window is.

1.7.4 Artificial nerve impulses

Another area of scientific research that may assist m
people who have suffered a spinal injury is the use
. in 3. Electrode connects nerves in spine to
of electrodes to stimulate muscle cells artificially. ) . X
) ) nerves in legs, allowing the nerve signal to
In the 19908 UCL carried out a research prOJeCt Comp|ete its journey to |eg muscles.

26 Jacaranda Core Science Stage 5



into the use of electrodes to restore some movement
and muscle coqtrol .1n. patients who were paralysed as Modern technology has given her artificial nerve
a result of a spinal injury. impulses. The significance is that Julie is being

Julie Hill was involved in this research project. Her stimulated only by an implanted stimulator of the
spinal cord was severed in a car accident, leaving her ~ anterior lumbar nerve roots.
with no sensation or muscle control below the waist. &
After a complex pioneering operation, Julie can now
cycle, which has given her the opportunity to get
daily aerobic exercise. The researchers were initially
hopeful that the device would allow Julie to walk,
but this proved to be more challenging than initially
thought as walking takes a great deal of coordina-
tion between different muscles to provide the bal-
ance necessary to stay upright. Julie uses a reclining
bicycle with 3 wheels. This requires less balance than
a standard bicycle. The electrodes allow her to move
her legs to pedal. She has electrodes attached to 12
nerves that run from the base of her spine to her legs.
The electrodes are linked by wires to a small computerised receiver placed in her chest cavity. By pressing a
button on a small computer attached to her waist, Julie is able to send pre-programmed radio signals to the
implanted receiver, which then triggers responses in her leg muscles. The system acts rather like a compli-
cated jump lead, connecting the nerve pathways on either side of the damaged spinal cord. Julie was first
fitted with electrodes in 1998 and cycled for the first time in 2005. Reaching this milestone took a huge
amount of work, determination and perseverance. A movie of her story has been made.

As well as allowing Julie to cycle, this technique could help spinal injury patients in other ways. For
example, after spinal injury, a person may lose control of their bladder. Restoration of bladder control, which
is possible in some cases, gives a sense of independence and dignity to a person. It also is important because
bladder infection is a major cause of disease and death among paralysed people.

Julie’s spinal cord was severed in a car accident.

1.7.5 Stem cells may provide the answer

Stem cells are cells that are not fully differentiated. Under the right conditions, they can develop into var-
ious types of specialised cells. It may one day be possible to use stem cells to regrow damaged nerve cells
to treat spinal injuries. Some stem cells are more versatile than others. Multipotent stem cells can differ-
entiate into only a few cell types, whereas pluripotent stem cells can differentiate into any of the types of
cells found in an adult organism, so they are of more interest to researchers. It should be noted, however,
that stem cell research is a very rapidly advancing field of

Science. Increasing the versatility of multipotent cells and  gone marrow stem cells can develop into
producing stem cells from ordinary cells are two areas cur- different types of blood cells.

rently being researched by teams of scientists.

Multipotent stem cells Bone marrow stem cells

Multipotent stem cells are found in various parts of the
body. They can differentiate into the types of cells that
make up the tissue or organ where the stem cells exist.
There are stem cells in the bone marrow that can develop [EESERFIEIIRRE
into different kinds of blood cells (red blood cells and
many types of white blood cells). Skin stem cells produce
new skin cells to replace dead or damaged skin cells. Stem
cells have also been obtained from the brain, muscle, the

Platelets White blood cells
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pancreas and liver. The use of multipotent stem cells is generally
not controversial as they can be obtained from consenting adult
donors, but their use is limited as they can develop into only a
few types of cells. Multipotent stem cells are used to treat certain
medical conditions. Stem cells derived from the bone marrow
are used to treat leukaemia and other blood disorders.

Another source of multipotent stem cells is umbilical cords.
An umbilical cord is the cord through which an unborn baby gets Baby
nutrients and oxygen from its mother. It connects the baby to the
placenta. When the baby is born, the placenta and the cord come
out of the mother’s body along with the baby. The blood from the
cord contains stem cells that can develop into a few types of cells
(mainly blood cells and cells involved in fighting disease) and
are also being used to treat leukaemia and other blood disorders.
Cord stem cells may, however, turn out to be more versatile than
stem cells harvested from adults and may be useful to treat other
conditions in the future. Umbilical cord

Some parents make the decision to freeze their baby’s cord
blood or cord tissue in case the baby or a relative gets sick later
on and the stem cells are needed for treatment. This is a costly procedure. Alternatively, the cord blood can
be donated to a cord blood bank, where it may be used to treat anyone who might benefit from it. With
continued research, cord stem cells may one day be used to treat a range of life-threatening diseases.

Stem cells can be obtained from
umbilical cord blood.

Placenta

Pluripotent stem cells

Embryonic stem cells are pluripotent — they can develop into all the different types of cells found in an
adult organism. They are derived from embryos. An embryo is formed when a sperm cell fertilises an egg,
which then divides into many cells. If fertilisation occurs in the body of a woman, the embryo can attach
itself to the wall of the uterus and develop into a baby. When fertilisation occurs in a dish in a laboratory
(in-vitro fertilisation, IVF), the embryo cannot develop into a baby unless it is then implanted into the
uterus of a woman. However, because an in-vitro embryo has the potential to become a human, it is consid-
ered by many people to be human life. Removing the stem cells destroys the embryo, which is one of the
reasons why the use of embryonic stem cells for research and medicine is controversial.

An embryo is the result of a sperm fertilising an egg. If this happens outside a woman’s body, it is called in-vitro

fertilisation.

N
o !jl.\
B
o Fertilised (B Embryo implants
Sperm Egg Fertilisation  o44 divides Embryo | into the womb
“ . and develops
into a baby.
® = @ |l
—> — —=
®

\ Embryos are used as a
source of stem cells.
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1.7.6 Why use embryonic stem cells?

When grown under the right conditions, embryonic
stem cells can remain unspecialised and keep dividing.
Embryonic stem cells that are allowed to clump can
spontaneously develop into groups of specialised cells,
such as muscle cells and nerve cells. It is possible to
control the type of cells they will develop into by pro-
viding the stem cells with exactly the right growing
conditions.

It might be possible to grow new nerve cells to
replace the damaged nerve cells in people with a spinal
cord injury. It may even be possible to make entire
replacement organs from stem cells. Stem cells could
also be used to treat a range of other diseases such as
Alzheimer’s disease, Parkinson’s disease, diabetes and
arthritis.

Researchers have been working on developing a
treatment for spinal injury using stem cells. They have
obtained promising results in rats. Injecting nerve cells
produced from embryonic stem cells into the site of the
spinal injury 7 days after the injury led to the recovery
of some muscle function. Trials are now underway
involving a small number of human volunteers. So far
the stem cell injections have allowed the patients to
regain some sensation to heat and touch that they had
lost due to their injury.

Embryonic stem cells can develop into many
different types of cells.

In-vitro embryo Embryonic stem cell

Embryonic stem
cell removed

Cultured in
laboratory

Clump of embryonic
i stem cells

Specific growing conditions

AR
w v §d

Nerve cells Muscle cells Gut cells Whole organs

There are many good reasons for stem cell research, but there are also valid ethical arguments for not
using embryonic stem cells. A solution would be an alternative source of stem cells that are just as versatile
as embryonic stem cells, and many scientists are currently working towards this goal. In the meantime, the
use of embryonic stem cells for research and medicine remains a controversial issue.

STEM CELLS

Professor Alan Trounson is an Australian scientist who has spent a great part of his

working life perfecting the technique for creating embryos outside the human body. He
was part of the team that produced the first baby conceived through IVF in Australia
in 1980. He has also done a lot of work on embryonic stem cells. In 2000, his team
showed that it was possible to produce nerve cells from embryonic stem cells.

From 2007 to 2014 he was the president of a Californian institute that specialises
in stem cell research. It is the best-funded facility of its kind in the world, providing
Trounson with the best facilities to move stem cell research forwards.

Questions

0

1. How long ago was the first baby conceived through IVF born?
2. Why is it particularly significant that Alan Trounson’s team was able to produce nerve cells from embryonic

stem cells?
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1.7 Exercise: Remember and think

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember

1. Define the terms spinal cord, paraplegia, quadriplegia, paralysis, stem cell and embryo.
2. Distinguish beatween multipotent and pluripotent stem cells.

3. Identify one use of stem cells derived from bone marrow in medicine.

4. Explain why some parents choose to have their baby’s cord blood frozen.

5. Outline the work of an Australian scientist involved in stem cell research.

Think

6. Extract the answer to the following questions
from the graph at right. Causes of spinal injury
(@) What are the two leading causes of spinal

injury?

(b) Of the seven categories of causes of spinal
injury, how many do you think may involve a
sports injury? Give a reason for your answer.
Suggest which sports might have the highest
risk of spinal injury.

7. Explain why an injury in the neck region of the
spinal cord may result in quadriplegia whereas an
injury in the lower back region of the spinal cord
may result in paraplegia.

8. Imagine that you are on an ethics committee
for a university. An ethics committee is a group
of people that decide if experiments should be
carried out on ethical grounds. Discuss whether
you would allow scientists to do experiments that
involve deliberately crushing the spinal cords of
rats such as those described previously.

9. In the experiment where rats had wheelchairs

I Motor vehicle occupants

Unprotected road users (motorcyclists,
pedal cyclists, pedestrians)

M Low falls (on the same level, or from a
height of less than 1 metre)

strapped to their bodies: High falls (from a height of 1 metre or more)
(a) Identify the control group. I struck by or collision with a person or object
(b) Outline some variables that would have B Wwater-related

needed to be controlled. M Other

(c) Explain why researchers usually test medical
procedures on animals such as rats before testing them on humans.
10. Justify why the use of multipotent stem cells is not as controversial as the use of embryonic stem cells.

Investigate

11. Draw a map to show the location and type of wheelchair access available at your school. Do the same for
your local shopping centre. Are there any places it would be impossible to access in a wheelchair? Find
out from your local council what regulations there are relating to wheelchair access to parks and public and
commercial buildings.

12. Investigate some improvements to wheelchair design that have
been made in the last 20 years.

13. Find out about wheelchair designs for particular sports such as

Standard disability parking and
access signs

wheelchair basketball and racing.
14. Choose one of the following — Parkinson’s disease, type | diabetes, DISABLED
spinal cord injury, stroke, rheumatoid arthritis — and investigate: PERSONS
i, PARKING
(a) what causes the condition ONLY
(b) which cells stop working properly
(c) what problems result
(d) how stem cells might be useful in treating the problem. < BUILDING
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15

16

. Michael J. Fox and the late Christopher Reeve are two celebrities who have played an active role in

supporting stem cell research in the US. Investigate why they became involved in this work and some of
the initiatives they have been involved with.

. Find out more about the work of Alan Trounson and some of the important discoveries he has been

involved with.

Discuss

17

18.

19.

20

21.

. Discuss whether you would have your baby’s cord blood frozen and kept for your own family’s use if you

have a child later in life.

Do you think research using embryonic stem cells should be legal in Australia? Write an exposition outlining
your views.

Form six groups. Each group then nominates a student to act out one of the following roles (your teacher
will assign one role per group). The other students in the group help the actor write their script. Each of the
actors makes a brief presentation to the government (your class) about whether embryonic stem cell
research should be allowed in Australia. At the end of the presentations, all the ministers (your classmates)
will vote on whether to allow embryonic stem cell research in Australia.

Catholic priest: You are against embryonic stem cell research. In accordance with your church’s
teachings, you believe that life begins at conception and destroying embryos to obtain embry-
onic stem cells is destroying a human life.

Teenager: You are paraplegic as a result of a car accident. You hope that stem cell research will
lead to a treatment for spinal cord injury so that, one day, you can walk again.

Mother of a child with type I diabetes: You hope that stem cell research will lead to a cure for
diabetes so that your daughter can have a healthy life free of diabetes.

Scientist: You would like to do embryonic stem cell research so that you can further your career
and help a lot of people, perhaps finding a cure for a disease such as Parkinson’s.

Mother who has frozen embryos in storage at an embryo bank: You and your husband could not
have children naturally so you had fertility treatment. Ten of your eggs were fertilised with your
husband’s sperm. Two of these embryos were implanted in your uterus and you had twins. You
do not want any more children, but eight frozen embryos remain. With your permission, these
embryos could be used as a source of embryonic stem cells.

The health minister: You have your own opinion on embryonic stem cell research, but you also

need to listen carefully to the views of the above people. After listening to their views, make a
short speech to the government (your class) about stem cell research.

. Use the Stem cell weblink in the Resources tab to find out more about stem cells. Use the information

presented in the animation to answer the following questions:

(a) Explain the following statement: ‘as an embryo develops the cells become increasingly specialised’.

(b) Where are somatic stem cells found in adult humans?

(c) Why do adults need somatic stem cells?

Use the Stem cells and religion weblink in the Resources tab and investigate the views of the major world
religions on stem cell research.

learn RESOURCES

Explore more with this weblink: Laser-guided wheelchair
Explore more with this weblink: Stem cell elevator challenge
Explore more with this weblink: Stem cells

Explore more with this weblink: Stem cells and religion
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1.8 Slow control
1.8.1 Helpful hormones

Feeling stressed? ‘Butterflies’ in your stomach? Have you ever wondered what causes your body to react in
a particular way to stressful situations? Hormones and glands play a part in the stress response.

The nervous system is not the only means of controlling and coordinating activities in your body. The
endocrine system uses chemical messengers called hormones. They are produced in your endocrine glands

Endocrine glands and the hormones they produce

Hypothalamus

Links with the nervous system to coordinate and
control reflex actions such as breathing and
heartbeat. Releases hormones that, among other
things, control body temperature, hunger, thirst, sex
drive and emotions. Sends hormones to the pituitary
gland to control its release of hormones to other
endocrine glands.

Parathyroid glands

Release the hormone parathormone,
which regulates calcium level in

the blood. Therefore, this hormone
controls bone development.

Thyroid gland

Releases the hormone T }

__ Pineal gland
Releases the hormone melatonin,
which controls sleeping and
waking patterns

Pituitary gland
Releases hormones that stimulate other

thyroxine, which
regulates cell growth
and activity ‘

Adrenal glands [

endocrine glands to release their own
hormones. The thyroid gland, ovaries
and testes are all controlled by
hormones released from the pituitary
gland. It also releases hormones that
control growth and development
(especially during adolescence), regulate
water balance and contractions during
childbirth, and stimulate the release of
breast milk.

|
Release hormones, | ? +
including F & | G
adrenaline, that I ¥
increase heart '
rate and blood |
pressure in times ‘ A
of fright. This
increases the
amount of energy
available to ,-).
muscles. .

Testes

Release the hormone
testosterone,which
controls
development of the
male reproductive
system. It also

Thymus gland
Releases the hormone
thymosin, which stimulates

the production of white
blood cells to help fight
infection.

Pancreas

Releases the hormones insulin
and glucagon. These hormones
47 work together to regulate
glucose levels in the blood.
Insulin allows cells throughout
the body to take glucose from
the blood. Glucagon controls
the amount of glucose released
from the liver into the blood.

Ovaries

controls changes
during puberty
such as growth
of body hair and
deepening of
the voice.

Release the hormones oestrogen and
progesterone. During puberty, these
hormones control the development of
breasts and the reproductive system.
The hormones also work together to
regulate the menstrual cycle and control
pregnancy.
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and are released directly into your bloodstream. Although hormones are carried to all parts of your body,
only certain cells have receptors for particular hormones. It is a little like radio signals, which are sent
out in all directions but are picked up only by radios attuned to a particular signal. These target cells are
attuned to the hormones carried through your body and respond in a specific way.

Hormones control and regulate functions like metabolism, growth, development and sexual reproduction.
The endocrine system responds to changes in variables detected by receptor cells and often acts using a
negative feedback mechanism to counteract the initial change. The endocrine system also works with the
nervous system to regulate your body’s responses to stress. The effects of the endocrine system are often
slower and generally longer lasting than those of the nervous system.

The diagram on the previous page shows some of the endocrine glands in the body and the hormones
they produce.

1.8.2 Superhuman feats?

‘Butterflies’ in your stomach are the effects ] .
. These runners have elevated adrenaline levels before their
of a hormone called adrenaline. When you race

experience some kind of fright or stress, the B
adrenal gland releases adrenaline into your
bloodstream. Not all parts of your body will
be affected by its presence in the bloodstream.
Adrenaline may cause your face to turn pale,
your heart to beat faster and your muscular
actions and energy levels to increase. This
prepares your body to escape from, or fight
your way out of, a dangerous situation. Adren-
aline is often referred to as the ‘fight or flight’
hormone.

Comparison of endocrine and nervous systems

Factor Endocrine system Nervous system
Speed of message e Slow e Fast
e Generally takes longer to have an e Generally has a rapid effect
effect
Length of response e Often long lasting e Usually short-lived

Spread of effect ® The hormones travel to all parts of ® Very localised
the body via the bloodstream but
affect only cells that have receptors
for that particular hormone.

How message travels through ® |n the bloodstream * Along nerves
the body
Type of message e Hormone (chemical) e Electrical impulse

¢ Neurotransmitter (chemical)

HOW ABOUT THAT!

Following World War Il, many starving men in concentration camps were discovered lactating (producing

milk). The glands in men and women produce similar hormones but in very different amounts. Hormones are
constantly being made and being broken down, mostly by the liver. In the starving men, the liver had shrunk
enormously and was barely able to break down even the small amounts of hormones their bodies produced. So
the level of some hormones actually rose to a point where breasts grew and milk was produced.
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1.8 Exercise: Remember and think

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember

1. Define the terms ‘hormone’ and ‘endocrine gland’.

2. Describe how hormones travel throughout the body.

3. Why is it important that only cells with a receptor for a particular hormone are affected by the hormone?

4. Construct a three-column table with the headings ‘Name of endocrine gland’, ‘Name of hormone’ and
‘Action of hormone’ Use the information in the diagram Endocrine glands and the hormones they produce
shown above to complete the table. Include all of the endocrine glands labelled in the diagram.

5. Explain why adrenaline is referred to as the ‘fight or flight’ hormone.

Think

6. Explain why the pituitary gland is sometimes referred to as the master gland.
7. The thyroid gland releases a hormone that increases metabolic rate. Suggest what the symptoms of an
underactive thyroid gland might involve.
. When would you expect the thymus gland to be most active?
9. Long periods of continued stress can increase the chance of heart disease. Use your knowledge of
adrenaline and its effect on the body to account for this.

(o0}

Investigate

10. Corticosteroids are a family of hormones released when the body is under stress. Find out about the role of
these hormones and why they are sometimes prescribed to treat asthma.

11. Investigate what ‘anabolic steroids’ are.

1.9 Hormones and reproduction
1.9.1 Menstrual cycle

Some hormones play an important role in reproduction, such as controlling the menstrual cycle in women,
sperm production in men and the development of secondary sex characteristics. Puberty is a time where
hormone levels are changing and transforming the way the body appears and functions.

For about 5 days each month women menstruate (have their period). The time at which a woman has her
first period is called menarche. The age at which this occurs varies greatly, but in Australia the average age
of menarche is currently around 12 to 13 years of age. Women continue to have periods until they reach
menopause, which is usually around their late forties to early fifties.

Menstruation is just one part of the menstrual cycle. When doctors and scientists talk about the men-
strual cycle they refer to the start of a period as day 1 of the cycle. During menstruation the lining of the
uterus is shed and the levels of the female hormones oestrogen and progesterone are at their lowest. After
menstruation oestrogen levels rise and the lining of the uterus starts to thicken again so that it will be
ready for an embryo if fertilisation occurs. In one of the ovaries an egg begins to ripen.

At ovulation a ripe egg is released from one of the ovaries. Ovulation occurs around day 14 of the
menstrual cycle but this varies greatly between women. It is difficult to predict the time of ovulation
simply by counting the days of the menstrual cycle. A more accurate estimate of the time of ovulation
can be obtained by measuring and graphing body temperature. Temperature drops slightly before ovu-
lation and then rises after ovulation has occurred. Hormone levels in blood, urine or saliva can also be
used to indicate the time of ovulation. A hormone called luteinising hormone (LH) rises sharply just
before ovulation.

What happens in the second half of the cycle depends on whether the egg becomes fertilised by a
sperm cell. If the egg is not fertilised, it will not develop into an embryo and the endometrium (the lining
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of the uterus) will start to break Ovary

. Z TR |
down. The egg will eventually be y aten Corpus luteum
1K T e = fr  Sar=.
passed out of the body. The hor- | \@ @ > .@ J}‘}V‘\.
mone progesterone, anothc?r female B );W.' L= & |
sex hormone, gradually rises after Menstruation @
. \
ovulation. ‘ §
kS
=)
>

Progesterone is involved in
the menstrual cycle but it is also

involved in pregnancy. Progesterone 1
levels rise greatly during pregnancy. l |

l

It prevents the uterus from con- Day 1 e Day 14 Day 28
tracting and pushing out the baby. N t'l Endometrium
Progesterone levels drop before QPMSHIM thickening )

\ Endometrium

Chlldblrth and alSO Just befOI'e men- Menstruation Blood vesse‘s N breaking down

struation. This allows the uterus to
contract. Some women experience
period pain. It is thought that in
some cases this pain is due to the
contractions of the uterus. The pain 1 7 ST AT T
experienced in early labour is sim- 0O 2 4 6 8 10 1'2 14 1‘6 1‘8 20 2
ilar to this but much more intense. Days

2 24 26 28

The menstrual cycle

Uterus ..:.., ! Ovary

Bleeding
occurs

Fallopian
tube

Egg begins

to ripen.
Mucus begins
to change.

Growth of lining
/

is not
fertilised.

Egg released.
Mucus becomes
liquid.

13
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1.9.2 Secondary sex characteristics

Secondary sex characteristics are features that are present
only in adults, for example, a lion’s mane and a peacock’s tail
are secondary sex characteristics. In humans, secondary sex

Both boys and girls experience a
growth spurt around the time of
puberty.

characteristics appear at the time of puberty. In women they
include breasts, a wider pelvis, changed distribution of body fat
(more fat is deposited around the bottom, hips and thighs) and —16. Growth rates of
underarm and pubic hair. In males, secondary sex characteristics § girls and boys
include changes to the larynx that result in a lower voice, facial, E‘ 147
underarm and pubic hair, increases in muscle and bone mass, %13: Boys
height and penis size, and broadening of the shoulders. The ) g Girls
development of secondary sex characteristics is stimulated by 2
increased levels of oestrogen in women and testosterone in men. -E 6
Around the time of puberty both boys and girls also experience 2 4
a growth spurt — a rapid increase in height. This is shown in g 2
the graph at right. 2 4 6 8 101214 16 18
Age (years)
HOW ABOUT THAT!
Over the last two centuries, the age at which girls
reach puberty has been decreasing. The following The average age of menarche has decreased
graph shows how the age at which girls have their over the last two centuries.
first period (menarche) has changed over time in a 1751
number of countries. 0 1701 Norway
Many factors affect the age at which girls reach § 1651
menarche. Studies have shown that girls have their & 160
first period earlier if they live at sea level rather than '§ 1557
at high altitudes. A diet high in fat and proteins g Ll
also results in earlier menarche and poor nutrition g %
can delay it. There have even been studies that ‘i 1:2 USN:)enmark
show that girls that live with their genetic father 2 0l
reach menarche later on average than girls that live - N
W|th jUSt their mum. Girls WhO |iVe Wlth a Stepdad, 1830 1840 1850 18601870 1880 1890 1900 1910 1920 1930 1940 1950 1960

on average, reach menarche the earliest. No one
is sure exactly how it works but it is thought that
pheromones may be involved.

Year of menarche

1.9.3 Pheromones — smells like love

Chemicals called pheromones can play an important role in communications between members of the
same species. This type of communication makes it very easy for animals to locate a mate, even in

sparsely populated areas.

When a female dog is about to ovulate, she comes ‘on heat’. During this time she releases a phero-
mone into her urine to notify male dogs that she is ready for mating. Likewise, female moths use scented
chemicals that sexually attract male moths from as far away as 8 kilometres.

Pheromones are probably important in humans too.
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1.9.4 Oxytocin — the cuddle
chemical

Oxytocin is a hormone involved in labour and
breastfeeding, and it causes the uterus to contract.
When labour is induced (started artificially) an oxy-
tocin drip is used. In breastfeeding oxytocin causes
the milk to be released after the baby starts sucking.

Oxytocin is also called the cuddle chemical, as
it is released when mothers cuddle their babies and
when humans have ‘warm contacts’ (a supportive
hug from a parent, or a husband and wife holding
hands, for example). Oxytocin is thought to help
humans form bonds with other people such as the
bond between a mother and her baby or between a
husband and wife. In recent years tests have been
conducted to determine what happens when oxy-
tocin is given to people. From these experiments
it was found that oxytocin seemed to improve a
person’s ability to recognise faces and to interpret
other people’s feelings. Studies in rats show that
if the oxytocin receptors in the brain are blocked
rats stop looking after their young and can no
longer recognise other rats.

Oxytocin is a hormone that is released when
a baby suckles. It triggers milk ‘let-down’, the
release of milk from the breast.

Ll S _

HOW ABOUT THAT!

A Swiss zoologist, Claus Wedekind, carried out an experiment to find
out if pheromones might be involved in determining whether a woman
will find a particular man attractive. He asked men to wear a T-shirt

The T-shirts worn by the men were
placed inside boxes with smelling
holes and women were asked to
smell them and rate the odour.

for two nights and return it unwashed. The T-shirts were placed in

containers with smelling holes and women were asked to smell them
and describe the odour. The women described and ranked the smells
differently; however, they preferred the smells of the T-shirts worn by
the men that were most different to them in terms of genes involved
in immunity. Perhaps by trusting their noses women might naturally
select partners whose genetic makeup will contribute to producing

babies with strong immune systems.

HOW ABOUT THAT!

Pheromones are an important form of communication for ants. When ants
find a food source they lead other ants to the food by leaving a trail of
pheromones. A squashed ant releases pheromones that act as a warning

signal to other ants.
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1.9 Exercise: Remember and think

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember

1. Match each term on the left in the table
with one of the definitions at right.

2. Around which day of the menstrual cycle
do the following events occur:

(@) ovulation?
(b) first day of period?

3. Identify the hormones responsible for
triggering sperm production in males and
ovum development in females.

4. Describe the changes in oestrogen
and progesterone levels throughout the
menstrual cycle.

(@) Which hormone is found in the highest
concentration just before ovulation?

(b) Which hormone is found in the highest
concentration when the uterine lining
is thickest?

(c) At which time would the lining provide
the best ‘home’ for a fertilised egg?

5. Classify the following secondary sex
characteristics as belonging to males,
females or both:

(@) Low voice
(b) High hip to waist ratio
(c) Pubic hair

(d) Facial hair

(e) Broad shoulders

(f) Low hip to waist ratio

(9) Underarm hair.

6. What does it mean when a dog is ‘on heat’?

Think

Term Definition

(@) Menstruation

i) Male sex hormone

(b) Menarche

i) A hormone that triggers ovulation

(c) Menopause

(d) Ovulation

iv) Period

(e) Endometrium

(
(
(iii) A hormone involved in bonding
(
(

v) The female sex hormone that is at its
highest level prior to ovulation

() Testosterone

(vi) When an egg is released from an ovary

(g) Oestrogen

(vii) When women stop having regular
periods

(h) Luteinising
hormone

(viii) Scented chemicals involved in
communication between members of
the same species

(i) Progesterone

(ix) Lining of uterus

(j) Pheromones

(x) Time at which a woman has her first
period

(k) Oxytocin

(xi) The levels of this hormone increase in
the second half of the menstrual cycle.

7. Deduce on which days of a menstrual cycle a woman is most likely to become pregnant if she has sexual
intercourse. Is it possible for a woman to fall pregnant outside this time? Explain your answer.
8. Explain why it is important for mothers to bond with their babies.

Skill builder

9. Study the graph showing the growth rates of boys and girls.
(@) Deduce which two years of their lives children grow the fastest.
(b) Identify the average age at which girls and boys experience a growth spurt. Explain why not all children
will experience a growth spurt at exactly these ages.
(c) At what age, on average, do girls and boys reach their maximum height?
(d) What is the average growth rate of a 9-year-old girl? If a 9-year-old girl was 130 cm tall, calculate what
you would expect her height to be a month (11—2 of a year) later, assuming that she is growing at the

average growth rate for a 9-year-old.

(e) Compare a 10-year-old boy and a 10-year-old girl. If they both measured 125 cm at age 10, who would

be taller at age:
(i) 137
(i) 177

Explain your answer. Assume the boy and the girl are following the average growth rates shown in the

graph.
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10. Study the graph showing how the average age of menarche has changed over the last 2 centuries.

(2) Describe the general trend shown by the data displayed on the graph.

(b) For which country has data been collected over the greatest length of time?

(c) Compare the data for the USA to the data for European countries. Suggest possible reasons for any
differences in the data.

(d) Data is not shown for dates after 1960. If the trend shown in the graph had continued at the same rate,
what would be the average age of menarche for girls living in Norway today? Assuming that the data
for Australian girls is similar to the data for girls growing up in Norway, has the trend shown in the graph
continued?

Investigate

11. Design an experiment to test the hypothesis that a particular pheromone can make men more attractive to
women.

12. Oxytocin might have benefits for people who suffer from certain forms of autism. Find out what autism is.
Suggest why oxytocin might be beneficial for autistic children.

learn RESOURCES

Complete this digital doc: Worksheet 1.3: The menstrual cycle (doc-12737)

Complete this digital doc: Worksheet 1.4: Puberty (doc-12738)

110 Review

1.10.1 Systems keeping cells alive

* explain why multicellular organisms require specialised organs and systems. 1.2
* recall examples of tissues, organs and systems in humans. 1.2
* recall the systems involved in providing cells with their requirements and removing waste. 1.2
* define the term homeostasis. 1.3
* distinguish between negative and positive feedback mechanisms. 1.3
* describe an example of negative feedback to maintain homeostasis. 1.3
* outline the role of the kidneys in maintaining water balance. 1.3

1.10.2 The nervous system

 recall 4 types of receptor cells. 1.4
* describe the structure of the eye. 14
* outline the function of the nervous system. 1.5
¢ describe the structure of nerve cells. 1.5
* contrast reflex reactions and actions under conscious control. 1.5
¢ describe the structure and function of the brain. 1.6

1.10.3 The endocrine system

* outline the function of the endocrine system. 1.6
* recall the main glands of the endocrine system and some of the hormones they produce. 1.6, 1.8
* compare and contrast the nervous and endocrine system. 1.5, 1.8
* outline the stages of the menstrual cycle. 1.9
* recall some of the hormones involved in reproduction and the development of secondary sex
characteristics. 1.9

TOPIC 1 All under control 39



1.10.4 Scientific research

* describe some applications of science in the treatment of spinal injuries. 1.7
* outline some potential benefits of stem cell research. 1.7
* justify why the use of embryonic stem cells for scientific research is controversial. 1.7

Individual pathways

Bl ACTIVITY 141 H ACTIVITY 1.2 Bl ACTIVITY 1.3
Investigating control systems Analysing control systems Investigating control systems further
doc-10631 doc-10632 doc-10633

learn

only

Luke has a pet bearded dragon called Mr Lizard. Luke is also a wiz at electronics. Luke is going on holidays for a
week and he would like to make modifications to Mr Lizard’s tank so that all his pet’s needs will be catered for while
he is on holidays.
(@) Use the information in the Resources tab to draw a diagram showing how to modify the tank.
(b) Compare the modified tank to the nervous system. Which parts correspond to the receptors, sensory nerves,
central nervous system, motor nerves and effector organs?
Access more details about focus activities for this topic in the Resources tab (doc-10630).

assess[]]]
1.10 Review 1: Looking back
To answer questions online and to receive immediate
feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au. Note: Question GAPITUITARY
numbers may vary slightly. ZEVNOBLICNBS
1. Underline the incorrect terms in each sentence. Replace OCFAENLINEERKPX

them with the correct term and then find the correct

term in the word puzzle. Write definitions of the incorrect LRGPUTOVNLRAION

words you replaced. QGCNRIOEANVINBF

(a) The neuron carries hormones to target cells. VYBLOODRTPENJCY

(b) The master gland of the endocrine system is the SNIDTISCENTRA L
adrenal gland.

(c) The brain and spinal cord make up the peripheral RGARITSM
nervous system. ORGANRL
(d) Organelles carry messages across synapses. DANZE
(e) Each molecule has tissues which carry out particular
functions. I'SDA
() Reflex actions and negative feedback mechanisms MY M
are examples of learned behaviour. | E
(9) Hormones are constantly being broken down, largely T
by the brain.

2. Body systems need to work together to provide cells
with their requirements. Identify two body systems that
work together to:

(a) deliver oxygen to cells

(b) deliver glucose to cells

(c) remove carbon dioxide from cells (and the body)

(d) remove nitrogenous waste from cells (and the body).

»w ;W m -
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10.

11.

. Mix and match the following table so that the description or role

. Label the human brain at right with the name and function of each structure.
. Copy and complete the table below.

. Complete the table below.

Organ Type of receptors What do these receptors detect?
Eye

Ear

Nose
Skin

. (a) Identify the type of neuron shown at right and outline its role in the nervous system.

(b) Which of the parts A, B, C, D or E, is:
(i) the nucleus? o
(ii) the myelin sheath?

. In the human nervous system:

(@) What do the letters CNS stand for?

(b) What is the CNS composed of?

(c) What do the letters PNS stand for? -;/9
(d) What is the PNS composed of? ST

. The figure at right shows the nervous pathway of the ‘knee-jerk reaction’.

(@) How do you know that the knee-jerk reaction is a reflex
response?
(b) What is the stimulus for the knee-jerk reaction?

matches the correct part of the nervous pathway.

Part Description or role

(@) Neuron (i) Chemical released into the gap between nerve cells
(b) Synaptic cleft (i) A nerve cell

(c) Receptor (iii) Site of the nucleus of a nerve cell

(d) Axon (iv) Senses changes in surroundings

(e) Neurotransmitter (v) Carries an impulse to the next neuron

() Cell body (vi) Space between neurons

Gland Hormone Function
Controls overall growth and development
Thyroid
Stimulates production of white blood cells
Adrenaline
Allows cells to take up glucose from the
blood
Testes

Construct a timeline of the menstrual cycle. Label the following:

(a) start of menstruation

(b) end of menstruation

(c) ovulation

(d) lining of uterus thickens

(e) uterus lining is shed.

List at least 4 hormones that are involved in reproduction and outline the function of each of these.
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Test yourself

12. Which of the following statements is correct?
(@) In the nervous system messages travel in the form of electrical signals only.
(b) In the nervous system messages travel in the form of neurotransmitters only.
(c) Hormones travel from glands to effectors in the bloodstream.
(d) Hormones travel along nerves.

13. Which endocrine gland secretes hormones that regulate the function of a number of other endocrine

glands?

(@) The pituitary
(b

(c

) The hypothalamus
) The thyroid gland
(d) The adrenal glands

14. In which of the following organs are chemoreceptors located?

(@) Eye
(b) Nose
(c) Ear
(d) Lips

15. Which row of the table contains correct information?

Receptor cells

A | Detect stimuli

Sensory nerves

Relay messages from
receptor cells to the
CNS

Motor nerves

Relay messages
from CNS to effector
organs

Effector organs

Bring about response
to stimulus

B | Bring about

response to stimulus

Relay messages
from CNS to effector
organs

Relay messages from
receptor cells to the
CNS

Detect stimuli

C | Detect stimuli

Relay messages from
receptor cells to the
CNS

Bring about response
to stimulus

Relay messages
from CNS to effector
organs

D | Detect stimuli

Relay messages
from CNS to effector
organs

Relay messages from
receptor cells to the
CNS

Bring about response
to stimulus

16. Which hormone acts on the nephrons in the kidney to reduce the amounts of water excreted from

the body?
(@) glucagon
(b) insulin
(c) ADH

(d) FSH

17. Using maintenance of a constant body temperature as an example, explain what a negative
feedback mechanism involves.
18. Describe one area of scientific research that may assist people who have a spinal injury.

learn

RESOURCES

Complete this digital doc: Worksheet 1.5: The body under control: puzzle (doc-12739)

Complete this digital doc: Worksheet 1.6: The body under control: summary (doc-12740)
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TOPIC 2
Medical science

2_1 Ove rV|eW Modern medicine has increased the human life span. The

man on the left below is aged about 48, the average life
Numerous videos and interactivities are expectancy 50 years ago. The image on the right shows his

embedded just where you need them, at age at today’s average life expectancy age.
. . . . [E—_ ~— g

the point of learning, in your learnON title ':‘,*"‘

at www.jacplus.com.au. They will help '

you to learn the content and concepts cov-

ered in this topic.

—

2.1.1 Why learn this?

In 1955 the average life expectancy at
birth was just 48 years. Today it is about
70 years. In Australia it is even higher.
Advances in Science and medicine have
allowed humans to live longer and to
continue to lead active, healthy lives into
old age. Technological advances have
enabled researchers to learn more about
the cause of disease and in turn this has
led to the development of new technology
to address health issues. In this topic you
will be learning about infectious and
non-infectious diseases and the body’s
natural defences against infection. You
will also be learning about the role of
medical science in addressing problems
in society.

LEARNING SEQUENCE

2.1 Overview 43
2.2 Catch us if you can 45
2.3 Healthy living 49
2.4 Putting up defences 55
2.5 Immunity 58
2.6 Increasing immunisation rates 63
2.7 Epidemic alert 66
2.8 Controlling fertility 71
2.9 Reproductive technology 77
2.10 Reproduction in the news 82
2.11 Review 85
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2.1.2 Medieval medicine

The Middle Ages (AD 500-1500) were a time of hardship, deadly disease and wars in which only about
50% of children reached the age of 15. Many of the survivors died in their twenties and thirties. A visit to
the doctor was probably just as likely to make a person sicker rather than improve health, and if you had a
sore tooth you were likely to be sent to the barber to have the tooth pulled out!

Medieval physicians advised their patients how to live healthy lifestyles, and used their training in math-
ematics and astronomy to map out healthy and sickly times. They also worked closely with apothecaries,
who sold medicinal plants. Sometimes these plants were used to create medicines. Medieval women made
many of their family’s medicines. They used seeds, stems and leaves of herbs, trees and flowers. Some
medicines even used animals or animal products.

Many medieval physicians considered that testing ‘the waters’ (urine) was an effective method in the
diagnosis of disease. Scribes would note the colour, cloudiness or sediment of the urine and charts were
used to match these features to particular diseases. Sometimes blood samples were collected, which may
have been tasted to detect a diagnostic sweetness or bitterness.

A fifteenth-century diagram showing possible colours of urine to help doctors diagnose diseases
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Medieval barbers not only cut men’s hair
and shaved their faces but also performed
minor surgery, such as removing rotten teeth .
and bloodletting. The red and white striped !
pole often associated with barbers was a
symbol that they let (released) blood, with
the white stripes representing the bandages
over the cuts.

Not only barbers were involved in
bloodletting — this widespread medieval
treatment was also performed by doctors
and surgeons. Medical texts of the time
talked about balancing humours and showed
which veins to cut to release each humour
and cure different ilinesses. Leeches were
also applied to the skin to suck out poisons
or bad blood from wounds.

Surgeons also used cupping and
cauterising to treat disease. Cupping
involved placing hot metal glasses or cups
on a patient’s cut skin, in the belief that
poisons would be released from the body
into the cup. To cauterise wounds or help
heal internal disorders, surgeons would burn the tissues with red-hot irons or boiling oil.

Leeches were used to treat disease during medieval times.

2.1 Exercise: Remember and think

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

1. Is knowledge of astronomy considered an important part of medical training today?

2. What is an apothecary?

3. Some of the potions made using ingredients purchased from an apothecary would have contributed little to
improving the health of the patient. Can you think of products available today that people buy to improve
their health even though there is no scientific evidence to suggest the product actually works?

4. In the treatment of most diseases bloodletting would be not only ineffective but it might actually make the
patient sicker. Explain why opening a blood vessel and allowing blood to pour out could make someone
sick.

5. Bloodletting is still used today in the treatment of haemochromatosis, polycythemia vera and porphyria
cutanae tarda. Find out about these diseases and why bloodletting is an effective treatment.

2.2 Catch us if you can

2.2.1 Classifying diseases

Diseases can be classified into two main categories: infectious and non-infectious. Infectious diseases are
caused by pathogens — disease-causing organisms. There are different types of pathogens including some
bacteria, viruses and fungi. The pathogen lives in or on the body of the sick person and under the right con-
ditions it can be transmitted from one person to another, so infectious diseases are also called transmittable
diseases. Non-infectious diseases are not caused by pathogens and cannot be transmitted from one person
to another. You cannot ‘catch’ a non-infectious disease from another person. The diagram on the next page
shows one way of classifying diseases.
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Classifying diseases

Cystic fibrosis

Colour blindness

Haemophilia

Anaemia

Inherite

Depression

Schizophrenia
Mental

Chemical
(metabolic)

_ Lactose
intolerance

Diabetes

Environmental

e | Cancer
related

Asbestos

Accident related

related

Heart
disease

2.2.2 Meet the pathogens

Osteoporosis

Nutritional

Non-infectious

Obesity

2

Disease

Bovine spongiform
encephalopathy
(mad cow disease)

Influenza

VV

Measles

a Viruses
Prions

o =
» e
.

e Tuberculosis

Infectious Bacteria g

Protozoa

Giardiasis

Tapeworm

Liver fluke

Thrush

o i

= Malaria

o °

% wE

=7

Ringworm

Pathogens are disease-causing organisms. They are parasites: they live in or on another organism (the host)
and have a harmful effect on their host. Some pathogens are large enough to be seen without a microscope.
Tapeworms, head lice and liver flukes are examples of pathogens you can see without a microscope. Most
pathogens are tiny and cannot be seen without a microscope. Many diseases are caused by single-celled
bacteria, protozoa or fungi. Viruses and prions are not even big enough to be seen with a light microscope
but they can cause serious illness as well. When you ‘catch’ a disease from another person the pathogen
they are carrying invades your body. The table on the next page summarises key information about the

different types of pathogens.
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Type of Typical
pathogen Description size Example of diseases
Bacteria Bacteria are single-celled 0.2-5 pm Scarlet fever, meningococcal meningitis,
organisms whose DNA impetigo, tuberculosis, leprosy, some
is not contained inside throat and middle ear infections
a membrane-bound
nucleus.
Viruses A virus consists of a piece of DNA 20-300 nm | AIDS, influenza (the flu), hepatitis, SARS,
or RNA wrapped in a protein coat. measles
Viruses cannot reproduce unless inside
a host cell.
.
\AJ
D
. Protozoans Protozoans are single-celled organisms | 2-200 pm Malaria, toxoplasmosis, amoebic
whose DNA is inside a membrane dysentery, cryptosporidium, malaria
bound nucleus.
Fungi Fungi are made up Varies from | Thrush, ringworm, athlete’s foot,
of one or more cells 50 pm onychomysis (a fungal infection of the to
that have a cell wall, to much enails)
true nucleus and larger (e.g.
no chloroplasts. mushrooms)
Athlete’s foot (shown
in the picture at right)
is caused by a
fungus.
Macroparasites | Macroparasites can be seen without a | Size varies Head lice infestation, flea infestation,
microscope. greatly but elephantitis (caused by a nematode
can be seen | worm)
without a
microscope
Prions Prions are thought to 10-200 nm | BSE (bovine spongiform encephalitis,

be incorrectly folded
proteins.

also known as mad cow disease), fatal
familial insomnia, Creutzfeldt-Jakob
disease, kuru

Note: 1 pm = 0.001 mm = 0.000 001 m
1 nm = 0.000 001 mm = 0.000 000 001 m
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2.2.3 Can’t catch us

The seven main types of non-infectious diseases are related to:

nutrition, including overeating, undereating and eating an unbalanced diet

ageing, the gradual breakdown of body tissues

cancer, the multiplication of body cells at an abnormal rate

inherited disorders, which are passed on from your parents’ genes

mental disorders, with a variety of causes including chemical deficiencies, stress and trauma
chemical deficiencies that result in metabolic disorders

environmental diseases resulting from exposure to poisons, asbestos, fire, accidents and drugs.

2.2 Exercise: Remember and think

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember

1. Distinguish between the causes of infectious and non-infectious diseases.

2. Recall seven types of non-infectious diseases.

3. (a) Classify the following diseases as infectious or non-infectious: lung cancer, AIDS, Down syndrome, the
flu, head lice infestation, diabetes, laryngitis, malaria, measles, cystic fibrosis, depression, chickenpox,
hepatitis A, tinea (athlete’s foot), BSE (mad cow disease). Present your answer in the form of a table.

(b) For the diseases that you classified as infectious, indicate whether they are caused by a macroparasite (M),
protozoan (P), fungi (F), bacteria (B), virus (V) or prion (P).
. Organise the pathogens listed in the table on the previous page in order from smallest to biggest.
5. Use the mind map Classifying diseases to distinguish between the causes of:
(a) goitre and arthritis
(b) haemophilia and anaemia
(c) AIDS and malaria
(d) tinea and chickenpox.

i

Think and investigate

6. Explain why nutritional diseases are not classified as infectious diseases.

7. Until the middle of the twentieth century, infectious diseases killed many more people than non-infectious
diseases. However, since about 1930, in the developed countries of Australia, North America and Europe,
more people have died from non-infectious diseases. Account for this change.

8. The biggest killer of Australians in 2006 was heart disease. Explain how diseases of this kind, such as heart
attacks, might be related to nutrition.

Research

9. (a) Investigate the cause, symptoms and methods of prevention for one of the following diseases:

osteoporosis, schizophrenia, haemophilia, anaemia, arthritis, heart disease, lung cancer, skin cancer.

(b) Report your findings back to your team or class in a PowerPoint presentation, visual thinking tool or poster.

(c) In your team, discuss with others any ways in which the community or government may be involved in
reducing the impact or frequency of these diseases.

10. Fatal familial insomnia is a disease caused by prions.

(@) Investigate the symptoms of this disease.

(b) Even though fatal familial insomnia is caused by prions, it is also considered to be a hereditary disease.
Find out why.

learn RESOURCES

Complete this digital doc: Worksheet 2.1: Infectious diseases (doc-12741)
Complete this digital doc: Worksheet 2.2: Non-infectious diseases (doc-12742)
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2.3 Healthy living
2.3.1 What’s killing us?

Lifestyle factors including smoking, drinking alcohol, lack of exercise and a poor diet are risk factors that are
contributing to the premature death of people throughout the world. Scientific research can help determine
which lifestyle factors are the biggest threat to health and provide data that may be useful in giving advice
and providing guidelines about healthy living.

The table following shows some of the leading causes of deaths for men and women worldwide and the
graph below shows the leading causes of death in Australia.

When comparing the global and Australian data it is important to remember that globally the
life expectancy for females is 73.3 years and for males it is 67.5 years, whereas in 2015 the average
Australian female had a life expectancy of 84.5 years and the average Australian male’s life expectancy
was 80.4 years. That figure has been increasing steadily, although there are concerns that increased rates
of obesity might eventually reduce life expectancy in wealthy nations such as Australia and the US. In
some parts of the world, particularly where a large proportion of the population is infected with HIV, the
virus that causes AIDS, life expectancy is much less than in Australia. More information about AIDS is
included in subtopic 2.7.

Leading causes of death worldwide

Cause Percentage of deaths

Ischaemic heart disease 12.8
Stroke and other cerebrovascular disease 10.8
Lower respiratory infections 6.1
Chronic obstructive pulmonary disease 5.8
Diarrhoeal diseases 4.3
HIV/AIDS 3.1
Trachea, bronchus, lung cancers 2.4
Tuberculosis 24
Diabetes mellitus 2.2
Road traffic accidents 21

Source: http://who.int/mediacentre/factsheets/fs310/en/

Leading causes of death in Australia
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One trend is clear though; many people are dying from diseases that are linked to lifestyle factors. Car-
diovascular diseases including stroke and heart attack are leading causes of death both in Australia and
worldwide. Being overweight is a significant risk factor for these diseases. In fact, a report published in
2012 based on data gathered by almost 500 scientists from 50 different countries identified being over-
weight as the biggest health burden worldwide. Being overweight is responsible for the loss of more years
of healthy life due to illness or early death than any other factor. It has overtaken lack of nutrition as a
health burden. Scientific studies can provide data that health professionals can use to provide advice about
diet and nutrition.

Smoking and alcohol are also risk factors for a number of the biggest killers. In Australia smoking rates
have been decreasing steadily, largely as a result of health campaigns, education and new laws relating to
tobacco advertising and the sale of tobacco products. In other parts of the world rates of smoking are much
higher. Smoking increases the risk of cardiovascular disease and a range of other diseases including lung
cancer. Some of the earlier studies pointing to a link between smoking and lung cancer focused on finding
patterns in data. It was noticed for example that most people who developed lung cancer were smokers and
those that smoked more cigarettes per day had a higher risk of developing the disease. Alcohol consump-
tion, like smoking, increases the risk of cardiovascular diseases as well as cirrhosis of the liver and some
cancers including breast, oral, liver and colorectal cancer. Alcohol is also implicated in a significant propor-
tion of road accidents and other accidental deaths.

2.3.2 Health benefits of Mediterranean diet

A study led by Antonia Trichopoulou has shown that eating the
type of food traditionally eaten by the people of Greece, Italy,
Spain and Morocco (the Mediterranean diet) can help you live
longer and reduce the risk of coronary heart disease and cancer.
In these regions the main dish often consists of vegetables
cooked in olive oil rather than meat. The Mediterranean diet
also includes a lot of fruit, vegetables, fish and cereal. The study
involved 22 000 Greeks. Each person was given a score based
on their intake of foods typical of the Mediterranean diet. The
researchers kept track of the participants’ health for four years.
Fewer of the participants who had higher scores (i.e. those who
ate a diet that included a regular intake of the elements of the
Mediterranean diet) developed cancer or died over the course of
the study than those who had lower scores. There did not seem
to be any one specific ingredient that contributed to the lower ) .
risk of cancer and death; it appears that the complete Mediterra- (F:fe gL:,l:r: geé(zzcés;: er::: SC e;;[::j er;sgk
nean diet provides the most benefits. cardiovascular disease.

On a more positive note, a behaviour that decreases the risk of
disease is regular exercise. It reduces the risk of cardiovascular dis-
ease, type 2 diabetes, colon and breast cancer and osteoporosis. It
also has other benefits for mental and physical health. Currently the
National Physical Activity Guidelines for Australians recommend
that Australians should aim to exercise at a moderate level (e.g:
brisk walking) for at least 30 minutes on most days of the week and
additional vigorous exercise to build up fitness and get extra health
benefits. The guidelines recommend teenagers aim for an hour of
moderate to vigorous activity every day, and up to 3 hours to benefit
even more. So if you have a 20-minute walk to school each day,
30 minutes in PE class and 10 minutes working out at home, then

The Mediterranean diet
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play soccer on Saturdays and do an intense training session on Wednesdays you are meeting the guidelines
for regular exercise, although additional training could further improve your performance at sport. On the
other hand, if you are driven everywhere and you spend PE lessons complaining about having to exercise
rather than building up a sweat, it might be time to get moving. Getting sufficient physical activity is a chal-
lenge for many adults, particularly those who have a job that involves sitting all day, and some workplaces
are getting quite creative with ways of getting workers moving (see How about that!).

HOW ABOUT THAT!

Sitting is a dangerous activity

A study carried out by researchers at the University of Sydney and the Australian National University found that
workers who sit for 11 hours or more a day are 40% more likely to die within 3 years than workers who sit for
less than 4 hours a day. Sitting between 8 to 11 hours a day increases the risk of death within the next 3 years
by 15%. With statistics such as these in mind, some workplaces have been designed to avoid having workers
sit for long periods of time.

Instead of providing each employee with a desk, the workers move to different areas depending on the
task they are working on and use wireless laptops or tablets to avoid being tied to a desk. While there is some
traditional furniture designed for sitting there are also desks designed for standing and some meetings are
held in open spaces with participants standing rather than sitting. This has the added advantage that it keeps
meetings brief and focused.

The effects of prolonged sitting

The effects of prolonged sitting
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2.3.3 Health for all Australians

In Australian cities most people have good access to doctors and hospitals. Bacterial infections are
easily treated with antibiotics and most people have enough to eat. Not everyone chooses to have a
healthy diet but the ingredients to prepare healthy meals are readily available in shops. The situation
is unfortunately not the same in all parts of Australia. In the country people may have to travel great
distances to visit a doctor and country hospitals sometimes find it hard to fill positions and may not get
access to the latest equipment. A visit to a specialist can require an expensive trip to a city hospital for
country patients.

In remote Aboriginal communities the situation is even bleaker. In fact, health standards are so poor in
some Aboriginal communities that they compare with those of Europeans prior to the discovery of antibi-
otics. Access to medical services, particularly specialist doctors, can be difficult. Social issues also mean
that in some Indigenous communities, lifestyle factors including smoking, high alcohol consumption and a
diet low in fresh fruit and vegetables are contributing to poor health.

A challenge for the next generation of health professionals and policy makers will be to try to address
this imbalance.

It is important to ensure that all Australians have access to health resources, including those living
in remote Aboriginal communities.

2.3.4 Scientists trying to make a difference

Professor Ian Anderson and Associate Professor Jane Freemantle are two researchers collecting data that
can help health professionals and politicians make wise decisions about Indigenous health issues.
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Professor Ian Anderson is involved in a number of health organisations that deal with Aboriginal health
issues. He grew up in the Koori community in Victoria but is a descendant from the Trawlwoolway Clan of
North East Tasmania.

Associate Professor Jane Freemantle is a paediatric epidemiologist. That means that she collects
and analyses data about the health of children. She has a special interest in the health of Aboriginal
children.

Both researchers are currently involved in projects that gather data about the causes of death of Aborig-
inal and non-Aboriginal children. Collecting this data is important because it can be used to assess whether
special programs and policies that are put into place to try to reduce preventable deaths in children are
having any effect. Both researchers have been involved in numerous other research projects in the area of
Indigenous health.

Professor lan Anderson Associate Professor Jane Freemantle

J
5

i

2.3 Exercise: Remember and think

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember

1. What is meant by ‘lifestyle factors’ for diseases
2. List some lifestyle factors that increase the risk of cardiovascular disease.
3. Do you get sufficient exercise to meet the National Physical Activity Guidelines for Australians? Explain.

Skill builder

4. Construct a column graph to show the leading causes of deaths worldwide.
5. Extract the following information from the graph showing the main causes of death for Australians.
(@) What is the leading cause of death for Australians?
(b) What part of the body does the second highest cause of death involve (you may need to use a
dictionary)?
(c) What lifestyle factor contributes to the third and fourth leading causes of death in Australian men?
(d) Which two types of cancers are the biggest killers of Australian women?
(e) The number of deaths from lung cancer and breast cancer are similar, yet a lot more women contract
breast cancer than lung cancer. Suggest a reason why.
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(f) Which of the diseases listed are infectious diseases? Can you think of other infectious diseases that kill a
small number of Australians each year?

(9) Why do you think that few Australians die from infectious diseases today?

(h) Why do you think that more women die from dementia and related disorders (Hint: think about the
average lifespan for men and women)?

6. Compare the global and Australian leading causes of death.

(a) List some infectious diseases that appear in the top 10 causes of death worldwide. Why do infectious
diseases kill more people worldwide than Australia wide?

(b) In Australia lung cancer is that fifth leading cause of death. How does this compare with the global data?
How do you expect this to change over time? (Hint: Will there be more or fewer smokers in Australia in
the future? Why?)

7. Evaluate the study on the effect of the Mediterranean diet on health by answering the following questions.

(@) What feature of this experiment made it reliable?

(b) The study relied on people describing their usual diet. Discuss the validity of this approach.

(c) Another way of investigating the effect of diet would be to get half the participants to follow a particular
diet and the other half to follow a different diet, then track their health over time. What are some ethical
implications of studying the effect of diet in this way?

8. Use Excel to construct a column graph for the data in the table. Choose your headings and labels carefully.

If you do not have access to a computer, draw the column graphs by hand on graph paper.

Think

9. Explain why it is important to collect accurate data about the health of Indigenous Australians.
10. Professor lan Anderson grew up in a Koori community. Suggest why this might make him particularly suited
to carry out research about Indigenous health and be involved in setting up policies to address some of the
health issues affecting Indigenous Australians.

Discuss

11. There was a time when cigarettes were advertised on television, in magazines and in newspapers,

anyone could buy cigarettes and it was common for people to smoke at work and in public places such

as shopping centres and hospitals. In Australia it is now illegal to smoke in many places, children cannot

purchase cigarettes, advertising of tobacco products has been banned, cigarettes are packaged in plain

packages with large graphic health warnings and people are being educated about the health risks of

smoking through public health campaigns and programs run in schools. Cigarette prices have also risen as

a result of taxes on the sale of tobacco products.

(a) Evaluate which of the above measures would be most likely to reduce the number of people taking up
smoking.

(b) Assess which strategy would be most likely to motivate existing smokers to quit.

(c) Suggest other measures that could be put into place to reduce the number of people who take up
smoking.

(d) What strategies exist in Australia to reduce alcohol consumption? What else could be done?

12. Debate one of the following topics.

(@) The legal drinking age should be raised to 21 in Australia.

(b) Adults who supply alcohol to teenagers younger than 18 should be fined, even if the teenagers are their
own children or their children’s friends.

(c) Schools and workplaces must take more responsibility for the health of their employees/students and
provide healthy meals and mandatory exercise sessions.

(d) Ultimately it is up to individuals to make healthy lifestyle choices. Governments and organisations have
little to do with these choices.

Investigate

13. Research one the cardiovascular diseases listed below and prepare a poster or PowerPoint that includes
information about the cause, symptoms and treatment/management of the disease.
(a) Stroke
(b) Heart attack
(c) Arteriosclerosis
14. Find out about the work of Fred Hollows in Aboriginal communities.
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2.4 Putting up defences

2.41 Lines of defence

Microbes and other disease-causing organisms are everywhere. It’s a wonder we don’t get sick all the time.
Fortunately our bodies are quite good at fighting diseases.

The first line of defence involves preventing the entry of pathogens into the body.

ﬂ Lachrymal glands near the eye produce tears to wash away dust, dirt, and foreign particles.

9 The linings of the body openings, like the nose and throat, produce a sticky mucus to help trap foreign particles.
9 The lymph nodes are lIters or traps for foreign particles and contain white blood cells.

O The stomach produces an acid that kills many microbes before they reach the intestines.

© The skin is a surface barrier to most diseases.

Q Saliva produced by the salivary glands in the mouth contains substances to help resist and remove microbes.
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Pathogens or pathogenic agents can cause disease, preventing or stopping the body from working well.
A healthy body helps you to defend yourself against infectious diseases by setting up natural barriers, or
lines of defence. The first and second lines of defence are described as being non-specific. They fight the
same way for all infections, regardless of whether they have encountered them before. The third line of
defence is specific. It fights differently for different types of invaders and may react differently if it has been
exposed to them before.

2.4.2 The first line of defence

Your body’s first line of defence is designed to prevent the entry of invading pathogens. Some of these
defences are physical barriers (such as skin, coughing, sneezing, cilia and nasal hairs) and others are
chemical barriers (body fluids such as saliva, tears, stomach acid and acidic vaginal mucus).

The skin is very effective at keeping out germs. It is waterproof and, unless you have a cut, microbes
cannot pass through it. It is dry and slightly acidic; this prevents the growth of many bacteria and fungi on
the skin. If your skin does become cut, the hole is very quickly patched up. A blood clot forms to seal the
cut, then a scab forms and eventually the skin heals.

The parts of the body not covered by skin, including the inside

of the mouth, nose, throat and vagina are covered with mucous Phagocytosis

membranes. As the name indicates, these surfaces produce mucus

in which microbes become trapped. In the respiratory system there Phagocyte (type of
are also small hairs called cilia that beat and sweep the mucus out white blood cell)

of the body. Another way to get the mucus out of the lungs is
by coughing. This brings the mucus up to the mouth where it is
swallowed. Bacterium—» 2,
The food we eat contains many microbes. A large number
of these are killed by the hydrochloric acid in our stomach.
Unfortunately the acid does not kill all microbes, so you can
get very sick from eating food ridden with pathogens. Food
such as undercooked meat can contain very harmful bacteria.

2.4.3 The second line of defence Bacterium

Some pathogens manage to get past the first line of defence and engulfed

enter the body. This is where the second line of defence steps
into action. Have you ever had a cut that became infected, or an
ear infection? The affected area becomes red, warm and swollen.
This is a sign of inflammation, which is part of the second line
of defence. Blood flow to the affected area is increased and
the blood vessels become more permeable (they become more
‘leaky’). White blood cells are sent to the area and they move Phagocyte
out of the blood vessels to the site of infection. Some of these bggi‘:ﬁﬁ
white blood cells are phagocytes. Phagocytes are white blood
cells that can engulf and destroy pathogens.
Fever is also part of the second line of defence. Normal body tem-
perature is about 37 °C. A temperature over 37.8 °C is considered to
be a fever and indicates an infection. A fever can help your body
fight an infection; in cases of a mild fever doctors may sometimes

i

recommend that you just wear light clothing, rest, drink plenty of Emdbu‘z;‘
. . . absorbe
water and monitor the fever. If the fever rises to a very high temper- by cell

ature or lasts a long time it can be dangerous, particularly in young
children, and paracetamol or ibuprofen may be recommended.
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INVESTIGATION 2.1

Keeping germs at bay
AIM: To determine if hand washing and antibacterial sprays are effective in removing bacteria from
commonly used surfaces.

You will need:

5 plates of nutrient agar

overhead projector pen

sticky tape

soap

ethanol

3 types of antibacterial soaps or antibacterial sprays
Sterile cotton buds

incubator

Method

e Use the pen to draw a line down the middle of each plate of nutrient agar (on the outside of the part of the
dish that contains the agar).

e Gently press your fingers over one half of the agar (you should not leave a mark on the agar).

e Wash your hands with the soap. Gently press your fingers over the other half of the plate.

¢ Seal the plate with sticky tape and label it with the pen.

¢ Repeat the above procedure with any available antibacterial soaps. You will need to use a different student’s
hands.

e Swipe a cotton bud over your desk, and then gently rub it over the surface of one half of an agar plate.

e Spray your desk with ethanol and dry it with a paper towel. Swipe a clean cotton bud over the desk and rub it
on the other half of the plate.

¢ Repeat the above steps using any of the antiseptic sprays available (you will need to use a different surface
than your desk).

¢ Incubate the plates upside down at 30°C for 48 hours.

¢ Do not open the plates to look at them; look through the plastic.

Discussion

1. Explain why it is dangerous to open the plates after incubation.
2. After incubation you may be able to see colonies of bacteria or fungi on the agar. Each colony grew from one
bacteria or fungus. Copy and complete the table below.

Substance used Number of colonies on half where Number of colonies on half where hands/

for cleaning hands/surface had been cleaned (*) surface had not been cleaned (*)

* If there are too many colonies to count, estimate what percentage of that half of the plate is covered with colonies.

w

. Which cleaning substance was most effective at killing bacteria? Justify your answer.
. Why were all the plates divided into two halves and the cleaning products used only for one half of each plate?
5. When biologists do experiments involving agar plates they usually include one plate of agar that is kept
sealed and untouched. This plate is incubated with the others.
(@) Why is this plate used?
(b) If colonies of microbes were found on this plate after incubation, what would this indicate?
6. How does your school dispose of the agar plates safely?

i
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2.4 Exercise: Remember and think

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember

1. (a) How many lines of defence are there?
(b) Describe differences between these lines of defence.
2. Distinguish between physical and chemical barriers in the first line of defence.
3. Explain why many bacteria and fungi cannot grow on the skin.
4. Explain how mucous membranes and cilia work together to keep microbes out of the respiratory system.
5. Outline the role of the acid in the stomach in keeping us healthy.
6. Define the following terms: phagocytosis, fever, inflammation, antibacterial.
7. Explain why your finger may become red and swollen if you had a cut that had become infected.

Think

8. Design an experiment to test whether toothpaste can prevent the growth of bacteria.

Investigate

9. There is concern that overuse of antibacterial soaps and cleaning products may lead to bacteria becoming
resistant to these products. Find out more about this.

learn RESOURCES

Explore more with this weblink: Phagocytosis

2.5 Immunity
2.5.1 Lymphocytes

Some pathogens are able to successfully negotiate both the first and second line of defence. They are then faced
with a third obstacle: an immune response involving a special type of white blood cell called a lymphocyte.

An antigen is any foreign particle that stimulates an immune response, including parts of bacteria,
viruses and other pathogens. When an antigen enters the body, lymphocytes start to divide. There are two
main types of lymphocytes: B lymphocytes and T lymphocytes.

When B lymphocytes divide, plasma cells are produced. Plasma cells produce antibodies, which are
proteins that bind with particular antigens. Some antibodies make the antigens clump together so they can
be more easily engulfed by the phagocytes, while other antibodies act on antigens in different ways. For
example, they might just render the antigen harmless without destroying it. Each type of antibody is highly
specific; that is, it can work against only one particular type of antigen. The first time your body is exposed to
an antigen it takes about 1017 days for the correct type of antibodies to be produced at peak levels. Unfor-
tunately, in some cases the patient will die before the immune system has had a chance to fight the pathogen.

T lymphocytes are not involved directly in the production of antibodies. There are different types of T
lymphocytes; some produce substances that can attack pathogens, others secrete substances that attract or
activate phagocytes, while others still assist the B lymphocytes in the production of antibodies.

2.5.2 Whatever doesn’t kill you makes you stronger

If you had chickenpox, measles or mumps as a child, there is a good chance that you will not suffer from
these ailments later in life, even if you have not been vaccinated against these diseases. In the previous
subtopic we saw that when an antigen enters the body it causes certain types of lymphocytes to divide. Some
of the cells produced are memory B and T cells. A number of these cells remain in the bloodstream for many
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years after the patient has recovered from the dis- . .
ease. If the person is exposed to the same antigen On the second exposure to an antigen, the immune
) p P g. system is able to start producing antibodies more

at a later Stage, the memory B and T cells will rapidly and in greater amounts.

recognise it and the correct type of antibodies 1
will be produced at peak level within 2-7 days.
Higher levels of antibodies will also be pro-
duced. In fact, the person may not even realise
they have been exposed to the pathogen as the
immune response will usually kick in before any

Primary Secondary
symptoms develop.

Antibody concentration
i

2.5.3 Vaccination — fooling the
immune system 0

Vaccination is a way of tricking the immune
system into acting as though it has met a path-
ogen before. Edward Jenner took the first step
towards developing a vaccine for smallpox when
he noticed that milkmaids very rarely contracted Smallpox pustules can be seen on this child’s head.
smallpox. Before Jenner discovered vaccination, :
smallpox killed about a third of the people who
caught it, and those that did recover from it were
usually left disfigured. Milkmaids often con-
tracted a milder form of the disease called cowpox,
from the cows they milked; however, they did
not contract smallpox. Jenner hypothesised that
a cowpox infection provided some protection
against smallpox. He set out to test his hypothesis
and carried out an experiment on an 8-year-old
orphan. Jenner collected some of the pus from a
pustule on the hand of a milkmaid infected with
cowpox, and then scraped some of the pus into
the boy’s arm. The boy developed symptoms of cowpox, and recovered. Forty-eight days later, using the
same technique, Jenner infected the boy with smallpox. However, the boy did not contract smallpox; he
was immune to the disease. When Jenner, a country doctor, presented his findings to the Royal Society in
London, he was initially ridiculed and asked to provide more evidence. Over time his findings came to be
accepted and his technique, which he called vaccination, became a standard medical procedure.

Louis Pasteur was another immunisation pioneer. He grew cultures of bacteria and found that some old
cultures of bacteria were too weak to cause disease when injected in chickens. If he injected fresh bacteria
in the same chicken, they still did not get sick. Injection with the old, weakened bacteria had made the
chicken immune to the fresh bacteria. He used this technique to develop a vaccine for rabies.

Vaccines have now been developed for numerous diseases including measles, rubella, chickenpox, polio
and diphtheria. Some vaccines are made from a dead pathogen or a weakened version of the pathogen.
Others are made from the coat of a virus that causes disease or some other part of a pathogen. Teams of
scientists around the world are working towards developing new vaccines all the time.

A ‘IIO 20 30 40 50 60 70 80

First vaccination
or infection

Time (days)

2.5.4 Australian scientists leading the way in immunology research

Frank Macfarlane Burnet (1899-1985) was one of Australia’s most acclaimed scientists. He was knighted
in 1951 and received his Nobel Prize in 1960. In 1961 he was named Australian of the Year, and four years
later Burnet was elected President of the Australian Academy of Science. He studied at the University of
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Melbourne and started his career in Melbourne, .

then worked in England for many years, returning Franlf Mac_:farlane B}Jr.net_demonstll'ates his method of
growing viruses by injecting them into eggs to a class of

to Australia in 1944 to become director of the American postgraduate students.

Walter and Eliza Hall Institute WEHI. ‘

Burnet spent most of his career studying
viruses. His doctorate thesis was on the phage,
a type of virus that infects and kills bacteria.
Scientists of the time thought there was only
one species of phage. Burnet showed that
there are, in fact, several species.

In 1928, there was public hysteria against
vaccination after 12 children died after receiving
their diphtheria injections. Burnet was part of a
team that investigated this tragedy. His experi-
ments showed that contamination of the vac-
cine caused the deaths, rather than the vaccine
itself. This no doubt saved many further lives as
people regained their confidence in vaccination.

2.5.5 Influenza strains

While in England, Burnet worked on the human influenza (flu) virus and developed a successful method of
growing high concentrations of the virus using fertilised chickens’ eggs. This work led to the development
of an influenza vaccine. Burnet determined that there were several different strains of influenza. This meant
a new vaccine had to be developed each year once the particular strain of influenza had been identified. His
work laid the foundation for the discovery by Dr Peter Colman from CSIRO that all influenza viruses had a
common part. Researchers then focused on ways to attack this common part and they were able to produce
a new drug that is effective against all strains of influenza virus.

Burnet was so dedicated to his work that he was willing to risk his life to show others what he knew.
In the early 1950s, CSIRO released the myxomatosis virus so it would infect and reduce the rabbit popu-
lation in Australia. At the same time, there was an outbreak of encephalitis that made hundreds of people
sick. The public started to blame myxomatosis. Burnet knew how the myxoma virus worked and that it
could not affect humans. He set up an experiment where he and two colleagues, Professor Frank Fenner
and Dr Clunies Ross, injected themselves with live myxoma virus. When it was shown that their health
was not affected, the panic died down.

Burnet is best known for his Clonal Selection Theory which he published in 1957, around the same
time that another immunologist called Jerne published similar ideas. Prior to publication it was thought
that the immune system produced antibodies ‘from scratch’ in response to foreign substances. Jerne
and Burnet proposed that we are actually born with lymphocytes capable of producing every single
type of antibody we will ever need, but these lymphocytes start to replicate rapidly when an antigen
locks onto them.

2.5.6 Matching body parts

Burnet’s work inspired other scientists, contributing to our ability to perform transplants. He believed that
the body learns about immunity at an early age. Burnet suggested that if you could put cells from another
body into a fetus at the right time, the fetus would learn not to reject such cells later in life.

Dr Peter Medawar and his team of scientists used this idea when they injected donor tissue from a mouse
into the embryo of another mouse. When the mouse was born, the team grafted skin from the donor mouse
onto the newborn mouse. No rejection occurred. Now scientists know that they must match the genes
carefully when they are looking for possible transplant organs. They use a close genetic match between
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recipients and donor organs, together with drugs that deaden the immune
system, to perform successful transplantations. Today organs including
heart, lung, kidney, cornea, bone marrow, skin and pancreas may be
transplanted, extending the lives of many people. Immunology is still an
important area of scientific research.

Professor Peter Doherty is another Australian immunologist who was
awarded a Nobel Prize. He received a veterinary science degree from
the University of Queensland and a graduate medical degree from the
University of Edinburgh. He shared his Nobel Prize in 1996 with Rolf
Zinkernagel when they described the way the immune system recog-
nises virus-infected cells. In 1997 Peter Doherty was named Australian
of the Year. Doherty and Zinkernagel worked at the John Curtin School
of Medical Research in Canberra from 1973 to 1975.

The T lymphocytes (T cells) involved in the immune response have
to be smart enough to avoid damaging their own organism. They need a
recognition system so that they can identify the parts they must destroy
and those they must protect. The body also needs to know when to
activate the T cells.

Professor Peter Doherty

Doherty and Zinkernagel studied mice to learn how their immune systems (particularly their T cells) pro-
tect them against the virus that causes meningitis. They discovered that mice can make killer T cells that
protect them. However, when these T cells were placed in a test tube with infected cells from another mouse,
they did not work. Doherty and Zinkernagel developed a model to explain why this happened. They said that
each T cell carries a marker that allows it to recognise the cell of the organism it is protecting, as well as the
antigen of the invading microbe. At the spot where the antigen attaches itself to the host, the T cell can make
a matched fit and destroy the antigen. It works like two interlocking pieces of a jigsaw puzzle.

A killer T lymphocyte (T cell) must identify both the virus antigen and the cells of the organism it is trying to
protect. It does this by making a matched fit at the place where the antigen is attached to the host. The host

organism’s transplantation antigen acts as the identifier.

Virus-infected target cell

Receptor

Transplantation
antigen antigen
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2.5 Exercise: Remember and think

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember

1. Match the following words with their meanings.

Word Meaning

(a) Antigen (i) White blood cells that engulf foreign particles

(b) T lymphocytes (ii) Only effective for one particular antigen

(c) Phagocytes (iii) Cells that produce antibodies

(d) Antibodies (iv) Any foreign particle that stimulates an immune response

(e) B lymphocytes (v) Disease-causing organism

(f) Plasma cells (vi) Proteins that bind with particular antigens and play a role in either destroying
them or rendering them harmless

(9) Specific (vii) White blood cells from which plasma cells are produced

(h) Pathogen

(viii) A type of lymphocyte not directly involved with the production of
antibodies

2. Recall two Australian scientists who were awarded a Nobel prize for their work in the area of immunology.
Outline two achievements of each scientist.

3. Why was the myxomatosis virus released by the CSIRO?

4. Is encephalitis linked to the myxomatosis virus? Outline how Burnet convinced people of this.

Think

5. Construct a flow chart showing the immune response. Your flow chart should make mention of antigens,
B and T lymphocytes, and antibodies.

6. Jenner used an 8-year-old orphan to test whether infection with cowpox provided protection against
smallpox. Discuss whether this was an ethical thing to do. Do you think such an experiment would be

allowed today?

7. Pasteur’s early immunisation experiments were carried out on chickens. Assess the advantages and
disadvantages of using animals to test new medical procedures.

[oo]

. How did Burnet’s findings about the influenza virus change the direction of research into flu vaccines?

9. Why is it important for T cells to recognise cells of the organism they are trying to protect?

Investigate

10. Use the ASAP weblink in the Resources tab to find out more about the important discoveries made by Sir
Frank Macfarlane Burnet and Sir Howard Florey. Present your findings as a flow chart.

learn

RESOURCES

Explore more with this weblink: ASAP

Complete this digital doc: Worksheet 2.3: Immunity (doc-12743)
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2 . 6 I n C reaS| n g Many vaccinations are administered by injection.
Immunisation rates

2.6.1 Immunisation

Immunisation is a very effective way of
preventing the spread of disease, yet many
Australian children are not immunised
against potentially deadly diseases for
which vaccines are available. Should the
decision to vaccinate a child be left up to
the child’s parents, or should it be compul-
sory for all children to be vaccinated?

Poliomyelitis (polio) is a disease caused
by a virus. In some cases of polio the
nerves are attacked by the virus and paralysis of the arms, lungs or diaphragm (which controls breathing)
can result. Today we rarely hear about polio because it has become extremely rare as a result of vaccination
programs. In your great grandparent’s days it was common for people to have permanent disabilities as a
result of having had polio in childhood. When the vaccine first became available parents rushed to have
their children immunised. The polio vaccine is one of the many vaccines which are now available for all
children at no cost to parents. Yet a small percentage of children are not immunised against polio. Immuni-
sation is currently not mandatory in Australia. Should it be?

The table below shows the recommended vaccination schedule for Australian children.

Age Vaccine
Birth Hepatitis B (hepB)
2 months e Hepatitis B, diphtheria, tetanus, acellular pertussis (whooping cough), Haemophilus

influenzae type b, inactivated poliomyelitis (polio) (hepB-DTPa-Hib-IPV)
e Pneumococcal conjugate (13vPCV)
¢ Rotavirus

4 months e Hepatitis B, diphtheria, tetanus, acellular pertussis (whooping cough), Haemophilus
influenzae type b, inactivated poliomyelitis (polio) (hepB-DTPa-Hib-IPV)

¢ Pneumococcal conjugate (13vPCV)

¢ Rotavirus

6 months e Hepatitis B, diphtheria, tetanus, acellular pertussis (whooping cough), Haemophilus
influenzae type b, inactivated poliomyelitis (polio) (hepB-DTPa-Hib-IPV)

¢ Pneumococcal conjugate (13vPCV)

¢ Rotavirus

12 months e Haemophilus influenza type b (Hib)
¢ Meningococcal C (MenCCV)
¢ Measles, mumps and rubella (MMR)

18 months e Varicella (chickenpox)

4 years e Diphtheria, tetanus, acellular pertussis (whooping cough) and inactivated poliomyelitis
(polio) (DTPa-IPV)
¢ Measles, mumps and rubella (MMR)

The vaccines listed in the table are paid for by the government. Many other vaccines are available; how-
ever, parents must pay for these. When deciding which vaccines the government will pay for, a number of
factors need to be considered: how common the disease is, the effect of the disease, any possible side effect
of the vaccine and the cost to taxpayers.

Some parents decide not to have their children immunised for the following reasons.
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2.6.2 Religious reasons

Members of a religion called Christian Science generally prefer not to use vaccination and do not rely on
medicine and surgery to treat disease. They believe that healing is achieved through prayer.

Jehovah’s Witnesses are instructed not to accept blood transfusions. Up until the 1950s Jehovah’s Wit-
nesses were also instructed to refuse vaccination. This view has since been relaxed, as vaccines do not
actually contain blood cells.

Particular vaccines have raised objections from other religions. There has been opposition to the
polio vaccine from a small number of Islamic clerics in parts of Africa. Early methods for the prepa-
ration for the rubella vaccine raised concerns for the Catholic Church as it used to involve tissue from
aborted fetuses. This is no longer the case. Some Christian groups have also voiced opposition to the
HPYV vaccine.

2.6.3 Safety concerns

While vaccines have saved many lives, there is This child in Pakistan is receiving polio vaccination
the possibility of a negative reaction to a vac- drops during a World Health Day campaign to
cine. This possibility is very small but it does lessen the occurrence of the disease in countries

where health care is not as easily available as in
Australia.

exist. The majority of negative reactions are mild
and may include a slight fever or pain at the site
of the injection. In a very small number of cases
a more severe reaction may occur. One in 100
people receiving the mumps vaccine may develop
swelling of the salivary glands and 1 in 3 million
may suffer from mild encephalitis (an infection
of the brain). Overwhelmingly, the risk from the
disease against which the vaccine offers protection
far outweighs the risk from the actual immunisa-
tion. The combination of the measles, mumps and
rubella vaccine, or MMR vaccine, raised particular
safety concerns in the late 1990s, as small num-
bers of children appeared to develop symptoms of
autism after receiving this vaccine. In 1998 a sci-
entific paper raising concerns about the safety of
the MMR vaccine was published. Since then the
lead author of the paper has been accused of falsi-
fying his results, and other charges of professional
misconduct have been made against him. More
importantly, numerous other studies have been
carried out to investigate if there is a link between
the MMR vaccine and autism. Children who have
not received the MMR vaccine are just as likely to
have autism as those who have not. It is now clear that the MMR vaccine does not cause autism. Unfortu-
nately some parents remain doubtful about the safety of the vaccine.

2.6.4 Australian immunisation rates

In some countries vaccination is compulsory. In Australia parents have a choice, but many measures are
in place to ensure that parents have their children immunised. For example, when parents apply for some
family or childcare benefits they need to provide an immunisation history or a letter from a doctor stating
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that the parents have discussed vaccination with a doctor and chosen
not to have their child vaccinated. When children start school or child-
care an immunisation record or a letter from a doctor is usually required
as part of the enrolment process.

2.6.5 Natural immunisation

Breast feeding gives babies the best start in life. A mother’s milk con-
tains the exact combination of nutrients a baby needs but it also con-
tains something even more important: antibodies. Antibodies from
the mother’s blood can pass into the breast milk, providing the baby
with immunity at a time when the baby’s own immune system is still
developing.

Breast milk contains
antibodies which
help protect babies
from many diseases.

2.6 Exercise: Remember and think

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember

1. Outline two reasons why parents may choose not to have their children immunised.
2. Explain why breast fed babies may be less likely to get colds in the first few months of their life than bottle

fed babies.
Think

3. Discuss whether immunisation should be compulsory in Australia.
4. Discuss whether parents or tax payers should pay for vaccines.

Analyse

5. Calculate the percentage of 24-27 months 2012 Australian immunisation rates

old who were not vaccinated against polio in

2012. Vaccine
6. ldentify the disease against which the least

number of children were immunised in 2012. _ Diphtheria/tetanus

Per cent of 24-27 months
old immunised

94.5

Suggest a reason. Polio

94.5

7. Even if immunisation were compulsory there g

94.7

il al be individuals i lati
will always be individuals in a population Hep B

94.0

that are not vaccinated. This could include
young babies that have not yet reached the ~MMR

93.7

vaccination age, as well as individuals who

cannot be vaccinated for health reasons (for example, children undergoing cancer treatment). As long as

immunisation rates are high these individuals are not at risk. This is called herd immunity.

(@) Explain why an infectious disease cannot spread through a population when immunisation rates are high.

(b) In some parts of New South Wales immunisation rates have been dropping. There is concern that
immunisation rates may fall below the levels required for herd immunity. Why should we be concerned

about this?

Investigate
8. Research one of the diseases listed in the immunisation rates list above.

9. Find a newspaper or journal article about the HPV vaccine. Summarise the key points in the article.Breast

milk contains antibodies which help protect babies from many diseases.

learn RESOURCES

Complete this digital doc: Worksheet 2.4: Vaccination (doc-12744)
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2.0 Epidemic alert

2.7.1 Emerging diseases

How do scientists decide which problems to investigate? While curiosity about the world around us
undoubtedly plays a part, often scientific research aims to address a need in society, such as the emergence
of a new disease, or a plant or animal disease spreading through a population.

The SARS virus is a very nasty flu-like virus which ) o )
hit the headlines in 2003. It causes fever, headache Zgﬁl gg%? \.’I.VEZ Ifakveer:I:rtsZ?g?iﬂir?g%%T r':; alth
and difficulty in breathing. SARS stands for severe declaration forms. All travellers also had their
acute respiratory syndrome. The first victim of the temperature checked on arrival at the airport.
virus was a 48-year-old businessman who had trav-
elled from the Guangdong Province in China, through
Hong Kong, to Vietnam. The businessman died of the
disease and so did the doctor, Dr Carlo Urbani, who
diagnosed the virus as a new one. The virus spread
rapidly and, within weeks, had infected thousands of
people around the world. To try to reduce the spread
of the virus, schools were closed throughout Hong
Kong and Singapore.

When new diseases such as SARS emerge it is
common for teams of scientists to be mobilised to
begin to investigate the new disease. Finding out as much as possible about the disease early on is critical.
Often the first step for infectious diseases is to identify the pathogen and its method of transmission. This
knowledge can be used to control the spread of the disease. Researchers may also begin to investigate pos-
sible treatments and vaccines for the disease.

In the case of SARS, scientists around the world worked frantically to find out how the virus was
spreading. Once the virus responsible for SARS had been identified, Chinese researchers did experiments
that showed the virus could live for five days outside the body in a drop of saliva. Another study showed
the virus survived a stint of more than 24 hours on a plastic surface. German scientists found that house-
hold cleaners did not kill the virus, which meant that disinfecting hospitals with everyday cleaning fluids
would not stop the virus spreading. In the end, the spread of the virus was stopped by isolating the people
who had caught it and preventing them from having contact with other people. Fortunately, people with
SARS showed flu-like symptoms very early on, which made it easy to spot victims, treat them and iso-
late them. If a virus takes a long time to produce symptoms, it is more difficult to prevent the virus from
spreading.

2.7.2 AIDS: a disease of the immune system

AIDS is also a relatively new disease. The first recognised cases of AIDS were reported in the United States
in the early 1980s. At the time it was not known that a virus was responsible for the disease. Research
about AIDS has been intense and we now know a lot more about it, although a cure or vaccine remains
elusive. Unfortunately HIV has spread rapidly in the 30 or so years since the first cases were reported. In
2010 HIV was amongst the top 10 causes of death globally.

Currently the world is in the grips of an AIDS pandemic. An epidemic occurs when the incidence of a
disease in a particular region is significantly higher than expected. If the epidemic spreads across a whole
region such as a continent or the whole world it becomes a pandemic.

The map on the following page shows the percentage of adults living with HIV in various countries in
2011.
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Percentage of adults living with HIV in 2011
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2.7.3 AIDS — what do we know?

AIDS (acquired immune deficiency syndrome) is caused by a virus called HIV (human immunodeficiency
virus). The virus infects a type of T lymphocytes called helper-T cells. When a person is first infected
with HIV they might get flu-like symptoms for a short time, then have no symptoms at all for many years.
During this time the body produces antibodies against the virus. These antibodies can be detected in blood.
Someone who is HIV positive has antibodies for HIV in their blood. The virus destroys the helper-T cells
and thus gradually damages the immune system. When the number of helper-T cells becomes very low
AIDS symptoms might develop. These include night sweats, diarrhoea and fever. People who have full-
blown AIDS have a very weak immune system and will often die from diseases that a healthy immune
system could normally fight off. Also, people who have AIDS are at particularly high risk of a type of
pneumonia, and a type of skin cancer called Kaposi’s sarcoma.

There are only a few ways that HIV can be passed from one person to another, so educating people
about HIV and how to avoid catching it is, at present, the most effective way of preventing its spread. HIV
is present in the body fluids of infected people. Body fluids include blood, semen, vaginal fluid and breast
milk. Most people who are HIV positive became infected with HIV through unprotected sex or sharing
needles. Babies of women infected with HIV have a high chance of being infected, although research has
shown that in many cases infection occurs during birth rather than pregnancy.

There is currently no cure for HIV. Medication can slow the progress of the disease, but it is expensive
and has unpleasant side effects.

2.7.4 Australian breakthroughs in AIDS research

A team of Queensland researchers led by Associate Professor Harrich has made an important discovery.
They have found a protein that the HIV virus uses to replicate in human cells and modified this protein.
The modified protein stops HIV from replicating. So far they have tested the effect of the modified protein
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on HIV using cell cultures. They hope to start animal trials soon. If these tests show positive results human
trials will then be carried out.

It is hoped that the research will lead to the development of a gene therapy treatment. Gene therapy
involves introducing genes that direct the production of particular proteins into the patient. There are var-
ious ways of introducing these genes into particular cells.

Associate Professor Harrich has been researching HIV for over 20 years. He started researching the virus
early in his career at the University of California.

Professor Sharon Lewin is another Australian scientist working towards
finding a cure for AIDS. Her team at Monash University is trying a different Professor Sharon
approach to the Queensland Lewin
team. HIV can sometimes
hide and lie dormant in
some T cells. They are
investigating a drug that
can wake up HIV in these
cells, so the virus can be
detected by the immune
system and destroyed.

Diseases do not need to
make humans sick to cause
serious concern. Some
plant and animal diseases
also cause serious alarm,
particularly if they threaten
an industry.

Associate Professor Harrich

2.7.5 Animal diseases

In August 2007 there was an outbreak of equine influenza in Australia. Equine influenza is a disease
that affects horses and donkeys. There were fears that equine flu might impact on the horse racing
industry, which is worth billions of dollars. Few horses die from equine flu but the horses are not able
to race for the duration of the disease (usually about 2 weeks) and some time afterwards to ensure they
make a full recovery. If equine flu had not been eradicated from Australia it is likely that some horse
breeders may have thought twice before flying their horses to Australia for important races such as the

Melbourne Cup.
Once the disease was detected in Aus- If equine influenza had continued to spread in Australia the

. . horse racing industry could have been affected.
tralian horses a national response was 9 Y

launched. The CSIRO’s Australian Animal
Health Laboratory (AAHL) was involved
because it is one of the few places in Aus-
tralia with the necessary equipment to
study this type of animal virus. The scien-
tists at the AAHL identified the first case of
equine influenza using tests that had been
previously developed to detect bird flu.
These tests were later used by veterinary
laboratories in all states and territories to
track the spread of the disease. CSIRO sci-
entists also sequenced the genetic material
of the outbreak virus. This helped identify
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the most likely source of the infection and made
it possible for vets to select the most appropriate
vaccine for the virus. By March 2008 Australia was
declared equine flu free.

2.7.6 Plant diseases

Plants can get sick too! You may have heard of
the Irish potato famine of the mid nineteenth cen-
tury. Potatoes were the staple food of the Irish.
When potato crops were affected by potato blight,
an infectious disease caused by the fungus Phy-
tophthora infestans, a million Irish died of starva-
tion and another million were forced to emigrate
in search of food. Potato blight still destroys
crops today. It has been estimated that worldwide
the cost of crops lost to infection by this fungus
adds up to about $6 billion a year.

Chemical sprays can be used to keep potato
plants fungus free, but the fungus is evolving and
the spray is becoming less effective at keeping
it at bay. A development that may help society
get the upper hand on Phytophthora infestans
is the recent publication of the genome for the
fungus. Scientists have sequenced the DNA of
the fungus. It is hoped that this information may
help develop more effective weapons against
Phytophthora infestans or help scientists to
breed more durable potato plants.

2.7.7 Australian scientists
working to beat a plant
disease

Another plant disease caused by a fungal infec-
tion is rust. In Australia plants grown as food
crops are bred to be rust resistant. However,
over time new rust strains evolve. It is then
necessary to develop new plant strains that are
resistant to this new type of rust. It’s a nev-
er-ending challenge. Peter Dodds and his team
at the CSIRO are studying rust resistance in
flax at the genetic level in the hope that the
information can help develop plant strains that
remain resistant to rust for a long time.

The two diseases described above are caused by
fungal infections but there are also many bacterial
and viral plant diseases. Some insects are also the
cause of disease in plants.

A potato infected with blight
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INVESTIGATION 2.2

Plant diseases
AIM: To investigate some plant diseases

You will need:

samples of plants affected by disease, labelled with the name of the plant and the disease
digital camera or phone to take photos

dissection microscope or hand lens

Method

e Construct a table with the following headings: Name of plant, disease, photo, observations, additional
information.

¢ Take photos of each plant sample and fill in the first 3 columns of the table.

e Observe each plant sample first with the naked eye, then using the dissection microscope or hand lens. Add
your observations in column 4 of the table.

Discussion

1. Use resource material to locate information about the cause of the disease and how it affects the plant. Write
this information in the last column of the table.

2.7 Exercise: Remember and think

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Recall what the initials SARS stand for.
2. When were the first cases of AIDS reported in the US?
3. Distinguish between an epidemic and a pandemic.
4. Identify the regions of the world where the incidence of HIV infection is highest.
5. Recall which cells HIV attacks.
6. What are some symptoms of AIDS?
7. How is HIV transmitted?
8. Outline why animal and plant diseases can sometimes have very serious consequences for society.
9. Outline the role of the AAHL in the eradication of equine influenza from Australia.
10. Identify the cause of the Irish potato famine of the mid nineteenth century.
11. What is wheat rust?
12. Use the information in this section to describe an example of scientific research addressing a problem in
society.
Think

13. Explain why it is important to determine how a virus is transmitted and how long it can survive outside its host.

14. Explain why it is easier to control the spread of a disease that has obvious symptoms shortly after infection.

15. Haemophilia is a blood clotting disorder. People who have haemophilia require frequent transfusions of factor
VI, a substance found in blood. Often a batch of factor VIl is produced from blood donated from a number
of people. Explain how a number of haemophiliacs became infected with HIV in the 1980s. (Note: Donated
blood is now screened for HIV to avoid the transmission of HIV from donated blood and blood products.)

16. Study the map Percentage of adults living with HIV in 2011 and extract the answers to the following
questions from the map.

(@) Which regions of the world have the highest incidence of HIV infection?
(b) What is the rate of HIV infection for Australia?

17. In the 1980s and 1990s AIDS was often in the headlines because it was a new disease. Public health
campaigns such as the grim reaper campaign also raised awareness of the disease and how it is
transmitted. We hear a lot less about the disease now. Suggest why this could lead to an increase in the
incidence of HIV infection in Australia.

18. Explain why the work of Peter Dodds and his team is important to Australian farmers and the economy.
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2.8 Controlling fertility

2.8.1 How babies are made

An area of medicine that has had a huge impact on health worldwide is the development of technology to
control fertility through the use of contraception. This technology can delay the age at which women have
their first child, space pregnancies and allow people to limit the size of their family.

To understand how fertility can be controlled we need to start by revising the male and female reproduc-
tive system.

In males the testes produce sperm cells. The testes hang outside the body in the scrotum. This keeps
them a few degrees cooler than body temperature. This is essential for sperm production. The sperm cells
travel away from the testes via a tube called the vas deferens. The prostate gland and the seminal vesicle
produce substances that assist the sperm cell on their journey through the female reproductive system. By
the time the sperm cells reach the urethra in the penis they are bathing in a fluid which, together with the
sperm cells it contains, is called semen.

The male reproductive system
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Seminal vesicle

Prostate gland

’ '; Sperm duct
{ [ e I
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Parts of the male reproductive system

Testes Produce sperm cells

Scrotum Where the testes are located. Keeps the testes at a slightly lower temperature than
body temperature.

Vas deferens The tube through which sperm cells travel from the testes

Prostate gland Secretes some of the liquid that is added to sperm cells to form semen. The fluid

secreted by the prostate gland is alkaline and contains many chemicals including
enzymes. It plays an important role in keeping sperm cells alive once they enter
the female reproductive system.

Seminal vesicle Also contributes some of the liquid that makes up semen. The fluid produced
by the seminal vesicle contains proteins, enzymes, sugar, vitamin C and other
substances. The sugar provides a source of energy for sperm cells.

Urethra The tube inside the penis through which semen leaves the male’s body

Penis The penis swells during sexual arousal. Semen containing sperm cells is
ejaculated (released) from the penis into the vagina.

Females produce ova (eggs) in their ovaries. On average one mature ovum from one of the ovaries is pro-
duced each month. Most of these eggs will not be fertilised. They will make their way to the uterus and be
eventually expelled from the body during menstruation. Refer to subtopic 1.9 for further information about
the menstrual cycle. During sexual intercourse semen is released from the penis. This is called ejaculation.
The sperm cells travel through the cervix, into the uterus and eventually reach the fallopian tube where
fertilisation might occur if an ovum is there. Only one sperm cell will get to fertilise the egg. The fertilised
egg is called a zygote. After fertilisation it continues to move along the fallopian tube towards the uterus.
The zygote divides into two cells, then four, eight and so on. After about 72 hours the zygote has reached the
16 cell stage. By day 4 the zygote enters the uterus. It now consists of a ball of cells called a morula. The
morula continues to divide and implants itself in the lining of the uterus where it will develop into a baby
over nine long months. Some of the cells of the morula develop into the placenta, a structure that allows the
exchange of substances between the mother’s and the baby’s blood.

The female reproductive system
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Parts of the female reproductive system

Part Function

Ovaries Produce ova. One egg is produced about once a month from one of the ovaries.

Fallopian tubes/oviducts Tubes through which ova must travel to reach the uterus. Fertilisation occurs in the
fallopian tubes.

Uterus Where the baby grows and develops

Cervix Lower part of the uterus connecting to the vagina. During childbirth the cervix needs
to dilate (open up) to allow the baby to come out of the uterus.

Vagina Semen enters the female’s reproductive system via the vagina. When babies are born
they are pushed out of the uterus and must pass through the vagina to enter the
world.

Clitoris Swells during sexual arousal and becomes highly sensitive when erect

2.8.2 Birth control

There are health risks to both the mother and the child associated with having children when very young (early to
middle teens) and with having children that are born very close together, particularly in parts of the world where
the standard of health care is lower than in Australia. There are other important reasons for people wanting to
plan when and how many children they will have. Being a parent is a big responsibility and most people would
prefer to wait until they are old enough to provide the best care for a child before becoming parents.

Birth control methods have been used with varying degrees of success for thousands of years. Today in
wealthy countries such as Australia a wide range of contraception options is available, although there are
groups in society who oppose some of these methods for religious or cultural reasons. In some developing
countries there are also issues with access to contraception and cost.

2.8.3 Just say ‘No’

Sexual abstinence (not having sex) is the only guaranteed way of avoiding unwanted pregnancy. It is also
the most effective way to avoid contracting a sexually transmitted disease such as AIDS. It is possible for
a person to be infected with a virus or bacteria that causes a sexually transmitted disease yet not show any
symptoms. During sexual intercourse the disease causing organism can be transmitted from one partner to
the other.

2.8.4 The protective condom

The only birth control device that provides some (but not guaranteed) protection against sexually trans-
mitted disease as well as pregnancy is the condom. Condoms consist of a plastic sheath that fits over
the penis. When the male ejaculates the semen is trapped inside the condom. Provided the condom is
free of holes and used properly the semen does not enter the vagina. In Australia condoms are relatively
cheap and readily available. A female version of the condom,

called a femidon, which fits inside the vagina, is available in A worker from The AIDS Support
some countries. In some parts of the world where the incidence Organisation (TASO) in Uganda hands
of HIV infection is high, AIDS prevention programs have out free condoms to a couple.

included the distribution of free male and female condoms.

Some indication of the important role condoms can serve is
suggested by the fact that Nepal holds an annual nationwide
event called ‘Condom Day’. The message for the people is that
condoms will both assist in birth control and prevent transmis-
sion of serious diseases. The event is coordinated by the Nepal
Red Cross Society, in conjunction with 70 of the country’s gov-
ernment and other agencies.
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The table below lists some contraception methods that have been around for decades or more.

Some birth control options

Factors influencing
reliability as birth control

method

How it works

Sexual abstinence Choosing not to have sexual 1+ None, as pregnancy cannot
intercourse possibly occur
Coitus interruptus Withdrawing penis from vagina 5 Loss of self-control;
before ejaculation accidental transfer of sperm
into vagina after withdrawal
Rhythm method(s) Using the pattern of a 5 Loss of self-control;
woman’s menstrual cycle, misreading or misinterpreting
body temperature and/or data or evidence
vaginal mucus to avoid sexual
intercourse when the woman
is fertile
Condom A latex sheath is rolled down 3,or2if Condom puncturing,
over erect penis before sexual spermicide | bursting during intercourse
intercourse. A tip at the top cream used | or slipping off; accidental
catches ejaculated semen. transfer of sperm into vagina
after intercourse
Small rubber dome is inserted 3,or2if Wrong size (doctor should
into vagina in front of cervix to spermicide | determine); puncture;
act as a barrier to sperm. cream used | incorrect insertion or

removed too soon (before six
hours after intercourse)

Contraceptive pill
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Daily pill containing mix

of synthetic hormones
(oestrogen/progesterone) —
either prevents ovulation, thins
endometrium (womb lining) or
increases mucus at entrance
to cervix. Usually taken for

21 days, with seven-day break
(when menstruation occurs).

Forgetting to take pill;
bout of severe vomiting or
diarrhoea; some antibiotics

(Continued)
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Method

Intra-uterine device

How it works

Small plastic or metal object
inserted in uterus by a doctor
for extended period (e.qg.
years). May work by irritating

Factors influencing
reliability as birth control

method

Virtually none, provided user
has regular medical check-
ups to ensure health of
reproductive system

uterus lining so implantation
cannot occur. Some IUDs
are made of copper (which
kills sperm); others release
hormones that thicken cervix
mucus.

Vasectomy Vas deferens are cut, 1 Virtually none
permanently preventing sperm
mixing with fluids produced
by the prostate gland and the
seminal vesicles.

Tubal ligation Fallopian tubes are 1 Virtually none
permanently blocked, cut or
burnt so that ova cannot reach
the uterus, and sperm cannot
reach and fertilise them.

* Rating measures practical effectiveness for users, not effectiveness in principle (that is, if always used properly):
1 = extremely reliable, 2 = very reliable, 3 = mostly very reliable, 4 = generally fairly reliable, 5 = tends to be unreliable

2.8.5 Newer contraception methods

Because there is still no such thing as the perfect contraceptive, research in this area of medicine is
continuing.

For women, some newer contraceptive methods include transdermal patches that stick onto the skin and
release hormones, daily vaginal pills that dissolve into spermicide when inserted into the vagina before
intercourse, and the Filshie clip, a type of fallopian tube clamp.

Products being investigated for men include hormone injections or implants to reduce sperm levels,
male anti-fertility vaccines that regulate sperm and testosterone production, sperm duct plugs that inject
liquid plastic into the vas deferens, chemical sterilisation, and gossypol, a chemical which reduces sperm
production.

HOW ABOUT THAT!

Cutting off sperm cells’ motor could lead to new contraceptive

Australian researchers have found a way to reduce sperm cells’ ability to swim. This discovery could lead to

the development of a male contraceptive pill. The research was led by Moira o’Bryan of Monash university. By
deliberately inducing a mutation in a gene called RABL2 in mice, they found that this gene was necessary to
allow sperm cells to swim. A drug that could temporarily inactivate this gene could thus control fertility in males.

2.8.6 In for the long haul . . .

There are also a variety of long-acting contraceptive methods available. Once ‘introduced’, these require
no further action by the user for a long time. A disadvantage of most of them is that they require medical
intervention for insertion and removal.
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Examples include:

* Depo injections: Also known as Depo-Provera, this is a

This vaginal ring can function

L. . for up to three weeks
hormone injected into the user’s buttocks muscles that secreting hormones similar

prevents ovulation for about three months. to those in contraceptive pills.
implants: A contraceptive implant (about the size of :
a matchstick) is inserted under the skin of the inner,

upper arm. There are different types of implants. EUterus
Depending on the type they can prevent ovulation for Vaginal
up to 3 or 5 years. ~ ring

hormone releasing intra-uterine devices (IUD): Minera
is a T-shaped plastic device that acts directly on the

lining of the uterus to make it thin and unreceptive \

to implantation of the fertilised egg. It also changes

the fallopian tube lining, the mucus produced by the Vaginal ~ '.;

cervix, and can stop ovulation in some women. It pro- ring \ "\\ y

vides continuous contraceptive protection for about five et/
/‘! §

years. >

£

2.8 Exercise: Remember and think

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember

1.

Write down the name of the organs that have the functions listed below.

(@) Produce sperm cells

(b) Produce ova

(c) Tube leading from the testes to the urethra

(d) Tube inside the penis through which urine and semen exit the penis.

(e) Tube leading from ovary to uterus, where fertilisation occurs.

(f) Where the baby grows and develops

(9) Lower part of uterus that needs to dilate (open up) for the baby to be born.

2. What is the role of the placenta?
3. What is the only certain way of avoiding unwanted pregnancies and sexually transmitted disease?
4. Name two methods of birth control that work by providing a physical barrier to conception. Explain how
each works.
5. Describe what an IUD is and how it works.
6. Outline an important function that condoms serve besides being a form of birth control.
Think
7. Explain why you think tubal ligation and vasectomy are so extremely reliable. Use diagrams in your
explanation.
8. Discuss why birth control methods such as the rhythm method and coitus interruptus rely very heavily on
personal self-control.
9. Discuss why birth control is such a deeply personal issue, about which people might have a range of
differing opinions.
10. In 2006 politician Peter Costello famously encouraged Australians to have ‘one [child] for mum, one [child]

for dad and one for Australia’. Similarly when the Pope visited Australia in 2008 he encouraged people to
have more babies. China on the other hand has a one child policy where, for most couples, severe financial
penalties apply if they have more than one child. Discuss whether humans should be encouraged to have
fewer or more children. In your answer provide at least:

(a) one economic argument

(b) one scientific argument.
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Investigate

11. In small groups, complete a research project on one of the following topics. Presentation of your findings
can be in the form of an illustrated report, PowerPoint display or annotated poster.
(@) The risks posed by a number of sexually transmitted diseases (including AIDS) and the benefits gained
by condom use
(b) A new birth control method being investigated and/or developed, and how it would work, such as birth
control pills for men, or birth control injections for women (to name only two)
(c) How immunocontraception is being investigated as a means of controlling some feral animal
populations. Give examples.
12. Use the Reproduction weblink in the Resources tab to work through the online activities relating to the
function of the parts of the reproductive system.

learn

RESOURCES

Explore more with this weblink: Reproduction

2.9 Reproductive technology

Science as a human endeavour

2.9.1 Battling to breed

While many couples use contraception to avoid falling pregnant, some couples face the opposite problem;
they find it difficult to fall pregnant. If a couple has been having regular unprotected sex for a year and they
have not succeeded in conceiving a child, they are considered to be sub-fertile or infertile. For infertile cou-
ples, 40% of cases are due to a problem with the woman’s reproductive system, in 40% of cases the male’s
reproductive system is not functioning properly, in 10% of cases both partners have a problem and in 10%
of cases the cause cannot be determined.

Some of the reasons why couples may not be able to have children

Type of problem Definition/reason

Gametes

Sperm or ova are not produced in sufficient quantity or quality.

Impotence

Some men cannot maintain an erection during sexual intercourse.

Blockage or damage

Some women may have blockages in their reproductive system (e.g. fallopian
tubes), preventing fertilisation.

Repeated miscarriages

The pregnancy cannot be maintained. The baby may die inside the womb or
be born before it is sufficiently developed to survive.

For women, fertility is strongly linked to age.

ties to early fifties. After this time their periods
stop and they no longer ovulate. Fertility starts
to decline well before menopause though, and
women in their forties are less fertile and have
a greater chance of miscarriage than women in

their twenties or thirties.

Fertility decreases as a woman becomes older.

Women usually reach menopause in their late for- Maternal ages versus fertility and miscarriage rates
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2.9.2 Artificial insemination — a reproductive technology

Reproductive technologies are methods involving medical techniques or technology to enable a woman to
become pregnant if she is not able to naturally.

One of these reproductive technologies is artificial insemination (Al). Al involves injection of sperm into
the woman’s uterus close to the time of ovulation. The sperm may be collected from her partner, or from
another male if her partner is sterile. Artificial insemination has also been used in agriculture in the produc-
tion of prime farm animals, and in the breeding programs for endangered species.

2.9.3 In-vitro fertilisation (IVF)

In IVF the egg and semen are combined outside the mother’s body in a dish. In-vitro means ‘in glass’
because glass dishes were used when IVF was first carried out. Some people refer to children conceived
using IVF as ‘test-tube babies’ but this term is not accurate either as the egg and sperm are usually placed
in a shallow dish rather than a test tube.

When a couple undergoes IVF, the woman will usually have hormone injections to stimulate many
eggs to ripen in her ovaries. Regular ultrasounds determine when the eggs are mature. A different hor-
mone called LH is then administered to trigger ovulation and the eggs are harvested using a fine needle.
The father must produce a semen sample which is then combined with the eggs that were collected.
The eggs are monitored closely to check whether they become fertilised and to check whether they
divide normally. If multiple embryos develop, the doctors must try to determine which ones have the
best chance of survival. One, or sometimes two, embryos
are then placed in the woman’s uterus where they will Louise Brown is now in her thirties and is a
hopefully implant. If more than two embryos form, some  yother herself. Louise was conceived by IVF
may be frozen. It is up to the parents to decide if their but she was able to fall pregnant naturally.
excess embryos will be frozen and what will happen to -—
these embryos later on.

The first baby to be conceived using IVF, Louise
Brown, was born in 1978; that’s probably around the
time that your parents were born. She was considered a
miracle of science. Today about one in 33 babies born in
Australia started their life in a dish. IVF clinics have been
able to greatly improve their success rates by fine tuning
the procedure they use. Other techniques have also been
developed to assist couples with specific problems.

X
( -

IN-VITRO FERTILISATION

Step 1 — A woman is given drugs to make
her ovaries release a number of mature ova
at one time.

Step 2 — These mature eggs (and
surrounding fluid) are removed, using a \:’ 4
fine needle. The microscopic lens of a N
laparoscope guides the medical specialist.
Some eggs may be frozen, and stored in
liquid nitrogen.

Step 3 — After being incubated (kept warm at
a constant temperature) for a few hours, the
eggs are mixed with sperm (fresh or thawed) @> Y
in a glass dish. First, the outer protein layer

is removed from sperm cells — this is what

happens naturally in the female body.

In-vitro fertilisation Needle penetrating the
follicle containing the ovum
and surrounding fluid
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If the father has a very low sperm count or his sperm cannot swim, a single sperm can be injected directly
into the egg. This is shown in the photo at right, on the previous page.
Step 4 — Any zygotes that form are allowed to divide. The embryo showing the best chance of survival is then
placed in the woman’s uterus using a catheter (fine, hollow tube). Surplus embryos may be frozen.

2.9.4 Donor egg and sperm

In cases where a man has a very low sperm count donor sperm can be used for artificial insemination or
IVE. Sperm can be collected from donors and kept frozen until it is needed.

Women who cannot produce eggs may be able to use donor eggs. As hormone treatment and an invasive
medical procedure are required to obtain the eggs, few women donate eggs. In Australia women cannot sell
their eggs but in some countries they can. The use of donor eggs has allowed women to have children after
menopause. For women who are nearing menopause and are still hoping to have children in the future a
treatment on offer is egg freezing. The woman’s own eggs are harvested and frozen. Egg freezing is also
being offered to women about to undergo cancer treatment that may damage their eggs. Currently, the
chance of producing a baby from a thawed egg is very low because, unlike sperm cells, egg cells are large
and easily damaged by the freezing process.

Embryos can be donated as well. Sometimes couples who have succeeded in having a baby using IVF
may donate any leftover embryos to be used by another couple who cannot have children.

2.9.5 The controversy

IVF is an example of technology on which there are many different opinions. For some it is considered to
be wonderful technology because it allows couples to have the child they have wanted for so long. Others
are concerned that it is going against nature. Religion may play a part in determining a person’s attitude to
reproductive technologies.

Some other issues that may affect a couple’s decision to have IVF treatment include cost, the side effects
of hormone injections, the time, inconvenience and discomfort that the treatment involves, as well as the
psychological stress it causes, particularly if the couple has to have many attempts at IVF without success.
IVF raises questions for the rest of society as well; for example:

* To what extent should IVF treatment be funded by taxpayers?
* Should there be a maximum age limit for IVF treatment?
* Should Australian women be able to receive payment for their donated eggs?

HOW ABOUT THAT!

Eggs in your arms?

More recent reproductive technology is investigating the storage (by freezing) of the ovary tissue itself (and the
immature eggs it contains). Thawed strips of the tissue are later transplanted into the woman’s pelvis or under
the skin in her arm. The hope is that new blood vessels will grow and regenerate the tissue. If this happens,
hormones will be produced that will mature the eggs, which can then be harvested. So far, some embryos have
been produced this way, but no babies . . . yet.

2.9.6 Is the baby alright?

Until the last few decades women knew very little about their baby until it was born. Today many tests can
be carried out during pregnancy to check whether the baby is healthy.

For couples using IVF, tests are available even before the embryo is transferred to the womb. When the
embryo is just a bunch of cells, doctors can remove one cell and test it for certain genetic conditions. Only
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embryos that do not carry the
genetic defect that was tested for
will be transferred to the womb.
Couples who have already given
birth to children with a severe
genetic defect or who have a
family history of a particular
hereditary disease may choose to
use IVF for this reason alone.

It is now routine procedure
for pregnant women to have an
ultrasound around 12 weeks of
pregnancy. This uses ultrasound
waves to ‘see’ inside the womb
and some birth defects can be
detected at this stage. A meas-
urement can be taken to find out
how much fluid has accumulated
under the skin at the back of the
baby’s neck during this ultra-
sound scan. Babies who have
Down syndrome or certain other
genetic problems usually accu-
mulate more fluid than other
babies. If the amount of fluid is
high parents may choose to have
further tests carried out such as
CVS or amniocentesis. These
tests provide information of the
baby’s genetic makeup.

In a CVS test a sample of the
chorion, the lining of the uterus
that develops into the placenta, is
collected using a needle. The cells
are analysed for certain genetic
defects. This test is done between
11 to 13 weeks of pregnancy.

An ultrasound scan

11:51:42 am
6C2-S 62

4 100mm
OBSTETIRICAL
2ND~-3RD TRIMESTER

75dB S1/+1/3/4
Gain= 15d8  a=3

B 2539 514

A CVS test involves collecting a sample of the chorionic villi.

Chorionic villi

Amniotic fluid Catheter

Fetus (11-13
weeks)

Vagina
Uterine cavity

Amniocentesis is usually performed around 15-19 weeks of pregnancy. A sample of the liquid around
the baby is collected using a needle, since this liquid contains cells from the baby. These cells can be tested
to find out if the baby has Down syndrome. Some, but not all, genetic defects can be picked up by this test;
however, there is a slightly increased chance of miscarriage after this test.

A more detailed ultrasound that can determine the sex of the baby is carried out around 18 weeks of
pregnancy. Certain medical conditions are picked up during this routine ultrasound as well.

If any of the above tests pick up abnormalities in the baby, the parents are faced with difficult decisions.
While some medical conditions detected during pregnancy are treatable, many are not. In Australia parents
have the option of terminating a pregnancy (having an abortion) if major problems are picked up in any of

the tests described above.
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2.9 Exercise: Remember and think

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember

1. Outline the techniques that would help a couple reproduce if:
(@) the male was infertile
(b) the male’s sperm cells were not able to swim
(c) the female had blocked fallopian tubes
(d) the female had a history of miscarriages.
2. Distinguish between:
(a) artificial insemination and in-vitro fertilisation
(b) ultrasound and amniocentesis.
3. Outline, in point form, the steps involved in IVF.
4. Explain why the term ‘test-tube' baby is misleading

Think and discuss

5. Who should decide who is entitled to access reproductive technologies? Discuss this with your team and
report back to the class.

6. Explain how a girl born using IVF technology can have a twin brother who is five years younger.

7. As a class, discuss the issues raised by the following scenarios.

(@) Who owns stored embryos if the people who supplied the gametes die? Can they be ‘inherited’ or used
by others? Should they be used for research (for example, to produce stem cells)? Should they be
destroyed?

(b) Should sperm or ova be harvested from people who have recently died for use by others?

(c) Should commercial surrogacy be allowed? (This involves a woman who carries an embryo in her uterus
created from the gametes of others for a fee.)

8. IVF is an expensive procedure. Couples having IVF treatment can claim some of their expenses from
Medicare; however, this was not always the case. Discuss to what extent IVF treatment should be covered
by Medicare. Should the rebate be available to all people (e.g. women past the age of menopause, single
women etc.)? In your answer include:

(@) an economic argument

(b) an ethical argument

(c) a scientific argument

(d) a legal argument.

9. Prenatal testing is not compulsory in Australia.

(a) Discuss whether prenatal testing should be compulsory.

(b) Discuss whether parents should have the right to decide whether to terminate a pregnancy if a major
birth defect is detected.

(c) A couple found out that they were both carriers of the gene for Tay Sachs disease. That means that if
they have a child there is a one in four chance the child will have Tay Sachs disease. Children who have
Tay Sachs appear healthy at birth. As they get older the child gradually becomes blind, deaf and unable
to swallow and loses muscle tone and mental capacity. Most children who have Tay Sachs die by the
age of 4 or 5. Tay Sachs can be detected using CVS or amniocentesis. If IVF is used, it can also be
detected in embryos before they are implanted. Imagine that you are a genetic counsellor. Outline some
ways that the couple can minimise the chance of having a child that has Tay Sachs. Explain how the
couple’s religious beliefs could impact on their decision.

Investigate

10. Find out about Down syndrome. Summarise the information you find under the following headings:
‘Cause’, ‘Symptoms’ and ‘Management’.

11. Find out whether the number of children born with Down syndrome is increasing or decreasing. Predict
how it will change over the next 25 years. Justify your answer.

12. Use the IVF weblink in the Resources tab to watch an animation of in-vitro fertilisation.
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learn RESOURCES

Explore more with this weblink: IVF

2.10 Reproduction in the news

Research in the area of reproductive technology has brought along rapid change. There is a big difference
between what is scientifically possible and what is socially acceptable. The news snippets in this spread
provide examples of situations where the use of reproductive technology has raised ethical, social, legal or
economic issues. Each snippet is a summary of a news story that was either published in a newspaper or
was presented on the news.

Some of the articles that follow are about surrogacy. Surrogacy is when a woman carries and delivers
a baby for another couple. In some cases sperm from the father is used to artificially inseminate the sur-
rogate mother. In other cases an embryo from the couple trying to have a child is produced by IVF and
then transferred into the womb of the surrogate. In commercial surrogacy the surrogate is paid, some-
times large amounts of money, to carry the child. Altruistic surrogacy does not involve the exchange of
money. A friend or family member might carry a child for a couple for example, and not expect payment
in return. At the time of writing altruistic surrogacy was legal and commercial surrogacy using an Aus-
tralian surrogate was illegal in all Australian states. In some states it was legal to use an overseas surro-
gate, although there were calls to change these laws in some states. Couples using overseas surrogacy
may also face legal difficulties when bringing the child into Australia and being recognised as the child’s
parents under Australian laws.

2.10.1 Widow allowed to use husband’s sperm

Semen can be collected

An Australian woman has been allowed to extract her dead husband’s from a recently deceased
man and frozen for later use,

but is it ethical to do so?

sperm so that it can be used for IVF treatment. The couple had been
trying to fall pregnant and had been undergoing IVF treatment before the
man’s death. When the woman made the request she was told she needed
a court order, however the judge who heard the case said that in future
when a similar request is made senior doctors at the hospital should be
able to grant the request so that there would be no need to go to court
unless the death was suspicious.

2.10.2 Oldest mothers Adriana I .
riana lliescu gave birth at

Adriana Iliescu had IVF treatment using donor eggs. She started age 66

fertility treatment at the age of 58. At the age of 66 she finally suc- T

ceeded in falling pregnant with twins. One of the twins died in the % | 2

womb, the other baby was then delivered by caesarean section 6 weeks - é .
/

before the due date weighing 1.4 kg. ,‘

Mrs lliescu’s record was beaten by Rajo Devi Lohan, an Indian
woman who gave birth at the age of 70. She died before her child
reached the age of two as a result of complications from the IVF
treatment.
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2.10.3 India’s baby farms

Indian clinics specialising in surrogacy are offering
rich couples from around the world the opportu-
nity to use a poorer Indian woman as a surrogate.
The women are paid to act as surrogates. They live
together while they are pregnant and they receive
regular health checks and have all their meals
prepared. For American couples (another country
where commercial surrogacy is legal) the cost of
an Indian surrogate is much less than an American
surrogate.

2.10.4 Mothers for hire

For Vaghela, becoming a surrogate for an American
couple was a way of providing her two children
with an education and a chance for a better life.
Unfortunately towards the end of the pregnancy
she developed complications and died. The baby
was delivered by caesarean section. It was prema-
ture but survived. Even if her family could afford
a lawyer, they would not be able to sue the doctors
or the American couple because Vaghela signed a
contract exempting them from all liabilities. The
contract also says that in a situation where the
mother became very sick in late pregnancy and
at risk of dying she is to be ‘sustained with life-
support equipment to protect the foetus’ viability
and ensure a healthy birth on the genetic parents’
behalf’.

Mrs Vaghela’s family have been given 1 million
Indian rupees (the equivalent of $17 600 Australian
dollars) by the American couple as compensation.

Source: Sydney Morning Herald, 7 September 2012.

2.10.5 Designer babies

Professor Julian Savulescu, an ethicist from
Oxford University, argues that parents should be
able to use genetic testing combined with IVF to
choose the genetic characteristics of their children.
Currently it is possible to test embryos created
by IVF to find out which embryos carry certain
disease-causing genes. Embryos found to carry
the genes are not implanted. Professor Savulescu
argues the technique should be further developed to
allow parents to select genes for anything ranging
from hair colour to intelligence or sporting ability.

Source: Sydney Morning Herald, 6 January 2008.

Dr Kakoli Ghosh Dastidar works in a clinic in India
where local women are paid to act as surrogates for
other couples.

i

Should parents have the right to select certain
characteristics in their children?
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21 06 FreeZIr_]g eggs 1S A human egg (right) shown next to the tip of a thin
‘highly experimental’ glass pipette

The option of freezing some eggs is
increasingly offered to women for a
variety of reasons. Treatment for certain
types of cancer can make women infertile
or damage their eggs. Having some eggs
collected and frozen before starting cancer
treatment would give these women a
chance to have children after they recover
from the cancer. For women who have not
met the right partner or do not feel ready
to be mothers by the time they reach their
late thirties, egg freezing might offer the
possibility of extending a woman’s repro-
ductive years. The chance of producing a
baby from frozen eggs is not very high at
this stage. In 2007 the American Society for Reproductive Medicine calculated that for every 100 frozen
and thawed eggs only 2 to 4 pregnancies would result. Eggs are more difficult to freeze than semen or

embryos because they contain more water and ice crystals can form inside the egg.
Source: Sydney Morning Herald, 26 October 2007.

2.10.7 Parents sue over Treatment for haemophilia usually includes regular

|VF son: I’epo rt transfusions of a product obtained from donated blood.
— : > -

A Victorian couple are suing doctors at
an IVF clinic. The couple decided to use
IVF to conceive their child because they
wanted to avoid giving birth to a child
with haemophilia. The mother knew she
was carrying a gene for haemophilia. Hae-
mophilia is a disease where blood does
not clot properly. A person who has severe
haemophilia will usually require a transfu-
sion of a special component of blood any
time they have even a minor injury such
as a cut or bruise. If a woman is a carrier
for haemophilia, she does not have hae-
mophilia herself. If she has a daughter and
the father does not have haemophilia, the daughter will not have haemophilia either. If the same couple
have a son, however, there is a 50 per cent chance that he will have haemophilia.

The couple used IVF because they wanted the doctors to test the embryos to find out if they were boys
or girls before transferring them to the mother’s womb. The doctors made a mistake and transferred a male
embryo. The couple gave birth to a son who has severe haemophilia.

The couple are suing the doctors who carried out the IVF treatment. They are arguing that the unex-
pected arrival of a boy caused them shock and anxiety. They also want to be compensated for the cost of
medical treatment for their son as well as the pay they have lost as a result of not being able to go to work
when their son has needed treatment.

Source: ABC News, 23 March 2008.
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2.10 Exercise: Remember and think

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember

1.
2.
3.

Define the following terms: surrogacy, surrogate mother, altruistic, commercial.
Outline some situations where women may consider having their eggs frozen.
What is the chance of producing a baby from a frozen egg? Why is the success rate so low?

Think

4.

©®~No o,

Discuss whether there should be an age limit for IVF treatment. Should this age limit apply to the mother
only or to both parents? Justify your answer.

. Carry out a PMI on the following statements:

‘A woman should be allowed to use her dead husband’s sperm to conceive a child’.
‘Commercial surrogacy using overseas surrogates should be illegal in all Australian states’.
‘Commercial surrogacy using Australian surrogates should be legal’.

. Using IVF and genetic testing it is currently possible for parents to choose certain characteristics in their

children. The technology can be used to screen out certain genetic diseases and to select the sex of the

child. In the future it may be possible to select a much greater number of characteristics.

(a) Discuss whether this particular technology is harmful or beneficial.

(b) Should parents be allowed to select any characteristics for which there is a test available or should there
be restrictions on the characteristics that parents can select? Justify your answer.

(c) IVF and genetic testing are expensive procedures, so they may not be available to poorer couples.
Explain how this could impact on society.

Investigate
10. Use EBSCO or another database to locate other news stories about reproductive technology. Summarise

the key points in each article.

211 Review

2.11.1 Infectious diseases

* distinguish between infectious and non-infectious diseases 2.2
* recall examples of diseases caused by each of the following types of pathogens: bacteria, fungi,

viruses and prions 2.2
2.11.2 Non-infectious diseases
* compare the leading causes of deaths in Australia to other parts of the world 2.3
* identify some lifestyle risk factors for some of the leading causes of death 2.3
* describe contributions by Australian scientists in the area of Indigenous health 23
2.11.3 The immune system
* describe the role of the skin, mucus membranes, chemical barriers and other components of the

first line of defence against diseases in the human body 24
* outline how inflammation, fever and phagocytosis assist in the maintenance of health 24
* explain how immunity against a particular pathogen is acquired 2.5
2.11.4 Vaccination
* evaluate the advantages of vaccination 2.6
* outline the work of two Australian scientists that have contributed to immunology research 2.6
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2.11.5 Epidemics

define the terms epidemic and pandemic 2.7
outline the type of research that is carried out when new diseases emerge and spread 2.7
recall examples of animal and plant diseases 2.7

2.11.6 Reproduction

recall the name and function of the organs of the male and female human reproductive system 2.8
describe some birth control techniques 2.8
evaluate the benefits and disadvantages of a number of reproductive technologies 2.9, 2.10
assess the impact of reproductive technologies on society 2.9, 2.10
investigate how issues relating to reproductive technologies have been presented in the

mass media 2.10

ndividual pathways

Bl ACTIVITY 2.1 Bl ACTIVITY 2.2 Bl ACTIVITY 2.3
Revising medical science Investigating medical science Investigating medical science
doc-10635 doc-10636 further
doc-10637
learn

only

Write an exposition based on the following statement using at least five examples from this topic: ‘New technology

eads to scientific discoveries, which in turn can be used to address problems in society’.

Access more details about focus activities for this topic in the Resources tab (doc-10634).

assess[]])

2.11 Review 1: Looking back

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

1. Write down two examples of:
(@) non-infectious diseases
(b) bacterial diseases
(c) viral diseases
(d) prion diseases.
2. List three lifestyle factors that increase the risk of cardiovascular disease.
3. How could a researcher investigate whether an exercise program consisting mainly of walking is more effective
at reducing the risk of cardiovascular disease than an exercise program consisting mainly of weight lifting?
4. (a) Explain what it means to be immune to a disease.
(b) How do vaccines provide immunity to particular diseases?
5. Explain the role of scientific research in controlling the spread of emerging diseases such as SARS.
6. (a2) Which pathogen causes AIDS?
(b) How is AIDS transmitted?
(c) Describe the effect of HIV on the body.
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7. (a) Identify the parts labelled A-T in the diagrams below.
(b) Write the function of the parts labelled B, D, G, H, I, K, L and N in the diagrams below. Present your
answers in a table.

The male reproductive system

The female reproductive system
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8. (a) Give an example of a plant and animal disease.
(b) Explain why it is important to control the spread of animal and plant diseases.
9. Match the contraceptives below with the way they prevent conception and their effectiveness.

Contraceptive How it prevents conception Effectiveness
Condom with spermicide Prevents ova from developing Extremely effective
Diaphragm without spermicide The fallopian tubes or vas deferens Moderately effective
are cut and sealed
Daily contraceptive pill Keeps sperm and semen from Highly effective
entering the woman’s vagina after
ejaculation
Surgical: vasectomy and tubal Prevents sperm cells from reaching Highly effective
ligation the cervix

10. Briefly outline what the following reproductive technologies involve:
(a) artificial insemination
(b) IVF
(c) surrogacy (using egg and sperm from the parents who will raise the child).

11. Choose one of the reproductive technologies described in this topic and outline some of the ethical issues
raised by this technology.

12. Explain why artificial insemination is proving to be a useful technique for zoos and other animal research
centres fighting to boost the numbers of some endangered species. Give as many reasons as you can.

Test yourself

1. Which of the following is a macroscopic parasite?
(@) Flea
(b) HIV
(c) Plasmodium (a protozoan)
(d) E.coli (a bacterium) (1 mark)
2. Which of the following is part of the first line of defence?
(@) Fever
(b) Inflammation response
(c) Mucous membranes
(d) Antibodies (1 mark)
3. Which of the following is NOT a type of white blood cell?
(a) B lymphocytes
(b) Helper-T cells
(c) Phagocytes
(d) Platelets (1 mark)
4. Which statement is correct:
(@) An epidemic is localised to a particular region or country whereas a pandemic involves a larger area of
the world.
(b) An epidemic is when a disease spreads rapidly through a population whereas a pandemic is when the
disease is brought under control.
(c) An epidemic is when an infectious disease spreads rapidly whereas a pandemic involves a non-
infectious disease.
(d) An epidemic lasts less than one year whereas a pandemic can last for a number of years. (1 mark)
5. Which of the following statements best describes the IVF process?
(@) Semen from a donor male is injected into the female’s vagina
(b) Hormone treatment is used to stimulate a woman’s ovaries
(c) A semen sample is combined with one or more eggs outside the body
(d) A woman carries a child conceived from another couple’s egg and sperm in her womb. (1 mark)
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6. Copy and complete the table below. (6 marks)

Role played in the maintenance
Name 1st, 2nd or 3rd line of defence? of health
Skin
Mucous membranes

Phagocytes

Fever
B lymphocytes
T lymphocytes

7. Describe a technological advance that has madeit possible to detect abnormalities

in unborn babies.
8. Discuss the implications of this type of technology on society.

(2 marks)
(4 marks)

Iearn RESOURCES — ONLINE ONLY

Complete this digital doc: Worksheet 2.5: Medical science: puzzles (doc-12745)

Complete this digital doc: Worksheet 2.6: Medical science: summary (doc-12746)
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TOPIC 3

Electricity at work

3.1 Overview

Numerous videos and interactivities are embedded just where you need them, at the point of learning, in
your learnON title at www.jacplus.com.au. They will help you to learn the content and concepts covered in

this topic.

3.1.1 Why learn this?

Imagine what life would be like without mobile phones, television, DVDs, CDs, video cameras, computers,
video games or calculators. You do not have to understand how all of these technologies work to use and
enjoy them, but it is important to understand some of the basic principles behind electrical devices.

LEARNING SEQUENCE

3.1 Overview

3.2 Electric circuits

3.3 Electricity at home

3.4 Meeting our future electricity needs
3.5 Project: Go-Go Gadget online shop
3.6 Review

90
92
106
117
128
129

Electrical devices are in huge demand and commonplace in homes today.
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assess[]])

Electricity — it’'s everywhere!

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Think

Work in a small group to compile answers to each of the following questions.
1. Make a list of all of the electrical devices used in and around the home.
2. Which devices are designed:
(@) to reduce the amount of effort needed to perform tasks done at home?
(b) for heating or cooling?
(c) for lighting?
(d) for entertainment?

. Which devices contain motors?

. What is the purpose of fuses and circuit breakers?

. Why should electrical appliances be used with caution in bathrooms?

. In terms of electricity, what is the difference between an 18 W and a 14 W light globe?

At home

7. Which electrical appliances have plugs with three pins while others have two?
8. Find an appliance with an energy rating sticker. What information is contained on the sticker?
9. Compact fluorescent and LED globes have replaced traditional incandescent lights. Explain why.
10. If one of the light globes in your home breaks, the others continue to work when switched on. What does
that tell you about the way that your home lighting circuits are designed?

o O bW

Our energy future
Electricity is provided to the home and school via transmission lines.
11. (@) How is most of the electricity generated in New South Wales? Does this use a renewable or non-
renewable energy source?
(b) Brainstorm some other ways that electricity can be generated.
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3.2 Electric circuits
3.2.1 Simple circuits

When you switch on a light, a television, a computer or a CD

player, you are completing a pathway along which electrical energy

flows. The pathway is called an electric circuit. All electric circuits

consist of three essential items:

* a power supply provides the electrical energy

* a load (or loads) in which electrical energy is converted into
other useful forms of energy

* a conducting path allows electric charge to flow around the circuit.

3.2.2 What is electricity?

The batteries (cells) used in torches and many other devices store
chemical energy inside them. The chemical energy is transformed into
electrical energy as a chemical reaction takes place inside the batteries.

Most household appliances do not rely on batteries but rather
receive electrical energy from a power station via a power outlet.

In electric circuits, electric charges travel around the circuit,
gaining electrical energy from a power source and converting it to
other useful forms in a load. To better understand the nature of the
electricity in circuits it is important to grasp the concepts of electric
current, voltage and resistance.

3.2.3 Current

When a torch switch is clicked on, the light comes to life — what’s
happening? Pushing the button closes the switch in the torch cir-
cuit. This provides a complete (or closed) circuit through which
electric charges, called electrons, can flow. This flow of charge is
called an electric current (symbol, 7). Electric current is meas-
ured in amperes (A) or amps for short, named after André Ampere
(1775-1836), a French physicist and mathematician who is gener-
ally credited as one of the main discoverers of electromagnetism.

There are billions of electrons travelling around a circuit, each
carrying an extremely small charge. If we were to quantify electric
current in terms of individual electrons we would need to quote
very large numbers indeed. Instead, scientists refer to the number
of coulombs of charge flowing through a circuit. It’s a little like
referring to eggs in dozens rather than individually. A coulomb is
equivalent to the charge of 6.2 x 10'® electrons. Consequently, the
electric charge of a current of 1 ampere is equivalent to one cou-
lomb of charge (or 6.2 x 10'8 electrons) travelling around the cir-
cuit per second, so 2 amperes = 2 coulombs per second etc.

3.2.4 Voltage

Voltage is a measure of the electrical energy carried by the charges

Symbols for common circuit

components
Conductor (lead)
I I Cell
I | | | Battery or DC
power supply
O AC power supply
72\
\®/ Light globe
i Leads connected
L | Resistor (fixed)
—F Variable resistor
(rheostat)
Switch
@ Ammeter
@ Voltmeter
/‘\ Leads crossing
Y Circuit breaker
Fuse

Circuit diagram for a torch

Globe

Switch

Metal strip

Spring Battery BaﬁeryGIobe base

in a circuit. Voltage (V) is measured in

volts (also symbol; V) and named after Alessandro Volta (1745-1827), an Italian physicist renowned for the

development of the first electric cell in 1800.
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Voltage is sometimes referred to as potential difference because it measures the change in the potential, or
stored electrical energy of the charges as they move from the start to the end of a circuit. For example, a 3-volt
torch battery supplies the equivalent of 3 joules of energy per coulomb of charge in the circuit of the torch.

Electric charges gain electrical energy as they pass
through the power supply in a circuit. They lose the
same amount of electrical energy as they move through
the rest of the circuit and this energy is transformed to
other forms. This means that the voltage gain across
the terminals of the power supply is equal to the total
voltage drop across the rest of the circuit.

Components like light globes in an electrical cir-
cuit act as loads. It is in each of the loads that the
electrical energy carried by the charges is trans-
formed into other forms. In the example of a light
globe, electrical energy is transformed into light
and heat as the filament, a coiled tungsten wire,
glows brightly when it gets hot. In a hair dryer
there are two loads: a heater and a fan.

3.2.5 Resistance

Voltage rises and falls in a simple circuit.

Voltage (v)

8V
1

A

Position in circuit

A summary of variables associated with electric circuits and
Resistance (R) is a measure of how much a their units of measurement

load restricts and reduces the flow of current. Variable Unit

Resistance is measured in ohms (()), named Name Symbol Name Symbol
after Georg Ohm (1789-1854), a German Voltage v Volts v
physicist who described the relationship Current | Amperes A
between the voltage, current and resistance Resistance R Ohms 0

in an electrical circuit. In an efficient electric

circuit, most of the electrical energy provided by the power supply is transformed in the loads. Little of the
electrical energy is transformed in the conducting wires because they are made of metals like copper which

have little resistance.

3.2.6 A useful analogy

To understand the concept of voltage, current and resistance in an electric circuit it is helpful to provide an

analogy, or real-life comparison.

A bakery supplying bread to a supermarket is a good analogy for an electric circuit:
* The battery provides energy just like the bakery provides loaves of bread for delivery to supermarkets.
* The energy is carried around a circuit by electrical charges; similarly, the bread is carried around by

delivery vans.

* The charges (electrons) are already there in the conducting wires of a circuit, just as the delivery vans are

there waiting to deliver bread.

* The flow of charges is called an electric current and is like the line of moving delivery vans.

* The electrical energy carried by the charges is ‘given out’ in the bulb as heat and light and the charges

return to the battery to collect more energy; similarly, the bread carried by the vans is sold to the super-
market and the vans return to the bakery to collect more bread.

The resistance in the electric circuit due to the load slows the current in the same way that delivery to
each supermarket slows down the movement of delivery vans.

The more loads in an electric circuit, the more resistance and the less current, just as the more supermar-
kets that need to be visited by the vans, the slower the vans travel.
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A bakery supplying bread to a supermarket can be an analogy for an electric circuit.

1. The bakery manager loads the
bread onto the vans and sends
them off.

Empty vans collect 0\%

2. As soon as the vans start to bread at the bakery. (4

move, bread is delivered to the
supermarket.

X

3. All the delivery vans move at
the same speed.

The empty vans go
o Each van takes bread back to the bakery o
" to the supermarket. to get more bread.
4. If the manager speeds the
vans up, more bread is
delivered to the supermarket

in a certain time.
The vans deliver the bread

to the supermarket where
the shoppers take it away.

5. If the manager loads more bread
on to each van, more bread is

delivered to the supermarket in a %\ Supermarket
certain time. 0

Relating this to an electric circuit. ..

1. The battery provides energy
and allows the charges to
move.

Charges collect
energy at the battery.

2. As soon as the charges start to
move, the bulb lights up.

The charges already Charges return to the
in the wire carry battery to collect
electrical energy. more energy.

3. All the charges move at
the same speed.

4. If the charges speed up more
energy is delivered to the

bulb in a certain time. The charges deliver energy to

the bulb where it is
transformed to heat and light.

5. If more energy is carried by
each charge, more energy is
delivered to the bulb in a
certain time.

is the number of
charges passing a
point each second.
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It is important to understand that the charges travelling through an electric circuit are present in the conducting
wires already. A circuit’s power source merely provides these charges with the energy to travel around the cir-
cuit. It’s a little like the water in your water pipes. When you turn on a tap, you do not need to wait for the water
to travel from the reservoir to the tap. Rather, the water is already in the pipes under pressure. Turning the tap on
merely releases the water already in the system just like closing the switch in an electric circuit.

INVESTIGATION 3.1

A water analogy
AIM: To model an electric current

You will need:
long rubber hose
stopwatch

¢ Turn off the lights in the classroom then turn the light switch back on and time how long it takes for the
electrical current to reach the lights.

e Attach the rubber hose to a tap and run it to a sink as far away as possible.

¢ Turn the tap on and time how long it takes for water to reach the sink. Record the time taken.

¢ Repeat this experiment, but this time start with the hose already full of water.

Discussion
1. Which is the better analogy for an electrical current, the current of water when the hose is full of water or
when the hose is empty? Explain why.
2. In this analogy what do each of the following represent:
(@) the water?
(b) the hose?
(c) the tap?
3. What aspect of an electrical circuit does this analogy not represent well?

—

3.2.7 Measuring current and voltage ,
An ammeter is used to

A current of water in a river can be measured by determining the volume of measure electric current.
water that passes a particular point every second. Similarly, the size of the
electric current in a circuit can be measured by determining the amount of /
electric charge passing a particular point in an electrical circuit every second. o
An ammeter is used to measure the size of electric current flowing in an
electrical circuit. An ammeter measures electric current in amperes (A). Sen-
sitive ammeters can measure currents as small as thousandths of an ampere,
(milli-amperes mA), or even millionths of an ampere, (micro-amperes uA).

Using an ammeter

Many ammeters used in school laboratories have one black, negative
terminal and two or more red, positive terminals. Remember the
following points when using ammeters. Circuit diagram showing how
* The positive terminal of the ammeter should always be connected  an ammeter is connected to
in series so that it is closer to the positive terminal of the power  measure the electric current
supply than the negative terminal of the power supply. through'a light'globe
* Always read an ammeter from directly in front. The error obtained I | | |
by not reading from directly in front is called a parallax error.
 If the ammeter has more than one red terminal:
* Use the positive terminal with the highest value first. If the meas-
ured current in your circuit is too small to be detected on this scale, ®

n
&

change the connection to the positive terminal with a smaller value.
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* Read the scale that matches the positive terminal used.
* An ammeter is represented by the symbol @

Using a voltmeter

A voltmeter is used to measure the voltage gain across the terminals o ,

. . Circuit diagram showing how

of a power supply or the voltage drop across a load in an electric cir- a voltmeter is connected to

cuit. Voltage is measured in volts (V). measure the voltage drop across
Like ammeters, most voltmeters used in school laboratories have a light globe

one (black) negative terminal and two or more (red) positive termi- | | | I

nals. Remember the following points when using voltmeters.

* A voltmeter should be connected in parallel with the component
of the circuit across which the voltage is being measured. The pos-
itive terminal should always be connected so that it is closer to the
positive terminal of the power supply than the negative terminal of
the power supply.

* Use the positive terminal with the highest value first. If the meas-
ured voltage in the circuit is too small to be detected on this scale, change the connection to the positive
terminal with a smaller value.

» Read the scale that matches the positive terminal used.

* Always read a voltmeter from directly in front to avoid parallax error.

* A voltmeter is represented by the symbol @

© &

3.2.8 Understanding resistance

The negatively charged electrons moving in an electric circuit have to make their way around the atoms in
the connecting leads and components that make up the circuit. Electrical resistance is a measure of how dif-
ficult it is for electrons to flow through part of a circuit. The resistance to the flow of electric charge limits
the electric current, just as the resistance due to a crowded corridor limits the number of students who can
pass through in a given time interval. Electrical resistance also determines how much energy is lost through
transformation to heat, light etc. by the electric charges as they move through a circuit.

Conductors have very little resistance. They allow large electric currents to flow with little loss of energy.
Insulators have a very large electrical resistance. They allow very little electric current to flow.

The value of the resistance (R) of any part of an electric circuit can be calculated by the following for-
mula, where V is the voltage drop in volts and / is the electric current in amperes.

R=Y
I

A torch globe carrying an electric current of 0.2 A with a voltage drop of 3 volts therefore has a
resistance of:

R=Y=3 _1s50
I 02

INVESTIGATION 3.2

Current and voltage in a circuit

AIM: To investigate the electric current and voltage at various points in a circuit
You will need:

DC power supply (set to 6 volts)

12-volt light globe and holder

3 connecting leads with alligator clips or banana plugs
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switch
ammeter
voltmeter

e Set up the circuit shown in the diagram at right. Make a copy of the
table below in which to record your measurements. 6V

With the switch open, connect the ammeter in series at each of
the points A, B, C, D and E to measure the electric current at these
points. Record your measurements in the table.

With the switch open, measure the voltage across each of the
following components by connecting the voltmeter parallel to:

(a) the power supply (across points A and E) ®
(b) the light globe (across points B and C) B

(c) the switch (across points C and D)

(d) one of the connecting wires (across points A and B).

Close the switch.

e Repeat your measurements of electric current at each of the points A, B, C, D and E using the ammeter.
¢ Repeat your measurements of voltage across the power supply, the light globe, the switch and the
connecting wire using the voltmeter.

C D

Discussion

1. Compare the electric current when the switch is opened to when it is closed.

2. Were there any differences in the size of electric current at each of the five points when the switch was
closed? Explain.

3. Across which parts of the circuit were there significant voltage drops? Explain.

4. How does the voltage across the terminals of the power supply compare with the voltage across the light
globe when the switch is closed? Explain.

5. Where is most of the electrical energy provided by the power supply used?

Currents and voltages around a simple circuit

Using the ammeter Using the voltmeter

Location in circuit  Electric current (A) Voltage (V)

Switch open Power supply
Light globe
Switch

Connecting wire

Switch closed Power supply
Light globe
Switch

Connecting wire

moo|®w(> Mo 0O o >

3.2.9 Controlling the flow

When you turn down the volume of a radio or television, you are changing
the voltage and current available to the electric circuits inside. The volume
switch acts as a variable resistor.

Resistors are used in electric circuits to control the voltage and cur- L
rent. They can have a fixed resistance or a variable resistance like those S & | !
in volume controls. The photograph at right shows some different types of \ A ‘#;' ‘
resistors. The two tall cylindrical resistors are a type of variable resistor -
used in volume dials.

A range of resistors
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A variable resistor in a stereo system

Variable
resistor

The knob sits on the stem of the variable
resistor. When you turn the knob, the stem

of the variable resistor rotates, changing its
resistance and controlling voltage and current.

INVESTIGATION 3.3

Variable resistance

AIM: To investigate the effect of a variable resistor in a
circuit

Connecting to a variable resistor

You will need:

DC power supply

ammeter

variable resistor (rheostat)

5 connecting leads with alligator clips or banana plugs
ruler

12-volt light globe

voltmeter

e Set up the circuit shown in the diagram below right. Turn
the DC power source to 10 V. The variable resistor (see above right) is connected in series with the light globe.

¢ Move the sliding part of the variable resistor so that the voltage drop across the light globe is at a maximum.

¢ Measure the current through the circuit and the voltage across the
light globe and record these values in a suitable table. I | ‘ |

e Slide the variable resistor 3 cm from the starting point and repeat
these measurements.

e Continue to take readings at 3 cm intervals until you reach the A>
end of the variable resistor. Record your data in a suitable table.

Discussion

1. What evidence is there to suggest that at the start of the
experiment the resistance of the variable resistor is at a
minimum?

2. Explain what happens to the electric current flowing through the
light globe as the resistance of the variable resistor increases.

3. Explain what happens to the voltage across the light globe as the

resistance of the variable resistor increases.

Explain what happens to the brightness of the light globe as the resistance of the variable resistor increases.

5. What would you expect the sum of the voltage across the light globe and the voltage across the variable
resistor to be? Explain.

© &

»
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3.2.10 Ohm’s Law

In 1827, a German physicist, Georg Simon Ohm, discovered that the electric
current in metallic conductors was proportional to the voltage drop across the
conductor. That is, if the voltage was doubled, the current doubled. If the voltage
was tripled, the current tripled. This relationship is known as Ohm’s Law.

Materials that obey Ohm’s Law are said to be ohmic. The fine filament in
a light globe is not ohmic as it heats up. Metals and carbon are ohmic mate-
rials as long as the temperature remains fairly constant.

One way of working out whether a material is ohmic is to draw a graph of
voltage drop versus electric current. Ohm’s law is often defined by the equation:

rR=Y
1

S V=IR

If the material is ohmic, a graph of V versus / yields a straight line because
the resistance is constant.

Problems involving Ohm’s
Law can be calculated
using this triangle. Place
your finger over the
variable that you wish to
calculate.

V. \—»V=IxR

INVESTIGATION 3.4
Calculating resistance

AIM: To calculate the resistance of a light globe using Ohm’s Law

You will need:

DC power supply

12-volt light globe and holder

6 connecting leads with alligator clips or banana plugs
switch

ammeter

voltmeter

e Set up the circuit shown in the diagram at right and leave the switch

open.
e Construct a table like the one given below to record your
measurements.
e Set the power supply to 2 volts. Close the switch and quickly read
the meters, recording the electric current and voltage drop in your
table. Ensure that the electric current is recorded in amperes (not

milli-amperes).

¢ Repeat the experiment with the power supply set to 4, 6, 8, 10 and
12 volts, each time quickly measuring and recording the electric
current and voltage displayed on the meters.

®

© &

Power supply Electric current Voltage drop across
setting (V) through the globe (A) the globe (V)

2

4

6

8

10

12
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¢ Plot a graph of current (x-axis) against the voltage drop (y-axis)

for the light globe. You might like to use a spreadsheet for 10 -
this purpose. Draw a line of best fit (trend line) to display any s
pattern in your data. a 8-
o
Discussion E
1. Is your line of best fit a straight line or a curve? Explain why. = 61
2. Calculate the resistance of the light globe using Ohm’s Law. § /

One way of doing this is to calculate the resistance using V
and / values several times and finding an average, but this
treats each pair of values as equally valid even though some
may be discrepant (also called outliers). A more accurate
way to calculate the average resistance is to use the gradient
of your graph (where the line of best fit is a straight line). An

example is given at right. Current (A)

N
|

Resistance = gradient = %

i _V _60V_
Resistance = I S07A" 8.6 Q

3.2.11 Series and parallel circuits

There are two ways that components can be connected in a circuit, series and parallel. In a series circuit
the components are connected one after another in a row. As a result, the same current flows through each
component. However, the voltage provided by the power supply is shared between each of the components.

In a parallel circuit the components are connected in separate branches. As a result, the current is divided
between each of the components in the separate branches but each branch of a parallel circuit uses the full
voltage provided by the power supply.

Three light globes connected Three light globes connected to a power supply in parallel.
to a power supply in series. Each globe uses the full voltage of the power supply. One-third

Zgihsgr;ge?ué;ecnk: glc;vk\;se,tif}rough of the current flows through each globe (if identical).

identical uses one-third of the I | | |
power supply’s voltage.

1]
Current Current

splits \ ® e rejoins

H—— &
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In a parallel queue of students, the congestion is reduced and they will be served more quickly. Similarly the
total resistance in a circuit is reduced when the components are connected in parallel and this increases the

total current.

;A' ‘b‘ <
v [SCHOOL CANTEEN
/ \ ' J
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INVESTIGATION 3.5

Series circuits
AIM: To investigate the current and voltage in a series circuit

You will need:
DC power supply (set to 6 volts)
three identical 12-volt light globes and holders >
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5 connecting leads with alligator clips or banana plugs
ammeter
voltmeter

e Make a copy of the table below.

e Set up each of the circuits described in the table. Draw a diagram of the circuits in your workbook. Include
the ammeters and voltmeter in your diagrams to show how the current flowing from the power supply and the
voltage across one of the globes were measured.

Current and voltage in series circuits

Circuit description Current (mA) Voltage (V)
One light globe (globe X) connected Globe X:
to a 6-volt power supply Power supply:
Two light globes (globes X and Y) Globe X:
connected in series with a 6-volt Globe Y:
power supply Power supply:
Three light globes (globes X, Y and Globe X:
Z) connected in series with a 6-volt Globe Y:
power supply Globe Z:
Power supply:

¢ Use the ammeter to measure the electric current flowing through each circuit. Place the ammeter in series
with the light globes in each circuit so that the positive terminal is connected directly to the positive terminal
of the power supply.

CAUTION: Check that the ammeter is connected properly. Check with your teacher if you are not sure.

¢ Use the voltmeter to measure the voltage drop across the power supply and each of the light globes in each
circuit.

e Record all of your measurements in the table.

e While the third circuit is set up and switched on, unscrew one of the globes from its holder, if not too hot, and
observe what happens.

Discussion

1. What happens to the electric current flowing through the circuit as more globes are added in series? Explain
why this happens.

Why was it not necessary to separately measure the electric current flowing through each globe when two or
three globes were connected in series?

What is the sum of the voltages across the globes in each of the three circuits?

How much voltage is ‘lost’ across each globe in the third circuit? Where has this electrical energy gone?
Make a general statement about voltage drops across light globes connected in series.

Make a general statement about electric current flowing through light globes connected in series.

Explain what happens to the other lights in series, if one of the lights breaks.

What happens to the brightness of the globes as more globes are added in series?

N

© N O AL

INVESTIGATION 3.6
Parallel circuits

AIM: To investigate the current and voltage in a parallel circuit

You will need:

DC power supply (set to 6 volts)

three identical 12-volt light globes and holders

5 connecting leads with alligator clips or banana plugs
ammeter

voltmeter
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e Make a copy of the results table given below to record your measurements.

Current and voltage in circuits 1 and 2

Circuit Current (mA) Voltage (V)
Circuit 1 Globe X: Globe X:
Globe Y: Globe Y:
Power supply: Power supply:
Circuit 2 Globe X: Globe X:
Globes Y and Z: Globe Y:
Power supply: Globe Z:
Power supply:

e Set up the circuits shown in the diagrams below. Observe whether adding the second globe in circuit 1

affects the brightness of the first globe (globe Y).

e Use the ammeter to measure the electric current flowing from the power supply and into each of the light

globes in each circuit.

Parallel circuits

Circuit 1 B Circuit 2

\Y
| 1
1]
Globe X

&

Globe Y

&

CAUTION: Check that the ammeter is connected properly.
Check with your teacher if you are not sure. Connecting the

ammeter to measure the current in a parallel branch is tricky —

see the diagram at right.

¢ Use the voltmeter to measure the voltage drop across the
power supply and across each of the light globes in each
circuit.

e While circuit 2 is set up and switched on, unscrew Globe X
from its holder, if not too hot, and observe what happens.

Discussion

1. What is the sum of the currents flowing through globes X and

Y in circuit 1?

2. What happens to the electric current flowing from the power

supply when it meets a ‘fork’ in the pathway?
3. In circuit 2, how does the voltage drop across globe Y

compare with the voltage drop across globe X? Explain why

this is the case.

4. Make a general statement about electric current flowing
through light globes connected in parallel.

5. Make a general statement about voltage drops across light
globes connected in parallel.

6. Explain what happens to other lights connected in parallel if

one of the lights break.

7. Does adding a second globe in parallel to the first affect the

brightness of the first globe? Explain.

6V
1]

Globe X

&

Globe Y Globe Z

H—

Connecting an ammeter to measure
the current in a parallel branch of a
circuit containing globe X

Power supply

Ammeter
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3.2 Exercise: Remember and think

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember

1. Identify the three essential features of all electric circuits.
2. Identify the energy transformation taking place in a torch.
3. Explain why connecting wires are usually made of copper.
4. Draw a circuit diagram showing:
(@) a battery connected to two light globes connected in series
(b) a battery connected to two light globes connected parallel.
. Explain why voltage is also known as potential difference.
. Define the term ‘electric current’.
7. Identify the device used to measure:
(a) electric current
(b) voltage.
8. Use Ohm’s Law to outline the relationship between the voltage supplied to an appliance and the electric
current flowing through that appliance.

Think

9. A single light globe is connected to a power supply. Predict whether the brightness of this light globe will

increase, decrease or remain the same when:
(@) an identical light globe is connected in series with it
(b) an identical light globe is connected parallel to it.

10. Explain two advantages of connecting the power outlets in a room of your home parallel to one another.

11. Redraw the circuit diagram from question 4(b), adding a switch that turns both light globes on or off at the
same time.

12. An apprentice electrician has designed a lighting circuit diagram (shown below) for a new house. Explain
what is wrong with this circuit design.

o O
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13. Calculate the voltage drop across a 100 Q resistor when the electric current through it is 0.25 mA.
14. The electric current flowing through a light globe is 200 mA when the voltage across the globe is 1.5 V.
When the voltage is increased to 3.0 V, the current is measured to be 360 mA.
(a) Calculate the resistance of the light globe when the electric current is 200 mA.
(b) Explain whether the light globe is ohmic.
15. When a light globe ‘blows’, the filament breaks. Explain what will happen if:
(@) many light globes are connected in series and one blows
(b) many light globes are connected in parallel and one blows.
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16. In the circuit diagram at right, predict which of the light globes (A, B R S
or C) will continue to glow if:
(a) the filament in globe A breaks
(b) the filament in globe B breaks
(c) the filament in globe C breaks _ Q ®
(d) a wire lead is connected between the points P and Q _
(e) a connecting lead is connected between the points P and R Globe B
(f) a connecting lead is connected between the points P and S.
17. The incomplete concept map below represents some of the key P
ideas related to electric circuits. This concept map is just one way of
representing ideas about matter and how they are linked. Copy and complete the concept map by writing
suitable links between the ideas.

2V Globe A Globe C

Electric circuits

Conducting
path Electric
current

Energy

Using data
18. Answer these questions about the ohmic conductor described by
the graph of voltage drop versus electric current at right.

(a) Predict the voltage drop across the conductor when the 10+
electric current is 0.6 amperes. S
(b) Predict the electric current through the conductor when the g- 8
voltage drop across it is 4 volts. 5
(c) Predict the current through the conductor if it is supplied with 8 6
9 volts. g 6.0V
19. Read the measurement on the ammeter below accurately. S 4]

N
|

02 04 06 08 1.0

Current (A)
Resistance = gradient — B
run
- _V _60V_
Resistance = I S07A- 8.6 Q
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Investigate

20.

21.

Carry out an investigation to determine whether common loads like light globes and resistors are ohmic or
non-ohmic. Present your data for each device as a line graph.
Research one of the following scientists and outline their contribution to our understanding of electricity:

(@) André Ampere
(b) Alessandro Volta
(c) Georg Ohm.

Present your research as a newspaper or journal article and emphasise the scientist’s ground-breaking

discoveries.

22. Use the Hydraulic model of current interactivity in the Resources tab to explore a DC circuit by adjusting
the voltage and adding a combination of series and parallel resistors.
23. Use the DC water analogy weblink in the Resources tab to see a direct comparison between the flow of

water and a DC circuit.

Iearn RESOURCES — ONLINE ONLY

Explore more with this weblink: DC water analogy

Explore more with this weblink: Ohm’s Law

Complete this digital doc: Worksheet 3.1: Simple circuits (doc-12747)

Complete this digital doc: Worksheet 3.2: Voltage and current (doc-12748)

Complete this digital doc: Worksheet 3.3: Ohm’s Law (doc-12749)

Complete this digital doc: Worksheet 3.4: Series and parallel circuits (doc-12750)

3.3 Electricity at home

Science as a human endeavour

3.3.1 AC or DC

The electricity used to run many of the appliances in our
homes is obtained by simply plugging a lead into a power
point, also called a general power outlet (GPO) and switching
it on. The electric current that flows from power points is
not quite the same as the electric current that flows from a
battery. Batteries provide a direct current (DC), meaning
that a constant voltage is supplied causing the current to
flow in one direction in a circuit. In a DC circuit, electrons
carry electrical charge from the negative terminal to the
positive terminal of the power source.

The current supplied to homes and available to appli-
ances through power outlets is called alternating current
(AC). As the name indicates, alternating current alter-
nates or changes direction. In Australia, current alter-
nates with a frequency of 50 Hz (50 times per second)
and the voltage fluctuates from a positive to negative
value with a voltage equivalent to 240 V.

The electrical voltage from a power supply can
be displayed on a cathode ray oscilloscope
(CRO). A DC power supply produces a constant
voltage and a current that travels in one
direction. An AC power supply produces a
fluctuating voltage and a current that changes
direction 50 times a second.

DC power supply

AC power supply
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Alternating current, rather than direct current, is supplied by power sta-
tions because it is more efficient to distribute over large distances through the
power grid.

3.3.2 Appliance transformers

Many common electrical appliances are not designed to work on the 240 V
AC electricity supplied to homes. These appliances contain devices called
transformers that can increase or decrease the supplied voltage to the voltage
required by the appliance. In addition, appliances that require DC electricity
are supplied with an electrical device called a rectifier that converts AC to
DC. Hence, the 240 V AC supplied to your home can supply a variety of
appliances, each requiring a specific operating voltage. For example, mobile
phone rechargers transform and rectify 240 V AC into the small DC current
required to recharge the internal battery of the phone.

A mobile phone charger

3.3.3 Electrical safety The power cords that supply electrical appliances

Electricity is provided to homes through wires cov-

contain wires that have a double layer of insulation
to prevent users from coming into contact with the

ered with plastic insulation. The wire that carries wires. There is a plastic coating around each wire
AC electricity to your house is called the active as well as a plastic cord around the two wires.

(often called the live) wire. This voltage alternates,
providing the equivalent of 240 V. A second wire,
called the neutral wire, completes the electrical cir-
cuit from your home to the electrical power grid that
supplies your home and neighbouring streets.

The electrical circuit supplying your home first
passes through the electricity meter in the meter
box to monitor your energy usage. From the meter
box your home’s main electric circuit splits into
numerous parallel branches, each supplying dif-
ferent sections of your house. Some appliances such
as hot water heaters and cooking stoves use particu-
larly high electric currents and so may be on their
own parallel branch. Often each room would be
supplied with electricity by a separate parallel cir-
cuit, and within each room the lights may be on a
separate branch to the power points. The advantage
of this is that if a light blows in one room it won’t
affect the power points in that room or the lights in
other rooms.

3.3.4 Fuses, circuit breakers and
safety switches

The separate circuits for each area of your home can be seen in box
the meter box. Each parallel circuit will contain a safety device
called a fuse or a circuit breaker. Circuit breakers are installed
in all new homes.

Electrical faults can occur in places you can’t see. For
example, the wires that connect to the power points in your
home are hidden behind walls. These wires will usually carry

MoT
H.'Akvr.: Loty

Active and neutral wires from transmission lines
connect your home to the electricity grid.

Circuit breakers within a meter
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electricity without overheating. But if a short circuit
occurs, the wires could overheat and cause a fire.

A short circuit occurs when an active wire comes into
contact with a neutral wire without passing through a
load. This may happen if the insulation around the wires
frays and bare wires come in contact with one another.
Without a load, the resistance in a short circuit is very
small, resulting in an unusually high current that causes
the conducting wires to heat up.

Fuses and circuit breakers prevent wiring from over-
heating due to short circuits or current surges from the
mains supply. Fuses are made from a thin wire that heats
up quickly when an unusually high current passes through
it, causing the fuse wire to melt and break the circuit.
Like a fuse, a circuit breaker acts as a switch that opens
a circuit when the current in a circuit is too high. The
current rating of a fuse or circuit breaker is selected
to suit the current normally carried by each branch of
a home circuit. The circuit breaker incorporated in a
kitchen stove circuit for example would be triggered by
a higher current than one connected to a room’s
lighting circuit.

Circuit breakers and fuses open circuits before

Schematic diagram of a circuit breaker. If the
live wire carries an unusually higher current, the
electromagnet’s strength is increased, causing
the electrical contact to be withdrawn to open
the circuit. The spring keeps the contact apart
until the circuit breaker is reset.

Circuit breaker

|

Contacts —>»

Neutral

. e
wire T

A Live wire
<“— Spring

Schematic diagram of a meter box circuit

they can overheat, but they do not stop people Meter box

from getting an electric shock. An electric shock .

occurs when an electric current flows through the Sl\\f,ﬁg]h SSV?/T,? ;K L v wi

body instead of the electric circuit. The effects o o Meter|_LiVe (active wire)

vary depending on the size of the current. At

low levels, a tingling sensation or muscular pain ) ) )

will be felt. In more severe cases breathing dif-

ficulties, burns and ultimately heart failure can

occur. Being in contact with water can increase ol o] o

the current flowing through you by making your L Mains—l 8| 2| 2| Circuit

body a better conductor of electricity. For this supply  Earth I 32 ]Por;e 2E§LS

reason it is not safe to use electrical appliances - circuit
Neutral wire

in wet conditions; that is, near taps, with wet
hands or in the rain.

To minimise the risk of injury due to electric shock, every

new home built in Australia is required to have a device called a
safety switch installed, also known as a residual current device
or RCD. Located in the meter box, a safety switch interrupts
the current from the mains supply when there is danger of elec-
tric shock. It does this by monitoring the current entering and
leaving a building. If the two values are not equal, it may be
that current is leaking somewhere in the circuit, possibly due
to faulty appliances or damaged wiring. As soon as this current
leakage is detected, the safety switch stops the current flow by
opening the circuit and preventing any likelihood of injury.

A safety switch, also called a residual
current device
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INVESTIGATION 3.7

Modelling a fuse
AIM: To demonstrate how an electric fuse works

You will need:

DC power source

4 wire leads with an alligator clip at one end
light globe and holder

switch

rubber stopper

heat mat

fine nichrome wire or strands of steel wool
screwdriver

2 metal pins

Power source

e Connect the circuit as shown on right. Set the voltage to Light globe
2 volts.

¢ Close the switch then carefully place a screwdriver é
across the alligator clips as shown in the diagram to Switch
bypass the light globe. Quickly observe any changes and /

remove the screwdriver again. Record your observations.
e Create a simple fuse and incorporate it into your circuit .
as shown below right. Screwdriver
* Place the screwdriver across the alligator clips as
before to bypass the globe.
¢ Record any changes. If no changes are observed, Heat
increase the voltage and repeat the experiment. mat

v

Thin wire

Power source
l Pins

Discussion

1. What did you observe when a short circuit was
first created using the screwdriver? Explain your
results.

Explain how the fuse worked.

3. Outline the essential feature of a fuse wire.

Rubber
stopper
<&

>

Screwdriver

3.3.5 The 3-pin plug

Power points in Australia have sockets designed to fit either 2-pin or 3-pin appliance plugs. When an electrical
appliance is plugged in and switched on, alternating current flows through the appliance between the top two
pins of the socket. Metal appliances normally have a 3-pin plug. This third pin is connected to the metal casing
of the appliance. If a live wire should come into contact with the casing, due to damage to the wiring, current
flows directly out of the earth wire to a metal pipe in the ground outside the home.

A three pin plug and The earth wire An earth wire prevents electric shock if you touch an
power outlet outside a home electrical appliance with a short circuit.

Active Neutral

/7 N /7 \
k<Earthl
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This will prevent anyone coming in contact with the faulty metal appliance getting an electric shock.
Appliances with 2 pin plugs means they are insulated instead of having an earth wire. This means they have
a plastic external casing rather than a metal one and any external metal parts are carefully insulated from
the internal wiring.

3.3.6 Electrical appliances — transforming
electrical energy Electrical appliances transform

electrical energy to other useful

Where would we be without electrical appliances? Our homes are forms

full of them: in the kitchen you may have a toaster, blender, dish-
washer, fridge, cooktop and oven. In the laundry you probably have
a washing machine and clothes dryer. Not to mention the variety of Y
—

personal communication and entertainment devices throughout the
home. Each of these appliances transforms electric energy to other
useful forms of energy.

Heat (thermal)
Electrical energy

3.3.7 Electric motors

What do a hair dryer, a DVD player, a food processor, a clothes
dryer and an electric drill all have in common? These appliances all —>

contain an electric motor. An electric motor is a device that con- Ejectrical Light and
verts electrical energy into kinetic energy. heat energy

An electric motor converts electrical energy into kinetic E
energy. This conversion can only take place because of
the magnetic effects of an electric current.
g — - -
Electrical Light, heat and
t sound energy

Electrical

Movement, heat
and sound energy

3.3.8 How a DC electric motor works
The armature

When electric current flows through the rotor coils of the armature, a magnetic field is produced. The mag-
netic field produced by these coils interacts with the magnetic field of the field magnets. The repulsive and
attractive forces acting on the rotor coils causes the armature to rotate.

The field magnets

The field magnets are permanent magnets located around the armature.

The brushes

These brushes are connected to the power supply and lightly touch the commutator as the armature turns.
This allows current to travel through the rotor coils.

The shaft

This part of the motor is attached to the device the motor is turning, like a fan or gear wheel. As the arma-
ture turns, the shaft turns.
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The commutator

As each rotor coil turns half a rotation to face the opposite field magnet, the force on it would change
direction, turning it back the other way. The commutator consists of a split metal ring. As the armature
turns, the commutator turns with it while the brushes remain still. When the armature has turned through
180 degrees, the opposite side of the commutator makes contact with the brush connected to the positive
terminal of the power supply. This allows the armature to keep rotating in the same direction, rather than
spinning first one way, then the other.

A simplified diagram of a DC electric motor

The field magnets
are the stationary
external magnets.

Electric current
flowing through the rotor
coils produces a magnetic
field, causing the
armature to turn.

The commutator
allows the armature to
keep rotating in the

same direction.

As the
armature turns,
This is the shaft turns.
the turning part

of the rotor.

These brushes

lightly touch the

commutator as the
armature turns.

INVESTIGATION 3.8

A model motor
AIM: To construct an electric motor

You will need:

DC power source

2 large paperclips

sticky tape

Blu Tack

1 m of enamel-coated copper wire
a strong (rare Earth) magnet

large test tube

emery paper

¢ Wind the copper wire around a large test tube leaving a 3-4 cm length of straight wire at each end of the coil. Loop each
end of the wire around each side of the coil to hold the coil together and extend the two ends of wire horizontally.

¢ Remove the enamel coating from the bottom side of each end of the wire using the emery paper.

¢ Bend the two paperclips as shown in the diagram and tape the base of each to the bench to create a stand to
support the coil. >
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¢ Fix the rare Earth magnet to the bench
using Blu Tack in a position directly below
the coil.

e Connect wire leads to each paperclip
stand, being careful to keep the alligator
clips well away from the magnet to
prevent them attracting.

e Connect the leads to a 6 V DC power source.

¢ Switch the power on. You may need
to give the coil a gentle push to start it
spinning.

¢ Record your observations.

removed from

. . underside
Discussion

1. Outline the energy transformation taking
place in this model motor.
2. Explain what causes the motion of the coil.
3. Identify the component of your model
motor that acts as the:
(a) rotor
(b) brushes
(c) field magnet
(d) commutator.

Power source

\/*

Enamel coating

Coil of copper
wire (enamel
coated)

Enamel coating
removed from
underside

Rare Earth

Blu Tack magnet

3.3.9 Counting the cost

The power rating of an electrical appliance indicates how quickly electrical energy is used and converted to
other forms of energy. The law of conservation of energy states that the energy input, in this case in the form
of electrical energy, is equal to the energy output in an energy transformation. In electrical appliances, elec-

trical energy is transformed to other forms. Some forms
are useful, such as the light produced by an incandescent
(filament) light globe, while other forms represent wasted
energy such as the heat produced by these globes. Elec-
trical power is measured in watts (W) and is equivalent to
joules per second. A 75-W incandescent light globe uses
75 joules of energy per second and would be more costly
to run than an 18-W compact fluorescent light which uses
18 joules/second.

The table at right provides the power rating of some
common appliances.

The power rating can be used to determine the electrical

energy used by an appliance as follows:

Electrical energy use (joules) =
electrical power (watts) x time in use (seconds)

For example, using a desktop computer for half an hour would use:

120 W x 30 min x 60 s/min
=120 J/s x 1800 s

= 216000 joules
= 216 kilojoules of energy

An electricity meter located in your home’s meter box monitors your

energy usage in kilowatt-hours.

Appliance Typical power rating (W)

Fluorescent light 20
Notebook computer 20
Desktop computer 120
Television 200
Toaster 1000
Hair dryer 1500
Electric kettle 1700
Air conditioner 5000
(medium sized)

Electricity meters measure
the number of kilowatt-hours
of energy used in homes.

112 Jacaranda Core Science Stage 5



The joule is a very small unit of energy, so electricity suppliers charge us in units called kilowatt-hours
(kWh). A kilowatt-hour is the energy used by a 1 kilowatt appliance for an hour. The power use of an appli-
ance depends on the type of energy conversion it carries out. Low-power appliances include fluorescent
lights and laptops and usually convert electrical energy to light and sound energy. High-power appliances
such as electric kettles and toasters generally convert electrical energy to heat and cost more to run.

Electricity suppliers charge us for the amount of energy we consume in our homes.

Energy companies measure the amount of electrical energy used by a household in kilowatt-hours.

Every three months, the meter box is read so that the energy company knows how much electricity the
customer has used.

Households are charged a fixed amount for every kilowatt-hour of electricity they use. This customer was
charged 20.6 cents per kilowatt-hour.

Energy Used and Costs

THIS _  LAST USAGE _
METER ID— peADING = READING X spLT X RATE = COST

Single Energy Rate — Contract (12/01/17 —11/04/17)

46851.0 45998.0  First 853.0 kWh 853.020.600c $175.72
Electricity Service Availability Charge 91Days 48.000c/Day $43.68
*based on 19.1781 kWh/billing day

Total Electricity before GST 853.0 kWh $219.40

INVESTIGATION 3.9

Comparing electrical appliances
AIM: To compare the power use and energy conversion in a range of electrical appliances and devices

You will need:
a range of electrical appliances and devices; e.g. radio, hair dryer, blender, laptop, fluorescent light, incandescent
light, hot water kettle

e Examine each of the devices, preferably while they are operating. For each one record in a suitably designed
table the:
— type of energy input
— useful energy output (there may be more than one)
— wasted energy output (there may be more than one)
— operating power in watts (this should be labelled on the device).

Discussion
1. Which appliance/device consumes:
(@) the most power?
(b) the least power?
2. Which device do you consider would be the:
(@) most efficient, producing the least wasted energy?
(b) least efficient, producing the most wasted energy?
3. Account for the higher operating power of some of the devices in terms of the type of energy transformation
that takes place.

3.3.10 Energy efficient appliances

The light globes used for many years in Australian homes are called incandescent globes. In incandescent
globes, electricity passes through a thin filament, generally made of tungsten metal, causing it to glow white
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hot. These are relatively inefficient devices for lighting
as only 10% of the supplied electrical energy is converted
to light; the rest is released as heat.

To encourage the use of more energy efficient lighting,
the sale of incandescent light globes was phased out from
2010 and replaced by more energy efficient alternatives
that produce at least 15 lumens per watt of electricity
used. Lumens (Im) are a measure of light output. These
energy efficient alternatives include compact fluorescent
lamps (CFLs) and light emitting diodes (LEDs) which
convert closer to 70% of electricity energy to light.

CFLs and LEDS represent a technological advance-
ment in lighting. CFLs consist of a coiled glass tube
filled with argon gas and a small amount of mercury
vapour. An electric current passes through the gas-
filled tube, causing the mercury atoms to emit ultravi-
olet light, which in turn excites a fluorescent phosphor
coating on the inside of the tube, producing the visible
light. A CFL’s ballast regulates the current when the
electricity starts flowing.

CFLs and LEDs are energy efficient alternatives for
lighting.

j . |
—— | TIl

L

Incandescent Compact Light
light bulbs fluorescent  emittingdiodes
lamps (CFLs) LEDs
Electrical power use
equivalent to 60 W 60 watts 13-15 watts 6-8 watts
incandescent light bulb
Electrical energy use
based
per year based on 3506 KWhiyr 760 kWhiyr | 350 kWh/yr
20 lights operating
8 hours per day
Approximate annual
operating cost $736 $160 $74

at 21 cents per kWh

LEDs contain an electronic component called a semiconductor diode, similar to the miniature electrical
components contained in an integrated circuit. When electricity flows through an LED, the electrical energy
is converted to light energy very efficiently with minimal heat produced. One individual LED does not pro-
duce as much light as one CFL or one incandescent globe, so many small LEDs are often used together for

lighting purposes.

The components of a CFL

The components of an LED

-’
e

‘A/Phosphor
coating

Mercury

-
—

e
_—
* A

Epoxy lens/case

Reflective cavity

A

emiconductor diode

P

-

vapour
Argon
% ~ } Leadframe
/ \\
* Ballast \
Ballast
74 housing
- —
Base positive negative
terminal terminal
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INVESTIGATION 3.10

Light globe efficiency
AIM: To compare the efficiency of an incandescent light with a CFL

You will need:

cardboard box

data logger

temperature sensor

light sensor (optional)

portable lamp

an incandescent light and CFL of equivalent light output as follows:

Incandescent light CFL

40 watts 9-13 watts
60 watts 13-15 watts
75 watts 18-25 watts
100 watts 23-30 watts

¢ Insert the incandescent globe into the portable lamp.

CAUTION: Ensure that the lamp is not connected to the power outlet while light globes are inserted or

removed.

e Connect the temperature sensor and light sensor (if available) to the
data logger.

¢ Position two sensors 10 cm away from the lamp within the
cardboard box and record the temperature and light intensity each
minute over a 10-minute period.

¢ Repeat the experiment with a CFL.

Discussion

1. Compare the temperature change due to the incandescent light
and the CFL.
2. Compare the light intensity of the incandescent light and the CFL.

Temperature Light
sensor  sensor

le lamp

10.cm

k—wfﬁ

Data Iogger—»qz ]J

3. Which light globe is the most energy efficient? Explain in terms of the data collected.

4. Calculate the:
(a) energy use for each globe in kWh if each was run for 8 hours

(b) annual cost of running each lamp 8 hours per day assuming a tariff of 21c per KWh.

3.3.11 Rating energy efficiency

In Australia it is mandatory for electrical appliances such as refrigera-
tors, washing machines, dishwashers, air conditioners and televisions to
carry an energy rating label. The label provides each appliance with a
star rating: the greater the number of stars, the higher the energy effi-
ciency of the appliance, compared to others of a similar size or capacity.
This rating is based on the appliances’ estimated annual energy use
(measured in kilowatt hours) calculated from its power consumption
and information about the typical use of the appliance in the home.

The rating system enables consumers to compare the energy effi-
ciency of appliances and provides incentive for manufacturers to
improve the energy performance of their products through research and
development.

ENERGY
RATING

Energy consumption

KWh per year

W ot 5 vty o AL AN
At Ty - e ey a) o dyed o bom v e m—

Compare models at www.energyrating gov.au
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The higher the energy efficiency rating of an appliance like
a TV, the less electrical energy consumed per year.

Energy used by 106 cm TVs

0 200 400 600 800 1000 1200

Electricity used in kilowatt hours per year

INVESTIGATION 3.11

Investigating energy efficiency
AIM: To calculate the energy efficiency of an electrical appliance

You will need:

electric kettle

100 mL measuring cylinder

data logger and temperature probe
stopwatch

¢ Use the measuring cylinder to measure and pour 500 mL of water into the electric kettle.

¢ Place the tip of the temperature probe into the kettle and record the initial temperature of the water.
¢ Remove the temperature probe then switch on the kettle and heat the water for 60 seconds.

¢ Insert the temperature probe again to record the new water temperature.

e Calculate the temperature rise over the 60-second period and record your data.

e Refer to the label on the kettle to identify and record the power use of the kettle.

Discussion
1. Calculate the input of electrical energy to the kettle over the 60-second period:
Electrical energy input (J) = Power (watts) x operating time (s)
2. Calculate the output of heat energy gained by the water in the kettle as follows:
Heat energy output (J) = volume of water (mL) x 4.2 x temperature rise (°C)
3. Calculate the efficiency of the kettle as follows:

Heat tput
Efficiency(%) = ea.energyou .pu x 100
Electricalenergyinput

4. Explain why the efficiency of the kettle is well below 100% in terms of transformation of electrical energy and
the transfer of heat energy generated.

3.3 Exercise: Remember and think

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Compare AC and DC electricity.
2. Explain why devices like electronic games and computer printers have transformers attached to their power
cords.
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. Explain why circuit breakers and fuses are an essential safety feature of home electrical circuits.
4. Identify the energy transformation taking place in:
(@) an electric stove
(b) a hair dryer.
5. Explain why incandescent lights have been phased out in preference for compact fluorescent lights and
LEDs.

Think

6. What types of home appliances have the greater power use? Explain why.
7. Explain how a fuse or circuit breaker works.

8. What type of appliances require an earth wire and a three pin plug? Why?
9. Identify three devices that contain an electric motor.

Calculate
10. How much electrical energy (in joules) is transformed by each of the following appliances:
(@) an 18 watt light globe in 6 hours?
(b) 2 2000 watt toaster used to toast a slice of bread for 2 minutes?
11. How much would it cost to operate each of the following appliances if the cost of electrical energy is 21
cents per kilowatt-hour? (Remember, 1 kW = 1000 W.)
(@) A 5000 watt air conditioner for 30 minutes
(b) A 1500 watt electric blanket for 8 hours
12. Assuming that the cost of electrical energy is 21 cents per kilowatt-hour, use the data in the table below to
calculate how much it costs to:
(@) use a medium sized air conditioner to cool a room for four hours
(b) watch television for two hours every day for a week.

Appliance Typical power rating (W)

Fluorescent light 20
Notebook computer 20
Desktop computer 120
Television 200
Toaster 1000
Hair dryer 1500
Electric kettle 1700
Air conditioner (medium sized) 5000

3.4 Meeting our future electricity needs

Science as a human endeavour

3.4.1 The electronics age

Over the past decade there has been huge growth in the use of electronic devices like computers (both lap-
tops and desktops), MP3 players, DVD technology, mobile phones and personal organisers.

Electronics is one of the fastest growing industries in Australia and world wide. This is partly because
we are becoming more dependent on computers and electronic communication involving the internet and
mobile phones.

3.4.2 Integrated circuits
Electronic devices rely on complex electrical circuits that are almost too small to see. In these devices
integrated circuits that contain thousands of miniature electronic components are etched onto chips; thin
pieces of the semiconductor silicon.
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A desktop computer’s integrated Modern communication devices rely on
circuit integrated circuits.

The first silicon chip was developed in 1958 and, by 1965, most
chips could hold about 30 electronic components. In 1975, a similar
sized chip could hold about 30 000 components, allowing the produc-
tion of desktop computers with increasingly sophisticated processing
capabilities. New methods of producing chips with smaller and more
complex circuits has meant that chips may now contain millions of
electronic components.

Silicon chips make up only a very small part of the circuit boards
and memory cards in electronic devices. The chips are usually no
larger than the fingernail on your little finger. They are very delicate
and can be damaged by vibrations, moisture, heat, magnets and light.
The silicon chips are glued to a plastic case and linked to metal pins by thin
copper or aluminium wiring.

A silicon chip that is able to store information, process it and control other
electric circuits is called a microprocessor. Since their development in 1971,
microprocessors have been used in calculators and computers. As micropro-
cessors became less expensive and smaller, they began to be used in house-
hold appliances like microwave ovens, televisions and washing machines.
The inclusion of microprocessors in these appliances makes them ‘program-
mable’ and able to perform tasks with little human effort. Microprocessors
are used in automated equipment in many industries including manufac-
turing, mineral processing and the car industry. They are also used in cars,
phones, cameras, watches and many other devices that need to store
and process information.

3.4.3 Electronic building blocks

Apart from resistors, the most common electronic components in cir-
cuits are capacitors, diodes and transistors. Capacitor Symbol
Capacitors store electric charge for a short time before allowing -

it to flow to other parts of a circuit. The amount of charge that —’—9% —p—

can be stored per volt across a capacitor is called its capacitance.

A close-up of
silicon chips

. . . . . Silicon diode Symbol

Capacitance is measured in units of farad (F) or microfarad (uF).

Diodes allow electric current to travel through them in only one
direction. They look like small resistors but have a single band at @ A
one end. This end of the diode is the negative end and should be / \ 4@7
connected closer to the negative terminal of the power supply.

LEDs are often used as indicator lights in electrical appliances. Light-emitting Symbol
An arrangement of seven LEDs can be used in devices like watches, diode (LED)
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clocks, calculators and digital meters to display any number between 0
and 9. The display circuit is designed so that the LEDs light up in dif-

ferent combinations.

Liquid crystals displays (LCD) are often used instead of LEDs for
the same purpose. Small voltages cause the molecules in liquid crystals

Symbol
Transistor

to rearrange themselves, changing the colour of the crystals.

Transistors act like switches, changing the size or direction of elec-
tric current as a result of very small changes in the voltage across them. This makes them ideal for use in
devices that amplify sound. However, they have many other uses and most electronic devices contain chips

that hold many microscopic transistors.

3.4.4 Generating electricity

The electricity used to charge your mobile phone and laptop and to power other electrical appliances
common in society today is the result of an energy transformation that takes place in power stations, often

thousands of kilometres from the con-
sumer. In a power station fossil fuels such
as coal are burnt, and the chemical energy
released is used to boil water that gen-
erates steam, which at high pressure has
sufficient kinetic energy to turn the blades
of huge turbines. The turbines then spin
industrial generators, creating AC elec-
tricity. Cold water is pumped through a
condenser to convert the steam returning
from the turbine back to water. This
water, which is still hot, is pumped into a
cooling tower where some steam escapes
into the atmosphere.

Generators work on the principle
that a coil of wire moving in a magnetic
field creates a current of electricity. This
can be demonstrated with a simple hand
generator.

Coal fired power plants account for
over 75% of Australia’s electricity produc-
tion and natural gas a further 15%. These
fossil fuels are examples of non-renewable
energy resources. Australia relies so heavily
on coal in particular because coal is a
relatively cheap energy source in Australia
and coal reserves are relatively abundant
along the eastern seaboard, where the
majority of electricity is generated and
consumed.

A model generator demonstrates that motion between a coll
of wire and a magnetic field creates a current in the coil.

Poles of magnet

Rotating coil
of wire

Energy sources used in electricity generation in Australia.
Fossil fuels like coal, gas and oil account for over 90%.

H Black coal
Brown coal

W Natural gas
Hydro

= Wind

m Oil

m Other
Bioenergy

Solar PV
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The chemical energy contained in fossil fuels like coal is used to generate electricity in power stations.

The burning fuel heats
water in these pipes to
super high temperatures.
The water turns to steam.

Electricity is
Turbines drive transported
generators that ~ across the
produce electricity. State along |

S cables.

Dredger

Steam turn
the turbines.

Fuel
enters
here.

Crusher

Steam converts
back to water when
it passes through
the condenser.

Coal, a fossil fuel, is
ignited in this furnace. Cold water passes
through these pipes

in the condenser.

INVESTIGATION 3.12

Electricity generation
AIM: To investigate the principles of electricity generation

You will need:

solenoid or coil of laminated wire wound around a cardboard cylinder
micro-ammeter

2 wire leads

2 bar magnets

rubber band

handheld generator

data logger and voltage sensor
. Data logger
Part A: Current produced by a solenoid

e Connect the solenoid to the micro-ammeter.
¢ Move the north pole of the bar magnet quickly into an end of the
solenoid and record the current produced — both its magnitude and —
whether it is positive or negative. Masking
¢ Remove the bar magnet quickly and record the current again. tape
e Carry out each of the following investigations and record your
observations for each of the following:
(a) the effect of moving the magnet in and out more rapidly
(b) whether holding the bar magnet stationary in the solenoid
generates a current
(c) the effect of increasing the strength of the magnet — this can be ((%f
done by attaching the north poles of two bar magnets together ((/{(((
using a rubber band. Cardboard

cylinder

Part B: Voltage produced by a hand generator

e Connect the voltage sensor to the data logger and connect the leads
of the voltage sensor to the terminals of the hand generator.

¢ Record the voltage produced as the handle of the generator is turned.
You may be able to generate AC or DC or both. Monitor the effect of
spinning the generator faster and slower.

Magnet

Discussion
1. What magnitude of current is generated by moving the bar magnet in and out of the solenoid? Don’t forget to
include scientific units.
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2. Is the direction of the current affected by the direction of the moving magnet? Are you generating AC or DC
electricity? Explain.

. Is motion required for a current to be generated? Refer to your observations.

. Do the speed of the magnet and the strength of the magnet affect the size of the current? Discuss.

. Did your generator create AC or DC electricity? How do you know?

. What energy transformation is taking place in the hand generator? What takes the place of your hand in the
turbine of a coal power station?

7. How does the speed of the generator affect the voltage produced? Are there parallels with the activity

examining the current in a solenoid?

o O~ W

3.4.5 Non-renewables versus renewables

Our dependence on coal and gas to generate electricity brings with it certain responsibilities — for govern-
ment, industry, power companies and individuals. The first step is to be aware of the problems caused by
using fossil fuels and the alternative methods of generating electricity.

One of the products of the combustion of fossil fuels in power stations is carbon dioxide. Increased
levels of carbon dioxide in the atmosphere is contributing to global warming which could have significant
consequences for the climate and the biosphere in the years ahead. In addition, some of the chemicals in
the coal burnt in power stations produce gases like sulfur dioxide and various nitrogen oxides, causing air
pollution. These gases may also dissolve in water vapour in the atmosphere, creating acid rain. Acid rain
speeds up the weathering of rocks, eats into building materials, and threatens plants and other living things
that depend on the plants.

However, there is another form of pollution that is not so obvious. During electricity generation heat
energy is transferred to the surroundings, increasing the temperature of the air and waterways. This increase
in the temperature of the environment is known as thermal pollution. Thermal pollution of lakes is a
serious problem as the increased temperature (even one or two degrees Celsius) decreases the amount of
oxygen dissolved in the water, threatening organisms that live in the water and within the ecosystem.

3.4.6 Looking for alternatives

The demand for electrical energy is increasing, both in Australia and worldwide and so the supply of fossil
fuels like coal, natural gas and oil used in power stations is diminishing.

Known reserves based on current rates of production and use (years)

Fossil fuel Australasia Global
Coal 53 112
Oil 14 54
Natural gas 35 64

The air, water and thermal pollution caused by burning fossil fuels to generate electricity is not accept-
able to many people. So even though the cost of electricity production using fossil fuels is low by com-
parison with newer non-renewable technologies, many governments throughout the world are supporting
research and the development of alternative methods for electricity generation.

3.4.7 Nuclear energy

Nuclear power stations use energy released from the nuclear fission of radioisotopes like uranium to drive
turbines that generate electricity in the same way that fossil fuel power plants operate. Like fossil fuels,
uranium is a non-renewable resource, but because nuclear power plants do not rely on the combustion of
fossil fuels to generate electricity, greenhouse gases are not emitted. The critics of nuclear power object to
this alternative because the nuclear waste produced must be stored for many years and because of the risk of
nuclear accidents.
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In a nuclear power plant fuel rods, generally of uranium oxide, are placed within the reactor core. The rods are
bombarded with neutrons to initiate a fission reaction that liberates huge quantities of heat energy and further
neutrons. A moderator within the core, usually water or graphite, slows the neutrons released from fission so that they
cause more fission. Control rods, made of neutron-absorbing material such as boron, are inserted or withdrawn from
the core to control the rate of reaction. A liquid or gas is circulated through the core to transfer the heat produced to
the steam generator from which high pressure steam is used to drive a turbine and generate electricity.

Containment vessel
Steam

Turbine
generator

v
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grods

Steam
enerator
Moderato eat exchanger) é

/
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While Australia is yet to utilise this technology for generating electricity, there are 439 nuclear reactors
operating in 30 countries that account for around 17 per cent of world electricity production. Nuclear power
accounts for a large proportion of the electricity supply in many parts of Europe, Japan and the USA.

)

3.4.8 Hydro-electricity

A small proportion of Australia’s electricity is generated by hydro-electric power plants, a renewable
source of energy. As water stored in a dam at high elevation falls through pipes, it gains kinetic energy.
This kinetic energy is used to turn turbines that generate electricity. This does not involve combustion of a
fossil fuel and so does not generate greenhouse gases. A disadvantage of hydro-electricity is that it involves
damming river systems and thus alters ecosystems.

Turbines in a hydro-electric power plant are
driven by the kinetic energy of water.
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3.4.9 Wind energy

Wind ‘farms’ dotted with wind turbines can be found in many countries throughout the world, including
Australia. One of Australia’s largest wind farms is located near Ararat in Victoria and consists of 35 towers gen-
erating 53 000 kilowatts of electricity. In comparison, one of New South Wales’ smallest coal-fired power sta-
tions at Redbank produces 150 000 kilowatts of electricity while the largest, Baywater in the Hunter Valley,

How a wind turbine works Wind farms with percentage of national energy
generation

Inflow of wind
activates rotor (A)

and blades (B)

Inflow of wind \

Rotor blades spin
the main shaft (C)
and gearbox (D),
which spins the
generator (G),
resulting in

electrical output. ; TAS
Wind % of national @ <
® farms energy
generation Hob

generates almost 20 times more. In 2011, 57 wind
farms in Australia provided 1188 wind turbines gener-
ating sufficient electricity to power 900 000 homes or
2.7% of our nation’s electricity needs.

3.4.10 Solar energy

Electricity can be generated by solar energy in two
different ways. Photovoltaic cells, often called solar
cells, like those on the house illustrated below right,
consist of silicon wafers, with impurities of other
elements added like boron and phosphorus. When
sunlight falls on the cells, electrons are emitted from
the wafers creating an electric current. The most
advanced solar cells convert over 40% of incident
solar radiation to electrical energy. Scientists and
engineers worldwide are endeavouring to develop
more efficient photovoltaic cells.

Another solar technology, solar thermal power sta-
tions, uses arrays of curved mirrors to reflect sunlight
onto tubes filled with oil. The hot oil is used to heat
water to form steam which drives turbines just like
those in coal-fired power stations.

Six to eight solar roof panels generate approximately
2300 KWh of electricity per year.

PP PP
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Competition between research institutions worldwide has led to new breakthroughs in
photovoltaic technology and has resulted in greatly increased efficiency in the more
advanced solar cells.
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3.4.11 Biomass

Biomass is an energy source that involves burning waste vegetation or burning methane, the biogas pro-
duced by the breakdown of organic matter to drive small generators. In Australia biomass accounts for
15% of the electricity generated from renewable sources. In Queensland and northern New South Wales the
waste vegetation from sugar production is used in commercial power generation. Small amounts of energy
are also produced by burning wood waste at some timber mills.

Methane-powered generators at rubbish tips such as Woodlawn near Goulburn have taken in over 2.2
million tonnes of waste from the Sydney metropolitan area and Goulburn surrounds, producing up to
3000 KWh of green electricity.

Woodlawn waste complex and its biogas generator. Woodlawn is a worked out copper, lead and zinc mine and
as a landfill site has capacity for 70 years of Sydney’s waste.

3.4.12 Ocean energy

Electricity can be generated using a range of ocean energy sources including tides, waves, marine currents,
thermal layering and salt gradients. Only two of these sources are being investigated for development in
Australia — tides and waves.

Tidal power stations harness energy from the rise and fall of tides and are currently being used in France,
Russia and China. Turbines with reversible blades are placed at the entrance to a bay in areas with extremely
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high and low tides. Water moving in and out of the bay turns the turbines to generate electricity. A tidal range
of at least 5 m is considered necessary for large-scale installations. Several areas were identified as suitable in
the Kimberley region on the northwest coast of Western Australia.

Wave energy systems do not make use of waves as such, but rather the swell that occurs in deeper water
or can be captured by coastal installations. Wave energy, for example, is being used to generate electricity in
Norway. The waves flow into a narrow channel on the coast, where they are funnelled towards turbines. CSIRO
studies show that waves off Tasmania’s west coast have three times as much energy as those in Norway. One

wave energy technology is being trialled off the coast of South Australia.

Electricity generation using wave energy is being developed in Port Macdonnell off the coast of South Australia. In
this system, as waves rise (in the diagram on the left) and fall (in the diagram on the right) within a water column,
it acts like a piston, driving a column of air ahead of it and through the turbine. The plant is expected to generate

1000 kilowatts of electrical power.

=70 -
Nir—

=Z=
1 (o

3 4 13 Geothermal energy Geothermal energy from hot rocks involves
T circulating water via boreholes. The water
Heat energy trapped within the Earth’s crust can be used returns to the surface super-heated then

to turn water into steam and drive turbines in Z power passes through a heat exchanger. Steam
produced by the heat exchanger is used

stations. Volcanically active regions of New Zealand have ST i

b d ¢ h | £ ) to generate electricity in a conventional
c?e'n tappe a%s a s'ource of geothermal energy for elec- steam turbine.

tricity generation since the late 1950s and currently pro- Heat

vide 7% of New Zealand’s total electricity generation. exchanger

Hot fractured rock (HFR), normally granite, can be
found at temperatures of over 250 °C at depths of 3 to

5 km. This represents an enormous energy resource that
can be used to generate high-pressure steam to drive £
turbines in electricity generation. Preliminary work by . S
Geoscience Australia suggests a potential HFR resource .~ Injection §
equivalent to 20 000 years of Australia’s energy use at well 5
2005 levels. Production | £ £

To develop this resource, boreholes need to be drilled well ;Sg
into the HFR to allow the injection of water, which 38
passes through fractures in the rock and returns to the  3-5km .
surface as steam. Success primarily depends on the ability gre;z‘;]" 4 ﬁggﬁ::ted _E
to drill deep into hot hard rock. Current drilling tech-  350°c system 28
nology limits geothermal extraction to 5 km — at this
depth sufficiently high temperatures to make the process
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economically feasible occur only in ‘hot spots’ of above average temperature. Future development of
drilling and extraction technologies is expected to expand the available geothermal resources.

INVESTIGATION 3.13

Solar cells
AIM: To investigate the performance of a solar cell under different lighting conditions

You will need:

a solar cell

a milli-ammeter or milli-voltmeter
wire leads

¢ Investigate the performance of the solar cell under different light conditions. You may like to try artificial
lighting in the classroom, a dim area within the room, bright sunlight and outdoor shade.
¢ Record the current or voltage produced.

Discussion

1. Under which conditions was the greatest current/voltage produced?

2. Under which conditions was the least current/voltage produced?

3. Bright artificial light creates a similar current and voltage as bright sunlight. Do you agree? Explain why.

3.4 Exercise: Remember and think

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Identify three household devices that utilise computer chips and integrated circuits and outline the use of

each.
2. Identify an element incorporated in computer chips and identify a metal often used in the wiring of those

chips.
3. Copy and complete the table below.

Electronic components
Component Circuit symbol Function
Capacitor
Diode

Transistor

Poles of magnet

. S

| /% Rotating coil
ii“ W of wire

EANNNN

4. ldentify the role of each of the following in a nuclear reactor:
(@) moderator
(b) control rods.
Think ‘
5. Identify the role of the components of .
the generator labelled at right. ‘
6. Use a table to list each of the following .
energy sources as renewable or non-
renewable:
(@) nuclear
(b) hydro
(c) coal
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(d) wind

(e) biomass

(f) solar

(9) geothermal
(h) ocean energy
(i) natural gas

Think

7. How does photovoltaic (solar) energy technology differ to other forms of energy sources in the generation of
electricity?

Analyse

8. Refer to the figure Wind farms with percentage of national energy generation. Which state in Australia
satisfies the most of its electricity needs using wind power and which uses the least? Explain why this
might be the case.

9. (a) Use the data contained in the table below to plot a line graph of the amount of energy produced using

renewable energy sources in Australia from 2004-05 to 2009-10. A terawatt hour (TWh) is 102 watt hours
(b) Which renewable energy source has increased in use the most over the five year period?

Australian electricity generation by fuel

2004-05 TWh  2005-06 TWh 2006-07 TWh 2007-08 TWh 2008-09 TWh

Thermal

Black coal 130.0 131.0 138.7 141.7 143.2
Brown coal 61.1 61.6 57.2 55.7 56.9
QOil 1.9 24 2.1 2.7 2.6
Gas 32.3 30.8 32.0 37.7 39.1
Total thermal 225.3 225.8 230.1 237.8 241.8
Renewables

Hydro 15.3 15.7 14.3 11.9 12.3
Wind 0.9 1.7 2.6 3.1 3.8
Solar 0.1 0.1 0.1 0.2 0.3
Biomass 1.1 1.1 1.1 1.2 1.5
Biogas 0.8 0.9 0.9 1.0 1.3
Total renewables 18.1 19.5 19.0 17.4 19.2

Source: ABARES.

10. The table on the next page energy consumption by various industries in Australia over time. A petajoule (PJ)
is equivalent to 10'® Joules.
Which industry has increased its electricity use the most as a percentage over the time period? Account for
this increase.
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Energy consumption in Australia by industry

1974-75 PJ 1979-80 PJ 1989-90 PJ 1999-00 PJ 2008-09 PJ

Agriculture 39 47 55 72 95
Mining 65 81 160 273 429
Manufacturing 928 965 1067 1192 1257
Electricity 540 743 1066 1427 1744
generation

Investigate

11. Investigate the generation of electricity by hydro-electric power stations in Australia. Include information on
their location, history and the process of electricity generation. Present your research as an educational tourist
brochure.

12. Coal seam gas is a controversial source of energy and its mining and use are currently being explored in
Australia. What is coal seam gas and why do many sectors of society oppose it?

13. Survey your friends and family to develop a list of at least 20 strategies to cut your electricity use and so reduce your
power bills. Use the ABC environment weblink in the Resources tab to compare your list with the list online.

learn RESOURCES — ONLINE ONLY

Explore more with this weblink: ABC environment

3.5 Project: Go-Go Gadget online shop
3.5.1 Go-Go Gadget online shop learn

Scenario

We use the term fechnology to describe the application of science to develop devices, machines and
techniques to make some aspect of our lives easier. Televisions, satellites and the internet are all pretty
obvious examples of technology, but small devices such as the automatic cat-flap and the humble veg-
etable peeler are also forms of technology. Small or specialised pieces of technology such as these are
often referred to as gadgets. Every year, patents for thousands of such gadgets are issued to inventors.
Some of them, like the NavMan, are immediate successes, while others — for example, a combination
shoe-polisher and toothpick — don’t make it into mass production. So
what happens if you need a device to do a particular job but no-one
has ever made one?

This is just what you and your partners were thinking when you
decided to open the Go-Go Gadget online shop. Once established, cli-
ents would browse designs for gadgets that you have already devel-
oped or ask you to design something new for them that will do the
job they need done. Maybe the client wants a hamster wheel that can
drive a coffee-grinder or a signalling device that will tell a cat-owner
whether their cat has come inside through the cat-flap or is still out-
side. They just tell you what they need and you design it for them! You
then ship them the design, the parts they need to assemble it and an
instruction brochure.

128 Jacaranda Core Science Stage 5



To get the business started, you decide to take out a business loan with the bank. The bank manager is intrigued
with the idea but wants some assurance that you know what you are doing before they hand over the money.

Your task

As part of your presentation to the bank, you and
your business partners are to develop a design for
one of the following clients.

* Taylor wants a snooping-parent device that will warn
her when one of her parents is coming up the hallway
that leads to her bedroom. This device will give her a
silent signal so she has time to turn off her computer
and open her homework books before they open the
door and catch her playing computer games or surfing
the net instead of working.

* Heisenberg has an office on the top floor of his
house. His cat, Schrodinger, can enter the house
through a cat-flap in the door downstairs. When Heisenberg is locking up the house when going out or to
bed, it would save a lot of time if he could know whether the cat is already inside the house. He needs a
device that is connected to the cat-flap that sends a signal to Heisenberg upstairs indicating whether the cat
has come in or gone out the cat-flap.

* Felicity often works until late at night and doesn’t get time to exercise her dog by taking her out for a
walk. She can use her computer at work to turn on switches in her apartment, and wants a device that will
allow her to exercise her dog by remote control without the dog leaving the apartment.

You will then create the following to submit to the bank in support of your loan application.

1. A brief overview (approximately 300
words) of why there is a market for the
services of your online shop. To support
your argument, you should include refer-
ences to gadgets that have been success-
fully developed.

2. A brochure for the gadget you have
designed that includes:

* a diagram of your design

* a list of parts that are included in the
package sent with the brochure

* instructions on assembly/installation of
the gadget

* atroubleshooting guide to solve problems.

3.0 Review

3.6.1 Electric circuits

* design, construct and draw circuits containing a number of components 3.2
* define the terms ‘current’, ‘voltage’ and ‘resistance’ 3.2
* identify the symbols for current, voltage and resistance and their units of measurement 3.2
* describe voltage, resistance and current using analogies 3.2
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outline how current and voltage can be measured in circuits

describe the relationship between voltage, resistance and current

solve problems using Ohm’s Law

compare the characteristics and applications of series and parallel circuits

3.6.2 Electricity at home

compare AC and DC electricity

apply the law of conservation of energy to energy transfers and

transformations in electrical appliances

describe the features of electrical circuits in the home, including safety features

outline how electrical energy use is monitored and charged

investigate the energy efficiency of domestic appliances

discuss how the values and needs of contemporary society have led to a focus of scientific
research on the efficient use of electricity

3.6.3 Meeting our future electricity needs

relate developments in electronics to the growth in the use of electronic devices

describe how generators create electricity and relate this to the commercial production of
electricity in power stations

identify examples of renewable and non-renewable energy sources

account for the research and development of technologies using non-renewable energy sources
describe scientific and technological developments in the generation of electricity

using renewable energy

Individual pathways

B ACTIVITY 3.1 Hl ACTIVITY 3.2 H ACTIVITY 3.3
Investigating electricity Analysing electricity Investigating electricity further
doc-10639 doc-10640 doc-10641
learn
Option 1

3.2
3.2
3.2
3.2

3.3
3.3
3.3
3.3
3.3

3.3

34
34
34
34

34

only

Conduct a survey of the electrical appliances on display in a department store. Focus on a range of models within a
category of appliance such as refrigerators or washing machines. Collect data on each model including the capacity,
e.g. fridge volume, as well as the energy rating, estimated annual energy use, cost and any special features. Construct
a poster or multimedia presentation to critique the models surveyed. Include a calculation of the estimated running
costs, appropriate graphs to display your data and photos of each of the models.

Option 2

Join with other members of your class for an energy summit. As a contributor you will research a method for
generating electricity using any renewable or non-renewable energy source and promote it as the best way of meeting
Australia’s future electricity needs. For the method of generation selected, examine how the technology works as well
as the advantages and disadvantages of this technology. Present your information in the summit and be prepared to
critique other methods of electricity generation and to defend your mode of generation. Be sure to have lots of facts
and figures at your fingertips to present objective arguments and to counter the proposals of others.

Access more details about focus activities for this topic in the Resources tab (doc-10638).
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3.6 Review 1: Looking back

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

1.

oo

11.

12.

13.

14.

15.

. Complete the table at right by identifying the

. The electric current flowing through globe B is 200 mA and the electric current I 1 | I

Define each of the following terms:
(a) electric current

(b) load in a current

(c) components in series

(d) components parallel

(e) conductor.

. Draw a circuit diagram to show how a voltmeter and ammeter are used to measure the voltage drop and the

current flowing through a single light globe connected to a 6-volt DC power supply. Label the positive and
negative terminals of the power supply and

h si f the meter with + and — symbols. . . . .
each side of the meter with + and — symbols Electrical quantities and their units

missing quantity, unit or abbreviation. Quantity Unit name  Unit abbreviation
. Identify each of the following circuit Voltage volt

components: Electric current A

@ —x—— ohm

©0) ——1+—— Electrical power w

©—@r—— Electrical energy J

Questions 5-11 refer to the circuit diagram at kWh

right. The light globes, labelled A-E, are identical
to each other.

. Identify the light globe(s) connected:

Circuit diagram for

(@) in series with globe A )
questions 5-11

(b) parallel with globe A.

flowing through globe D is 300 mA. Predict the electric current flowing:
(a) through globe A

(b) from the power supply (EQ_@_(X)_

(c) through globe E.

. If the voltage drop for globe C was measured to be 4 volts, predict the voltage x 8
across: 5 =
(a) globe A
(b) the terminals of the power supply
(c) globe E.

. If the filament in globe B was to break, predict which of the light globes would remain glowing.
. If the switch in the circuit was opened, predict which light globe(s) would stop glowing.
. Outline how you could make all of the light globes stop glowing without opening the switch or turning off

the power supply.

The voltage across globe C is measured to be 4 volts and the current flowing through it is 200 mA.

(a) Identify the electric current flowing through globe C in amps.

(b) Calculate the resistance of globe C while this current is flowing.

Design and draw a circuit diagram for a studio apartment containing an AC power source, a fuse, three
parallel lights with two master switches that can operate all three lights simultaneously from different
locations in the apartment.

Power points in Australia provide 240 V AC electricity. Explain what this means.

One of the arguments against the use of coal-fired power stations for generating electricity is the air pollution
they cause. However, hydro-electric power stations can also damage the environment. Explain how.
Identify the method(s) of generating electricity that:

(@) could be described as renewable energy sources

(b) involve the use of energy from the sun

(c) create thermal pollution.
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16. The mobile phone charger shown in the figure at right contains a transformer
and a rectifier.

Outline the purpose of the:
(@) transformer
(b) rectifier.

17. Explain how each of the following electrical safety devices protects us from

injury:

(a) earth wire

(b) circuit breaker
(c) safety switch.

18. Calculate how much electrical energy, in kilowatt hours, is transformed by a
70-watt electric blanket over a period of eight hours.

19. Calculate how much it would cost to heat a frozen pie in a 650-watt
microwave oven if it takes two minutes to heat the pie and the cost of electrical energy is 14 cents per
kilowatt-hour.

20. Describe the principle by which generators create an electric current.

21. Explain why the development of electronics with integrated circuit technology has revolutionised society.

22. Describe the process by which a nuclear reactor generates electricity.

23. Draw a table to summarise each type of renewable energy source for electricity generation in Australia. In
the first column, identify each energy source and in the second outline what each involves.

Test yourself

1. A useful analogy for an electric circuit is a bakery supplying bread to a supermarket. What do each of the
following in the analogy equate to in an electric circuit? (1 mark)

Supermarkets
requiring
delivery

The loaves of
bread

The delivery  Speed of the

The bakery van delivery vans

A | Electrical energy | Battery Current Resistance Charges

B | Battery Charges Current Electrical energy | Resistance
C | Electrical energy | Current Charges Resistance Battery

D | Charges Current Resistance Electrical energy | Resistance

2. The correct units of measurement for voltage, charge, current and resistance are
(@) amperes, coulombs, volts and ohms.
(b) volts, coulombs, amperes and ohms.
(c) joules, coulombs, amperes and ohms.
(d) joules, amperes, coulombs and degrees Celsius.
3. A 6.0V DC power source supplies two light globes connected parallel. If the resistance of the
circuit is 12 Q, the voltage and current for each light globe is
(@) 3.0V and 0.5 A.
(b) 6.0 Vand 0.5 A.
(c) 8.0V and 0.25 A.
(d) 6.0 Vand 0.25 A.
4. A 1000 W toaster takes 2 minutes to toast a slice of bread. The energy used over that time is
(@) 120 000 J.
(b) 2000 J.
(c) 1000 J.
(d) 33 J.
5. A circuit is supplied with 12 V DC. Two identical globes are connected parallel. If the current through
one of the globes is 0.3 A, calculate:
(@) the total current
(b) the total resistance in the circuit.

(1 mark)

(1 mark)

(1 mark)

(1 mark)
(1 mark)
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6. Create a flow chart that shows all of the energy transformations and transfers that take place in the
generation and transmission of electricity from the time that brown coal begins to burn until the time that
you use a hair dryer to dry your hair. Remember that during each energy transformation or transfer, some of
the energy is ‘lost’ to the environment as heat. (4 marks)

learn RESOURCES
Complete this digital doc: Worksheet 3.5: Electricity at work puzzles (doc-12751)

Complete this digital doc: Worksheet 3.6: Electricity at work summary (doc-12752)
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TOPIC 4
Invisible waves

41 Overview

Numerous videos and interactivities are embedded just where you need them, at the point of learning, in
your learnON title at www.jacplus.com.au. They will help you to learn the content and concepts covered
in this topic.

LEARNING SEQUENCE

4.1 Overview 134
4.2 \Waves — carriers of energy 136
4.3 Light 149
4.4 Colour vision 158
4.5 The communication revolution 169
4.6 Project: Did you hear that? 184
4.7 Review 185

Optic fibre technology is set to revolutionise digital communication.
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411 Why learn this?

Light and sound are forms of energy carried by invisible waves. Our senses are attuned to detecting them,
and many household devices like musical instruments, mirrors and sunglasses utilise them.

Light is just one example of electromagnetic radiation which is becoming increasingly important in the
development of technologies used for communication, such as mobile phones, and for entertainment like
radios, televisions and A/V remote controls. In addition, electromagnetic waves in the form of X-rays and
gamma rays assist in the diagnosis and treatment of injuries and diseases.

As optic fibre technology takes off in Australia, electromagnetic waves are set to revolutionise computer
and phone use in the near future allowing even faster communication around the planet and almost unlim-
ited possibilities in the use of digital media.

assess[]])

Thinking about communication

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

1. Most of our communication today relies on electromagnetic radiation but this was not always the case. The
table below contains some key steps in the history of communication. Draw a timeline to scale and label the
key events from the table.

Time Development

26 000 BC Oldest known Indigenous Australian rock art in Northern Territory

c. 3000 BC The Egyptians develop hieroglyphic writing.

776 BC The first recorded use of homing pigeons, used to send messages to the Athenians,
announcing the winner of the Olympic Games

c. 500 BC Papyrus rolls made of dried reeds, the precursor to modern paper, are used.

37 BC The first records indicating Roman Emperor, Tiberius used mirrors to send messages

105 BC Paper as we know it is invented in China.

1041 AD Movable type printing (made of clay) is invented in China.

1455 AD Johannes Gutenberg invents a printing press with movable metal type.

1843 Samuel Morse invents the first long distance electric telegraph line utilising Morse code.

1876 Alexander Graham Bell patents the electric telephone.

1901 Guglielmo Marconi transmits radio signals from Cornwall to Newfoundland — the first radio
signal across the Atlantic Ocean.

1916 The first radios with tuners become available allowing listeners to tune into different stations.

1927 Television broadcasting begins in England.

1951 Computers are first sold commercially.

1966 Xerox invents the Telecopier — the first successful fax machine.

1966 Launch of A Intelsat Il, first satellite link between Australia and overseas

1979 The first mobile phone communication network starts in Japan.

1986 The first fibre-optic cable across the English Channel begins service.

1994 American government releases control of internet and WWW is born — making
communication travel at light speed.

2009 Australia launches a program to install optic fibre nationwide.
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2. In our homes and at work we use a range of technologies that utilise AN o Vad

" e " : " Ultraviolet
electromagnetic radiation. Use a mind map to brainstorm devices or -
applications that rely on the electromagnetic radiation identified at
right.

3. Morse code is illustrated below. Electromagnetic
(a) Write a message to a student in your class using Morse code while fadiation

they write one to you. Decipher each other’s message.

(b) Refer to the timeline in question 1 to identify the technology that

Microwaves

replaced Morse code and explain the advantages that it has. / \
Ae— Heeoeoo O--- Veeoe—
B_oeee lee Pe—_—oe We——
C—-e—ce Jeo——— Q-—o— X—oe—
D-oe Ke—eo Re—e Y—eo——
Ee Le—ee Seee Z——oo
Fee—_e M —— T-
G-—e N-e Uee-—
L I — 7——oee
Dee___ 8———oo
Zeee__ 9————o
f4oeeoee_ O-————
S5eecee .(Full stop)eeeeee
G_—ooee , (Comma) e —e—e—

Rules

1. A dash lasts as long as three dots.

2. A space as long as one dot is left between each pulse.

3. A space as long as one dash is left between each letter of a word.

4. A space as long as five dots is left between each word of a sentence.

4. Compare the transmission of sound waves and radio waves to and from a Bell jar
mobile phone by conducting this simple experiment. \ Mobile phone
¢ Place a mobile phone that has a loud ring tone in a bell jar supported by
a sponge.
¢ Try calling the mobile phone with the bell jar containing air and try again
with the air removed by a vacuum pump. @A

Does removing the air prevent the radio wave reaching the mobile phone
in the bell jar or prevent the sound of the ring tone from reaching you
outside the bell jar?

<—Sponge

4.2 Waves — carriers of energy
4.2.1 The transformation and transfer of energy

Light and sound are forms of energy and, like other types of energy such as heat, electrical and chemical
energy, they can be transformed or converted into other forms of energy. In photosynthesis for example,
plants convert light into chemical energy in the form of sugar. Some homes have solar panels installed. The
photovoltaic cells in these panels convert light to electrical energy. Even vision relies on special cells in
the retina inside the eye, to transform light into small electrical impulses that are transmitted to the brain.

Sound energy is transformed into electrical energy by microphones. Amplifiers then channel this elec-
trical signal to loudspeakers which convert the electrical energy back to sound again.

136 Jacaranda Core Science Stage 5



The transfer of energy does not involve conversion to another form; rather, energy remains in its original
form but travels to a new medium or region. Light energy from the sun, for example, is transferred through
space and the Earth’s atmosphere and into the sea, allowing marine algae to photosynthesise in shallow
water along the coastline.

Heat, or thermal energy is transferred spontaneously from a region of high temperature to a region of
cold temperature through one or more of the following processes: conduction, convection and radiation.
Heat transfer by conduction occurs mainly in solids, while convection occurs generally through liquids and
gases. Radiation can occur through any space, even in a vacuum.

Heat transfer by conduction

Heat travels by conduction when fast-moving particles collide with other nearby particles, making them
move faster. If you heat one end of a metal bar, the energy is transferred from the hot end to the cold end
by atoms of that metal bumping into one another. Heat can travel by conduction through objects, or from
one object to another, such as from a cooktop to a saucepan.

When particles are heated (for example, with a flame), they start to move more quickly.
When the fast-moving particles collide with other particles, they cause nearby particles to start vibrating more

quickly as well.
Eventually, as particles keep colliding with others, some of their energy is transferred along the object. This
process is known as conduction.

Direction of heat transfer

o0
&%Q(((
© OO0

Bunsen High Low
burner temperature  temperature

flame

Conduction in solids, liquids and gases

The particles in a solid are packed closely together. If some particles receive heat
energy and begin to move faster, they collide easily with other particles nearby and
pass the heat energy along.

The particles in liquids are further apart than the particles in solids. When some
particles receive heat energy and start to move faster, they collide with other particles.
But the distance between the particles means that there are fewer collisions. So, heat is
transferred by conduction more slowly in a liquid than in a solid.
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The particles in a gas are far apart. Heat does not travel easily by conduction through © ;O)
gases. ,QQ
N
O 0y
0.9
0”0

Heat travels by conduction at different speeds, depending on the type of material and its state of matter.
Heat travels more quickly in solids than in liquids or gases because conduction occurs more quickly when
the particles in an object are closer together. Gases are the poorest conductors because the particles in
them are far apart. While solids are usually very good conductors of heat because the particles in them are
packed closely together, not all solids conduct heat well. Metals are generally good conductors of heat and
electricity, while non-metals like glass, plastic and wood do not conduct as well. The free, mobile electrons
in metals that allow them to conduct electricity also assist in the transfer of heat energy through the metal.
Materials that conduct heat and electricity poorly are called insulators.

INVESTIGATION 4.1

Investigating heat transfer by conduction
AIM: To investigate the rates of conduction in metals and non-metals

You will need:

heatproof mat, Bunsen burner and matches

glass rod

aluminium rod

Vaseline

drawing pin

stopwatch

¢ Place a rod of aluminium on top of a tripod so that it is stable.

¢ Place a lump of Vaseline 15 cm from one end of the rod and position a drawing pin on the Vaseline so that it
is upright.

¢ Light the Bunsen burner.

e Heat the near end of the rod (away from Vaseline and drawing pin) with the blue flame of the Bunsen burner.

¢ Time how long it takes for the drawing pin to fall.

¢ Repeat the experiment with a glass rod and record your

data in a table. Drawing pin
Discussion -
1. Through which rod was heat conducted the fastest? lL_'_"-_ T h
Explain why in terms of the particles making up that {
material. Bunsen ——» Rod
2. For this investigation identify the: burner < Tripod

(@) independent variable
(b) dependent variable
(c) variables that you managed to control.

3. Describe improvements that you would make to the design
of the experiment, given a wider choice of equipment and
why you would make those changes.

Heatproof mat
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Heat transfer by convection

The transfer of heat by conduction in liquids and gases is not very efficient; instead, heat travels through
these substances by convection. Convection can be best explained by examining how convection heaters
work. These heaters blow out warm air which then rises. This is because the particles of warm air have
greater kinetic energy and so the moving particles take up more space, making the warm air less dense than
the cooler surrounding air. As the warm air rises, it transfers some of its energy to the surroundings causing
the air to cool. As it cools the air loses kinetic energy, bringing the particles closer, resulting in the density
of the air increasing and so it begins to fall. This flow of warm air up and cool air down creates a circular
current called a convection current. The same pattern can be seen in liquids.

Modelling a convection current Convection currents
. consist of warm air rising
Particles lose ® ‘ and cool air falling.

heat energy.

«— @
PY ¢
® "

Cold Warm

denser less dense \
air sinks. air rises. | Particles gain

heat energy.

Heat

4.2.2 Waves — carriers of energy

Like heat, sound and light energy can be trans-
ferred from one place to another. However, sound
and light travel as waves and it is these waves
which transfer or propagate that energy. The cir-
cular ripples created when a stone is dropped in a
still pool of water are an example of waves propa-
gating energy. The stone falling through the water
causes the water to bob up and down, creating
waves. The energy of the oscillating water moves
outwards from the centre of the disturbance, cre-
ating a circular pattern of waves.

Types of waves

Water waves created on the surface of a lake are examples of transverse waves. Transverse waves can be
demonstrated in a slinky too. The medium or material carrying the transverse wave oscillates up and down,
at right angles to the direction of energy transfer. In fact, the word ‘transverse’ means ‘across’. Transverse
waves consist of a series of crests and troughs. In transverse waves, the wavelength is the distance between
two adjacent crests, or two troughs, or the distance between any two corresponding points on neighbouring
waves. The amplitude of a wave is the maximum distance that each particle moves away from its usual
resting, or equilibrium, position.
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Two types of energy transfer in a slinky: a transverse wave (top) and a compression wave (bottom)

Medium oscillates up and down.

Direction of
» t f
Medium oscillates side to side. energy transter

) o

»
QL) QOO QORI QO QOO0

Compression Rarefaction

INVESTIGATION 4.2

Investigating heat transfer by convection
AIM: To investigate convection currents

You will need:

600-mL beaker

6 red kidney beans

tripod

heatproof mat

gauze mat

Bunsen burner and matches

¢ Fill a 600-mL beaker with approximately 400 mL of water.
e Add approximately 6 red kidney beans to the water.
e Set up the equipment as illustrated at right. <«——Beaker
e Light the Bunsen burner and position it to heat the edge of the beaker I . AtEr

with a blue flame. Kidney —=sd@%s =
e Observe the motion of the kidney beans as the water heats and allow ~ P€ans-==

it to boil for a minute or two. =
e Draw a diagram to illustrate the motion of the kidney beans.

Heatproof Bunsen

Discussion mat burner
1. Describe the pattern in the motion of the kidney beans. \ o
2. Assuming that the kidney beans are carried by the currents of water Q R

moving in the beaker, explain why the currents travel in the pattern
you observed by referring to the particles (molecules) of water.

4.2.3 Sound

Sound energy is not carried as transverse waves but rather in the form of compression waves. Sound is
created by fast back and forth movements called vibrations. When you create sound by striking a drum, the
drum skin causes air particles around the drum to be pushed together, then a moment later spread apart.
The energy of the vibrating drum skin is transferred to the nearby air particles, making them vibrate as
quickly as the drum skin. The vibrating air particles bump into nearby air particles, making them vibrate as
well. This creates a series of compressions (a region of air particles that are close together) and rarefac-
tions (a region of air particles that are spread apart) that we call sound waves.
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In compression waves, the medium oscillates
backwards and forwards parallel to the direction
in which the energy is transferred. Compression
waves are also known as longitudinal waves.
The wavelength of a compression wave is the
distance between the centre of two adjacent com-
pressions or two adjacent rarefactions.

When a mobile phone rings in a bell jar, the
sound can be heard clearly. When the air in the bell
jar is sucked out by a vacuum pump, the sound
fades. If all of the air is removed, no sound can be
heard at all. This is because sound cannot travel
through empty space. Sound energy can only be
transferred through a medium in which vibrating
particles carry that energy. In empty space, there
are no particles to vibrate. Light on the other hand
does not require a medium to travel through. It can
travel through a vacuum. So you can still see the
mobile phone, even if you can’t hear it.

The frequency of a vibration or wave is
the number of complete waves generated per
second. Frequency is measured in hertz (Hz),
a unit named after Heinrich Hertz, the German
physicist who, in 1887, was the first to detect
radio waves. One hertz is equal to one oscillation
or wave per second, so a middle C note produced
by a musical instrument creates sound waves
corresponding to 256 vibrations per second or a
frequency of 256 hertz. The frequency of a sound
determines its pitch. High-frequency vibrations
produce high pitch, and low-frequency vibrations
produce low pitch.

As the frequency of a sound gets higher,
that is, as more compressions are produced
per second, the compressions become closer

Wavelength and amplitude are useful in describing
waves.

Water waves

Wavelength

Wavelength

Sound waves

Wavelength

Sound waves consist of a series of compressions
and rarefactions.

Direction of The sound wave
sound wave a moment later
A R e e
AT N ety
O ok g,
e oy
I\ 4
\ / C
\ / T S
\ / & e
ki, /
o / "%~ Compression
\ /
' / <—Rarefaction IR
/ Y ey Y
\ o L\\
Mt i
P e
AWl 4 N :
, < Air particles S

Vibrating drum

Sound waves require a medium to travel through; light does not.

< Bell jar

<—— Mobile phone

««—— Sponge

= pump

<«— Bell jar

g
Laser pointer

| — To vacuum
pump
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together. Thus, low-frequency sounds have long wavelengths and high-frequency sounds have short
wavelengths.

While the frequency of a sound wave determines its pitch, the amplitude determines its loudness; higher
amplitudes correspond with louder sounds.

INVESTIGATION 4.3

Frequency and wavelength

AIM: To investigate how frequency relates to wavelength

You will need:

slinky

water soluble marker

stopwatch

e Work in groups of four and allocate roles based on the skills and interest of each student.

e Two members of the group hold the ends of a stretched slinky.

Part A: Compression waves

* Create pulses of compression waves by Modelling compression waves using a slinky spring
flicking an end of the slinky in and out. -

* Observe the compressions and ‘ ‘
rarefactions as they move through the P Ak
stretched slinky. O S EN \

Part B: Transverse waves N ‘»3”\! Y

e Create a transverse wave pulse by
flicking an end of the slinky side to side \“
once or twice along the ground.

¢ Observe the transverse pulse as it moves through the stretched slinky.

¢ Now create continuous transverse waves by flicking the slinky side to side along the ground at a constant rate.

¢ While the transverse waves are in motion:

— another student records the time taken for five to-and-fro movements by the group member creating the waves
— a fourth group member marks the position on the floor of two adjacent crests of the transverse wave.

¢ Repeat this experiment, but this time create transverse waves with a smaller wavelength by flicking the slinky

side to side at a faster rate.

WYY YW YYY Y Y

Wavelength
<>

Side to side
movement

(a7

%
’ K72
W (Top view)

e Copy and complete the table below. The frequency for each experiment is calculated as follows:

X
QA

5 waves
Frequancy (Hz) = —
time taken for 5 waves
Transverse wave motion Wavelength(m) Time taken for 5 waves (s) Frequency (Hz)
Slow rate
Fast rate
Discussion

1. Copy and complete the table below to compare the compression and transverse waves in terms of the
direction in which the medium (slinky coils) moves and the direction of the wave as pulses are created.

Type of wave Direction of movement of medium Direction of wave movement

Compression

Transverse
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2. ldentify which of the two transverse waves had the greatest frequency and outline how an increased

frequency can be created.

3. The velocity of a wave can be calculated using the wave equation that follows:

Velocity (m/s) = frequency (Hz) x wavelength (m)
(@) Calculate the velocity of the two transverse waves.
(b) Analyse whether there was a significant change to the velocity of the transverse waves in the slinky in
each experiment. Suggest a reason for this.

INVESTIGATION 4.4

Target practice

AIM: To investigate the most effective design for an air cannon
You will need:

PVC or cardboard tubes of various lengths and diameters
balloon

scissors

rubber band

ruler

candle and holder

matches

metre ruler

Select a tube. Measure and record its length and diameter.

Build an air cannon by cutting the neck from the balloon. Open the balloon and stretch it over the end of the
tube and secure it firmly to the tube using the rubber band.

Light the candle and place it on a bench.

Starting just in front of the candle, try to blow out the candle by pinching and then pulling and releasing the
stretched rubber sheet at the end of the balloon. If you were successful move back away from the candle and
try again. Record the maximum distance from which you can blow out the candle.

Collate the class’s results, including the lengths and diameters of the tubes.

You could design a separate experiment to determine the tube diameter and length that are most effective at
blowing out the candle.

PVC/cardboard tube Stretched balloon

Candle —>

<l

Rubber band

Discussion

1.
2.
3.

Explain why you were able to blow out the candle.
Identify an independent variable in this experiment.
Identify the dependent variable in this experiment.

4. Analyse the class’s results to determine the most effective dimensions for your air cannon.
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The speed of sound

Sound energy is carried by compression waves
and so relies on the collision of neighbouring
particles in a medium. In a medium in which the
particles are more tightly packed and have less
distance to travel to collide, such as in a liquid or a
solid, sound waves travel faster. In air, sound
travels at a speed of approximately 340 m/s, while
in sea water sound waves travel at 1533 m/s — well
over 4 times faster than in air. Several ocean-
dwelling animals rely upon sound waves to
communicate with other animals and to locate
food. These animals make use of this method of
communication effectively over long distances
because sound travels so much faster in water.
Dolphins for example use echolocation (reflected
sound) to locate food and to communicate with
each other while travelling in groups. They send
out high frequency sound pulses, or ultrasound,
that are reflected back when they strike a target.
This echo helps the dolphin to identify the size,
shape and direction that an object is moving.

The speed of sound in gases depends on tem-
perature. Sound travels faster in warm air as the
particles of mainly nitrogen and oxygen have
more kinetic energy and so move more quickly.

The speed of sound through various materials
is shown in the table at right.

A jet plane travelling faster than the speed of
sound in air is said to be travelling at supersonic
speeds. The speeds of supersonic objects are often
expressed in terms of a Mach number — the ratio
of the object’s speed to the speed of sound in the
surrounding air. Thus an object travelling at Mach 2
is travelling at twice the speed of sound. Supersonic
aircraft produce a sonic boom as pressure waves
produced at the nose and tail of the plane are forced
together at these high speeds.

4.2.4 Ultrasound

While the human ear can detect sound frequencies
between 20 and 20000 Hz, frequencies well
beyond the range of human hearing are used in a
variety of useful technologies.

Sound with frequencies higher than those
that humans can hear is called ultrasound. This
image of an unborn baby is produced with ultra-
sound. To produce images like the one at right,
ultrasound is sent through the mother’s body.

Dolphins travel in large groups, therefore sound is
important for communication to maintain group structure.

Speed of
Material sound (m/s)
Gases Carbon dioxide (0 °C) 259
Air (0 °C) 331
Air (20 °C) 343
Hydrogen (0 °C) 1286
Liquids Mercury 1450
Water 1493
Sea water 1533
Solids Rubber 1600
Copper 3560
Iron 5130
Pyrex glass 5640
Diamond 12000

A Super Hornet jet travelling beyond the speed of
sound generates a sonic boom. The pressure waves
over the plane are visible as a cone-shaped cloud
behind the plane. The origin of this cloud is still
debated. It may be that a drop in air pressure around
the plane occurs so moist air condenses there to form
water droplets.
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Some of it is reflected from the surface of
the baby. A computer is used to change
the reflected ultrasound into an image. The
images are used to check for problems during
pregnancy.

Ultrasound is also used in industry to check
for cracks in metal, drill holes in glass and steel.

Sonar

Ultrasound is used in sonar to produce images

of underwater objects or the ocean floor.

1. Ultrasound is sent down into the water.

2. Objects under the water (and the ocean
floor) reflect some of the ultrasound.

3. A receiver detects the reflected ultrasound.

Measuring sound

While we can hear sound waves, they are invisible. However, they can be studied by converting the sound
energy into electrical energy using a device called a cathode ray oscilloscope (CRO). A microphone
connected to the CRO measures the air pressure changes associated with the compressions and rarefactions
of a sound wave and produces a graph on the CRO screen called a waveform. This allows us to record how
quickly the sound wave makes the air vibrate and compare the energy levels of sound waves.

The pitch of a sound depends on how quickly it makes the air vibrate. High-pitched sounds have a high
frequency and make the air vibrate quickly. As a result, they produce ‘bunched-up’ waveforms. Low-
pitched sounds have a low frequency and make the air vibrate less quickly, so the waveforms are more
spread out.

As in all waves, frequency is

measured in Hz. High-frequency ,
A computer uses the time taken for the reflected ultrasound to return

sounds are more high pitched to the ship to calculate the depth of objects in the water. It can also
than low-frequency sounds. map the ocean floor.

Loud sounds produce a tall
waveform on a CRO display. This
is because more sound energy
produces a larger electrical signal.
Soft sounds, on the other hand,
produce a shorter waveform.

The decibel (dB) scale is com-
monly used to measure the sound
level or loudness of sound. On .
the decibel scale, the quietest ____ =Reflected ultrasound
audible sound is 0 dB. Each Transmitted ultrasound—» — (echo)
tenfold increase in sound level
is an extra 10 dB higher. So a
sound 1000 times more pow-
erful than the quietest audible
sound is 30 dB. Some common
sounds and their decibel ratings
are shown on the following page.

Transmitter/receiver

—_

TOPIC 4 Invisible waves 145



Any sound above 85 dB can cause hearing loss, and the loss is related both to the loudness of the sound
as well as to the length of exposure. You know that a sound exceeds 85 dB if you have to raise your voice
to be heard by somebody else.

This peak represents air This trough represents
The decibel scale that has been compressed air that is spread out. It
Decibels (dB) (squashed up). It is is at a lower pressure
at a higher pressure than normal.
— 160 than normal.
— — 150
""""""" — 140 Jumbo jet on take off
— 130
— 120 Threshold of pain
Tuning fork
L 110 Car horn uning for
— 100
90 Lawn mower Taller waveforms represent louder sounds.
That’s because louder sounds change the air
— 80 pressure more than soft sounds do.
— 70
L— 60 Normal conversation
— 50
— 40
— 30
Tuning fork
— 20
Whisper
— 10 This waveform is more ‘bunched-  This tuning fork
L0 Quietest audible sound up’ than the waveform in the top vibrates faster than the
diagram. It represents a sound one above. It makes a
with a higher frequency. higher pitched sound.

HOW ABOUT THAT!

The calls of the blue whale, with sound levels of more than 180 dB, can be even louder than the launch of
a rocket. Scientists working in the Southern Ocean recorded blue whale calls at this sound level and could,
therefore, locate blue whales up to 200 km away.

INVESTIGATION 4.5

Sound proofing
AIM: To investigate the most effective material to insulate against noise

You will need:

variety of materials to test (such as wood, fabric, glass and cardboard)

source of sound (such as an MP3 player)

sound level meter or data logger and sound probe

e Design an experiment to investigate the most effective material to insulate against noise.
* Record your results in a suitable table and graph.

¢ Analyse your results to draw an appropriate conclusion.
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4.2.5 The ear and hearing

The main function of the ear is to detect sound. It collects the energy of vibrating air and changes it into
electrical signals, which are sent to the brain. Each ear has three main parts — the outer ear, the middle ear
and the inner ear.

@ semicircular canals
These three tubes have nothing to do with hearing. They control your sense of balance. When you move,
fluid in the tubes flows past cells that sense the movement. These cells send signals to the brain. The
signals tell you when you are moving and whether you are up, down or on your side. When you move
around in circles quickly, the fluid moves quickly — even for a while after you stop. The messages from the
cells in the semicircular canals tell your brain that you are still moving. However, the messages from your
eyes tell the brain that you are not moving. These mixed messages to the brain make you feel dizzy.

@ Middle ear
The middle ear contains the three smallest bones in the body. Together, they are known as the ossicles. These
tiny bones send vibrations from the eardrum to the inner ear. They also make the vibrations larger. One of the
ossicles (the stirrup) presses against a thin layer of skin called the oval window at the entrance to the inner ear.

@ Auricle
The outside part of the ear contains a spongy type of tissue called cartilage.

@ Outer ear
The outer ear collects the energy of the vibrating air and funnels it along the ear canal. The air along the
ear canal vibrates. That makes the eardrum vibrate. High-pitched sounds make the eardrum vibrate quickly.
Low-pitched sounds make the eardrum vibrate slowly.

o Ear canal
The ear canal contains wax and tiny hairs to trap dust so that it doesn’t get to the eardrum. If the wax builds
up enough to block your ear canal, a doctor can remove it.

e Inner ear
The inner ear is filled with fluid. The vibrations are passed along the fluid into a snail-shaped tube called the
cochlea. The inside of the cochlea is lined with millions of tiny hairs. Each hair is attached to a nerve receptor.
When the fluid vibrates, the hairs move. The receptors change the energy of the moving hairs into electrical
energy and send signals through the auditory nerve to the brain. You interpret those signals as sound.

o Auditory nerve
Nerves from the receptors in the cochlea merge to form this large nerve that sends signals to the brain.

0 Eustachian tube
This tube joins the middle ear to the nose and throat. It is usually closed. When the air pressure on the
eardrum is not the same on both sides, the tube opens. Air then moves either into or out of the middle ear
until the pressure is balanced again.

When the air pressure on one side of the eardrum changes quickly, you can feel a ‘pop’ as the
Eustachian tube opens and air rushes through it. This happens when you are in a plane that is climbing
steeply. The air pressure in the plane becomes less than the air pressure in your middle ear. The Eustachian
tube then opens and some air moves from the middle ear to the nose and throat so that the air pressure on
your eardrum is balanced.
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HOW ABOUT THAT!

The aye-aye is a rare animal that lives on the island of Madagascar.
It feeds at night and has goggle eyes and huge ears. The aye-aye
searches for food by tapping one of its stick-like fingers on tree
trunks. It listens to the sound as vibrations go through the wood. The
sound tells it where gaps, cracks and hollows are under the bark and
where tasty grubs are hiding. Then it chews through the wood and
hooks out the grub with its long middle finger.

4.2 Exercise: Remember and think

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember

. Outline how sound waves are created.

. Draw and label a sound wave to demonstrate rarefactions and compressions.
. Explain the difference between a compression and a rarefaction.

. Explain why sound cannot travel through empty space.

. Describe how the ear enables us to hear sounds.

. Define the term ‘frequency’ and identify its unit of measurement.

. Identify the feature of sound that frequency determines.

Think Material Speed of sound (m/s)

NOoO OB WON =

8. Explain whether a Mexican wave, as seen .
; . Brick 3650
among the crowds at some sporting events, is a
transverse wave or a compression wave. Sea water 1531
9. Explain why there are three semicircular canals in Iron 5950
the ear rather than just one. . o Air (at room temperature) 343
10. The spee.d of sound through various materials is Glass 5100
listed at right. —
(a) Identify the trend in the data. Distilled water 1497

(b) Explain why there is such a trend.

11. Identify the wavelength and amplitude of
the transverse wave shown in the diagram
at right.

Investigate

12. You can feel your vocal cords vibrate if you
place your hand gently over your throat while
you talk. Say a long ‘hummmm’ in a deep voice
and feel the vibrations. Describe how the vibrations change when you say ‘hummmm’ in:

(@) a louder voice
(b) a higher voice.

13. Is it true that older people find it more difficult to hear high-pitched sounds? Using secondary sources,
investigate the normal frequency range of human hearing and whether that range depends on age.

14. The speed of sound through hydrogen gas is almost 1300 m/s, much greater than the speed through air
and similar to the speed of sound through liquids. Use appropriate secondary sources to explain why.

15. Use the Virtual oscilloscope weblink in the Resources tab to simulate measuring sound energy.

16. Use the My ear weblink in the Resources tab to watch an animation of the effect of sound waves on
cochlear structures.
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learn RESOURCES — ONLINE ONLY

Explore more with this weblink: Virtual oscilloscope

Explore more with this weblink: My ear

4.3 Light

4.31 Light

The transverse waves created in a slinky or in water are easily seen because the medium through which the
wave travels is visible. Light is an example of an electromagnetic wave. Like water waves, electromag-
netic waves are also transverse but they are not quite so easily seen.

Like all waves, electromagnetic waves transfer energy from one place to another. All electromagnetic
waves travel through air at 300000 kilometres per second. Unlike sound waves and water waves, electro-
magnetic waves can travel through a vacuum.

What’s the difference?

Some of the differences between sound waves and electromagnetic waves are summarised in the following
table.

Sound and electromagnetic waves: some differences

Sound waves Electromagnetic waves
Compression (longitudinal) waves Transverse waves

Travel through all solids, liquids and gases, but are Able to travel through most substances including
unable to travel through a vacuum through a vacuum

Speed in air between about 330 m/s and 350 m/s, Speed in air about 300000 km/s

depending on temperature

The reflection of light

Light travels in straight lines. In diagrams, the lines
used to show the path that light takes are called
rays. Our eyes receive countless light rays reflected
from objects that we view and the brain constructs
an image of these objects using impulses from the
eyes.

Individual rays of light are not visible but streams
of light rays or beams of light may be seen when
the light is scattered, or reflected from particles
through which it travels and then redirected to the
eye. For instance, beams of light can often be seen
from car headlights on a foggy night as light is scat-
tered from water vapour in the air.

When light strikes a shiny surface like a mirror,
light is reflected from that surface. Light reflected
from a mirror follows the law of reflection which states:

The angle of incidence (i) = the angle of reflection (r)

These angles are measured from the normal (perpendicular) to the mirror surface.
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A beam of light may be visible if light is scattered by
particles in the air, such as on a foggy night.

\
L‘ e 8

Reflection from curved mirrors

Flat mirrors, also called plane mirrors, are commonly
found in the home. Curved mirrors have many
applications too, including make-up mirrors, security
mirrors in shops and safety mirrors at dangerous
street intersections. Curved mirrors may be concave
(curved inwards) or convex (curved outwards). Light
reflecting from concave and convex mirrors also
follows the law of reflection, such that the parallel
rays of light are reflected to a focal point as shown
at right.

The reflected image of an object close to a concave
mirror is enlarged, making concave mirrors useful for
make-up mirrors.

The reflective coating is commonly placed
on the back surface of a flat or plane
glass mirror to protect the coating from

damage.
Angle of Nof:mal Angle .of
incidence ' reflection
Mirror

Reflective surface

Focale - - -----------
point

Reflected light rays converge
from a concave mirror.

Reflected light rays diverge
from a convex mirror.

Convex mirrors reflect light from a wide angle,
creating an image reduced in size that captures
much of the surrounds. These mirrors may serve as
security mirrors in shops or to improve visibility at
dangerous intersections.

B
| DISTORTED
— | IMAG
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INVESTIGATION 4.6

Reflection from plane and curved mirrors
AIM: To compare the light rays reflected from plane and

curved mirrors

You will need:
ray box kit

DC power supply
protractor

ruler

A ray box contains a light source and a lens that can be
moved to create rays of light that converge, travel straight
or diverge. The light box can be placed on a sheet of paper
making light rays reflected from the paper visible to the
eye. Black plastic sliders can be placed in front of the light
source to create a single ray of light or multiple parallel
rays. The path of the rays can be traced on the paper by
marking several small crosses along the path then drawing
a line to represent the rays using a ruler.

Part A: The plane mirror

Create a single narrow ray of light from the ray box by
selecting the appropriate black plastic slide. o
Shine the ray onto a plane mirror tilted at an angle as shown at

right.

Draw a line along the plane mirror to mark its position then draw
a series of small crosses to mark the position of the incident and
reflected rays.

Remove the mirror and draw lines to represent the incident and
reflected rays. Use arrows to illustrate the direction of the light
rays before and after striking the mirror.

Using a protractor draw a dotted line 90° to the mirror to
represent the normal as shown above right.

Measure the incident angle and the reflected angle.

Part B: Curved mirrors

Cl=
Create multiple parallel rays of light from the ray box by

selecting the appropriate black plastic slide.

Shine the light rays onto spherical concave and parabolic m
concave mirrors as shown at right.

Draw a line along the inner surface of each of the curved

mirrors to mark their position then draw a series of small

crosses to mark the position of the incident and reflected

rays.

Remove the mirror and draw lines to represent the m
incident and reflected rays. Use arrows to illustrate the

direction of the light rays.

Repeat this process for spherical and parabolic convex

mirrors as shown at right.

Create parallel rays of light from the ray box by selecting

the appropriate black plastic slide. m

Discussion

1.

ol p N

Compare the incident and reflected angles. Discuss

whether your data follows the law of reflection.

Describe what happens to parallel rays of light striking concave mirrors.

Compare the reflected rays of light from the two concave mirrors.

Explain why parabolic reflectors serve as more efficient receivers for communication dishes.
Describe what happens to light striking convex mirrors.

The ‘ray’ box. It provides a way of tracing
the path of light.
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Just passing through

Shiny surfaces reflect light but if a surface absorbs light it is said to be opaque. If most of the light travels
through a material, the surface is called transparent because enough light passes through to enable objects
on the other side to be clearly seen.

Some surfaces allow just enough light to travel through to allow objects to be detected on the other side,
but they scatter so much light that the objects are not clearly visible. Frosted glass used in bathroom win-
dows is an example of this. Such materials are said to be translucent.

Transparent Translucent

4.3.2 Refraction — bending light

Although it doesn’t look like it, the stem of the flower at right is close to straight.
Light from the part of the stem above the water travels in a straight line through

As light travels

. . from water to air, it
the air to your eyes. Light reflected from the lower part of the stem travels firstly  changes direction.

through water and then through the air. It bends when it emerges into the air.

Light normally travels in straight lines. However, under certain conditions, it is
possible to change the direction of light. In the example on the next page, the light
has been bent. Light can be made to bend by passing it through different trans-
parent media. This bending of light through different media is called refraction.

Changing the speed of light

When light travels from one transparent medium to another, it speeds up or slows
down. For example, when light travels from air to water it slows down. When it
travels from water to air, it speeds up.

The bending of a light ray as it passes from one medium to another is caused
by the light’s change in speed. The speed of light through different media is given
in the table below.

Medium Speed of light (108 m/s) J

,-r-\iz;
\

Vacuum 3.00
Air 2.997
Water 2.25

Crown glass (used in lenses) 1.97
Perspex 2.05
Diamond 1.24

Imagine driving a vehicle from a hard surface onto soft sand. If both wheels
strike the sand at the same time, they will slow down at the same time and the vehicle will remain straight.
However, if one wheel hits the sand before the other, the wheels will momentarily be travelling at different
speeds. The vehicle will change direction.

Likewise, when the vehicle drives off the sand onto a hard surface, it changes direction again.
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Refraction diagrams

The best way to describe which way the light bends
is to draw a line at right angles to the boundary. This
line is called the normal. When light speeds up, as
it does when it passes from water into air, it bends
away from the normal. When light slows down, as
it does when it passes from air into water, it bends
towards the normal.

The light coming from the swimmer’s legs
in the photograph below bends away from the
normal as it emerges from the water into the air.
The light arrives at the eyes of an observer as if it
were coming from a different direction. The dia-
gram below shows what happens to two rays of
light coming from one of the swimmer’s toes. To
the observer, the rays appear to be coming from a
point higher than the real position of the toe. The
amount of bending depends on the angle at which
the light crosses the boundary.

— Normal
Inset

Light bending =g
away from
the normal

Observer

i"*'AppaF‘e\ﬁi skiy
position of 10&_. £

This wheel is still on the
hard surface when the
first wheel hits the sand.

It is momentarily travelling
faster than the other wheel
causing the vehicle to
change direction.

Hard surface

Sand

This wheel hits the
sand before the other
front wheel. It slows
down before the other
wheel.

Short legs? Not really.

HOW ABOUT THAT!

Why diamonds sparkle

A diamond can sparkle with coloured light, each
of its surfaces producing a dazzling display.
Diamond is the most optically dense, naturally
occurring material on Earth. This means that light
entering a diamond through each of its facets

(or geometrically cut sides) is refracted by a
huge angle, causing light inside the gemstone

to bounce back and forth several times before it
strikes a facet with an angle straight enough to

escape. Because the light has travelled so far, the spectrum of colours that make up light have dispersed (or
separated) so significantly that a stunning display of colours is produced.
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INVESTIGATION 4.7 The image of the coin is

Floating coins not in the same place as

AIM: To investigate the effect of refraction on the image of a the actual coin.

submerged object

You will need:
2 beakers
evaporating dish Beaker—»

coin

¢ Place a coin at the bottom of an empty beaker and look at it from above Water—y- v
while your partner slowly adds water from another beaker.

¢ Place the coin in the centre of an evaporating dish and move back just far Coin
enough so you can no longer see the coin. Remain in this position while

Evaporating

your partner slowly adds water to the dish. dish / 3 ‘
¢ Make a copy of the diagrams at right. Use dotted lines to extend back \ / _— !

the rays shown entering the observer’s eye to see where they seem to be 7

coming from. This enables you to locate the centre of the image of the coin. Water —» /
Discussion

1. How does the position of the coin appear to change while the water is

being added?

Which other feature of the coin appears to change?

What appears to happen to the coin as water is added to the evaporating dish?
4. |Is the image of the coin above or below the actual coin?

w N

INVESTIGATION 4.8

Predicting the way light bends
AIM: To investigate how light is refracted when it enters and leaves a material

You will need:

transparent rectangular prism

pencil

ray box

ruler

12V DC power supply

protractor

¢ Place the ray box on the edge of your notebook page and connect it to the power supply.

¢ Position the ray box so that a single light ray strikes the edge of the
rectangular prism as shown.

¢ Trace around the prism. Use arrows to mark the points where the ray
enters and exits the block.

* Remove the prism and turn off the ray box.

e Use a ruler to draw the normal line as shown in the diagram.

¢ Using the ruler again, draw the ray as it enters the prism, passes
through it and exits the other side.

e Measure angles A, B, C and D. Record the measurements in a table.

¢ Repeat the experiment three more times. Change angle A each time
by positioning the ray box at a slightly different angle and record
angles A-D.

<<— Normal

Discussion

1. Two of the angles can be labelled ‘angle of incidence’ and two can
be labelled ‘angle of refraction’. Which of A, B, C and D are angles of
refraction and which are angles of incidence?
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N

. Compare angle A with angle B. What do you notice about the size of A compared with B?

3. Compare angle C with angle D. What do you notice about the size of C compared with D?
Light travels more slowly in the rectangular block than in air. In general, the more dense the transparent
material, the slower light will travel through it.

4. Complete the following conclusion:
(@) When light travels from one medium to another and slows down, the refracted angle is

than the incident angle.

(b) When light travels from one medium to another and speeds up, the refracted angle is

than the incident angle.

INVESTIGATION 4.9

Focusing on light
AIM: To investigate how biconvex lenses refract rays of light

You will need:

ray box kit

12V DC power supply

sheet of white paper

ruler and fine pencil

e Connect the ray box to the power supply and place it on a page of your notebook.

Part A: Biconvex lenses Biconvex lens
¢ Place the thinner of the two biconvex lenses in the

kit on the page and trace out its shape. Project Three thin

three thin parallel beams of white light towards the Ray box parallel beams

lens. of light

¢ Trace the paths of the light rays as they enter and
emerge from the lens. Remove the lens from the
page so that you can draw the paths of the light
rays through the lens.
¢ Replace the thin biconvex lens with a thicker one
and repeat the previous steps. Sheet of ———>»
Part B: Biconcave lenses white paper
¢ Place the thinner of the two biconcave lenses on
your notebook page and trace out its shape.
¢ Trace the path of each of the three thin light beams as they enter and emerge from the lens. Remove the lens
from the page so that you can draw the paths of the light beams through the lens.

Discussion

Determine the focal length (distance from the focal point to the centre of the lens) for each lens.

Identify which lens bends light more, the thin one or the thicker one.

Explain why the middle light ray does not bend.

Identify how many times each of the other rays bend before arriving at the focal point.

Do the diverging rays come to a focus?

Do the diverging rays appear to be coming from the same direction? Use dotted lines on your diagram to check.

o0k

4.3.3 Lenses at work

The bending of light through transparent materials can be used to produce some interesting and useful
effects. Lenses are useful because they bend light in a predictable way and can change the way we see the
world. The type of image produced by a lens depends on the shape of the lens.

Two basic shapes

Lenses can be shaped in two basic ways; the ones that curve outwards are called convex lenses. Those that
curve inwards are called concave lenses.
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Convex lens

Incoming |
beam i
X .
X Focal point
1
<«— Focal length —»
Incoming '_,—1"(" .
- ST \_/Iftlji focal point

\\

Convex lenses are sometimes called converging lenses. That’s because light rays that pass through them
are refracted towards each other so that they meet (converge) at a point. The point where the light rays meet is
called the focal point of the lens.

Concave lenses are sometimes called diverging lenses. When rays of light pass through these lenses, they refract
away (diverge) from each other. Concave lenses have no real focal point, because rays of light do not meet after
passing through the lens. However, if you trace the rays back to where they appear to have come from, they do meet
at a point, called a “virtual’ focal point.

When an object, placed very close to a

convex lens, is viewed through the lens,
it appears larger than the actual object.

WY
TR ps I‘-‘F‘!
All objects, when viewed
through a concave lens, appear
smaller than the actual object.

INVESTIGATION 4.10

Searching for an image
AIM: To investigate the image formed by a biconvex lens

You will need:

candle

matches

Jar lid to hold candle

biconvex lens

lens holder

A4 sheet of paper folded in half to act as a screen
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¢ Place the biconvex lens in the lens holder, with the candle about one metre in front of it. Light the candle,
and move the screen backwards and forwards on the other side of the lens until a clear image of the flame is
visible on it.

¢ Move the candle towards the lens, stopping every 10 cm or so, while you try to locate the image on the
screen. Do not move the candle closer than about 10 cm from the lens. Don’t be concerned if you cannot get
a clear image on the card when the candle is close to the lens.

¢ Place the candle 5 cm from the lens. Attempt to find an image on the screen. If you cannot, look through the
lens towards the candle, observing the image in the lens.

Discussion

1. Is the image on the screen upright or inverted?

2. How does the image change as the candle is moved closer to the screen?

3. When the candle is close to the lens, can an image be found on the screen?

4. When you look through the lens at the candle, you see an image. Is it upright or inverted? Is it larger or
smaller than the real candle?

4.3 Exercise: Remember and think

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. ldentify:
(a) a feature that sound waves and electromagnetic waves have in common.
(b) a feature that differs between sound waves and electromagnetic waves.
. Define the term ‘refraction’ and explain what causes it.
3. Identify the type of lens that causes light rays to:
(a) diverge
(b) converge.
. You cannot usually see light as it travels through air. Explain what makes it possible to see beams of light.
5. Outline what happens to light when it travels through air and meets:
(@) a transparent surface
(b) a translucent surface
(c) an opaque surface.

Think
6. Copy and complete the light rays in the diagram

at right as they move from one medium to another.
All the prisms are Perspex and are surrounded by

air.

7. Light travels more slowly through diamond than / *
any other transparent material. Explain how a
jeweller could determine if a piece of diamond
is real or fake.

8. Explain, with the aid of a diagram, why the =
image in a convex lens can be upside down.

9. The illustration at right shows a ray of light
emerging from still water after it has been
reflected from a fish. Should the spear be
aimed in front of or behind the image of the
fish? Use a diagram to explain why.

N

SN

,\5&%@"&
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Calculate

10. The distance between the sun and the Earth is approximately 150 million kilometres. Calculate how long
sunlight takes to reach Earth.

Investigate

11. Stand a brightly coloured pencil in a glass of water. Make an accurate drawing of how the water distorts the
image of the pencil.

12. You can make a microscope by looking through two convex lenses that are placed one behind the other.
Experiment with different distances between the two lenses to get the best possible magnification and
report on your results.

13. Test your knowledge of the lenses used in common items by completing the Time out ‘Lenses’ interactivity
in the Resources tab.

14. Use the Bend it interactivity in the Resources tab to test your knowledge of the refraction of light.

learn RESOURCES

Try out these interactivity: Time out ‘Lenses’ (int-1017)
Try out these interactivity: Bend it (int-0673)
Complete this digital doc: Worksheet 4.1: Reflection and scattering of light (doc-12753)

Complete this digital doc: Worksheet 4.2: Curved mirrors (doc-12754)

Complete this digital doc: Worksheet 4.3: Refraction (doc-12755)

4.4 Colour vision
4.41 Vision

Everything that you see is an image! A sharp image of what you are looking at is formed on a ‘screen’ at
the back of your eye. This screen, called the retina, is lined with millions of cells that are sensitive to light.
These cells respond to light by sending signals to your brain through the optic nerve.

The light reflected from your surroundings enters your eye and is refracted as it passes through the outer
surface of your eye. This transparent outer surface, called the cornea, is curved so that the light converges
towards the lens. Much of the bending of light done by the eye occurs at the cornea.

On its way to the lens, the light travels through a hole in the coloured iris called the pupil. The iris is a
ring of muscle that controls the amount of light entering the lens. In a dark room the iris contracts to allow
as much of the available light as possible through the pupil. In bright sunlight the iris relaxes, making
the pupil small to prevent too much light from entering. The clear, jelly-like lens bends the light further,
ensuring that the image formed on the retina is sharp. This image is inverted; however, the brain processes
the signals coming from the retina so that you see things the right way up.
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o Ciliary muscles
Contract to thin the lens when viewing distant objects.

o Suspensory ligaments
Attach the ciliary muscle to the lens.

Pupil
o Th:opening through which light travels towards the lens. The iris opens and closes to control its size.
O riris

The coloured ring of muscle that opens and closes to control the amount of light entering the pupil.
e Cornea

Refracts the incoming light, so that it passes through the pupil towards the lens.

e Retina
The image forms here. The light-sensitive cells detect the brightness and colour of the different parts of the
image. This information is sent to the brain through the optic nerve. The image is upside down on the retina.
The brain constructs a flnal image that is the right way up.

o Lens

Completes the refracting, so that the rays from each point are focused on the retina.

o Optic nerve
Connects the retina to the brain.

e Image
The image is upside down. If the cornea and lens have worked together to refract the incoming light by just
the right amount, the image is clear and sharp.

@ The object
The object will not be seen unless it is either:

e luminous: that is, emits light itself
e illuminated by the sun or another light source. Light from these sources is refiected from the object.

4.4.2 Getting things in focus

Although most of the bending of light by the eye occurs at the cornea, it is the lens that ensures that the
image you see is sharp. The shape of the lens is controlled by the ciliary muscles. When you look at distant
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objects, these muscles are relaxed and the lens is thin. When
you look at nearby objects, the ciliary muscles contract. The
suspensory ligaments become slack, causing the lens to
bulge. This action of the lens in obtaining a sharp image on
the retina is called accommodation.

Correcting vision problems

For some people, the cornea and/or the lens of their eye
is unable to focus a sharp image onto the retina. These
people need to wear glasses or contact lenses to correct the
problem.

If the cornea and lens bend the light too much, the light
rays focus before the retina. People with this condition are
short-sighted. They can usually see nearby objects clearly,
but cannot focus on distant objects. The problem can be
corrected by wearing convexo—concave glasses or contact
lenses. The lenses in these glasses diverge the light rays a
little before entering the eye.

The light coming from a nearby object
needs to be bent more than the light
coming from a distant object. The lens in
your eye becomes thicker when focusing
on nearby objects.

Light from a
distant object

Lens

Light from a

nearby object

A concavo-convex lens has one
side slightly concave and the
other slightly convex. The convex
side is more curved than the
concave side, so it acts like a
convex (converging) lens.

Image of this
point is behind
the retina.
Light from a point
on a nearby A
object <(‘I -

Sharp image of
this point is on
the retina.

Light from a point
on a nearby
object <(I L

Concavo-convex lens
Correcting long-sightedness

A convexo-concave lens has one
side slightly convex and the other
slightly concave. The concave side
is more curved than the convex
side, so it acts like a concave
(diverging) lens.

Image of point

is in front of
the retina.
Light from a point !
on a distant object ‘

Sharp image of
this point is on
the retina.

Light from a point
on a distant object

Convexo—-concave lens

Correcting short-sightedness

If the cornea and lens do not bend the light enough, the light rays focus at a point past the retina. People with
this condition are long-sighted. They can usually see far-away objects clearly, but cannot focus on nearby
objects. The problem can be corrected by wearing concavo—convex glasses. The lenses in these glasses con-

verge the light rays a little before entering the eye.
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HOW ABOUT THAT!

Insect eyes

Each human eye contains just one biconvex lens. Insects have compound eyes.
Each eye contains many lenses. Some types of dragonfly have more than 10 000
lenses in each eye. Each eye can focus light coming from only one direction.

HOW ABOUT THAT!
Cataracts

As the lens becomes less flexible with age, it can become less transparent. Small cloudy spots, called
cataracts, can develop in parts of the lens. Sometimes, they spread through the whole lens causing blurred
vision. In severe cases, cataracts cause blindness as the lens becomes completely opaque.

When cataracts are serious enough to blur vision, the affected lens is surgically removed. It is replaced with
a plastic lens. Unlike the original lens, it has a fixed shape and cannot accommodate to focus on both distant
and nearby objects. Therefore, people who have had cataracts removed need glasses or contact lenses to

compensate for the lack of accommodation.

INVESTIGATION 4.11

Accommodation
AIM: To model the process of accommodation of the eye

You will need:
candle matches

Jar lid to hold candle
ray box kitw

biconvex lens

lens holder

12V DC power supply
Ziplock bag

A4 sheet of paper folded in half to act as a screen
Part A: Arigid lens

e Dim the room.

¢ Place the biconvex lens in the lens holder, and position the candle about one metre in front of it. Light the candle,

and move the white card backwards
and forwards on the other side of the
lens until a clear image of the flame
is visible on it.
¢ Move the candle towards the lens,
stopping every 10 cm or so, while you ~ Candle
try to locate the image on the screen. ' v
Do not move the candle closer than
about 10 cm from the lens.
e How does the image change as
the candle is moved closer to the
screen?
Part B: Accommodating
e Fill the ziplock bag with water so that it is almost full and seal firmly.
e Set up a ray box to produce parallel rays of light.

Biconvex lens

Lens holder

Screen
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e Shine the light rays through the ziplock bag held vertically and
sketch the path of the light rays as they travel from the ray box
through the bag and onto the other side. The ray box may need

to be elevated by placing it over a textbook so that the light
rays pass through the centre of the bag.

¢ Now pull the ziplock bag tightly from either side and once again

sketch the path of the light rays.

Discussion

1. Describe the problem with using a rigid lens to produce images

of objects at differing distances.
Define the term ‘accommodation’.

N

Ray box

Ziplock bag

3. Refer to your results in part B of this experiment to explain how the eye can accommodate images of

different distances.

4. Discuss the benefits and limitations of modelling accommodation by the eye through this activity.

4.4.3 The visible spectrum

In 1666, Sir Isaac Newton discovered that white light
in fact consists of different colours. Today, this set of
colours is called the visible spectrum of red, orange,
yellow, green, blue, indigo and violet colours.

In his experiments, Newton used a glass triangular prism,
similar to the one in the diagram at right. When white light
enters a triangular prism at an angle, different colours
emerge from the other side of the prism. The separation of
white light into its component colours as a result of refrac-
tion is called dispersion. This occurs because each colour
of light has a slightly different speed in glass and is, there-
fore, refracted at a slightly different angle. In a triangular
prism, this difference is enhanced because the white light

is refracted twice in the same direction. When white light enters the prism, the different colours are bent by
slightly different amounts. When the light emerges back into the air, the different colours are bent by different

amounts again.

INVESTIGATION 4.12
Eye dissection

AIM: To examine the inner structure of the mammalian eye and to identify the components involved in

vision

You will need:

sheep or cow'’s eye

scalpel

dissecting scissors

newspaper

surgical gloves

cutting board or other surface on which you can cut
soap and detergent for cleaning up
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CAUTION: Take care when using dissecting instruments. Carry them carefully to and from your
workbench and be careful not to make contact with sharp ends.

¢ Allocate roles to each member of your group based on their skills and interest. One or two students could
carry out the dissection, while another student records observations, and draws and labels the specimen.
Another student may have a managerial role, reading directions and providing advice.

¢ Examine the outside of the eye. Draw and label:
¢ the sclera, the tough, outer covering of the eyeball
e fat and muscle surrounding the eye
¢ the cornea which was clear when the animal was alive but is now probably cloudy
¢ the iris, or coloured part of the eye

¢ the pupil, the dark oval in the middle of the iris. ‘

e Cut away the fat and muscle. A

e Use the sharp point of a pair of scissors to make an incision on H | - R
the side of the eye through the thick sclera. Then cut around the —
middle of the eye, cutting the eye in half. You'll end up with two
halves; the front half will contain the cornea and lens.

e Cut away the cornea and locate the iris between the cornea and
the lens and extract it in one piece. The hole in the centre of the
iris, called the pupil, should be visible.

¢ Locate and remove the lens. It should be a transparent, jelly-like
lump about the size of a pea. Hold the lens up and look through it
at a distant object. Describe what you see.

¢ Place the lens down on newspaper print and describe the
appearance of the print.

¢ Locate the retina, the uppermost layer inside the back of the eye and
describe its appearance.

¢ Locate the position in the retina where the optic nerve commences.

e Draw a labelled diagram of the interior parts of the eye.

¢ When complete, wrap all tissues and dissecting gloves in the
newspaper for disposal.

¢ Place all dissecting instruments in a basin of detergent for washing.

Discussion

1. Identify the shape of the lens in the eye. Explain why the lens is this
shape. You might like to include a diagram.

2. Between the cornea and lens is a transparent liquid called the aqueous humour, and between the lens and
the back of the eye is a transparent jelly-like fluid called the vitreous humour. Suggest the function of these
two substances.

3. The spot where the nerve cells from the retina are attached to the optic nerve at the back of the eye is called
the blind spot. Can you suggest why?

4. The surface under the retina may appear shiny; suggest why. (Hint: Think of the appearance of the eyes of a
cat when lights are flashed towards it at night.)

4.4.4 How do we see coloured objects?

It’s not just a triangular prism that can split white light into separate colours. Coloured objects can separate
white light by absorbing some colours and reflecting others.

The colour of an object depends on which parts of the spectrum are reflected towards your eyes.

When white light falls on any opaque surface, some colours are reflected while others are absorbed. A
red surface absorbs all of the colours of the spectrum except red. Only red light is reflected. A green sub-
stance absorbs all of the colours except green, and a blue substance absorbs all of the colours except blue.

Transparent objects, such as cellophane and coloured glass, split white light by absorbing some colours
and allowing others to pass through.

The way we see colours has more to do with our brain than our eye. The human eye has only three kinds
of colour-sensitive cells — blue, green and red. The colour-sensitive cells, called cones, are found in the
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retina. The brain uses the informa-
tion from the three types of cone
to create a multi-coloured image
of the world around us.

The three colours that our eye is
sensitive to (blue, green and red)
are called the primary colours.
Our brain re-creates the rich col-
ours of the world around us by
interpreting the response from
each of the three types of cone.
For example, a red object causes
only the red cones to ‘fire’. So, we
see red. A yellow object, however,
causes both red and green cones
to ‘fire’ in equal amounts. Our
brain takes this mixture of red and
green from the eye and we see it

When white light strikes this
red flower, all of the colours in
the white light, except red, are
absorbed. Red light is reflected
into our eye and we see a red

flower.

White light
(all spectr:
colours)

White light

al
d light
(all colours)

When white light shines onto
blue glass, all colours, except
blue light, are absorbed.

Blue light passes through the
glass. If you look through the
glass, everything appears blue
because only blue light passes
through it to reach your eye.

Blue light

Pl

as yellow. In this way, it is possible to create a unique firing pattern for each possible colour.

Colours that are created by equal amounts of ‘firing’ from two different cones are called secondary
colours. The secondary colours are yellow, magenta and cyan — all of which can be seen in the diagram
below. If all three cones ‘fire’ equally, we see white light.

Blue, red and green light are used to illuminate the hands.

0 Yellow This part of the screen receives equal amounts of light from the red and green lamps, but no light from the blue

lamp.

e Magenta This part of the screen receives equal amounts of red and blue light, but no green light.
e Cyan This part of the screen receives equal amounts of green and blue light, but no red light.
The three colours mixed together in equal amounts produce white light.
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HOW ABOUT THAT!

Colour television

A TV screen can re-create all possible colours by using only the three primary
colours. The image on a television screen is made up of thousands of dots of

blue, green and red light. These dots are called pixels. By carefully adjusting the
brightness of each colour pixel, any colour can be re-created. So, when we view an
area of a TV screen where both the green and the red pixels are equally bright, we
see yellow.

INVESTIGATION 4.13

What'’s in white light?
AIM: To demonstrate that white light consists of a visible spectrum

You will need:

torch

triangular glass prisms

sheet of white A4 paper

ray box

12V DC power supply

¢ Place the triangular glass prism about 10 cm in front of the beam of light from a torch.

¢ Use the sheet of white paper as a screen just behind the prism and move the prism around until you can see
a band of different colours on the screen. Once you have found the band, move the screen away from the
prism and try to project it onto a wall.

e Connect the ray box to the power supply. Place
the sheet of white paper in front of the ray box.
Project a single thin beam of light towards the
triangular prism as shown in the drawing at right.

¢ Move the triangular prism as necessary until a
band of colours is produced.

¢ Use a second prism to try to merge the colours
into a beam of white light on the screen.

<—Triangular
prism

Ray box

Discussion

1. What colours could you see when the white light was separated into different colours by the prism?

2. Which colour is bent the most by the prism? Which colour is bent the least?

3. Suggest how the glass in the prism managed to separate the colours.

4. Draw a diagram to show how a second prism can be used to merge the colours separated by the first
prism.

INVESTIGATION 4.14

Adding colours
AIM: To investigate the result of combining colours Filters  Mirror 1
You will need:

ray box kit, including coloured filters

12V DC power supply
white surface to use as a screen

A

Mirror
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Place the blue, green and red filters in the slide slots provided on the ray box. This investigation works best if
you put the blue filter in the forward-facing slide slot.

¢ Use the ray box in a darkened room to produce separate red, green and blue patches on the screen.

¢ Move the mirrors of the ray box to create areas where the different primary colours overlap.

¢ Replace the blue, green and red filters with yellow, magenta and cyan filters and record your results to the
table.

Discussion Adding colours

1. Copy the table at right and record the Colours combined Colour observed on screen

possible combinations of primary colours Red bl
and the resulting secondary colours ed + green + blue

observed on the screen. Red + green
2. Were the results obtained when each set of Red + blue
colours were combined expected? Explain Green + blue

why or why not.

Yellow + magenta + cyan

Blue, green and red light are
combined here to produce white

light. If someone were to stand in The primary and secondary
the way of the lights, they would colours
be blocking blue light on one White

region of the wall, red on another
and green on another. This
creates yellow, magenta and cyan.

Cyan Yellow

Magenta

ame

INVESTIGATION 4.15

Subtracting colours with filters
AIM: To investigate the result of colours being filtered out

You will need:

ray box

12V DC power supply

red, green, blue, yellow, magenta and cyan filters

white surface to use as a screen

e Make a copy of the table on the next page in which you can record your predictions and observations.

e Connect the ray box to the power supply and darken the room.

¢ Project a beam towards the screen and place the magenta filter in the ray box. Predict the colour that
you would expect to observe on the screen if you place a red filter in front of the magenta filter. Test your
prediction and record the colour observed in the table.

166 Jacaranda Core Science Stage 5



¢ Replace the red filter with a green filter and again predict and observe the colour seen on the screen.

¢ Replace the green filter with a blue filter and yet again predict and observe the colour seen on the screen.

e Remove the blue filter and place both the cyan and yellow filters directly in front of the magenta filter. Make
and record your prediction about what you will observe on the screen before you make your observation.

¢ Use the filters that you have available to complete the table. Add lines to the table if you would like to test
other combinations.

Discussion
1. Which primary colours (red, green or blue) are transmitted by the:
(@) magenta filter?
(b) cyan filter?
(c) yellow filter?
2. Which primary colour is subtracted by the:
(@) magenta filter?
(b) cyan filter?
(c) yellow filter?
3. What colour was produced when the magenta, cyan and yellow filters were all placed in front of the white beam?

Subtracting colours with filters

Filter in ray box Filter placed in front Predicted colour on screen Observed colour on screen

Magenta Red

Green

Blue

Cyan and yellow
Cyan Red
Green

Blue
Yellow Red
Green

Blue

|
HOW ABOUT THAT! It's not all black and

Animal vision white for dogs.

It is widely believed that dogs see their .
world strictly in black and white. Recent i‘\

scientific research shows that this is not S
true. Dogs can see colours, but not as well /
as humans. They have fewer cones and
appear to completely lack cones that detect
red light. The result is that dogs see the

world in shades of blue, yellow and grey. 4 ‘0 " \. .‘f\
Most birds and many insects have i Jo

good colour vision as it plays an important \ ’\\‘ ‘ "' /
role for them in finding food, protecting _:o - ‘lq \
themselves from predators and finding G \! \-
mates so that they can reproduce. Some of them have more than three types of v X . \3 ?‘ \
cone cell. Pigeons, for example, have six types of cone cell. Bees have three types & |

of cone, one of which detects ultraviolet radiation, which humans are unable to \ Q',?\L
detect. @ \x y
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4.4 Exercise: Remember and think

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember

1. ldentify the two parts of the eye responsible for focusing light.

2. Identify whether a short-sighted person has trouble getting a sharp image of distant or near objects.

3. When the eye changes focus from a distant to a near object, explain whether the lens of the eye becomes
thicker or thinner. Use a diagram to support your answer.

. Explain how the lens changes shape to accommodate objects of different distances.

. Identify the three primary colours detected by cells in the retina.

. Explain how the eye regulates how much light enters it.

. Describe how you can demonstrate that light is actually made up of a mixture of colours.

Think

8. Explain why an opaque object appears:
(@) blue
(b) white
(c) black.
9. Explain why a section of a stained glass window appears red.
10. Explain why it is impossible for a person who has had cataract surgery to accommodate.

~N o oA

Create

11. Create a mnemonic, rhyme or song to help you remember the seven colours of the visible spectrum in the
correct sequence.

12. Create a colour wheel with a disc of cardboard. Colour one third of the cardboard red, another third green
and the final third blue. Make a hole in the centre of the cardboard disc so that a pencil can be inserted
through it. The pencil needs to fit tightly enough so that the wheel spins when you spin the pencil. What
colour do you see when the disc is spun quickly?

Analyse

13. The data in the table on the right shows how the smallest Age (years) Distance (cm)

distance (on average) from written text that a clear image

can be obtained varies with age. 10 7.5

(a) Draw a line graph and a curve of best fit to show how the 20 9.0
ability to focus changes with age. 30 12

(b) Use your graph to predict the smallest distance at which 40 18
a clear image can be obtained by a person of your age.

(c) Use your graph to determine from what age the decrease 50 50
in focusing ability appears to be most rapid. 60 125

Investigate

14. Research one of the following topics and produce a poster or ICT presentation to present your findings.
How a rainbow is formed and why it is curved

What colour blindness is and what causes it

Colour vision in animals

Why the sky appears blue

learn RESOURCES

Explore more with this weblink: Eye dissection

Explore more with this weblink: Colour vision

Complete this digital doc: Worksheet 4.4: The eye (doc-12756)
Complete this digital doc: Worksheet 4.5: Spectrum (doc-12757)
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4.5 The communication revolution

Science as a human endeavour

4.5.1 Electromagnetic waves

Light is just one example of electromagnetic waves.

All electromagnetic waves travel through air at 300000 A representation of part of an
electromagnetic wave

kilometres per second and can travel through a vacuum. The
waves actually consist of pulsing electric and magnetic fields.
These fields are generated by oscillating electric charges.
Luminous objects, be they human-made, such as compact
fluorescent lights, or naturally occurring like stars, cause
charged particles (mainly electrons) to be accelerated, gener-
ating the pulsing magnetic and electric fields which we call

T Direction
of energy
transfer

) AW l Key
electromagnetic waves. (M Erectric field
The frequency of electromagnetic waves is a measure of the [T magnetic field

number of pulses of electric and magnetic fields generated per
second. The wavelength is the distance between adjacent crests or troughs in the electric or magnetic fields.
The electric and magnetic fields pulse at right angles to the direction of motion of the wave.

Light is not the only example of electromagnetic waves. Ultraviolet light, X-rays and radio waves are all
examples of energy carried in the form of electromagnetic waves. Electromagnetic ‘radiation’ is the term
often used to describe these energy forms because like heat energy, their energy can be transferred or radi-
ated through vacant space, without the need for a medium.

4.5.2 The electromagnetic spectrum

Light, X-rays and radio waves are all examples of electromagnetic radiation but they are quite different.
X-rays can penetrate the body to provide a bone scan and radio waves can carry communication from radio
stations. Each type of electromagnetic radiation exists as an electromagnetic wave with a specific frequency
range that matches the frequency of oscillating electric charges which produced them. The entire range of
electromagnetic radiation is called the electromagnetic spectrum and is illustrated below. Higher frequency
radiation in the electromagnetic spectrum, namely X-rays and gamma rays, carry higher energy intensity
and hence can penetrate objects, including body tissues. Gamma rays are used in radiotherapy to attack
cancerous cells in tumours.

Visible spectrum

Increasing energy

Increasing frequency

T T T T T T T T T T T T T T T T T T T
10 10° 10° 10" 10® 10° 10 10" 10%™ 10" 10'™ 10" 10 10" 10'® 10" 10%® 10*' 10%
1 Megahertz 1 Glgahertz Frequency (hertz)

T T T T T T T T T T T
10° 10* 102 10°(1) 1072 10_4 10 108 107 107 107
Wavelength (metres)

Increasing wavelength
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Ultraviolet (UV) light is invisible to the eye. UV light has a higher frequency than visible light and so
has a greater energy intensity that causes certain materials to glow or fluoresce. The energy of UV light
excites the molecules in these materials to emit visible light. For example, ultraviolet beads change colour
in the presence of UV light. They are normally opaque and colourless but change to bright colours upon
exposure to UV light.

Ultraviolet radiation

Like infra-red radiation, ultraviolet radiation is invisible to the human eye. It is more
energetic than visible light and as a result can cause chemical changes in many
substances, including human skin. Exposure to ultraviolet radiation in sunlight
leads to tanning but prolonged exposure can cause sunburn. Some sunscreens
contain chemicals that absorb the ultraviolet light before it can damage the
surface of your skin. Others, like zinc oxide, block the ultraviolet light. Long-term
exposure to the sun’s ultraviolet radiation increases your chances of skin cancer.
Unfortunately, Australia has one of the highest incidences of skin cancer.

Infra-red radiation

These electromagnetic waves are invisible to the human eye and are emitted by all
objects, unless those objects are extremely cold. The amount of infra-red radiation
emitted by an object increases as its temperature increases. Remote control devices
send out infra-red beams which are detected by receivers with garage doors, TVs and
DVD players. Infra-red cameras are used to detect heat.

Radio waves

These are low in energy intensity and include the electromagnetic waves used in TV, AM \
and FM radio transmissions, microwave waves used in radar, wireless internet and mobile \A \
phone communication. The frequency of these waves causes electrons in the receiving \;.\x\:\ NN
antennas of these devices to vibrate at the same frequency, and results in sound and 22 S

images being produced.

Visible light

This represents only a very small part of the electromagnetic spectrum and contains all
the colours of the rainbow, ranging from red (the lowest frequency) to violet (the highest).
Visible light is necessary for vision in humans and for the process of photosynthesis in
green plants.

¥ P

X-rays

These high-energy electromagnetic waves can pass through some opaque materials
including body tissues, making them useful for diagnosing internal injuries such as
bone fractures. X-rays can also be used to kill cancer cells and analyse the molecular
structure of complex chemicals. X-rays are produced when fast-moving electrons
give up their energy quickly. In X-ray machines, this happens when the electrons
strike a metal target made of tungsten.
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Gamma rays

These are the highest frequency and most energetic electromagnetic waves.
Like X-rays, they are also very penetrating. Gamma rays can pass through
many materials, including metals; hence they are sometimes used to find
weaknesses in metals. In fact, a thick layer of lead is required to absorb
these rays, preventing them from travelling further. Gamma rays can cause
serious damage to living cells but they can also be used to kill cancer cells.
Gamma rays are produced when energy is lost from the nucleus of an atom.
This can occur during radioactive decay of nuclei or as a result of nuclear
reactions. Some of the most distant and hottest stars in our universe give out
enormous amounts of gamma radiation.

INVESTIGATION 4.16

UV protection
AIM: To investigate the effectiveness of sunscreen lotions

You will need:

UV colour beads

3 suntan lotions of low-range, mid-range and high-range sun protection factor (SPF)

4 small ziplock bags

4 petri dish containers

¢ Place a small handful of UV beads into each of the ziplock bags and seal them.

¢ Apply a low-range SPF lotion over the outside of a ziplock bag and label it with the SPF value.
¢ Repeat this step with the mid-range and high-range SPF lotions and leave the fourth bag as a control.
e Expose the bags to direct sunlight for 10 minutes.

¢ Tip the contents of each of the bags into separate petri dishes.

¢ Describe the colour intensity of each sample or take photographs of each as a record.

Discussion

1. What purpose did the control serve in this experiment?

2. Were the higher SPF lotions more effective in reducing exposure to UV light? Justify your response using
your observations.

3. Investigate using secondary sources how sunscreen lotions work to reduce UV exposure.

INVESTIGATION 4.17

Infra-red radiation
AIM: To detect infra-red radiation

You will need:

glass prism (Note: plastic prisms do not work well for this experiment.)
4 thermometers or temperature probes and a data logger

black marker (water soluble)

scissors and sticky tape

cardboard box (e.g. photocopier paper box)

blank sheet of white paper

= Thermometers
¢ Conduct this experiment on a sunny day. ) H H H placed in spectrum
e [f using thermometers, blacken the bulbs of the Sunlight 344
thermometers to make them energy absorbers. -
¢ Tape the white sheet of paper flat in the bottom of the Prism —— . I<—Just beyond red
cardboard box. / Ti_Re q
¢ Cut a notch into an edge of the box to mount the prism. Blue Yellow

The notch should hold the prism snugly, while permitting
its rotation about the prism’s long axis.
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e Place the prism into the notch cut from the box and rotate the prism until the widest possible spectrum
appears onto a shaded portion of the sheet of paper at the bottom of the box.

¢ The side of the box facing the sun may have to be tilted up to produce a sufficiently wide spectrum.

e After the prism is secured in the notch, place the thermometers in the shade and record the ambient air
temperature.

e Tape the thermometers into position at the base of the box so that the bulb of a thermometer is placed within
the following portions of the spectrum:
* blue
¢ yellow
e just beyond red.

You may need to cut out a flap along the side of the box to allow the thermometers to sit flat at the base.

o After approximately 10 minutes, exposure to the sun, record the maximum temperature reached by each of
the thermometers.

e Calculate the temperature rise at each position in the spectrum and record all your data in a suitable table.
Compare your results with other groups.

Discussion

1. Was there a trend in the temperature readings? Was this trend consistent with the results obtained from
other groups?

2. Account for your findings.

3. Evaluate the effectiveness of this procedure and your findings. Suggest any improvements that could be
made.

4. Why was Herschel’s experiment such an important one in our understanding of the electromagnetic
spectrum?

Sir Frederick William Herschel discovered the existence of infra-red light in 1800 by passing sunlight
through a glass prism, causing it to be dispersed into a spectrum. Just beyond the red end of the spec-
trum he detected the greatest amount of heat of the visible colours that make up sunlight. Herschel was
interested in measuring the amount of heat and realised that there must be another, invisible type of light
beyond red in the spectrum.

4.5.3 We'’re on the air

Many of the devices we use today to communicate, including radios, TVs and mobile phones rely on radio
waves. Radio waves were discovered by Heinrich Hertz in 1887 and were first used by Italian scientist
Guglielmo Marconi to transmit a message across the Atlantic in 1901.

Radio waves are emitted naturally by stars. They can also be produced artificially when electrons in a
metal rod are made to oscillate rapidly. This metal rod is called a transmitting antenna or transmitter.
These vibrations cause radio waves to travel through the air at the typical speed for an electromagnetic wave;
300000 kilometres per second. The
radio waves can be detected by a Using radio waves to transmit sound and pictures
receiving antenna, which is a metal rod
just like the transmitter. The radio waves
cause electrons in the receiving antenna
to oscillate rapidly, producing an elec-
trical signal in it. The process of using
radio waves to transmit either sound or
television pictures is illustrated at right.

AM radio

Each AM radio station is allocated a particular frequency of radio wave through which it transmits sound signals.
The sound signal must firstly be changed to an electrical signal. This electrical signal is called an audio signal.
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The waves on which messages are sent are called car-
rier waves. The audio signal is added to the carrier
wave, producing a modulated wave, as shown in the
diagram at right. The receiving antenna of your radio
detects the modulated wave. Your radio then ‘sub-
tracts’ the carrier wave from the signal, leaving just the
audio signal. The audio signal is amplified by an audio
amplifier inside the radio and sent to speakers. In the
speakers, the changing electric current is used to make
the surrounding air vibrate to produce sound.

The carrier signals for AM radio stations have
frequencies ranging from about 540 kilohertz up to
about 1600 kilohertz. When you tune in your radio,
you are selecting the frequency of the carrier wave
that you wish to receive. For example, if you tune
to ABC Local Radio Sydney, you are selecting the
carrier wave with a frequency of 702 kilohertz.

AM stands for amplitude modulation, and the dia-
gram at right shows why: the audio signal changes
the amplitude of the carrier wave.

FM radio

Like AM radio stations, each FM radio station
has its own carrier wave frequency. However, the
carrier frequencies are much greater — between
88 megahertz and 108 megahertz (1 megahertz
equals 1 million hertz). The other major differ-
ence between AM and FM radio is the way that the
audio signal is carried on the carrier wave. Instead
of adding the audio signal to the carrier wave and
changing its amplitude, the audio signal changes the
frequency of the carrier wave as shown in the dia-
gram at right. FM stands for frequency modulation.
As with AM radio, when you tune in your radio
to FM you are selecting the frequency of the carrier
wave that you wish to receive. For example, if you
tune to 2 Day FM in Sydney, you are selecting the
carrier wave with a frequency of 104.1 megahertz.
FM radio waves are affected less by electrical
interference than AM radio waves and therefore pro-
vide a higher quality transmission of sound. How-
ever, they have a shorter range than AM waves.

Television

AM radio transmission

Carrier wave

Audio signal

Amplitude modulated wave

Signal after the carrier wave is subtracted

FM radio transmission

Carrier wave

Audio signal

Frequency modulated wave

Signal after the carrier wave is subtracted

Television signals are transmitted on two separate carrier waves. The visual signal is added onto one carrier
wave using amplitude modulation. The audio signal is carried on a separate carrier wave using frequency
modulation. When you tune your television set to a particular channel, you are selecting the visual and
audio carrier waves that you wish to receive. Your television set then completes the task of removing the
carrier waves and translating the signals sent into a picture and sound. This is quite a complex task, as you

might imagine!
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INVESTIGATION 4.18
AM and FM radio

AIM: To compare the reception of AM and FM radio under different conditions

You will need:

a portable radio

¢ Tune the radio to an AM station of your choice.

¢ Plan a path through the school that will take you through at least 5 different locations; e.g. classroom —
corridor — undercover courtyard — playground — hall.

¢ At each different location, observe and record the quality of reception as good, medium or poor and record
this information in a suitable table.

¢ Repeat these steps while listening to an FM station of your choice at the same volume level.

Discussion

1. For which station was the reception generally poorer, AM or FM? Were there any ‘blackspots’?

2. Account for the locations in the school with the poorest reception in terms of the structures around you.

3. Investigate using secondary sources whether AM or FM radio reception is more likely to be affected by
interference and why. Is this research consistent with your findings?

Digital communication

Australian television and radio recently moved from the The binary code for the first 10

broadcast of an analogue signal to a digital transmission. daiiel veliss
While digital transmission has allowed each TV station to : :
, . Decimal value Binary code

broadcast a greater number of programs, what’s the differ- 0 0
ence between digital and analogue transmission? ; ;

The radio waves carrying the audio transmission described ) 10
earlier are examples of analogue signals. Analogue quantities

. . . 3 11

vary continuously over time just as the amplitude and frequen-
cies of AM and FM radio vary. Digital signals on the other 4 100
hand are non-continuous. They consist of a series of ‘on’ and 5 101
‘off” pulses, each representing a particular signal strength or 6 110
value. The digital value at any particular time is generated 7 111
using a binary code of Os (representing off) and 1s (repre- 8 1000
senting on) as shown in the table at right. 9 1001

The process of converting the original ana- 10 1010

logue signal into a series of digital values is called
sampling. In 8-bit processing, the amplitude of an
analogue wave at any given point in time is con-

An analogue vs a digital signal

verted to a number value on a scale from 0 to 256 7 Analogue
(or 28). The sampling rate of a signal, on the other 6- signal
hand, determines how frequently the amplitude 5- J
of an analogue audio or video wave is recorded. 04

A digital signal is encoded from the original § 5.
analogue wave and is then transmitted as a
binary sequence representing each of the sam- 27 ggétgl
ples taken. A decoding device then reconstructs 14 /
the amplitude of the analogue wave. You will 0 —] . I
notice in the diagram at right that the digitised ‘r.)nm6e (s; 10 1 12
signal has lost some of the sensitivity of the gﬁ:ﬁg ;/l?igjzecon g=> Sampllng rate
analogue wave. To increase the accuracy of a (binary code transmitted = 1,0) once per second
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digital signal, the sampling rate can be increased. Audio signals are generally sampled 40000 times per
second while video signals are sampled more than 13 million times per second.

Another strategy employed is to increase the sensitivity of the digital scale used. Digital technology
commonly utilises 14-bit processing (providing a scale with 2'* or 16 384 levels), 32-bit (2°? levels) or
even 64-bit (264 levels) processing.

Analogue or digital — smooth or in bits
You can read the time from an analogue watch with hands that continuously rotate, or from a digital watch with
LEDs (light-emitting diodes) or liquid crystals that simply turn off and on.
All physical quantities like time, speed, weight and pH can be represented in analogue or digital form.
Likewise, invisible waves like sound and radio waves can be transmitted in analogue or digital form.
¢ Analogue forms change smoothly if the quantity being measured changes smoothly.
¢ Digital forms display or transmit quantities as a limited series of numbers or pulses. Digital devices are usually
electronic. Their displays are made from devices that can only ever be ‘on’ or ‘off’. For example, each number
display of a digital measuring device is made up of seven LEDs/LCDs, each of which can be either ‘on’ or ‘off’.
The arrangement of the seven LEDs/LCDs allows all of the numbers from 0 to 9 to be displayed.

An analogue watch A digital watch Each number in this digital
represents time represents time display is made up of seven
as a quantity that as a quantity that LEDs, each of which can be
changes smoothly. changes in ‘bits’. either ‘on’ or ‘off’.

4.5.4 What’s the advantage?

Both analogue and digital television signals fade away as they travel through the air. Like all other waves,
the energy they carry spreads out. So, as they travel over distance their intensity, or strength, decreases. As
the continuous analogue signal becomes weaker, any background radiation and signals from other sources
have a greater effect on the amplitude of the wave. It becomes distorted. The result is a fuzzy picture and
poor quality sound. Because digital signals consist only of ‘on’ or ‘off” pulses, background radiation and
signals from other sources cannot interfere with them — even as they become weaker. The rapidly pul-
sating signals are still either ‘on’ or ‘off’ until the ‘on’ signals have faded away to nothing.
As a result, digital television has several advantages over analogue television. It provides:
» sharper images and ‘ghost free’ reception
* widescreen pictures
* better quality sound
* capability of ‘surround’ sound
* access to the internet and email
* capability of interactive television, allowing the viewer to see different camera views or even different
programs on the same channel.
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4.5.5 Communication highways

Digital communication has enhanced the quality and capacity of audio and video transmitted to consumers,
but the communication revolution also involves developing new technologies to carry this digital signal.

The electrical way
The coaxial cable was designed during World

War II to improve the speed of communications. Many coaxial cables can be bundled together and
. . . . . buried underground or laid on the ocean floor. Coaxial
The first major coaxial cable in Australia was laid e
) cables can carry television signals as well as telephone
between Sydney, Melbourne and Canberra in 1962. calls and facsimile messages.

Coaxial cables can simultaneously transmit many
more telephone calls and television signals than the
copper cables which were previously used.

A coaxial cable consists of a conducting wire
at the centre that can carry an analogue or a dig-
ital signal. This central wire is surrounded by an
insulating material and an outer conductor, usu-
ally of a copper or aluminium braided cylinder,
which acts as a shield to minimise electrical and radio frequency interference between adjacent cables. The
cable is then encased in a protective PVC jacket. Most Australian coaxial cables contain four, six or twelve
tubes and are buried under the ground or laid on the ocean floor.

Analogue or
digital electric
signal

Central copper
core

Insulation

Copper or aluminium
wire braiding

PVC jacket

Wireless technology

Analogue and digital television, wireless broadband and
mobile phone calls can all be transmitted over long dis-
tances using high frequency radio waves, also called
microwaves. Microwaves range in frequency from about
0.3 GHz to 300 GHz and can carry many signals at the
same time. However, repeater stations need to be used
so that the signal does not fade away before it reaches
its destination. Antennas on the repeater stations receive
the microwave signals and send them on to the next sta-
tion. Each repeater tower needs to be within sight of the
next one because radio waves, like visible light, travel in
straight lines. So, the repeater towers are built in elevated
positions wherever possible.

Communications satellites also allow high frequency
radio waves to be transmitted at the speed of light from
continent to continent. In Australia, satellites are used to
transmit radio, television and telephone signals between
cities and are a particularly important mode of communi-
cation for remote areas. Signals are transmitted to a satellite
that is in a geostationary orbit, meaning that it orbits the
Earth once every 24 hours, thus remaining over the same
point on Earth at all times. In order for the satellite to orbit
at that rate, it must be positioned at an altitude of about
36 000 kilometres above the equator. Dish antennas, such as the ones in the photograph on the following
page, are aimed at particular satellites ready to receive signals. The shape of the dish allows for the
collection of large amounts of electromagnetic energy, which is then focused towards the central antenna.

Repeater stations are towers with dish-shaped
antennas.
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A geostationary satellite relays These antennas receive signals that have been re-transmitted by

radio signals to other locations in a geostationary satellite.
Australia, or to other continents.

¢y <« Geostationary
| satellite

L

/ » 4
= 0\ <« Geostationary satellites >) o au
/

Optic fibres

From 2010, the Australian government began rolling
out a new super-fast National Broadband Network
based on optic fibre technology. While optic fibres
currently link major Australian cities and link Aus-

Signal carrier

Options for long-distance communication over land

Number of two-way
conversations at once

. X . . Copper cable 600
tralia with other continents, this new network plans pp,
. .. Coaxial cable 2700
to run optic fibres to suburbs, providing broadband i g 2 000
speeds that will be 100 times faster than those cur- igh Trequency radio wave
Optic fibres 30 000

rently available via conventional wireless or coaxial

cable. The table at right demonstrates that optic fibres can also
transmit many more messages at one time than coaxial cable or
microwaves.

Optic fibres are long, thin, flexible strands of glass. Electrical
signals from sources such as a microphone, television camera,
computer or facsimile machine are converted into high fre-
quency pulses of light, generally near the infra-red range, which
carry a digital signal through the optic fibre. The light pulses
received at the other end are converted back into electrical sig-
nals that can be fed into speakers, televisions, computers or fax
machines. The messages can also be re-transmitted as micro-
waves if necessary.

The idea of using visible light to transmit messages over long
distances was not feasible until the invention of the laser in 1958.
A laser produces an intense beam of light of one pure colour. As
the beam travels through the optic fibre, the glass absorbs some of
the light energy. Repeaters are needed every 35 to 55 kilometres
along the optic fibre cables to amplify the signal. The laser light
loses energy less quickly than normal light would, because a laser
beam disperses very little.

Optic fibres use total internal
reflection to transmit light pulses.

Optic fibres can be laid under the ground or under water. They are smaller, lighter, more flexible and
cheaper than coaxial cables previously used for long-distance telephone, radio and television communica-
tion, and the light pulses are not affected by interference from radio waves, so there is no ‘static’.
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Optic fibres — how they work

The glass in optic fibres is made so that light is unable to escape
from the glass. This is achieved by covering the glass with a
cladding of denser glass or plastic. As light travels from the inner
glass core to the denser cladding, it bends (refracts) so much
that, instead of leaving the glass, it is reflected back into it. This
process is called total internal reflection. The diagram shows
how total internal reflection occurs in an optic fibre. Even if the

fibre is bent a little, the light is ‘trapped’ inside by total internal
reflection.

Total internal reflection in an optic
fibre

Light ray
reflected
off sides

Plastic jacket
Cladding glass

Inner core

Australia’s existing long-distance communication network prior to the optic fibre broadband rollout
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INVESTIGATION 4.19

Total internal reflection

AIM: To observe total internal reflection of light in a Perspex prism

Observe the beam of light as it
passes through the prism.

You will need:

ray box kit

12V DC power supply Narrow beam

Perspex triangular prism of light from Perspex
e Connect the ray box to the power supply. Place the ray box over a ray box prism

page of your notebook. Use one of the black plastic slidesintheray — 3
box kit to produce a single thin beam of light which is clearly visible
on the white paper.
¢ Place a Perspex triangular prism on your notebook and direct
the thin beam of light towards it as shown in the diagram at right.
Observe the beam as it passes through the prism.
e Turn the prism slightly anticlockwise, closely observing the thin light
beam as it travels from the Perspex prism back into the air. Continue
to turn the prism until the beam no longer emerges from the prism.

Discussion

1. Describe what happens to the thin light beam as it passes from air
into the Perspex prism and back into the air.

2. Outline what happens to the beam of light when it no longer emerges from the prism.

3. Draw a series of two or three diagrams showing how the path taken by the beam of light changed as you
turned the prism.

INVESTIGATION 4.20
Optic fibres

AIM: To investigate the principle utilised in optic fibres
This investigation is carried out as a teacher demonstration to minimise the risks associated with the use of
lasers.

You will need:

transparent 2-3 L fruit juice bottle

large nail

laser (class 1)

demonstration optical fibre cable or light pipe

e Use the nail to poke a narrow 5 mm hole into the
front of a fruit juice bottle approximately 5 cm
from the bottom.

e Darken the room. Bench Stream of water

¢ Fill the container to the top with water and " /

position it on the edge of a sink so that a thin
Sink

Transparent fruit
juice bottle

stream of water flows from the container into
the sink.

CAUTION: Class 1 and class 2 lasers have a
relatively low power output and so are safe for
classroom use under direct supervision of the
teacher. Laser beams should not be pointed
towards others in the room because of the
sensitivity of the retina of the eye. Ensure that those viewing this demonstration are positioned on either
side of the stream of water to eliminate the possibility of the laser beam being directed towards them.

¢ Direct a laser beam into the bottle and out through the centre of the stream of water.

e Describe the path of the laser beam.
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e Shine a laser beam down a length of ‘light pipe’ Laser

or loop of optic fibre. Describe your observations. - C
——
Discussion Light pipe

1. Explain why the laser beam took the path of light observed in these demonstrations.
2. Compare the speed of light in air to that in water or the material making up the optic fibre core. Explain how
these demonstrations rely on the difference in the speed of light through these media.

4.5.6 Phone a friend
The landline

Alexander Graham Bell is often credited with the invention of the telephone in 1876 although, like many
areas of science, several of Bell’s contemporaries, including Thomas Edison, contributed significantly to
the early development of this technology. Australia’s first telephone service, in Melbourne, was launched
in 1879. Today, telephones send and receive electric signals over a complex network of coaxial cables that
link urban and rural areas throughout Australia. More recently, optic fibres have been incorporated into the
network, linking telephone exchanges.

Modern telephones are often cordless, with digital phones increasingly replacing earlier analogue tech-
nology. A simple phone call involves quite a bit of technology. To begin with, sound waves from the caller
are first converted to an electrical signal by the microphone in the handset. The electrical signal is analogue
or digital, depending on the type of telephone. A transmitter in the handset generates radio waves of a
specific frequency (in the microwave range) which are detected by a receiver in the phone’s base station.
An electrical signal is transmitted from the base station of your phone via copper coaxial cables to the tele-
phone exchange in the phone network. The various telephone exchanges are connected by optic fibre, so
electrical signals are converted to digital pulses of light or to high frequency radio waves if the call is to be
routed to the mobile phone or satellite network. From the telephone exchange the phone call is once again
converted to an electrical signal, and travels to the base station of the receiver’s phone. There it is trans-
formed to a radio wave which is received by the handset and converted by a speaker to a sound wave again.

A landline is part of the communications network.

Cordl h
ordless phone Digital/analogue

Cordless handset High frequency signal via coaxial
radio waves cable

Electrical signal Base

Transmitter )
station

Microphone

via internal circuit

Telephone Telephone
exchange exchange

Digital signal
via optical fibre

Digital/analogue
signal via copper
coaxial cable

Digital signal
via optical fibre

Mobile phone
switching centre

Base
station

High frequency

radio waves

Cordless handset
Electrical )

Receiver

e

signal
Cordless phone

Main exchange

Mobile
base stations

High frequency
radio waves

Communications satellites

Mobile phones

Sound waves

180 Jacaranda Core Science Stage 5



Going mobile

Since the first major mobile phone service was
introduced in Australia in 1987, millions of
Australians have purchased mobile phones.

How mobile phones work

Domestic and business telephones are connected by
cable to the network of microwave and radio links,
coaxial cables and optical fibres. Mobile phones
transmit signals on radio waves to a base station,
which consists of several antennas at the top of a
large tower or on top of a tall building. The base
station is connected to a switching centre. Each
switching centre is, in turn, connected to many base
stations. The switching centre switches the call to
other mobile phones through the cellular system or
the fixed telephone system.

A network of cells

The mobile phone network consists of a series of
hexagonal cells that are serviced by base stations.

In some instances one tower
can source three cells.

P . Where possible, antennas
are located on existing
structures.

- lllllllll‘ S
dididdiid
1
1
1
1
[

A tower may be
required in some
locations.

Mobile phones are also called cell phones. That is because the base stations are set up in a network of

hexagonal cells.

Base stations may consist of large free-standing towers or structures located on building rooftops, and
are located either in the centre of each cell or on the corner of a group of cells.

The cells range in size from 100 metres across to over 30 kilometres across depending on the terrain and
the concentration of mobile phone users. The base stations receive and transmit mobile phone signals from
the cells that adjoin them. In addition, each base station is connected to the main telephone network either
via a high frequency radio wave antenna, or via optical fibre cable.

When you make a call, your mobile phone will always ‘talk’ to the base station antennas nearest to you.
As you move around, the phone will ‘talk’ to different base stations, which ever is the closest, or the least

congested.

Typical mobile phone base stations
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The pathway followed by a mobile phone call
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INVESTIGATION 4.21

The impacts of digital technology

AIM: To evaluate the impact of new and emerging technologies on society and the environment

There is no doubt that fast and flexible digital technology is revolutionising the way we communicate at work
and in recreation. In this investigation you will evaluate the impact of new and emerging digital technologies on
society and the environment.

You will need:

butcher’s paper

e Work in small groups and record the group’s ideas in the form of a mind map.

e |dentify digital technologies in common use. These may include a tablet, laptop, mobile phone, landline, MP3
player etc.

¢ For each technology, brainstorm
the specific uses for that
device in your work or
recreation.

e For each use, brainstorm
any positive or negative
impacts on society (physical

Using time

efficiently Positive impacts

Making Mobile COMMUNICATION
appointments phones TECHNOLOGIES

health, mental health, S_ocial_ising
lifestyle, productivity, with friends
etc.) or the environment Students

Negative impacts

(pollution, waste etc.). can be bullied
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Discussion

1. Using information in your mind map, individually, discuss, using examples, the positive and negative impacts
of digital communication technologies on society and the environment.

2. Give reasons why society should support scientific research in the development of better communication
technologies.

4.5 Exercise: Remember and think

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember

1. Summarise the differences between the digital and analogue signals that are added to carrier waves for
television transmission.
2. Digital television has several advantages over analogue television.
(a) List three of these advantages.
(b) Explain why digital signals have these advantages.
3. Identify the components of a coaxial phone cable that:
(a) carries the analogue or digital signal
(b) reduces interference.
. Explain why repeater stations are necessary for the transmission of microwaves and other radio waves.
. Use a labelled diagram to describe total internal reflection.
. Explain when total internal reflection can occur.
. Explain how light can be used to transmit the signals from phones or computers.
. Describe how mobile phones are different from landline telephones in the way that they transmit and
receive voice messages.
9. Explain why mobile phones are also known as cell phones.

Think

10. Explain why repeater stations are necessary along coaxial cables.

11. Explain why microwaves and other radio waves are preferred for communication in the outback rather than
optical fibres or coaxial cables.

12. Explain why communication satellites are placed in geostationary orbit.

13. Identify an analogue device (or technique) that measures:
(a) time
(b) speed
(c) weight
(d) pH.

14. Construct a table to list the advantages and disadvantages of mobile phones over landline phones.

15. Refraction is the bending of light as it passes from one medium to another. Describe the role of refraction in
an optic fibre.

Investigate

16. Research using secondary sources the progress on the optic fibre roll out. When will your suburb be
provided with optic fibre to the home?

17. Photonics is the study of optic fibres and their application. Research how scientists in Australia are
developing a computer chip based on light pulses rather than electrical circuitry.

18. Some people are concerned that the electromagnetic radiation from mobile phones and base stations could
affect people’s health. Research this area and assess the arguments put forward.

0N O

learn RESOURCES

Complete this digital doc: Worksheet 4.6: Communications (doc-12758)
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4.0 Project: Did you hear that?
4.6.1 Did you hear that?

Scenario

Since the invention of the Walkman — a portable cassette tape player — in 1979, through to the modern
iPod, we have loved to carry our favourite music around with us everywhere we go. Wherever you look,
you’ll see people walking the dog, riding the bus, going for a run, hitting the books or just sitting around
hooked in to an audio device of some form. With more than 220 million iPods alone sold since their release
in 2001 and the increasing affordability of personal music players in general, more and more people are
spending time plugged in. But for every person who loves their MP3 player, there’s another who’ll be
warning them that channelling all that sound directly into their ears will have long-term effects on their
hearing.

Your fifty-year-old principal wonders whether there aren’t short-term effects as well, because she finds
it difficult to hear her mobile ringing for about ten minutes after she has stopped listening to music on
her iPod. She comes to your science class (known for their cleverness) for some possible answers. One
clever classmate suggests that maybe the type of music she was listening to had lots of high frequency
sounds in it and that this had somehow affected her ear’s ability to pick up the high frequencies of her
mobile ring tone. Another clever classmate thinks that maybe she had the volume up too high on her iPod
and that this might have caused some temporary deafness. A cheeky classmate suggests that maybe she
can’t hear it because she’s old! Somewhat grumpy with that last comment, your principal decides that
maybe she should just ban all personal music players in the school unless you can provide her with some
thorough scientific evidence that something other than age can have short-term effects on hearing range
after iPod use.

Your task

Using personal music players and online hearing tests, your group will perform a series of scientific inves-
tigations to explore the short-term effects of personal music players (such as iPods) on hearing range. You
will then present your findings in the form of a scientific report suitable for sending to the principal.
Suggested factors to consider include:
* volume used
* hearing range differences between males and females
* type of music (for example, classical, jazz, R&B or pop).
Note that you will need to minimise any risk of permanently causing damage to the hearing of your
human subjects by ensuring that the volume does not exceed 90 dB and limiting trial durations to a few
minutes.
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Process

* You can complete this project individually
or invite other members of your class to
form a group.

* Start researching. Make notes of information
that you gather that will provide background
for your investigation and direct its design.
You should each find at least three sources
(other than the textbook, and at least one
offline such as a book or encyclopaedia) to
help you discover extra information about
human hearing and the factors that might
influence a person’s hearing range.

* Design your investigation by determining
what will be the dependent, independent
and controlled variables, establishing the use of controls and repeated measurements, and deciding what
factors you will test and how you will measure the hearing range of your subjects.

* Perform your investigation. Take photographs during your investigation for inclusion in your report.

87
=Y Qe

4.7 Review

4.71 Waves — carriers of energy

* explain, using the particle model the processes underlying convection and conduction of heat energy 4.2

* identify, with the use of examples the transfer of energy by waves 4.2
* compare longitudinal (compression) waves and transverse waves 4.2
* describe, using the wave model, the features of waves including frequency, wavelength and speed 4.2
» explain, using the particle model, the transmission of sound in different media 4.2

TOPIC 4 Invisible waves 185



4.7.2 Light

* identify visible light as a form of electromagnetic radiation 4.3
* identify the properties of electromagnetic waves 4.3
* describe the reflection of light from plane and curved mirrors and identify some useful applications 4.3
* describe and account for the refraction of light and outline everyday instances in which
refraction is evident 4.3
* describe the way in which lenses focus light and identify some useful applications of lenses 4.3
4.7.3 Colour vision
* describe how the eye functions to provide vision 4.4
* account for the colour of objects in terms of absorption, transmission and reflection of the
colour spectrum 4.4
* describe some familiar examples of scattering and dispersion 4.4
4.7.4 The communication revolution (SHE)
* identify the features of different types of radiation in the electromagnetic spectrum and their uses 4.5
* compare AM and FM radio 4.5
* compare analogue and digital signals and outline the advantages of digital technology 4.5
* describe advances in technology involved in our communication network, in particular the
coaxial cable, wireless and optic fibre technology 4.5
* describe the scientific principles involved in optic fibre communication 4.5
* describe the scientific principles and the technology involved in communication using landline
phones and mobile phones 4.5
Individual pathways
B ACTIVITY 4.1 Bl ACTIVITY 4.2 Bl ACTIVITY 4.3
Investigating invisible waves Analysing invisible waves Investigating invisible waves further
doc-10643 doc-10644 doc-10645
learn
>
c
o

Create a poster or multimedia presentation that explains clearly to your peers how we perceive different colours and
how the eye works to provide vision in colour.
Access more details about focus activities for this topic in the Resources tab (doc-10642).
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4.7 Review 1: Looking back

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

1.

. The waveform at right was produced by plucking a string on an electric guitar. Copy

. Copy and complete the table below, indicating with a tick which statements refer

When heating water in a metal pot, identify how most of the heat is transferred through:
(@) the metal base of the pot
(b) the water in the pot.

the waveform. In another circle of the same size, draw a waveform that:
(a) shows a louder sound
(b) has a higher pitch.

to light and which refer to sound. Some of the statements apply to both light and
sound.

Statement Light

Travels through empty space at 300000 km/s
Can be reflected

Always caused by vibrating objects or substances

Can travel through transparent substances

Cannot travel through opaque objects

Can be measured in decibels

Can be produced from another form of energy

Is detected by receptors in the human body

. (a) Explain why sound waves cannot travel through empty space.

(b) Explain why light waves can travel through empty space.

. Thin beams of light are projected from a ray box towards four objects. Each object is covered by a tile.

The beams emerging from each of the objects are shown in the diagrams below.
Identify the object under each tile.

TiIe TiIe

Ray box Ray box
TiIe TiIe
Ray box Ray box

. Copy and complete the diagram at right to show the path of the light ray as

it passes through a glass rectangular prism and emerges into the air on the
other side.

. Allight ray passes from air to glass and back into air again. ldentify how

its speed changes when it enters the glass. As a result, does the light ray
refract towards or away from the normal?

. Use a diagram to explain why your legs appear to be shorter when you

stand in clear, shallow water.

. Identify whether a convex lens has a greater focal length if it is thick or thin.

Draw a diagram to illustrate your answer.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

Identify the parts of the eye labelled (a)-(h) and
outline the main function of each of the parts labelled.
Construct a table to record this information.

The diagram below right shows how rays from a
distant object arrive at the retina of a person with
blurry distance vision. /
(a) Identify the condition illustrated below right. O)———>

(b) Outline what the correcting lens needs to do to the /V
incoming light to correct the problem. / S\
(d)

©
(c) Draw a diagram to show how an appropriate lens
placed in front of the eye shown can correct this

\
eye condition. ©) >l
Imagine that you are riding on parallel beams of light G}

as they enter a human eye. Write an account of your
journey on the beam from the time that you

reach the eye until you arrive at the receptor

cells in the retina.

Explain how the eye can focus on both near and
distant objects.

To brak&

. Image
Explain how you are able to see so many Light from a on retina
different colours when receptor cells on the distant object is blurry

surface of your retina are able to detect only red,

green and blue light.

Describe what happens to white light when it

passes through a blue filter.

Explain why:

(a) blue paint appears blue when it is illuminated by white light

(b) a white shirt can look red when you are at a dance or concert
(c) a green shirt can look black when you are at a dance or concert.

Make a copy of the table at right. However, rearrange the Electromagnetic waves

invisible waves in the first column so that they are listed in .

order of increasing frequency. Complete the table by filling in
the other column. Infra-red radiation
Identify three differences between sound waves and the Gamma rays

waves listed in the table at right.
Identify two properties that all of the waves listed in the table

Ultraviolet radiation

have in common. Light
Identify which type of electromagnetic waves listed in the X-rays
table microwaves belong to. Radio

Identify which of the electromagnetic waves listed in the
table at right:

(a) transmits the most energy

(b) is used in remote control devices.

Describe how digital radio signals are different from analogue radio signals.

List some reasons why analogue television was phased out and replaced with digital television.

Test yourself

1.

A feature of sound waves is that they

(A) travel at about 340 m/s through air.

(B) do not require a medium to travel through.

(C) consist of troughs and crests.

(D) travel faster through less dense objects like liquids than through solids. (1 mark)

. Identify the structure(s) of the eye responsible for refracting light.

(A) The lens

(B) The pupil

(C) The cornea and lens

(D) The retina (1 mark)
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3. A make-up mirror would consist of a

(A) plane mirror.

(B) convex mirror.

(C) convex lens.

(D) concave mirror. (1 mark)
4. Which of the following options correctly matches an electromagnetic wave

with its common application?

Electromagnetic wave Application

A Microwaves Killing cancerous cells
B Radio waves Mobile phone communication
C Infra-red radiation Cooking
D Gamma rays Remote controls
(1 mark)
5. A blue light passes through a red filter. Light coming through the filter will be
(A) blue.
(B) red.
(C) white.
(D) black, there will be no light. (1 mark)
6. The questions below refer to the water wave and sound wave shown
in the following figure. (2 marks)
Water waves
Sound waves
<«—10cm—>»
(a) Identify the amplitude and the wavelength of the water wave.
(b) Identify the wavelength of the sound wave.
7. Explain how visible light is used to transmit phone calls along optical fibres. Use diagrams to
illustrate your explanation. (8 marks)

learn RESOURCES

Complete this digital doc: Worksheet 4.7: Invisible waves puzzles (doc-12759)

Complete this digital doc: Worksheet 4.8: Invisible waves summary (doc-12760)
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TOPIC 5

Chemistry — the inside story

51 Overview

Numerous videos and interactivities are embedded just where you need them, at the point of learning, in
your learnON title at www.jacplus.com.au. They will help you to learn the content and concepts covered

in this topic.

5.1.1 Why learn this?

The air that you breathe, the gunpowder in fireworks and the boiling hot spray discharged by a bombardier
beetle are all examples of chemicals. In fact everything around you, including your own body, is entirely
composed of chemicals. Chemistry is the study of substances and the way that they behave on their own or
when combined with other substances. To understand the behaviour of substances, you need to take a look
inside to find out what they are made of.

The characteristics of a chemical, including its colour, state of matter and reactivity, are determined by

the types of atoms that make up the chemical and the type of bonding between the atoms.

LEARNING SEQUENCE

5.1 Overview

5.2 Chemical building blocks
5.3 All charged up!

5.4 Searching for patterns

5.5 Periodic patterns

5.6 lonic compounds

5.7 Covalent compounds

5.8 Finding the right formula
5.9 Project: The mystery metal
5.10 Review

190
192
195
200
204
208
212
215
219
221

Q’p
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Do you have the inside information?

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

All chemicals — in other words all substances — are made up of tiny particles. These tiny particles are so small
that you can’t see them, even with the most powerful light microscope. You probably already know quite a lot
about the particles inside chemicals. This knowledge is the first step in your quest to find out why chemicals
behave the way they do.

Answer the questions below to find out how much you already know about the inside story on chemicals.

1.

The substances around you and inside you can be placed into three groups — elements, compounds and

mixtures.

(@) Which one of these groups contains chemicals that are made up of only one type of atom?

(b) Which one of these groups is the least likely to be found naturally in the Earth’s crust?

(c) What is the difference between a compound and a mixture?

(d) Arrange the substances listed at the bottom of the page into the three groups of substances to complete
the table below right.

. Elements, compounds and mixtures are made up of tiny particles called atoms and molecules.

(@) How is a molecule different from an atom?

(b) List two elements that can be made up of molecules.
(c) List two compounds that are made up of molecules.

(d) Name one compound that is not made up of molecules.

. Which of the diagrams at right represent:

(@) an atom of an element? A

each of the following descriptions. 5

(@) They combine chemically to produce water.
(b) It is neither a metal nor a non-metal and is used in .

B
(b) a molecule of an element?
(c) a molecule of a compound? ‘ ‘ O_O
. Identify the chemical element or elements that match

electric circuits inside electronic devices such as
computers and mobile phones.
(c) It has the symbol Na. G

(d) They combine chemically to produce the compound
that we know as pure salt.

(e) It is the only metal that exists as a liquid at normal
room temperatures.

— plood | SUBSTANCES |
arbon dioxide SRS

iron Elements Compounds Mixtures

) 5ea Water
r

chocolate thick shake

tavle salt

. soil
ammonia

calcium
brass

sodium hydroxide DIpgEll
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5.2 Chemical building blocks

Science as a human endeavour

5.2.1 A history of ideas about the atom

All matter in the universe is made up of tiny particles of different kinds. While atoms are not the smallest
of these particles, they are the smallest particles that exhibit specific chemical properties. What these
properties are depends upon the type of atom that you are looking at. By now you have probably learned
that there are 92 individual types of naturally occurring atoms on Earth. What you may not know is that
it has taken thousands of years for us to gain our present understanding of what an atom is, what makes
them different from each other and how these differences contribute to their various chemical and phys-
ical properties.

Most of our knowledge about the ‘building blocks’ of matter is less than 100 years old. We now know
those ‘building blocks’ as atoms. The idea that matter was made up of atoms was first suggested about
2500 years ago by a Greek philosopher named Democritus. Since then, various theories and models of the
atom have been accepted, rejected and modified. The flowchart below shows how our knowledge about the
atom developed.

About 400 BC: Greek philosopher
Democritus first suggested that all
substances consisted of tiny
indestructible particles called
atoms.

1808: John Dalton’s atomic theory proposed that:

¢ all matter consisted of tiny particles called atoms
e atoms could not be divided into smaller particles
e atoms of the same element were alike

e atoms combined in simple whole number ratios.

1897: English scientist Sir J. J. Thomson explained

that the atom contained negatively charged

particles called electrons. His model

suggested that atoms were positively q
charged spheres with negatively

charged electrons embedded in them

like the fruit in a plum pudding. 1911: Lord Rutherford proposed that the atom consisted
mostly of empty space with a dense nucleus containing

positively charged protons in the centre. Negatively charged

electrons orbited the nucleus. Although Lord Rutherford’s
model of the atom was essentially the same as today’s
accepted model, its one flaw was that it proposed that the

orbiting electrons would eventually lose energy and spiral in

1913: Niels Bohr, a scientist who had studied with Rutherford, modified the gRwvardsithe nucleus.

model by suggesting that electrons orbit the nucleus at different energy levels.

Only electrons with specific amounts of energy could exist at each level. His

model proposed that electrons could move from one level to another by ) q
gaining or losing ‘packets’ of energy. Although Bohr’s model explained why

electrons did not spiral in towards the nucleus, it did not explain all of the

known properties of atoms.

1932: Sir James Chadwick discovered that the
nucleus contained particles called neutrons, as

well as positively charged protons. Neutrons
had no electric charge and a mass about the

same as a proton.

192 Jacaranda Core Science Stage 5



HOW ABOUT THAT!

Lord Rutherford’s model

of the atom was based on
experiments in which he fired
tiny positive alpha particles at
very thin sheets of gold foil.
Most of the particles went
straight through the gold foil

An enlarged view of the gold foil experiment

Source of Beam of
alpha alpha
particles particles

i

Alpha particles

Nucleus

N

and very few were reflected 5 k.ﬁ"{?i ~

back. He explained that Gt o)

the few particles that were P

reflected back were lrgpelled et el )(.‘)k:,k

by a very small, positively = Atoms of
Fluorescent screen gold foil

charged nucleus in the atoms
of the gold. Most of the alpha
particles, he said, continued through the foil because each gold atom consists mainly of empty space. Lord
Rutherford said later that his observations were about as credible as if you had fired a 16-inch shell at a piece of
tissue paper and it had come back and hit you!

Ernest Rutherford determined that the majority of the mass in an atom was located in the centre and that
most of an atom’s volume is empty space by firing positively charged particles at gold atoms in a thin foil
and then looking at the paths the fired particles took. In investigation 5.1 you can model this process by firing
ball bearings at a hidden nucleus and using the way the marbles bounce back to determine where the hidden
nucleus is.

INVESTIGATION 5.1

Find the nucleus!

AIM: To model Rutherford’s nuclear model of the
atom

A model of Rutherford’s experiment
Book  Hidden lid

You will need: Ballbearing
a hardcover textbook at least A4 in size P -4
5 lids from soft-drink bottles e
a 10 mm diameter ball bearing

e Suspend the textbook above the bench top by
placing a lid under each corner.

e While the rest of the group turns their backs, one member will lift the textbook and place the fifth lid
somewhere within the area bounded by the four lids. They will then replace the textbook. This fifth lid
represents the nucleus of the atom.

¢ Once the other students have turned around, they are to take turns rolling the ball bearing under the textbook
to pinpoint the location of the nucleus, taking note of how many times the ball bearing is rolled before the
nucleus is struck for the first time.

¢ When the shooters have come to a final decision as to where the nucleus is located, the student who did the
hiding must lift the textbook to reveal whether the shooters were correct.

¢ Repeat with different students in the group taking turns to hide the nucleus. In each case, remember to note
how many times the ball bearing was rolled before the nucleus was first struck.

]

T
N Eetilids——

Discussion

1. Determine the average number of times your group had to roll the ball bearing before striking the
nucleus.

2. Imagine that one of the nucleus hiders decided to put the nucleus/bottle cap in their pocket rather than
under the textbook. How many times do you think you would have had to roll the ball bearing to discover
that there was no nucleus there?
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5.2.2 The current model

At the moment, the accepted model of an atom is that it consists of a small, dense nucleus made up of
neutrons (uncharged particles) and protons (positively charged particles) that is surrounded by rapidly
moving, negatively charged electrons. While the neutrons and protons are roughly the same size, an elec-
tron is about 1/2000th the size of a proton.

The neutrons and protons of a nucleus are tightly bound together by very strong nuclear forces. The
protons are all positively charged and, as you’ll probably recall from your earlier studies, objects that have
the same charge tend to repel each other. If it weren’t for the strong nuclear forces, the protons would push
each other away and the nucleus (and the atom) would disintegrate!

On the other hand, there is an attractive force between the negatively charged electrons and the positively
charged protons. It is this force which keeps the electrons moving around the nucleus.

The distance between the electrons and the nucleus is huge. If the nucleus of the simplest atom (hydrogen)
were the size of an orange, its electron would be about 10 kilometres away! As a result, most of the volume
of an atom is made up of empty space. Yet when we look at very high resolution scans from powerful electron
microscopes, the atoms look more like little solid balls. How can that be if they are mostly empty space?

Think of whirling a yoyo on its string in a circle. If you swing it around at a low speed, it is quite easy to
see the yoyo. If you swing it very fast, however, the moving yoyo seems to turn into a blurry circle rather
than an individual object. This is kind of what happens with the electrons except, because they move very
fast all around the nucleus, the moving electrons form a sort of fuzzy sphere or shell around the nucleus.
This is sometimes referred to as the electron cloud.

The number of protons in an atom determines what type of atom it is. For example, every atom with 79
protons is a gold atom, and every gold atom has 79 protons. Substances that are made up of only one type
of atom are called elements.

Electrons move rapidly around the nucleus. Although they follow no set paths, electrons are always
found in regions called electron shells.

0 Electrons are about 1/2000th the size of protons and 0
neutrons. Electrons have an electrical charge of negative
one (-1). An atom has the same number of electrons as
protons. The charges balance out so an atom has no
electrical charge. It is said to be neutral.

9 A neutron has no electrical charge.

e Protons and neutrons make up the nucleus. They are held
together by very strong nuclear forces. Almost all of the
mass of an atom is in the nucleus.

e Protons and neutrons are almost the same size. A proton
has an electrical charge of positive one (+1). The number
of protons in an atom determines what type of atom it is.
For example, every atom with seventynine protons is a
gold atom, and every gold atom has seventy-nine protons.
Substances that are made up of only one type of atom are
called elements.

e Electrons move rapidly around the nucleus. Although they
follow no set paths, electrons are always found in regions
called electron shells.

5.2 Exercise: Remember and think

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember

1. Using the present model, name the three parts of an atom. Explain
(a) what electric charges they carry and
(b) where they may be found in the atom.

194 Jacaranda Core Science Stage 5



. Describe the ‘plum pudding’ model of the atom.

. In what ways were the atomic models of Democritus and Dalton (a) similar (b) different?
. What was the main problem with Rutherford’s ‘planetary’ model of the atom?

Which scientist first named (a) electrons (b) protons (c) neutrons?

. Explain why the model of the atom has changed over time.

. Explain how protons are different from neutrons. How are they similar?

. Describe the differences between protons and electrons.

. Recall where most of an atom’s mass is located.

. What holds the protons and neutrons together in the nucleus of an atom?

Think

11. Why do you think that the neutron was the last of the atom components to be discovered?
12. Why has no-one been able to directly observe the nucleus of an atom up to now?

13. Is the current model of the atom a theory or a fact? Explain your answer.

14. Was John Dalton’s statement, that atoms are indivisible, correct? Explain.

COP®NODU A W®WN

—

Create

15. Use the information on these pages to make 3D versions of the different atomic models that have been
formulated over the centuries.

Investigate

16. Investigate one of the following scientists and describe their contributions to our knowledge about the
structure of the atom. In your report you need to include: (a) full name, place of birth, date of birth and
death; (b) a brief description of the type of work the scientist did in his/her lifetime; (c) their contribution
to our understanding of the structure of the atom; (d) the technology available to the scientist that
enabled him/her to make the discovery; (e) description of how relevant the scientist’s theory is to today’s
understanding of the structure of the atom. Choose from: John Dalton, Sir William Ramsay, Marie Curie,

J. J. Thomson, Henry Moseley, Max Planck, Eugen Goldstein, Lord Rutherford, Frederick Soddy, Sir James
Chadwick, Niels Bohr, Louis de Broglie, Lise Meitner.

17. Today we know of many particles smaller than neutrons and protons. Find out more about some of these

particles and how they are investigated.

learn RESOURCES

Complete this digital doc: Worksheet 5.1: The structure of the atom (doc-12761)

5.3 All charged up!

5.3.1 Electron shells

All neutral atoms have the same number of electrons as they do protons — in other words, the same
number of negative charges as positive charges. In the simplest atom, the hydrogen atom, there is one
proton and one electron.

One of the largest atoms, uranium, has 92 protons and 92 electrons. This means that there are an
awful lot of electrons flying around the nuclei of many atoms, yet they don’t run into each other. In fact,
the electrons move between layers of spherical shells so that there are only a few electrons in the same
vicinity.

Each electron shell has room for only a certain number of electrons, and the further out from the nucleus
an electron shell is, the more electrons it can hold. A general rule is that the maximum number of electrons
that a shell can hold is equal to 2n> where 7 is the shell number.

This means that the first shell (n = 1) can hold 2 x 1% = 2 electrons at most while the second shell (n = 2)
can hold a maximum of 2 x 22 = 8 electrons. The third shell can take a maximum number of 2 x 3% = 18
electrons and so on up to the seventh shell.

These outermost shells are filled only in the largest atoms.
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It is often useful to represent the structure of an atom with an electron shell diagram. In these diagrams
the nucleus of the atom, containing protons and neutrons, is drawn in the middle. Electron shells are drawn
as a series of concentric rings around a nucleus.

The shells closest to the nucleus contain electrons that have the lowest energy. As you go through the
shells away from the nucleus, the electrons have increasing amounts of energy. While things get a bit more
complicated in the third shell (as we shall see later in the topic), electrons moving around a nucleus are
generally arranged so that the lowest shells fill first. Let’s see how this works.

The nucleus of an aluminium atom is surrounded
by shells of electrons in the following diagram. o
Aluminium has 13 protons in its nucleus, so it Aluminium has 13 protons ar.]d’ therefore,

’ 13 electrons. The electrons fill the first two shells
must have 13 electrons distributed among its shells. completely. Three electrons are in the outermost
Filling the shells from the lowest levels, we can see shell.
that the first shell will be filled with two electrons,
and the second shell will be filled with eight elec-
trons. This accounts for 10 of our 13 electrons. The
last three electrons will be located in the third shell
from the nucleus.

You will note from the diagram that the electrons
are shown in pairs. This reflects an aspect of atomic
structure that you will cover in more depth in your
senior science studies.

The electron arrangement of an atom can be
written by showing the number of electrons in each
shell from the innermost shell, with commas in
between. For example, the electron arrangements of
aluminium, sodium and oxygen can be written as:

Aluminium 2,8, 3

Sodium 2,8, 1

Oxygen 2, 6.

5.3.2 Upwardly mobile electrons

The electron arrangement of an atom may be changed as a result of energy being added to the atom;
for example, energy being added in the form of heat from a flame. This extra energy can cause elec-
trons to move further away from the nucleus into orbits with bigger radii. When this occurs the atom
is said to be in an excited state. This movement is temporary, however, and eventually the electrons
drop back to their original shell locations — this is called the atom’s ground state. When they drop
back down, they release that extra energy in the form of light. The colour of this light indicates the
amount of energy that the electron has released. The electrons in a particular atom tend to release the
same quantities of energy each time, so the different atoms have characteristic light colours associated
with them.

A flame test allows the metal present in a salt compound to be identified from the colour a Bunsen flame
turns when the compound enters the Bunsen flame. For example, a compound that turns the flame green
will most likely contain copper. The diagram on the next page shows two ways of doing a flame test, while
a third method is used in Investigation 5.2.
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Various metal ions produce characteristic colours when they are volatilised in a flame.

Platinum Spray a
wire —>» Flame takes on a finemist =
= characteristic colour. into the
| — - flame.

Sample on tip of

platinum wire .
Atomiser

Solution of
salt to be

/- /— tested

Bunsen burner

INVESTIGATION 5.2

Flame tests
AIM: To observe the visible light radiation that is released when electrons return to their ground state after
being raised to an excited state by the energy from a Bunsen flame

You will need:

safety glasses and laboratory coat
2 M hydrochloric acid

Bunsen burner, heatproof mat and matches
5 evaporating dishes

barium carbonate

sodium carbonate

copper carbonate

potassium carbonate

strontium carbonate

10 mL measuring cylinder

spatula

CAUTION: Laboratory coats and safety glasses must be worn at all times.

e Place 10 mL of 2 M hydrochloric acid in an
evaporating dish and place the dish on the Spra)_/ from_
heatproof mat. Heatproof mat reacting acid
. and carbonate
e Add a spatula full of the barium carbonate to the

evaporating dish. Evaporating

dish
¢ Carefully hold the lit Bunsen burner at an angle
over the spray produced by the reacting acid Bunsen
and carbonate as shown in the diagram at right. burner

Observe the change in the colour of the flame.
¢ Repeat using the other carbonates. Use a different
evaporating dish each time.

Discussion

1. Record the colours produced by the different
carbonates in a suitable table.

2. Flame tests provide evidence that electrons do
actually occupy different shells. Why do elements
produce different colours?

3. Is it the metal part of the compound or the
carbonate part (carbon and oxygen) that produces the colour? How do you know?
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533 Ions Sodium atoms lose electrons to become positive
An ion is an atom that has gained or lost one or  sodium ions.

more electrons. Positive ions are atoms that have
lost electrons. They have more protons than elec-
trons, so they carry a positive electrical charge.
Negative ions are atoms that have gained elec-
trons. They have more electrons than protons, so
they carry a negative electrical charge.

When the outer shell is full, an atom is more
stable. Atoms ‘lose’ or ‘gain’ electrons so that
their outer shells become ‘filled’ if they are not
already full.

In the case of the sodium atom in the diagram Sodium atom (Na) Sodium ion (Na*)
at right, there is one electron in the outer shell —
the shell is not full. The sodium atom loses one  Chlorine atoms gain electrons to become negative
electron to become more stable. The chlorine  chloride ions.
atom has seven electrons in its outer shell, but
needs eight to have a full shell. So, the chlorine
atom gains an electron and forms a negatively
charged chloride ion.

Atoms gain or lose electrons depending on
which is the easier way to have a full outer shell.
It is easier for sodium to lose that electron than to
fill its outer shell. But it is easier for chlorine to
gain one electron, rather than lose seven.

Chlorine atom (Cl) Chloride ion (Cl )

5.3.4 Naming ions

Positive ions keep the name of the atom from which they are made. So, a positive ion made from a copper
atom is called a copper ion and the positive ion formed from boron is called a boron ion.

Negative ions, on the other hand, have names that are slightly different from those of the atoms from
which they are derived. For example, the negative ion formed by fluorine is called a fluoride ion while the
negative ion that nitrogen forms is called the nitride ion.

In general, the name of a negative ion is found by using the first part of the atom’s name and then adding
‘ide’ to the end of it.

5.3.5 Writing symbols for ions

We can show whether an ion is positive or negative by using the chemical symbol for the atom that the ion
is derived from and adding the appropriate sign as a superscript. We can also show in the superscript how
many electrons the atom has gained or lost to become an ion. For example, calcium tends to form a positive
ion by losing 2 of its electrons, so the calcium ion is written as Ca?*. Chlorine gains a single electron to
form a negative ion which is written as C1'~ or just CI.

The following table shows the names and symbols of some common ions.

Positive ions Negative ions

Atom name lon name Chemical symbol Atom name lon name Chemical symbol
lithium lithium Li* iodine iodide I~
sodium sodium Na* fluorine fluoride F-
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Positive ions Negative ions

Atom name lon name Chemical symbol Atom name lon name Chemical symbol
potassium potassium K* chlorine chloride Cl-
calcium calcium Ca?t oxygen oxide 02-
aluminium aluminium AR+ nitrogen nitride N3-

HOW ABOUT THAT!
People who are lucky enough to have seen an aurora — either the Aurora Borealis in the north or the Aurora
Australis in the south — describe it as looking like massive coloured curtains of light that shift like they are
being blown by the wind, and in a way they are! This amazing light show is caused by the solar wind — a
stream of high energy ions produced by the sun — interacting with the gas atoms in our atmosphere within the
Earth’s magnetic field, which is strongest at the poles. These interactions cause energy in the form of light to be
produced, forming the aurora in the layer of the atmosphere called the ionosphere.

The lights of the Aurora Borealis (seen here in Landmannarlaugar, Iceland) are produced by the ions from
the solar wind interacting with our atmosphere in the Earth’s magnetic field.
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5.3 Exercise: Remember and think

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember

. What is the name given to the different energy levels that electrons can be found in?

. How many electrons are needed to fill (a) the first shell (b) the second shell?

. How is an ion different from an atom?

. Explain how an oxide ion is formed.

. State whether the following atoms form positive or negative ions: (a) oxygen; (b) boron; (c) chlorine;
(d) lithium.

6. The ion formed from a zinc atom has the symbol Zn?*. (a) Does the zinc atom lose electrons or gain

electrons to form this ion? (b) How many electrons does it gain or lose to form the ion?

Think
7. Look at the diagram of the sodium atom and sodium ion. (a) How many electrons does the atom have?
(b) How many electrons does the ion have? (c) Explain why the sodium ion carries a positive charge.
8. How many electrons are there in: (a) a neutral carbon atom with 6 protons? (b) a neutral neon atom with

10 protons?
9. Copy and complete the following table using the information above as well as the periodic table in
subtopic 5.4. The first entry has been done for you.

a b~ oD =

Gained electron or Number of electrons  Total number of

lon symbol lon name lost electrons? lost/gained electrons in ion

F- fluoride gained 1 10

Sn2+

Ag*

Investigate

10. The ionosphere is an important part of Earth’s atmosphere. Find out where in the atmosphere it is, who first
discovered it, what it is made from and why it is so important to life on Earth.

11. The different colours in the auroras are the result of ions interacting with the gases in the Earth’s
atmosphere. Find out what gases cause red, blue and green light to be produced in an aurora.

Ieal‘n RESOURCES

Complete this digital doc: Worksheet 5.2: Electron shells (doc-12762)

54 Searching for patterns

5.4.1 The periodic table of elements

Russian chemist Dmitri Mendeleev confidently predicted the properties of the chemical element germa-
nium 15 years before it was discovered. He was able to do this because all known elements had been
arranged into a set of rows and columns called the periodic table.
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Two thousand years ago, only 10 elements had been identified. They were carbon, sulfur, iron, copper,
zinc, silver, tin, gold, mercury and lead. By the early nineteenth century, over 50 elements had been iden-
tified. Chemists had already begun to search for patterns among the elements in the hope of finding a way
to classify them. It was difficult at that time to find patterns because there were still many undiscovered
elements.

In 1864, British chemist John Newlands arranged the elements in order of increasing atomic weight and
found that every eighth element shared similar properties. In 1869, Mendeleev, building on the work of
Newlands and other scientists, discovered a way of organising the elements into rows and columns. This
arrangement formed the basis of what we now know as the periodic table. The elements were arranged in
rows in order of increasing mass or atomic weight. Mendeleev called the rows of elements periods and
the columns, which each contained a ‘family’ of elements, groups. It is called the periodic table because
elements with similar properties occur at regular intervals or periods. In a strange twist of fate, German
chemist Lothar Meyer, who worked independently of Mendeleev, also came up with a similar arrangement
of the elements at about the same time.

The observation that the physical and chemical properties of the elements recur at regular intervals when
elements are listed in order of atomic weight is known as the Periodic Law.

5.4.2 An educated guess

Mendeleev was so confident about the Periodic Law that he deliberately left gaps in his periodic table. He was
able to predict the properties of the unknown elements that would fill the gaps. Mendeleev predicted the exist-
ence of germanium, which he called eka-silicon. This element was discovered in 1886, 15 years later. The table
below shows the uncanny accuracy of Mendeleev’s predictions.

Properties of eka-silicon as predicted by Properties of germanium which was discovered in
Mendeleev 1886

A grey metal A grey-white metal

Melting point of about 800 °C Melting point of 958 °C

Relative atomic mass of 73.4 Relative atomic mass of 72.6

Density of 5.5 g/cm? Density of 5.47 g/cm?

Reacts with chlorine to form compounds with four Reacts with chlorine and forms compounds in a ratio of
chlorine atoms bonded to each eka-silicon atom four chlorine atoms to every germanium atom

Mendeleev’s work led many scientists to search for new elements. By 1925, scientists had identified all of
the naturally existing elements.

The periodic table includes the names, symbols and atomic numbers of all the known elements. The symbols
are a form of shorthand for writing the names of the elements and are recognised worldwide. Some periodic
tables describe the properties of each element, including its physical state at room temperature, melting point,
boiling point and relative atomic mass. Most elements exist as solids under normal conditions and a few exist as
gases. Only two elements exist as liquids at normal room temperature.

5.4.3 Counting sub-atomic particles

The periodic table is organised on the basis of atomic numbers. The atomic number of an element is the
number of protons present in each atom. Atoms with the same atomic number have identical chemical
properties. Because atoms are electrically neutral, the number of protons in an atom is the same as the
number of electrons. The mass number of an atom is the sum of the number of protons and neutrons in the
atom. The number of neutrons in an atom can therefore be calculated by subtracting the atomic number
from the mass number. This information is usually shown in the following way: ;E
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E

the mass number
number of protons + number of neutrons
the atomic number
number of protons
number of electrons (for a neutral atom)
the symbol of the element.

For example, the element iron has a mass number of 56 and an atomic number of 26. It can be repre-
sented as follows:

56
H»eke

Once you know the atomic number and the mass number of an element, you can work out how many
electrons and neutrons are in that element.
The atomic number of iron is 26 because all iron atoms have 26 protons. Iron’s mass number of 56 indi-
cates that most iron atoms have a total of 56 protons and neutrons.
To calculate the number of neutrons, the atomic number is subtracted from the mass number to give
30 neutrons:

number of neutrons =A - Z =56 - 26 = 30

Since atoms are electrically neutral and protons have a positive charge, each iron atom has 26 electrons:

The periodic table.

Period 1

Period 2

Period 3

Period 4

Period 5

Period 6

Period 7

number of electrons = number of protons = Z = 26

Legend

Group 1 Group 18
1.0 Relative atomic mass 40
H‘* Symbol He
Atomic number :
Hyd H
Y Sl Group2 Group13  Group14 Group15  Group16  Group 17 Qm
69 20 ot 10.8 12.0 14.0 16.0 19.0 202
. etals
Li Be C N Ne
Lithium | Berylium Boron Carbon | Nitrogen | Oxygen Fluorine Neon
3 " Metalloids 5 6 7 8 9 10
230 243 27.0 28.1 310 321 355 39.9
Non-metals i
Na M g Transition metals Al Si B S Cl Ar
Sodium  |Magnesium ini Silicon Sulfur Chiorine Argon
1 p Group3  Group4 Group5  Group6  Group7  Group8  Group9 Group10  Group11  Group12 |14 w0 L G " o
30.1 40.1 45.0 47.9 509 52.0 549 558 589 587 635 65.4 69.7 726 74.9 79.0 79.9 83.8
Ca Sc Ti \" Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
Potassium | Calcium | Scandium | Titanium | Vanadium | Chromium |Manganese Iron Cobalt Nickel Copper Zinc Galium  |Germanium | Arsenic | Selenium | Bromine | Krypton
20 21 23 24 25 26 27 28 29 30 31 32 33 34 35 36
855 876 889 91.2 929 95.9 (99) 101.1 102.9 106.4 1079 1124 1148 1187 1218 1276 126.9 1313
Rb Sr Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe
Rubidium | Strontium | Yttrium | Zirconium | Niobium i Rhodium Palladium Siver | Cadmium | Indium Tin Antimony | Tellurium lodine Xenon
a7 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
132.9 1373 1.9 [ 1785 181.0 183.9 186. 2 190. 2 192. 2 195.1 197.0 200.6 204.4 207.2 209.0 (210) @10) (222)
Cs Ba La Hf Ta W Re Os Ir Pt Au Hg T Pb Bi Po At Rn
Caesium Barum  |Lanthanum | Hafnium | Tantalum | Tungsten | Rhenium | Osmium Iridium Platinum Gold Mercury | Thallium Lead Bismuth | Polonium | Astatine Radon
55 56 57 72 7 74 75 76 7 78 79 80 81 82 83 84 85 86
(223) (226) (227) (261) (262) (266) (264) (269) (268) (269) (272) (277) (286) (285) (288) (289) (294) (294)
Fr Ra | Ac” Rf Db Sg Bh Hs Mt Ds Rg Cn Mc Lv Ts Og
Francium | Radium | Actinium Dubnium Bohrium | Hassium | Meitnerium D Nihonium | Flerovium 1 T Oganesson
87 88 89 104 105 106 107 108 109 110 111 112 113 114 115 116 17 118
The group number corresponds to the “Lanthanides 58-71 Lanthanides (cont.)
number of electrons in the outer shell. 140. 1 140.9 144, 2 (147) 150.4 152.0 157.3 158.9 162.5 164.9 167.3 168. 9 173.0 175.0
The period number refers to the number of Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
the outermost shell containing electrons. Cerium i Samarium Europium  |Gadolinium | Terbium  [Dysprosium | Holmium Erbium Thulium | Ytterbium | Lutetium
58 59 60 61 62 63 64 65 66 67 68 69 70 7
“*Actinides 90-103 Actinides (cont,)
Liquid at room temperature (25 °C) 232.0 @31) 238 .1 (237) (242) (243) (47) (245) @51) (254) (253) (256) (254) (@57)
Gas at room temperature (25 °C) Th Pa U Np Pu Am Cm Cf Es Fm No Lr
All other naturally occurring elements Thorium  Protactinium | Uranium | Neptunium | Plutonium Americium | Curium | Berkelium | Californi i Fermium Nobelium  |Lawrencium
are solid at room temperature. 90 93 94 95 96 97 98 99 100 101 102 103

5.4.4 How heavy are atoms?

Measuring and comparing the masses of atoms is difficult because of their extremely small size. Chemists
solve this problem by comparing equal numbers of atoms, rather than trying to measure the mass of a
single atom.
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A further problem arises because not all atoms of an element are identical. Although all atoms of a particular
element have the same atomic number, they can have different numbers of neutrons. Hence, some elements
contain atoms with different masses. These different masses are used to calculate an average or weighted
mean, which is based on the relative amounts of each type of atom. This number is referred to as the relative
atomic mass and is usually not a whole number.

For example, 99.98% of all hydrogen atoms have 1 proton only in their nucleus and so have an atomic mass
of 1. However, about 0.015% of hydrogen atoms have a proton and one neutron in their nucleus (giving them an
atomic mass of 2) and the remaining hydrogen atoms found have one proton and two neutrons in their nuclei,
giving them an atomic mass of 3. As a result, the relative atomic mass of hydrogen is 1.008 rather than 1.

Rounding off the relative atomic mass to the nearest whole number will usually give you the mass number
(A) of the most common form of an element.

5.4.5 Families of elements

The periodic table contains eighteen groups (or

families) of elements, some of which have been

given special names. (Remember that these
groups form columns in the periodic table.)

* Group 1 elements are known as the alkali
metals. The alkali metals all react strongly
with water to form basic solutions.

* Group 2 elements are referred to as the alka-
line earth metals.

* Group 17 elements are known as the
halogens.

* Group 18 elements are known as the noble
gases. The noble gases are inert and do not
readily react with other substances.

* The block of elements in groups 3 to 12 is
known as the transition metal block.

llluminated signs use tubes filled with the noble gas neon.

5.4 Exercise: Remember and think

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember

1. State whether the following statements are true or false.
(@) The noble gases are found in group 18.
(b) The non-metals are found in the upper right-hand side of the periodic table.
(c) There are more metals than non-metals.
(d) Few elements are found naturally as liquids.
. Identify the element in: (a) group 2, period 3 (b) group 17, period 2 (c) group 1, period 4 (d) group 18, period 3.
3. Construct an outline of the periodic table showing where you would find the following elements: the noble
gases, the alkali metals, the alkaline earth metals, the halogens and the transition metals.
4. In the outline of the periodic table shown on the next page, some of the elements have been replaced by
letters. Using these letters, identify which of these elements fit the following categories.
(@) Two elements that are gases at room temperature
(b) Two elements that are metals
(c) Two elements that are transition elements

N
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(d) An element that is a noble gas
(e) Two elements that are in the same group

(f) Two elements that are in the same period B C D A

(9) The elements that are alkali metals G F

(h) The element that is a halogen H K I
5. Distinguish between the mass number and the J

relative atomic mass of an element. E L

6. Construct a table showing the name, mass number,
atomic number, and number of protons, neutrons
and electrons of the following elements.

Think

7. Explain why it is useful to display the elements as a periodic table rather than as a list.

Investigate
8. Scientists have created all the elements beyond element 92. Investigate how they have been made.

Create
9. Compose a rhyme, poem or song that can help you learn the names of the first 20 elements in order.

learn RESOURCES

Try out this interactivity: Periodic table (int-0758)

Complete this digital doc: Worksheet 5.3: Elements and atomic numbers (doc-12763)

Complete this digital doc: Worksheet 5.4: Periodic table (doc-12764)

5.5 Periodic patterns

5.51 Is it a metal?

The line that zigzags through the periodic table separates the metals from the non-metals. About
three-quarters of all elements are classified as metals. The metals are found on the left-hand side of the
table. The non-metals are found on the upper right-hand side of the table. Eight elements that fall along
this line have properties belonging to both metals and non-metals. They are called metalloids. Examples of
these elements include silicon, boron and germanium.

5.5.2 Following a trend

There are a number of repeating patterns in the periodic table. The most obvious is the change from
metals on the left of each period to non-metals on the right. Other patterns exist in the physical and
chemical properties of elements in the same group or period. Some of these trends are shown in the table
on the next page.
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Characteristic

Atomic number and mass number

Pattern down a group

Increases

Pattern across a period

Increases

Atomic radius

Increases

Decreases

Melting points

Decreases for groups 1 to 5 and
increases for groups 5 to 8

Generally increases then decreases

Reactivity

Metals become more reactive and
non-metals become less reactive

Is high, then decreases and then
increases. Group 8 elements are

inert and do not react.

Metallic character Increases Decreases

INVESTIGATION 5.3

Chemical properties of metals and non-metals (Teacher demonstration)
AIM: To investigate and compare some reactions of metals and non-metals

You will need:

safety glasses, gloves and laboratory coat
1 M hydrochloric acid

water

magnesium

iron filings

copper filings

sulfur powder

universal indicator

4 test tubes

4 gas jars filled with oxygen gas

4 deflagrating spoons

dropping pipette

spatula

Bunsen burner, heatproof mat and matches

CAUTION: This experiment should be done in a fume cupboard.

Safety glasses, gloves and laboratory coats must be worn at all Burning sulfur in oxygen in a

times. gas jar

¢ Place a small quantity of magnesium in a test tube. Add about 2 mL of
hydrochloric acid. Record any observations in a suitable table.

¢ Repeat using the iron filings, copper filings and sulfur powder. Gas jar lid

¢ Place a small amount of magnesium in a deflagrating spoon and heat
it. When hot, place it into the gas jar full of oxygen gas. Do not look S| < Deflagrating
directly at the flame. Record your observations. ) spoon

¢ Repeat using the iron and copper filings. Record your observations. CES =

¢ Repeat using a small amount of sulfur powder. Oxygen

* Add about 10 mL of water to each jar and shake. Add 3 drops of gas Small amo
universal indicator. Record the colour and determine the pH of the of element
solution. ‘ e

Discussion

1. Use the periodic table to determine which of the elements tested were metals and which were non-metals.

2. Describe any differences between the effect of acids on metals and non-metals.

3. Describe what happened when the metals and non-metals reacted with oxygen.

4. The metal or non-metal oxides formed in the gas jars dissolved in water to form acidic and basic solutions.
What type of solution did the metals form? What type of solution did the non-metals form?
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5.5.3 Explaining the periodic table

When Mendeleev and Meyer grouped elements on the basis of their similar chemical properties, they were
not aware of the existence of electrons. We can now explain many of their observations using our under-
standing of electron shells.

Atoms in the same group of the periodic table have similar properties because they have the same number
of electrons in their outer shells. (The outer shell is the last shell to be filled by electrons.) The number of
electrons in the outer shell relates to the group number in the periodic table. Hence, all elements in group
1 have one electron in their outer shell and all elements in group 18 (with the exception of helium) have
eight electrons in their outer shell.

INVESTIGATION 5.4

Comparing the properties of two metal families
AIM: To investigate and compare metal elements from group 2 (the alkaline earth metals) and the transi-
tion metals

You will need: o Circuit used to measure electrical
small samples of magnesium, iron and copper conductivity

‘rice grain’ equivalent amounts of calcium chloride, magnesium chloride,
iron chloride and copper chloride

spatula Light globe
5 test tubes and a test-tube rack L
electric circuit to measure conductivity (2-volt power supply, 3 connecting

leads, 2 alligator clips and a light globe and holder) = [
2 M hydrochloric acid —
el Alligator clips
matches
stirring rod

safety glasses and laboratory coat

¢ Record the results of the following experiments in an appropriate
table.

¢ Describe the physical state (solid, liquid or gas) of each of the
elements.

e Describe the physical appearance of each of the elements.

e Set up the circuit as shown in the diagram above right and determine whether each of the elements conducts
electricity.

¢ Determine whether any of the elements react with water by placing a small sample in 2 mL of water in a test
tube. Record any changes that occur in your table.

¢ Determine whether the metals react with acid by placing a small sample of each metal in 1 mL of 2 M
hydrochloric acid in a test tube. If a gas is produced, test it by holding a lit match at the mouth of the test tube.
Make sure the test tube is pointed away from you. If hydrogen is present, a ‘pop’ will be heard. If oxygen is
present, the match should burn more brightly. If carbon dioxide is present, the match should go out.

¢ Your teacher may show or describe to you how the metal calcium responds to some of the tests described
previously.

e Add a small amount of each of the metal compounds (magnesium chloride, calcium chloride, iron chloride
and copper chloride) to 5 mL of water. Comment on their solubility and the colour of any solution made.

Element to
be tested

Discussion

1. What are the properties of copper and iron? Are there any similarities?

2. What are the properties of calcium and magnesium? Are there any similarities?

3. List the metals in order of reactivity with water and acids. List them in order of most reactive to least reactive.

4. Were there any differences between solubilities of the metal compounds or the colours of the solutions they
formed? Describe these differences.

. Write down the name of the specific group in the periodic table to which each of the elements belong.

. What could you infer about the properties of elements in the same group? Give reasons for your answer.

(23]
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5.5.4 Shell by shell

The largest atoms contain up to seven shells of electrons. Thus, there are seven periods (rows) in the peri-
odic table. (Look at the periodic table to confirm this.) The period number tells you the number of shells
containing electrons. The first shell can hold up to two electrons, so there are two elements in the first
period (with hydrogen containing one electron in the first shell and helium containing two electrons in the
first shell). The second shell holds up to eight electrons, so there are eight elements in the second period.

Even though the third shell can hold up to 18 electrons, there are only eight elements in the third period.
This is because the outer shell of an atom can never hold more than eight electrons as the atom would
then become unstable. There-

fore, while the third shell Element Symbol Atomic number Electronic configuration
is yet to be filled, electrons Oxygen 0 8 2.6

begin to fill the fourth shell :

. . Fluorine F 9 2,7

in both potassium and cal-

cium atoms. This stabilises Neon Ne 10 2,8

the atoms because the third Sodium Na 11 2,8, 1

shell is no longer the outer Maanesium M 12 5 8 2

shell. The filling of the third 9 9 i

shell resumes in the block of ~ Sulfur S 16 2,8,6
elements from scandium to Chlorine Cl 17 2.8,7

zinc (the trgnsﬁmn metals). Argon Ar 18 2 8.8

Once the third shell is full,

the fourth shell continues to Potassium K 19 2,881

fill from gallium to xenon. Note that the fourth shell of the potassium atom begins filling before the third shell is full.

HOW ABOUT THAT!

Lead poisoning was a common occurrence in ancient Rome because the lead the Romans used to make their
water pipes and cooking utensils slowly dissolved into the water.

Acute lead poisoning causes mental impairment and personality changes. The effects of lead poisoning are
not immediately noticeable. They occur gradually as the amount of lead in the body accumulates over time.
Some historians attribute the strange behaviour of several Roman emperors to lead poisoning.

In the Middle Ages plates, cups and other drinking vessels were often made from pewter, an alloy of lead and
tin. The acids in food and drinks caused lead to leach out and cause poisoning.

Until 1986, lead was added to petrol to stop the ‘knocking’ in car engines. Unleaded fuel was introduced
at that time to allow a device called a catalytic converter to prevent pollutants such as nitrous oxides, carbon
monoxide and unburnt fuel from being emitted from car exhausts. With lead in the petrol, these devices couldn’t
work. It was also believed that lead emissions from cars were causing a build-up of lead in the humans in built-
up areas.

The word ‘plumber’ is derived from the Latin word plumbum, meaning lead. Look up the symbol for lead in
the periodic table. Where do you think this symbol came from?

5.5 Exercise: Remember and think

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Describe what happens to the metallic character of the elements as you go across the periodic table.
2. What information about the electron arrangement is given by the group number of an element?
3. What information about the electron arrangement is given by the period number of an element?
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Think

4. Explain why water does not appear in the periodic table.
5. Name the elements that have an electron arrangement of: (a) 2,4 (b) 2,8,5 (c) 2 (d) 2,8,8,2.
6. Write the electron arrangement for each of the following elements.
(a) Boron
(b) Neon
(c) Potassium
(d) Fluorine
(e) Silicon
. If an element has one electron in its outer shell, is it a metal or a non-metal? Explain your answer.
. If an element has seven electrons in its outer shell, is it a metal or a non-metal? Explain your answer.
. What is special about elements that have eight electrons in their outer shell?
. What experimental evidence is there to show that electron shells actually exist?

O © 00 N

Investigate

11. It is said that the stars are the ‘element factories of the universe’; that is, stars make the elements. Do some
research and investigate how the stars make elements.

12. Choose an element and research the following information about it: (a) when it was discovered (b) who
discovered it (c) how it is found in nature (d) its properties and uses.

13. The electron arrangement of elements is more complex than the explanation given here. Find out about
subshells and orbitals and how they are involved in determining how electrons are arranged in atoms.

learn RESOURCES

Try out this interactivity: It's elementary (int-0229)

5.0 lonic compounds
5.6.1 Molecules and compounds

Atoms are not often found on their own. When the outer shell electrons of atoms interact, atoms can
become chemically joined together to form molecules. The join is called a chemical bond (or molecular
bond). Bonds can form between atoms of the same element or between atoms of differing elements. You
should recall from your earlier Science studies that a substance that is made from atoms of differing ele-
ments bonded to each other is called a compound.

Knowledge of the electron shell structures of atoms helps us to understand how compounds like sodium
chloride (table salt) form. When atoms react with each other to form compounds, it is the electrons in the
outer shell that are important in determining the type of reaction which occurs.

5.6.2 It’s great to be noble

In 1919, Irving Langmuir suggested that the noble gases do not react to form compounds because they have
a stable electronic configuration of eight electrons in their outer shell. Most other atoms react because their
electron arrangements are less stable than those of the noble gases. The atoms become more stable when
they attain an electron arrangement that is the same as the noble gases. Chemical reactions can allow atoms
to obtain this arrangement. The table on the next page shows the electron arrangement of a few elements.
Notice how the electron arrangements of the two noble gases, neon and argon, show eight electrons in their
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outer shells. The atoms of the other elements must gain or
lose electrons to attain full outer shells. In this way they
become more stable, ending up with the electron arrange-
ment of the nearest noble gas in the periodic table.

5.6.3 Giving and taking electrons

Atoms that have lost or gained electrons and therefore
carry an electric charge are called ions. Metal atoms, such
as sodium, magnesium and potassium, have a small number
of outer shell electrons. They form ions by losing the few
electrons that they have in their outer shell. This means
that metal ions have more protons than electrons and so
the ions are positively charged. For example, the magne-
sium atom loses its two outer shell electrons to become
a positively charged magnesium ion. The symbol for the
magnesium ion is Mg?*. The 2+  means that two electrons
have been lost to form the ion. Positively charged ions are
called cations.

Element Electron arrangement

0 2,6
F 2,7
Ne 2,8
Na 2,8,1
Mg 2,8,2
S 2,8,6
Cl 2,8,7
Ar 2,8,8
K 2,8,8,1

Non-metal atoms form ions by gaining electrons to fill their outer shell. In these ions there are more
electrons than protons, so they are negatively charged. For example, the chlorine atom gains one electron

to fill its outer shell, becoming a negatively

charged chloride ion. Its symbol is CI~. The Sodium atoms lose electrons to become positive

[

to form the ion. Negatively charged ions are
called anions.

The diagram at right shows how sodium
and chlorine atoms lose and gain electrons
respectively to form ions. Note that the
sodium atom becomes a sodium ion and that
the chlorine atom becomes a chloride ion.
(Remember, when non-metals form ions, the
suffix ‘-ide’ is used.)

Compounds such as sodium chloride,
copper sulfate, calcium carbonate and sodium
hydrogen carbonate all form when atoms come

means that one electron has been gained sodium ions.

Sodium atom (Na)

Sodium ion (Na+)

in contact with each other and lose or gain Chlorine atoms gain electrons to become negative
electrons. Compounds formed in this way are  chloride ions.

called ionic compounds.

Ionic compounds form when metal and non-
metal atoms combine. A sodium atom loses an
electron to form an ion, and a chlorine atom
gains an electron to form an ion. The electrons
are transferred from one atom to the other, and
the oppositely charged ions that form attract
each other and form a compound. This electrical
force of attraction between the ions is called an

ionic bond. Chlorine atom (CI)

Chloride ion (CI )
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The diagram below shows some examples of the transfer of electrons that occurs when ionic com-
pounds are formed. Note that more than two atoms may be involved to ensure that all the elements
achieve a full complement of electrons in their outer shell. For example, when magnesium reacts with
chlorine to form magnesium chloride, each magnesium atom loses two electrons. Since each chlorine
atom needs to gain only one electron, a magnesium atom gives one electron to each of two chlorine
atoms. The resulting Mg?* and Cl” ions are attracted to each other to form the compound MgCl,.

The ‘give’ and ‘take’ of electrons that occurs in the formation of the ionic compounds sodium chloride,
magnesium chloride and sodium oxide

2 —> NaCl
sodium chloride

. MgCl,
——>» magnesium
. chloride

» —> Na,0
sodium oxide

Characteristics of ionic compounds

Ionic compounds have the following properties.
* They are made up of positive and negative ions.
* They are usually solids at room temperature.
* They normally have very high melting points because the electrostatic force of attraction between the
ions is very strong.
* They usually dissolve in water to form aqueous solutions.
* Their aqueous solutions normally conduct electricity.
Ionic compounds usually form lattices of positive and negative ions rather than individual molecules.
A lattice is an ordered structure of ions held together by the electrostatic attraction between the positive and
negative ions and is the basis of crystal formation.

210 Jacaranda Core Science Stage 5



A ball and stick representation of the
lattice structure of sodium chloride; the
sticks represent the bonds between the
atoms.

The ions in the lattice are
effectively held in a tight
arrangement.

Individual salt crystals
form regular square blocks
because of the ionic lattice.

5.6 Exercise: Remember and think

To answer questions online and to receive immediate feedback and sample responses for every question,
go to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember

1. Define the term ‘ion’.

2. Describe how ions form.

3. Recall what a positively charged ion is called.

4. Recall what a negatively charged ion is called.

5. Recall the properties that most ionic compounds have in common.

6. Describe the kinds of elements that combine to form ionic compounds.

Think

7. Why are you unlikely to find an isolated molecule of an ionic compound?
8. Write the symbol for the ion formed by each of the following elements. You can turn back to the periodic
table: (a) sodium (b) nitrogen (c) potassium (d) fluorine.
9. Identify how many electrons have been gained or lost by the following ions: (a) Pb** (b) Br- (c) Cr3*
(d) Se?-
10. Which of the following are ionic compounds? Nitrogen dioxide; hydrogen chloride; magnesium sulfide;
carbon tetrachloride
11. Draw diagrams to show how each of the following ionic compounds form. (a) Magnesium fluoride
(b) Lithium chloride (c) Aluminium sulfide (d) Calcium oxide

Imagine

12. Imagine that you are the outer shell electron of a sodium atom and you are going to form the ionic
compound sodium chloride. Describe your experiences in a piece of creative writing. Discuss details
such as the physical states, properties of the elements and compound involved, their atomic structure,
reasons for forming ions and, finally, the reasons why the ions form the ionic compound.
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Iearn RESOURCES

Try out this interactivity: Shell-shocked? (int-0676)
Try out this interactivity: Pass the salt (int-0675)
Complete this digital doc: Worksheet 5.5: lonic bonding (doc-12765)

5./ Covalent compounds
5.71 Electron dots and dashes

Ionic compounds form as the result of non-metal atoms effectively ‘stealing’ electrons from metal atoms.
Atoms can also achieve stable electronic configurations by sharing electrons with other atoms to gain a full
outer shell. When two or more atoms share electrons, a molecule is formed. A chemical bond formed by
the sharing of electrons is called a covalent bond. The compounds formed are called covalent or molec-
ular compounds.

Non-metal atoms share electrons to form covalent molecules. These molecules can be made of more than
one type of atom, or made of atoms of the same element. For example, oxygen gas consists of molecules
formed when two oxygen atoms share electrons. Individual atoms of oxygen are not stable and become
more stable by sharing electrons with each other.

It is possible to draw diagrams to show how elements share electrons to form covalent compounds.
These diagrams are called electron dot diagrams. They show the symbol for the atom and dots for the
electrons in the outer shell of atoms. The table below shows electron dot diagrams for some elements. Note
that the electrons in the diagrams are arranged in four regions around the atom. Wherever possible, they are
grouped in pairs.

When elements combine to form
covalent compounds, they share elec-
trons in order to achieve a full outer Symbol Electronic configuration  Electron dot diagram
shell with eight electrons. Hydrogen
has a full outer shell when it has two
electrons but all the other elements in
the table need eight electrons to fill the °
outer shell.

The table on the next page shows
how some covalent compounds form. o 26 ok
The shared electrons are called bonding
electrons. It is also possible to draw a
structural formula, where a dash is S 2,8,6 :
used to represent these shared elec-
trons. The dash represents the covalent
bond and the other electrons need not be
drawn. It is also possible for double or .
triple covalent bonds to form. The way N 2.5 HINK
electrons are shared determines the ratio .
in which elements combine to form a oo
covalent compound. It also determines F 2,7 eFe
the chemical formula of the compound. hd

Electron dot diagrams for some elements

Cl 2,8,7 H
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The formation of covalent molecules

Name and Structural
formula Atoms Compound formula Explanation
Cl — Cl Each chlorine atom
Note: The line needs to share one
Chlorine |, =2 °° A represents a electron to gain a full
Cl cCl**t°Cls :Cl:Cls sharing of two outer shell.
2 LX) (X)) (X} (X} A
electrons and is
called a single
covalent bond.
Hydrogen a0 a0 Both.the hydrogen and the
chloride He+ . C| - H C| - H — C| chlorine atom need to .
HCl oo oo share one electron to gain
a full outer shell.
0O—=—0 Each oxygen atom needs
Oxygen oo oo oo oo to share two electrons to
0 O:s+te0O O ¢ O [|Note: The double line| gain a full outer shell.
2 L oo oo oo represents a double
covalent bond.
N=N Each nitrogen atom
) 00 oC - shares three electrons
Nitrogen |S N *+ * N $| ¢ N22s N ¢ | Note: The triple line | to gain a full outer shell.
N, represents a triple
covalent bond.
Each hydrogen atom
[ ]
Water H oo oo @) needs one electron and
Hag +eQs HesOH /7 \\ the oxygen atom needs
2 He* ° oo H H two electrons to gain a
full outer shell.
g Each oxygen atom needs
Carbon e O3 e O two electrons and the
[ J [ [
dioxide C + oo c  C 0|0 =C= 0O | carbon atom needs four
co O ee *e electrons to gain a full
2 ° S ° outer shell.

INVESTIGATION 5.5

Drawing electron dot diagrams
AIM: To practise drawing electron dot diagrams of covalent molecules

e Draw electron dot diagrams like those in the table on the previous page for the following covalent
compounds: hydrogen fluoride (HF), methane (CH,), phosphorus chloride (PCls) and hydrogen sulfide (H,S).

Discussion

1. What pattern emerges between the structural formula of the compound and the number of electrons involved
in bonding?
2. State whether the covalent bonds in the compounds are single, double or triple bonds.
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5.7.2 Characteristics of covalent compounds

Most covalent compounds have the following properties.

» They exist as gases, liquids or solids with low melting points because the forces of attraction between
the molecules are weak.

* They generally do not conduct electricity because they are not made up of ions.

* They are usually insoluble in water.

HOW ABOUT THAT!

The electron dot diagrams shown on page 212 are better known as Lewis structures, but they can also be
called Lewis dot diagrams. These were developed by the American chemist Gilbert Newton Lewis, who
discovered covalent bonds, as a way of notating the bonds between atoms joined together in covalent
molecules. Lewis first used these diagrams in an article called ‘The atom and the molecule’ which was
published in 1916. They are now commonly used by physical chemists.

5.7 Exercise: Remember and think

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember

1. Identify what kinds of elements combine to form covalent compounds.
2. Define the term ‘covalent bond’.

3. Describe what an element’s electron dot diagram represents.

4. Recall what properties most covalent compounds have in common.

Think

5. Distinguish between a single covalent and a triple covalentbond, (@ © o )
in terms of the number of electrons involved & sulfur trioxide - a gas which
. : . //S\\ is used to make sulfuric acid
6. For the following covalent compounds, state whether their o O
bonds are single, double or triple covalent. (b) H o ]
7. (a) Draw electron dot diagrams to show how the following cl-¢—cl chioroform = a liquid which was
I

covalent compounds form: (i) Hydrogen fluoride (HF) (ii) once used as an anaesthetic

Metlhane (CH,) (iii) Phosphorus chloride (PCI3.) (iv) Hydrjogen B acetylene — a colourless gas
sulfide (H,S) (v) Tetrachloromethane (CCl,) (vi) Ammonia (@ H-C=CH | od in welding
(NHy) (vii) Carbon disulfide (CS,)
(b) What pattern emerges between the structural formula of the
compound and the number of electrons involved in bonding?
(c) State whether the covalent bonds in the compounds are single, double or triple bonds.
8. Explain why the noble gases don’t form covalent compounds.
9. Explain why CO, (a compound) and O, (an element) are both molecules.

Investigate

10. Silicon dioxide, commonly known as silica or sand, is a hard solid covalent compound with a very high
melting point. Find out about its structure.

11. Although carbon and graphite are both made up of carbon atoms, they have very different properties.
Investigate their properties and explain why they are so different in terms of their covalent structure.

12. To find out more about atomic structure and bonding, use the Atomic structures weblink in the Resources tab.

learn RESOURCES

Try out this interactivity: Making molecules (int-0228)
Explore more with this weblink: Atomic structures

Complete this digital doc: Worksheet 5.6: Covalent bonding (doc-12766)
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5.8 Finding the right formula

581 lt S elementary Some common non-metal molecules and

Most of the chemicals used in your school science laboratory their molecular formulae

are identified by both a name and a formula. Most people

are able to recognise the formula of common compounds like
water (H,O) and carbon dioxide (CO,). A chemical formula Hydrogen Ha
(plural ‘formulae’) is a shorthand way of writing the name Nitrogen N,
of an element or compound. It tells us the number and type Chlorine Cl,

of atoms that make up an element or compound. Writing the
. . . . Bromine Br,

correct formula is of paramount importance in chemistry.
Most chemical problems cannot be solved without the knowl- Oxygen O
edge of chemical formulae. Sulfur Se

Often the formula of a substance is simply the symbol for
. . . Phosphorus P,

the element. Metals such as iron and copper, which contain

only one type of atom, are identified simply by the symbol
for that element (e.g. Fe and Cu). Noble gases such as neon
(Ne) have a similar formula.

Some non-metal elements such as hydrogen, oxygen and nitrogen exist as simple molecules. These mol-
ecules form when atoms of the same non-metal join together by covalent bonds. For example, the formula
for the element hydrogen is H,, indicating that two hydrogen atoms are joined together to make each mol-
ecule of hydrogen. A molecular formula is a way of describing the number and type of atoms that join to
form a molecule.

5.8.2 Formulae of compounds

The formula of a compound shows the symbols of the elements that have combined to make the compound
and the ratio in which the atoms have joined together. For example, the chemical formula for the cova-
lent compound methane, a constituent of natural gas, is CH; — one carbon atom for every four hydrogen
atoms. The formula for the ionic compound calcium chloride, which is used as a drying agent, is CaCl, —
two chloride ions for every calcium ion.

5.8.3 Valency: formulae made easy
Knowledge of the valency of an element is essential if we wish to write formulae correctly.
The valency of an element is equal to the number of electrons
that each atom needs to gain, lose or share to fill its outer shell.
For example, the chlorine atom has only seven electrons in its Valency of groups in the periodic table

outer shell, which can hold eight electrons. By gaining one

electron, its outer shell becomes full. Chlorine therefore has a

valency of one. The magnesium atom has two electrons in its Group | !
outer shell. By losing two electrons, it is left with a full outer =~ Group 2 2
shell. Magnesium therefore has a valency of two. Group 3 3
A simple guide to remembering the valency of many ele-
. . . . Group 4, group 14 4
ments is to remember to which group in the periodic table
they belong. The number of outer-shell electrons allows you  Group 15 3
to work out the number of electrons required to fill the outer  Group 16 2
shell. The table at right provides a simple guide to the valency Group 17 ]
of many elements.
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5.8.4 Writing formulae for covalent compounds

To write the formula of a non-metal compound made up of only two elements, use the valency of each
element and follow the steps shown below.

EXAMPLE 1

Write the formula for carbon dioxide.

Step 1 Determine the valency of the elements involved.

Carbon has a valency of four; oxygen a valency of two. (That is, carbon needs to share four
electrons, while oxygen needs to share two electrons.)

Step 2 Determine the ratio of atoms that need to combine so that each atom can share the same number of
electrons.

A ratio of one carbon atom to two oxygen atoms would result in both sharing four electrons.

Step 3 Write the formula using the symbols of the elements and writing the ratios as subscripts next to the
element. (The number ‘1’ can be left out as writing the symbol for the element assumes that one
atom is present.)

The formula for carbon dioxide is CO,.

EXAMPLE 2

Write the formula for phosphorus chloride.

Step 1 Determine the valency of the elements involved.
Phosphorus has a valency of three; chlorine has a valency of one.
Step 2 Determine the ratio of atoms that need to combine so that each atom can share the same number of
electrons.
A ratio of one phosphorus atom to three chlorine atoms would result in both sharing three electrons.
Step 3 Write the formula using the symbols of the elements and writing the ratios as subscripts next to the
element.
The formula for phosphorus chloride is PCls.
EXAMPLE 3
Write the formula for hydrogen oxide (water).
Step 1 Determine the valency of the elements involved.
Hydrogen has a valency of one; oxygen has a valency of two.
Step 2 Determine the ratio of atoms that need to combine so that each element can share the same
number of electrons.
A ratio of two hydrogen atoms to one oxygen atom would result in both sharing two electrons.
Step 3 Write the formula using the symbols of the elements and writing the ratios as subscripts next to the

element.
The formula for hydrogen oxide is H,0.

5.8.5 Writing formulae for ionic compounds

The formulae for ionic compounds can be written from knowledge of the ions involved in making up the
compound. In ionic compounds metal ions combine with non-metal ions. The tables on the next page list
common positive and negative ions and their names.
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Metal atoms usually form positive ions. The
number of positive charges on the ion is called

sodium ion has one positive charge (Na*), a cal-
cium ion has two positive charges (Ca’*) and an
aluminium ion has three positive charges (AI**).
Note that in the table at right some of the tran-
sition metals have more than one valency (e.g.
iron). The Roman numerals in brackets after
iron and copper identify the valency.

Non-metals usually form negative ions. The
number of negative charges in the ion is the elec-
trovalency of the ion. For example, chloride has
one negative charge (CI), oxide has two negative
charges (O%") and phosphorus has three negative
charges (P*"). There are also some more complex
negative ions called molecular ions or radicals,
such as hydroxide ions (OH™) and sulfate ions
(SO,%). These groups of atoms have an overall
negative charge and are treated as a single entity.
Note that the hydrogen ion, although a non-metal
ion, exists as a positive ion.

The following examples show how the formulae for ionic compounds are determined.

Electrovalencies of some common positive ions

the electrovalency of the ion. For example, a Nupbeieipostielciaveslinieachiclement

Hydrogen (H*)

Calcium (Ca?*)

Aluminium (AI3+)

Potassium (K*)

Copper(ll) (Cu?*)

Iron(lll) (Fe3)

Silver (Ag*)

Iron(ll) (Fe2*)

Sodium (Na*)

Lead (Pb2)

Ammonium (NH**)

Magnesium (Mg>*)

Zinc (Zn?*)

Electrovalencies of some common negative ions

Number of negative charges in each element

Bromide (Br)

Carbonate (COz2)

Phosphate (PO,3°)

Chloride (CI")

Oxide (0%)

Nitride (N%-)

Hydrogen
carbonate (HCO3")

Sulfate (S0,2)

Hydroxide (OH")

Sulfide (52

lodide (I7)

Nitrate (NO3")

EXAMPLE 1
Write the formula for aluminium oxide.

Step 1

The symbol for the aluminium ion is AI** and the symbol for the oxide ion is O?-.

Step 2
have no overall charge.)

Determine the electrovalency of the ions that comprise the compound and write down their symbols.

Determine the ratio of ions required in order to achieve electrical neutrality. (Remember compounds

The ratio of negative to positive charges for aluminium and oxide ions is 2:3. That is, it takes three
negatively charged oxide ions to balance the charge of the two positively charged aluminium ions.

Step 3

The formula for the compound aluminium oxide is Al,Os.

Write the formula for the compound using the numbers in the ratios as subscripts.

EXAMPLE 2
Write the formula for sodium chloride.

Step 1

The symbol for the sodium ion is Na* and the symbol for the chloride ion is CI-.

Step 2
have no overall charge.)

Determine the electrovalency of the ions that comprise the compound and write down their symbols.

Determine the ratio of ions required in order to achieve electrical neutrality. (Remember compounds

The ratio of negative to positive charges for sodium and chloride ions is 1:1. That is, it takes one
negatively charged chloride ion to balance the charge of the positively charged sodium ion.

Step 3
number ‘1’ does not need to be included.)

The formula for the compound is NaCl.

Write the formula for the compound using the numbers in the ratios as subscripts. (Remember the
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EXAMPLE 3

Write the formula for calcium phosphate.
Step 1 Determine the electrovalency of the ions that comprise the compound and write down their
symbols.

The symbol for the calcium ion is Ca®* and the symbol for the phosphate ion is PO~

Step 2 Determine the ratio of ions required in order to achieve electrical neutrality. (Remember
compounds have no overall charge.)

The ratio of negative to positive charges for calcium and phosphate ions is 3:2. That is, it takes
two negatively charged phosphate ions to balance the charge of the three positively charged
calcium ions.

Step 3 Write the formula for the compound using the numbers in the ratios as subscripts.
The formula for the compound calcium phosphate is Cas(PO,)s.

Note the use of brackets in the formula to show that more than one molecular ion is needed to balance the electrical charge.

INVESTIGATION 5.6

The ionic formula game
AIM: To practise deriving chemical formulae using chemical symbols of various anions and cations

You will need:

a set of playing cards with the name and valency of each of the positive and negative ions listed in the tables. You

will need four identical cards for each ion.

e Organise a group of four students to play the card game. The aim of this game is to collect as many cards as
possible by producing compounds with their correct chemical formulae.

e Shuffle the cards and then distribute them to the players.

e The dealer puts down one card.

¢ The rest of the players then try to produce a chemical formula using the cards they have in their hands. The
first person to come up with a correct chemical formula wins the hand and keeps the cards. They are put
aside until the end of the game. The dealer will decide the winner of the hand.

¢ The person to the left of the dealer then puts down one of their cards.

¢ The other players in the game now try to produce a chemical formula using the cards they have in their
hands. Again, the person to come up with a correct chemical formula wins that hand and the cards are put
aside until the end of the game.

¢ The game continues moving to the next person until no one is able to produce a chemical formula. The game
stops at this point.

e Each player then counts the number of cards they have produced formulae with. The winner is the person
with the most cards.

Discussion

1. Write a list of the formulae and the name of the compounds formed.

2. What is the best strategy to win the game?

3. Did you find the game useful in learning the formulae of compounds? Explain.

5.8 Exercise: Remember and think

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Define ‘chemical formula’.
2. Define ‘molecular formula’.
3. Describe what the formula of a compound tells you about the compound.
4. Write the symbols for the following elements: sodium, hydrogen, potassium, lead, chlorine, iodine and sulfur.
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5. Identify which elements are present in each of the following compounds.
(@) HNO3
(b) NaHCO3
(c) FeS
6. Recall how the valency of an element is determined.
7. Calculate how many chloride (CI7) ions would be required to combine with each of the following ions to
form an ionic compound.
(a) Calcium (Ca?*)
(b) Aluminium (AI*)
(c) Silver (AgY)
8. Write down the valencies for the following elements: sodium, hydrogen, lead, chlorine, iodine, magnesium
and sulfur.

Think

9. The ions listed below can combine in many different ways to form 25 different compounds. Write the

formulae and names of these compounds.
Na* Fe3* Li* Cu?* AI** CI- OH~ N3~ O,~ SO~

10. The chloride ion has the same valency as the sodium ion. However, it has a different electrovalency.
Explain why.

11. Write a formula for each of the following:
(a) Oxygen gas
(b) Chlorine gas
(c) Lead
(d) Nitrogen oxide
(e) Zinc oxide
(f) Potassium sulfate
(9) Calcium hydroxide

12. Name the following compounds.
(@) NH4CI
(b) KI
(c) AI(NO3)3
(d) Fe(OH)
(e) KHCO3
(f) MgCO3
(9) HNO;

13. Explain why group 18 is not listed in the valency table.

Imagine
14. Imagine that there was no recognised system for naming elements and compounds. Describe some of the
problems this would lead to.

Create

15. Construct your own ionic compound formula game. It could be an improved version of the game in
Investigation 5.6. However, it does not have to be a card game.

learn RESOURCES

Complete this digital doc: Worksheet 5.7: Chemical formulae (doc-12767)

5.9 Project: The mystery metal learn

5.9.1 The mystery metal
Scenario

Your eccentric aunt loves combing through junk shops in search of overlooked treasures, and every
time you spend a day with her she’ll make you go into one grubby store smelling of mangy mink
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coats after another. One day
during the school holidays,
you are wandering idly in
one of these old junk shops
while your aunt haggles for
an old vase with the owner.
You find a lump of metal in
a drawer of an old dresser.
The shopkeeper says that
you can keep it and you put
it in your pocket. Occasion-
ally over the next few days
you wonder what the metal
is. Is it something valuable
like platinum, or useful like
aluminium? Or is it just an
old lump of lead? By the
end of the holidays, you’ve
forgotten all about the lump
of mystery metal.

When you get back to school, your science teacher announces
that everyone in your class is to enter a competition that the
Australian Chemistry Teachers’ Association is running. The
competition needs you to write an online ‘Choose your own
adventure’ story that has a chemistry theme. You and your friends
are scratching your heads trying to come up with an idea when,
suddenly, you remember that lump of mystery metal you found
in the junk shop. Maybe you could use that as the theme for your
competition entry . . .

Your task

Either on your own or as part of a group, you will develop a ‘Choose your own
adventure’ (CYOA) story exploring the identification of the mystery metal. You
will then create a series of interconnected PowerPoint screens that can be uploaded.
A player starting at the first screen will advance through a storyline according to
the choices they make at each screen. The choices will relate to various chemical
and physical characteristics of the metal. The right sequence of choices will even-
tually lead to the correct identification of the mystery metal.

Process

* You can complete this project individually or invite other members of your class
to form a group.

» Start your research. Make notes of information that you think will be relevant to
your project, such as what different metals look like and how metals that look
similar can be distinguished from one another. You should each find at least three
sources (other than the textbook, and at least one offline such as a book or ency-
clopaedia) to help you discover extra information about the chemistry of metals.
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510 Review

5.10.1 Atomic theory

* describe the features and location of protons, neutrons and electrons in an atom 5.2
¢ define the terms ‘ion’, ‘electron cloud’ and ‘molecule’ 5.2,53,54
¢ distinguish between atomic mass and atomic number 53,54
* describe the way in which electrons are arranged around the nucleus 5.2,53,54

5.10.2 Elements and compounds

* describe some relationships between elements using the periodic table 54
» compare the shell arrangements and properties within atoms in different groups

in the periodic table 5.5
* distinguish between elements and compounds 5.6
* define the term ‘valency’ 5.8
* identify features of specific families of elements 54
* explain how compounds are named 5.6,5.7,5.8

5.10.3 Bonds between atoms

¢ distinguish between ionic and covalent bonds 5.7,5.8
* identify which compounds are more likely to have one form of bond rather than another 5.7,5.8
* compare and contrast characteristics of ionic and covalent compounds 5.6, 5.7
* recall how electron dot diagrams can be used to represent bonds 5.5,5.6

5.10.4 History of science

* discuss how the model of an atom’s structure has changed over the last two thousand years 5.2,5.3

Individual pathways

B ACTIVITY 5.1 Bl ACTIVITY 5.2 Bl ACTIVITY 5.3
Revising chemistry Investigating chemistry Investigating chemistry further
doc-10647 doc-10648 doc-10649

learn
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only

Explain how the periodic table has been helpful to chemists of both the past and present when they are searching for
new elements.

Access more details about focus activities for this topic in the Resources tab (doc-10646).

assess[]])

5.10 Review 1: Looking back

To answer questions online and to receive immediate feedback and
sample responses for every question, go to your learnON title at
www.jacplus.com.au. Note: Question numbers may vary slightly.

1.

In what part of an atom is most of its mass contained?

2. Identify the force that holds protons and neutrons together in an

)]

10.

atom’s nucleus.

. (@) Describe the ‘plum pudding’ model of the atom.

(b) How was this model different from the ‘planetary’ model of the
atom?
(c) Who first described the atom as being indivisible?

. A neon atom has 10 protons. Calculate:

(@) how many electrons there are in total in a neutral neon
atom

(b) how many electrons there are in the first shell of a neutral neon
atom

(c) how many electrons there are in the outer shell of a neutral neon
atom.

. Draw an electron shell diagram of a neon atom.
. Explain the difference between atoms, molecules and ions by

drawing an example of each.

. Recall the charge on:

(@) a proton

(b) a neutron

(c) an electron
(d) a sodium ion.

. Identify which of the diagrams above right represents a:

(a) positive ion
(b) negative ion.

. The diagram at right represents a model of a neutral atom.

(@) Recall which two types of particle make up the nucleus of the atom.
(b) Identify the particles shown orbiting the nucleus in the atom.
(c) What features of an atom are not very well represented by this
particular model?
(d) Identify the element that this diagram represents.
Write the atomic number and mass number of the following atoms
and then calculate the number of protons, neutrons and electrons
they have.
(a) $2Si
52
(b) 5,Cr
197
(€) 79Au
(d) 5 Pb
242
(e) gz Pu

Fluoride ion

Beryllium ion
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11. Use the ’QE convention to write the symbols for the following elements:
(@) Helium
(b) Molybdenum
(c) Meitnerium

12. The periodic table is a classification of all the known elements. Describe what information is given by the
group and period numbers on the periodic table.

13. Recall the group of elements in the periodic table that the neon used in lighting belongs to.

14. As you move down the groups in the periodic table, describe how the reactivity changes for:

(@) metals
(b) non-metals.

15. As you move across the periodic table, describe what changes occur in:
(@) atomic number
(b) mass number
(c) melting point
(d) metallic character.

16. Although they look very different from each other and have very different uses, arsenic, germanium and
silicon belong to the group of elements known as metalloids. Explain how metalloids differ from all of the
other elements in the periodic table.

17. Write the electron arrangements for the following atoms: helium, silicon, argon, potassium, phosphorus.

18. All atoms of the element magnesium have twelve protons. Eighty per cent of those atoms have twelve neutrons.
(a) State the atomic number of magnesium.

(b) What is the mass number of most magnesium atoms?
(c) How many electrons orbit a neutral magnesium atom?
(d) Explain why all magnesium atoms don’t have the same mass number.

19. The electron shell diagram at right has its first two shells filled. It could represent a neutral atom, a positive
ion or a negative ion. ldentify the names and
symbols of the atom or ion if it represents:

(@) a neutral atom (identify one)
(b) a positive ion (identify two possibilities)
(c) a negative ion (identify two possibilities).

20. Use diagrams to show how the following ionic
compounds form.

(@) Lithium fluoride (LiF)
(b) Sodium oxide (Na,O)

21. Use diagrams to show how the following
covalent compounds form.
(a) Hydrogen chloride (HCI)
(b) Ammonia (NHs)

22. Compare the properties of ionic and covalent
compounds.

23. Write formulae for the following substances:

(@) Oxygen gas

(b) Carbon dioxide gas

(c) Aluminium oxide

(d)

€

(f) Zinc chloride

(9) Iron (ll) sulfide

(h) Sulfur dioxide

(i) Carbon
() Lead

Sodium fluoride
Calcium carbonate

Test yourself

1. Every element in the periodic table has an atomic number. The atomic number of an element refers to the number of
(A) electrons in its outermost shell.
(B) electrons in all of its shells.
(C) neutrons in its nucleus.

(D) protons in its outermost shell. (1 mark)
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2. An aluminium atom has 13 protons in its nucleus. On the periodic table, aluminium is in
(A) group 2, period 2.
(B) group 3, period 3.
(C) group 4, period 3.
(D) group 3, period 2. (1 mark)
3. An atom with two electron shells and six electrons in the outermost shell is
(A) magnesium.
(B) calcium.
(C) nitrogen.
(D) oxygen. (1 mark)
4. A molecular bond in which atoms share electrons is called a(n)
(A) ionic bond.
(B) covalent bond
(C) metallic bond.
(D) aqueous bond. (1 mark)
5. There have been many occasions in chemistry when a new substance has been discovered quite by
accident. Such a substance was discovered in the 1930s when chemists opened a gas tank. Imagine their
surprise when, instead of finding a gas, they found a white solid. The chemists investigated the solid and
found it
¢ did not conduct electricity
e was very slippery to touch
e was tough and didn’t shatter
¢ softened at 320°C
¢ did not dissolve in water.
The accidently discovered substance was most likely made up of
A) small molecules where the atoms share electrons.
B) large molecules where the atoms share electrons.
C) a network of atoms that share electrons with the atoms around them.
D) metal ions and electrons in a metal lattice.
(E) a lattice of positive and negative ions. (8 mark)
Justify your choice with a full explanation.

—_ e~~~

(This unexpected discovery is, today, used to make many things, including the surfaces of skis and frypans.)

learn RESOURCES

Complete this digital doc: Worksheet 5.8: Chemistry — the inside story: puzzles (doc-12768)

Complete this digital doc: Worksheet 5.9: Chemistry — the inside story: summary (doc-12769)
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TOPIC 6
Radioactivity: a two-edged
sword

0.1 Overview

Numerous videos and interactivities are embedded just where you need them, at the point of learning, in
your learnON title at www.jacplus.com.au. They will help you to learn the content and concepts covered
in this topic.

6.1.1 Why learn this?

When most people hear the word ‘radioactivity’, they immediately conjure up mental images of scien-
tists in lead suits holding ticking Geiger counters out in front of them, or of the horrible burns or cancers
suffered by survivors of atomic bombs or the Chernobyl disaster. But destruction is not all that there is to
radioactivity. It can also be a valuable lifesaver and scientific tool.

LEARNING SEQUENCE

6.1 Overview 225
6.2 Pioneers of radiation 227
6.3 Radioactive isotopes 230
6.4 Radiation 235
6.5 Helpful radiation 239
6.6 Energy from the atom 243
6.7 The dark side of radiation 248
6.8 Review 254

The movement of charged particles travelling through the water around this nuclear reactor core causes the water
molecules around them to gain energy. The atoms in the water molecules release this extra energy in the form of
light at the blue end of the spectrum. This causes the blue glow around the core called the Cherenkov Effect.
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To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

1. Superpowers for everybody?

If the comics, TV and movies are to be

believed, being hit with radiation can give

you superpowers!

(a) List as many superheroes that you can
who owed their powers to radiation
or radioactivity. What powers did they
have?

(b) Can radioactivity exposure actually
cause mutation? Explain using
examples.

(c) What is radiation sickness? What are its
symptoms?

(d) How much radiation can a human be
exposed to before they get radiation
sickness?

2. The element of surprise!

Complete the table below, but be

careful — you may need a periodic table

and some thought!

Number of protons Number of neutrons Atomic mass
Carbon 6 12
8 14
7 14
17 20
92 235
92 238
18 40
1 2
2 3

3. Cloud of doom?
Consider the image at right.
(@) What name is given to clouds like this?
(b) What causes them to form?
(c) How high into the sky do you think the top of

the cloud reaches?

(d) What is the cloud made of?

4. Who'’s who?
Find out who each of the following elements were
named for and what their contribution was to
our understanding of radioactivity: meitnerium;
curium; rutherfordium; fermium; einsteinium;
roentgenium; bohrium.
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0.2 Pioneers of radiation

6.2.1 Wilhelm Roentgen (German
scientist, 1845-1923)

While nuclear power stations and MRI machines are
all very much inventions of the twentieth century, the
foundations of nuclear physics actually lie in the late
nineteenth century. Without the pioneering work of
scientists such as Wilhelm Roentgen, Henri Becquerel
and the Curies, chances are that many of the technolo-
gies that we now take for granted would not have been
developed.

In November 1895, the German scientist Wilhelm
Roentgen was using a Crookes tube (see next page) in
a series of experiments. He found that, even when the
tube was completely covered in thick black cardboard
to prevent visible light escaping, a nearby screen coated
in barium platinocyanide glowed when the Crookes
tube was turned on and the voltage was high. Roentgen
quickly determined that this glow was not caused by
cathode rays and reasoned that the Crookes tube was
producing some other sort of invisible rays which were
able to travel through the cardboard to the screen. He
named these mysterious rays X-rays. Later experiments
showed him that the X-rays could travel through low
density substances such as cardboard and human flesh,
but were blocked by denser substances such as metals
and bone.

The first X-ray

Less than a month after his first discovery of X-rays,
Roentgen demonstrated their usefulness for medical
diagnosis by producing an X-ray image of his wife’s
hand which clearly showed the bones inside as well as
the ring that she wore, yet not the skin, sinews, muscles
or veins.

6.2.2 How it works — the
Crookes tube

Invented by English scientist William Crookes in
the 1870s, a Crookes tube is made up of a glass tube
with most of the air removed from inside it to form a
vacuum. It contains two plates — the anode and the
cathode. When the plates are connected to a voltage
source, the end of the tube glows (fluoresces). Scientists
of Crookes’ time believed that this glow was caused
by rays travelling from the cathode and overshooting

Wilhelm Roentgen

The first X-ray
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the anode. Later, J. J. Thomson realised that these
‘cathode rays’ were actually negatively charged parts
of atoms which he eventually named electrons.

6.2.3 Henri Becquerel (French
scientist, 1852-1908)

Becquerel was excited by Roentgen’s discovery of
X-rays as it gave new insights into his own studies
at the time into the phenomenon of fluorescence. He
found that some substances would glow if they were
exposed to an energy source such as X-rays or even
sunlight. When the energy source was removed, the
substance stopped glowing. One day in
1896, Becquerel discovered that some cov-
ered photographic plates had been exposed
when kept in a dark drawer with uranium
ore samples in it. As there were no energy
sources in the drawer, Becquerel reasoned
that the uranium must have been producing
some sort of invisible rays that had exposed
the plates.

6.2.4 Marie Sklodowska-
Curie (Polish/French
scientist, 1867-1934)
and Pierre Curie (French
scientist, 1859-1906)

The Curies came to work with Becquerel, investigating
the invisible rays that his uranium samples had produced.
They found that the rays produced by uranium ores caused
the air particles around them to become ionised. They
referred to the rate at which the ionisation occurred as
activity and the substances that produced this activity as
being radioactive.

While experimenting with a uranium-containing mineral
called pitchblende, they found that material remaining
from the ore was much more radioactive than the pure ura-
nium that had been removed from it. They reasoned that
there was another element in the mineral that they named
polonium after Marie’s country of birth. After many
years, the Curies found another element, which they called
radium, which had similar properties to polonium. It took
four years of processing tons of pitchblende to get enough
of each of these new elements to determine their chemical
properties!

Marie and Pierre Curie and Henri Becquerel were
jointly awarded the 1903 Nobel Prize for Physics for their
discovery of radioactivity.

A Crookes tube

Vacuum
X-rays
Cathode Electrons =
----------------------------- _——
..... Anode - —

High voltage T

(From left) Henri Becquerel, Pierre Curie and Marie
Sklodowska-Curie

Marie Curie’s laboratory notebooks, today
stored at the Bibliotheque Nationale in
Paris, can be viewed from behind thick
glass but are still so radioactive that they
cannot be touched or handled without
wearing proper protection.
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HOW ABOUT THAT!

Marie Curie was the first woman to be awarded a Nobel Prize. After Pierre’s death, Marie continued her studies
into radioactivity and was awarded the 1911 Nobel Prize for Chemistry for her discovery of the elements
polonium and radium, and for her work in unravelling the properties of radioactive elements. She was the first
person in the award’s history to receive two Nobel prizes yet, because of the attitudes of the scientific community
towards women at the time, the French Academy of Sciences refused to allow her to become a member.

6.2.5 Ernest Rutherford (New Zealand scientist, 1871-1937)

Interested by the findings of Becquerel, Ernest Rutherford began
to investigate the radiation produced by uranium ore. Like Bec-
querel, he originally assumed that these rays were similar to
cathode rays. However, his experiments led him to conclude
that at least two different types of rays were being produced
which had different penetrating power. He named the rays that
were easily blocked or absorbed alpha (o) and the more pene-
trating rays were referred to as beta (f§). By 1901, he determined
that the alpha and beta rays were in fact made up of streams of
charged particles which became known as alpha and beta parti-
cles. Rutherford further determined that alpha particles were pos-
itively charged helium nuclei while beta particles were negatively
charged electrons. When passed through a magnetic field, the
charge on the particles interacted with the magnetic field in such
a way that the paths of alpha particles entering the field would
curve in one direction while those of beta particles would curve
in the other. It was this distinguishing feature that allowed Paul
Villard to make the next big discovery.

6.2.6 Paul Villard (French scientist, 1860-1934)

At the same time that Rutherford was investigating the nature of
the radiation produced by uranium, Paul Villard studied the radia-
tion produced by the element radium, which had been newly iso-
lated by the Curies. He passed the radium radiation through a thin
layer of lead which had been shown by Rutherford to stop alpha
rays. Rutherford had also earlier found that, in a magnetic field,
the path of alpha rays would curve in one direction while beta rays
curved in the other.

In Villard’s experiments the radiation passing through the lead
was sent through a magnetic field where he found that, while some
of the rays (later found to be beta rays) did indeed curve, the rest of
the radiation continued travelling in a straight line, unaffected by
the magnetic field.

Rutherford suggested that Villard’s rays should be named gamma
(y) rays when it was found that they were far more penetrating than
the alpha rays and beta rays which he had discovered. Villard found
that the gamma rays were similar in nature to Roentgen’s X-rays.
In 1913, it was confirmed that gamma rays and X-rays were both
forms of electromagnetic radiation.

Ernest Rutherford

Paul Villard
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6.2 Exercise: Remember and think

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember

. Explain how X-ray images are formed.

. What does radioactive mean?

. Name the radioactive elements discovered by the Curies.

. Describe at least two applications for X-rays.

. What is fluorescence?

. How did the Curies know that there was another radioactive substance in pitchblende apart from uranium?
. In what ways are gamma, beta and alpha radiation different?

Think

8. In the first X-ray image produced by Roentgen, the ring on his wife’s hand can be clearly seen but the skin
on her hand is invisible. Why is this?

NOoO Ok~ WN =

Investigate
9. Find out how fluorescence is different from phosphorescence. Which of these is demonstrated by glow-in-
the-dark stickers?
10. Marie and Pierre Curie’s daughter Irene also won a Nobel prize. Find out (a) who she shared it with, (b) what
it was won for and (c) in what year it was awarded.

0.3 Radioactive Isotopes
6.3.1 Isotopes

As you may remember from topic 5, all atoms of the same element have the same number of protons —
in other words, they have the same atomic number. However, while the atoms of a particular element
have the same number of protons, they may not always have the same number of neutrons in their
nuclei. For example, the normal version of hydrogen has a single proton in its nucleus but another
naturally occurring version of hydrogen (called hydrogen-2 or deuterium) has a proton and a neutron in
its nucleus, and yet another version (called hydrogen-3 or tritium) has a proton and 2 neutrons.

The three isotopes of hydrogen. Hydrogen-2 and hydrogen-3 are also known as deuterium and tritium respectively.

Key
9 \) _3 @ Electron
& Proton
Hydrogen-1 Hydrogen-2 Hydrogen-3 |« Neutron

Atoms that have the same number of protons but differ in number of neutrons are called isotopes.
Most elements have 2 or 3 different isotope forms. The isotopes of an element have the same chemical
properties — they just differ in mass number. Remember, the mass number of an atom is equal to the
number of protons and neutrons in its nucleus.

As you will remember from topic 5, the symbol for an isotope is written as fZ‘E where

A = mass number = number of protons + number of neutrons
Z = atomic number = number of protons
E is the chemical symbol for the element.
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So, while the most common isotope of carbon (which has 6 protons and 6 neutrons) is written as 162C, the
isotope carbon-14 (which has 6 protons but 8 neutrons) is written as 1gC.

6.3.2 Radioactive isotopes

The protons and neutrons of the nucleus are held tightly together
by something called the strong nuclear force. Without the
strong nuclear force, the repulsive force between the positively
charged protons would tear the nucleus apart. In most isotopes,
the repulsive force and the strong nuclear force balance out and
the nucleus remains intact, or stable.

In some isotopes, however, the extra neutrons in the nucleus
make it much harder for the strong nuclear force to keep the
nucleus together and the nucleus breaks apart or decays. When
an unstable nucleus breaks up, energy in the form of radiation
is released and smaller, more stable elements are formed. As a
result, isotopes whose nuclei have a tendency to decay are said
to be radioactive.

Number of Number of Stable or

Element Symbol protons neutrons radioactive?

Carbon-12 2C 6 6 Stable

Carbon-14 e 6 8 Radioactive

Uranium-235 HU 92 143 Radioactive
jum- 2

Uranium-238 osU 92 146 Stable

This suit protects its wearer against
something that can’t be seen,
touched or heard.

o

In stable isotopes, the strong nuclear force is stronger than the repulsive force between the protons in the
nucleus. In radioactive isotopes, the repulsive force is stronger and the nucleus breaks apart, releasing

radiation.

Strong nuclear force

. - .
repulsive repulsive
force force

Stable nucleus

Radioactive nucleus
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6.3.3 The half-life

When an atom of a radioactive isotope decays, it releases radiation and forms a different, usually lighter
nucleus. The rate at which these isotopes decay is described by its half-life — the time you would need
to wait for half of the amount of the radioactive material to decay. For example, carbon-14 has a half-life
of 5700 years. If you had a 1 kg lump of carbon-14, after 5700 years had elapsed, only 500 g would still
be carbon-14. The other 500 g would have decayed to form the stable isotope nitrogen-14 (we say that
nitrogen-14 is the daughter isotope of carbon-14). After 11 400 years, you would have only 250 g of
carbon-14 and after 16 100 years only 125 g of the carbon-14 would be left. The following table shows the

decay of carbon-14.

Time elapsed (years)

Amount of carbon-14 present (g)

Fraction of starting amount remaining

0 1000 1
5700 500 1/2
11 400 250 1/4
16 100 125 1/8
21 800 62.5 1/16

Some radioactive materials decay at faster rates than others. Many of the substances used in cancer treat-
ments have half-lives of only a few hours, while uranium-238 has a half-life of 4.5 billion years!

6.3.4 Radiocarbon dating

The decay of carbon-14 is a particularly
useful tool for archaeologists and anthro-
pologists who wish to determine how old an
organic relic is. This is done by considering
how much carbon-14 is in the relic.

Carbon-14 is produced in the Earth’s atmos-
phere when cosmic rays strike nitrogen-14
atoms. All living things take in carbon including
radioactive carbon-14 throughout their lives.
New carbon-14 is taken in to replace the
carbon-14 that decays, so the total amount of
carbon-14 in an organism stays constant while
it is alive. When an organism dies, however,
no new carbon-14 is taken in so the amount of
carbon-14 in the organism’s remains decreases
over time.

When scientists find the preserved organism,
they measure the amounts of carbon-12 and
carbon-14 in a sample of the organism. The ratio
of carbon-14 to carbon-12 is fairly standard in a
living organism (about one carbon-14 atom for
every trillion carbon-12 atoms). As the amount of
carbon-12 in the sample remains nearly constant
over time, it is then possible to work backwards
and estimate the amount of carbon-14 that the

Radioactive carbon-14 is absorbed by all living
things. When the organism dies, the carbon-14 in the
organism decays over time.

/including C*, and
C'4, taken in by

living organisms

™
—A

N\

Following death and burial, wood and bones lose
C', as it changes to N, by releasing a beta particle.

lSoiI

Carbon-1 4‘ —$—>* Nitrogen-14

Beta par‘cicl;p

@ Proton @ Neutron
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sample would have originally had. This

.. . I i fi f ti i
original amount is then compared to the Sample being removed from bone for carbon dating using

R . accelerator mass spectrometry (AMS). The bone is a human
amount of carbon-14 remaining in the femur that is thought to date to the Middle Ages.
organism’s preserved body. This allows

the scientists to work out how many half-
lives of carbon-14 have elapsed since
the creature died and, as the half-life is
known, an approximate time of death
for the organism can be determined. For
example, if the organism has only half
the amount of carbon-14 that would be
expected, it has been dead for 1 half-
life; i.e. about 5700 years. Carbon-14
dating can be unreliable, however, if the
specimen is contaminated with other
organic matter.

INVESTIGATION 6.1

Simulating radioactive decay
AIM: To model radioactive decay

You will need:

100 M&Ms

clean sheet of white paper

large plastic container

plastic gloves or very well-scrubbed hands

¢ First make a copy of the table below in your notebook.

Number of Number of Total number % of M&Ms
M&Ms in M&Ms that of M&Ms that have % of M&Ms

container at ‘decayed’ this ‘decayed’ since decayed since remaining from
start of turn turn the start the start the start

100

OO IN|=

e Lay out all the M&Ms on the sheet of paper with the ‘M’ side down. This represents all of the atoms in the
parent isotope before radioactive decay occurs.

¢ Place all of the M&Ms into the plastic container and shake them thoroughly. The M&Ms should be able to
move around freely in the container. Pour the M&Ms onto the paper again and spread them out without
changing which side up each one has landed.

e Separate out the M&Ms that have landed with the ‘M’ facing upwards. These represent the atoms that have
decayed into a new isotope. Count how many of these there are and enter the amount in the table. Place
these to one side.

e Collect the remaining M&Ms (the ones that landed ‘M’ side down) and return them to the container. Shake the
container, pour out the M&Ms and repeat the previous step.

e Continue in this way until all of the M&Ms have been removed. You may need more rows in your data table
than have been shown. >
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Discussion

1.

2.

Plot your results as a line graph with the turn number on the horizontal axis and the percentage of
‘undecayed’ M&Ms remaining at the end of the turn on the vertical axis.

Compare your group’s results with the other groups in your class. Did you all get similar results? Explain why
there would be some variation.

. Your teacher will combine the class results. Plot these results on a line graph using the same axes as you

used in question 1. Compare this graph shape to the one that you drew earlier.

. Looking at your combined results, describe the general relationship between the turn number and the

percentage of undecayed M&Ms left at the end of the turn.

Dating rocks
Radiocarbon dating can only be done on things that were once part of living organisms. As a result, you

can’t

use it to work out how old a rock is. Instead, the decay of other isotopes can be used to date rocks.

One of the most widely used systems looks at the decay of uranium isotopes in zircon, which is a mineral
common to many rocks.
Uranium-235 has a half-life of 704 million years and it decays to form an isotope of lead <2g27Pb>.

By comparing the amounts of lead-207 and uranium-235 a rock sample containing zircon has in it, the age
of the rock can be estimated.

6.3 Exercise: Remember and think

To

answer questions online and to receive immediate feedback and sample responses for every question, go

to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember

1.
2.

o0 AW

In the symbol %‘E, what is represented by (a) the letter A (b) the letter Z?
Calculate the number of (a) protons (b) electrons (c) neutrons in:

(8) 55U

(b) carbon-13

(c) hydrogen-2.

How do isotopes of the same element differ from each other?

. Explain why the isotopes of some elements are radioactive.
. What do the terms (a) half-life (b) daughter isotope (c) radiocarbon mean?
. Why can’t radiocarbon dating be used to determine the age of a rock?

Think

7

10.
11.

12.

. The half-life for a radioactive isotope X is 2 hours.

(@) If you had 500 g of isotope X, how much would remain after (i) 2 hours (i) 8 hours?
(b) How long will it take until only 125 g of isotope X is left?

. The Earth is estimated to be about 4.5 billion years old. How much uranium-235 would there have been

when the Earth was formed compared to how much there presently is?
. About 0.01 per cent of the potassium in your body is the radioisotope ‘l‘gK.
(@) How many protons and neutrons are in each atom of this radioisotope?
(b) The stable nuclei of potassium atoms have one less neutron than the nuclei of potassium’s unstable

radioisotope. Write down the complete symbol for the stable isotope of potassium.

Are the atoms 2§§)X and ZS’EY isotopes of the same element? Explain.
The half-life of tritium is 4500 days. How many days will it take an amount of tritium to fall to a quarter of its
initial mass?
Parts of the skeleton of a large animal are found buried in sand dunes. The amount of radioactive carbon-14
in the bones is about one-eighth of that found in the skeletons of living animals. How long ago did the
animal probably die (to the nearest thousand years)?
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13. Approximately what percentage of the original amount of radioactive carbon-14 would you expect to find in:
(@) an Aboriginal spear 11 000 years old?
(b) a skull 23 000 years old, found in a cave?

Using data

14. Graph the decay of carbon-14 by using the data in the table. You will need to have the time in days on the
horizontal axis and the amount of carbon-14 remaining in grams on the vertical axis. Use your graph to
approximate:
(@) the amount of carbon-14 left after 8000 years
(b) how long it takes for there to be 300 g of carbon-14 remaining.

Investigate

15. Find out which radioactive gas in the atmosphere is responsible for most of the background radiation we
are exposed to on Earth.

16. While radiocarbon dating is very useful for determining the age of relics that have organic material in them,
it can be used only for relics of particular ages. Find out what the age limitations on radiocarbon dating are
and the cause of these limitations.

0.4 Radiation
6.4.1 Types of radiation

When radioactive substances decay to form more stable nuclei, their nuclei release energy in the form of
nuclear radiation. As Rutherford and his contemporaries found early in the twentieth century, there are
three types of nuclear radiation: alpha (a), beta (f) and gamma (y).

6.4.2 Background radiation

Every day, we are all exposed to low levels of radiation from a variety of natural and artificial sources.
These sources include the radiation released by the decay of isotopes in the Earth’s crust, the cosmic
radiation that reaches us from the sun and even radiation from buildings which are made from naturally
radioactive materials in clay bricks or granite. This constant low-level radiation that surrounds us is called
background radiation and is harmless to us.

6.4.3 lonising radiation

Alpha, beta and gamma radiation are all forms of ionising radiation because of their ability to pull electrons
from nearby atoms and molecules, turning them into ions. Exposure to ionising radiation can cause damage
to living body tissue. Long-term exposure to low amounts or ‘doses’ can cause DNA damage, cancer and
tumour growth, while high doses in a short period of time can cause burns, nausea, destruction of bone
marrow and blood cells, and death.

The effect that ionising radiation has on the human body depends upon a number of different things
including:
* the mass of the person
* amount/period of exposure to the radiation
* type of radiation
* radioactivity of the material
* rate at which the radiation is received
» presence of shielding material that could absorb some of the radiation
* distance from the radiation source.
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The different penetrating powers of alpha («), beta () and gamma (y) radiation

Alpha particles are streams of helium nuclei. These particles are
the largest of the radiation particles and move relatively slowly.
They cannot travel easily through materials and can be stopped by
a few centimetres of air, a sheet of paper or human skin. They are
of little danger to the outside of the body but they can cause
serious damage if breathed in, eaten or injected. They are
produced by the heavier radioactive elements.

Gamma rays are made up of electromagnetic waves (as are
radio waves and microwaves) rather than particles. Gamma
rays have no mass and travel at the speed of light. They

have a lot more penetrating power than alpha or beta
particles and can be stopped only by a thick shield of lead

or concrete. As they pass through the body, they can cause
serious and permanent damage to the living tissue and the
DNA of the cells themselves. Gamma rays are produced along
with alpha and beta particles.

Lead
Beta particles are fast-moving electrons. Smaller than the alpha
particles, beta particles travel at 99 per cent of the speed of light.
Beta particles can penetrate human skin and damage living tissue,
but they can be absorbed by 100 cm of air and cannot penetrate
thin layers of aluminium or centimetres-thick plastic or wood. They
are produced by the lighter radioactive elements.

Concrete

Measuring radiation doses
When a person is exposed to radiation, energy is deposited in the tissues of the body. The average amount
of energy in joules absorbed per kilogram of body mass is referred to as the absorbed dose (D). The unit of

absorbed dose is the sievert (Sv):
_ energy absorbed

mass
For example, if a 100 kg person absorbs 0.01 J of radiation energy:

D= 001 _ 0.0001 Sv = 0.1 mSv
100

D

However, some radiation is more damaging than others. In order to assess how much damage the
radiation does to the body, the absorbed dose is multiplied by the quality factor (Q) to provide a meas-
urement called the human dose equivalent (H). Like the absorbed dose, the human equivalent dose is
measured in sieverts. The more damage that the radiation can do, the higher the quality factor and, so,
the higher the human dose equivalent. The following table shows the quality factors of radiation.

Type of radiation Quality factor

X-rays, gamma radiation, beta radiation 1

Neutrons (depending on energy) 2-20

High-energy protons, alpha radiation, heavy nuclei 20
H=QxD

A 100 kg person who absorbs 0.1 mSv of energy from beta radiation will get a human equivalent
dose of 0.1 mSv. However, if the energy came from alpha radiation, the human equivalent dose would be
20 x 0.1 =2 mSv.

The table on the next page gives the typical H values for a number of different radioactive sources.
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Human equivalent dose, H (mSv) Source

0.005 1 hour in an aircraft on an international flight
0.06 one chest X-ray
0.7 one mammogram
1 living 1 year in a house with granite tile flooring
1.5 background radiation experienced by the average Australian
in a year
24 world average background radiation in a year
2.5 total experienced by the average radiography technician in
ayear
2.6 one head CT scan

How much is too much?

The amount of radiation that a person

. A radiographer prepares to X-ray a patient. Notice that the
can experience before they suffer el [Phele e el !

patient is wearing a protective gown. This gown is lined with

damage to their health depends upon lead to protect the rest of the patient’s body from the X-rays.
the size of the dose received as well When the X-ray is ready to be taken, the radiographer and
as the length of time over which they doctor will retreat behind a radiation shield in order to limit their

own exposure to radiation.

received it. High radiation doses tend
to kill body cells while low doses
damage the structure of the DNA
within the cell, leading to cancer and
leukaemia. The reproductive cells are
particularly at risk.

In fact, high doses of radiation can
kill so many cells that entire organs
are destroyed. The higher the dose,
the sooner the effects of radiation poi-
soning will appear and the higher the
probability that the exposure will be
fatal. Acute radiation syndrome is
caused when a person is exposed to
a high dose of radiation over a short
period of time — minutes or hours.
This can result in extreme nausea, diarrhoea, internal bleeding, bone marrow depletion and organ failure.
The effects of acute radiation doses are shown in the table on the next page.

Most people will generally experience less than 0.1 Sv over the course of their life. Obviously, those
who work with nuclear sources for a living such as radiographers, uranium miners and nuclear engineers
would receive more than this. However, industry standards are applied to these occupations to minimise
their risk to prolonged exposure effects. For example, people who work with radiation sources (radiogra-
phers, nuclear engineers, nuclear power plant workers) are limited to an exposure of 0.1 Sv over a 5-year
period (0.02 Sv/year average) while uranium workers are not permitted to be exposed to more than
0.013 Sv in a year.
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Radiation dose (Sv) Effects

0.75 Causes vomiting in 10 per cent of people

1 Short-term effects such as nausea and diarrhoea. Development of cancer after many

years in around 5 per cent of people.

3-5 Damage to bone marrow which results in infection and haemorrhage. Can lead to
death in about 50 per cent of people within two months if medical treatment is not
available.

>10 Death within 10 days due to fluid and electrolyte imbalance, bone marrow and

gastrointestinal damage and infection

> 40 Death within 48 hours due to damage to the vascular systems resulting in an

accumulation of fluid in the brain

HOW ABOUT THAT!

French physicist Henri Becquerel accidentally discovered radioactivity while investigating the fluorescence of
uranium salts in 1896. When he developed a photographic plate that had been in a drawer near his bench top,
he found that it had been fogged up by radiation from the uranium salts.

This effect of radioactivity is now used in a protective device worn by people who work with radioactive
materials. The ‘fogging’ of the film in this device measures the amount of radioactivity they have been exposed to.
Becquerel was the first scientist to report the effects of radioactivity on living tissue. He suffered from burns

on his skin as a result of carrying a small quantity of the element radium in his pocket.

6.4.4 Radium Girls

In the 1920s, the United States Radium Corporation
employed hundreds of women at their factory in
Orange, New Jersey, to paint their trademark ‘glow
in the dark’ paint onto the dials of watches. To paint
the tiny numbers and indicator hands of the watches,
the women would use fine-tipped brushes and they
would often lick the tips of the brushes to keep
the points of the brushes sharp. Many years later,
these same women started to develop serious bone-
related problems, particularly in the jaw. Many of the
women died of cancer before the company revealed
that the paint was made from a radium salt that was
a million times more radioactive than uranium. Hun-
dreds of these ‘Radium Girls’, as they were called
in the newspapers of the day, died as a result of
repeated exposure to the radiation.

The Radium Girls of the 1920s suffered radiation
poisoning from the radium that they used to paint
the dials of the first ‘glow in the dark’ watch faces.

1 —

6.4 Exercise: Remember and think

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.
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Remember

1. What type of nuclear radiation is described by the following statements:
(a) a radioactive particle that has the same size and mass as an electron
(b) a radioactive particle that is made up of two protons and two neutrons
(c) the type of radiation that can penetrate the human body and can be stopped only by a thick shield of
lead or concrete
(d) a radioactive particle that can travel almost at the speed of light
(e) a radioactive particle that carries the highest amount of charge
(f) radiation which has the smallest penetrating power
(9) radiation that travels as a wave rather than a particle.
2. Why are alpha, beta and gamma radiation referred to as ionising radiation?
3. What is background radiation caused by?
4. Describe factors that affect how much radiation you absorb from a radioactive source.
5. What electric charge is carried by an alpha particle?
6. How are we protected from cosmic radiation from outer space?

Think

7. Why does alpha radiation have a higher quality factor than gamma and beta radiation even though it is less
penetrating?

8. During nuclear tests in the 1950s, US soldiers were told that they were safe from alpha radiation as long as
they didn't open their mouths. Why do you think they were told this?

9. Radiographers perform hundreds of X-rays, CT scans and mammograms every week, yet their yearly
radiation exposure from their job is only 2.5 mSv — just under the amount you would experience in a single
head CT scan. How is this possible?

10. The crews of passenger jets are exposed to more radiation than most people. Where does this extra
radiation come from?

Using data

11. A scientist wished to determine the type of . o .
radiation emitted by a radioisotope. She had Results of radioactivity experiment

three materials (paper, plastic and lead) and Material  Effect on Geiger counter readings

an instrument called a Geiger counter, which .

detects nuclear radiation. She covered the Paper No effect on readings
radioisotope with each of the three materials Plastic Readings fell by two-thirds
and measured the radiation that passed

through each material. The results of her Lead Large fall in readings

experiment are shown in the table at right.
What type of nuclear radiation does this
radioisotope emit? Explain your answer.

Investigate

12. Most of the background radiation we experience comes from a radioactive element called radon. Find out
(@) where this radon comes from and (b) why people in countries where their houses have cellars are worried
about radon.

0.5 Helpful radiation

Science as a human endeavour

6.5.1 Medical uses of radiation
Diagnosing disease
Nuclear medicine imaging techniques use radioisotopes with short half-lives to find tumours, blockages

in blood vessels and problems with the body’s organs. The radioisotopes are given to the patient in the
form of either an injection or as part of a thick liquid that the patient drinks. The type of radioisotope
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A PET image of the human brain Various radioisotopes can be used to treat and diagnose
disease. Here a PET scan is being carried out on a patient.

used depends upon what tissues

. . . Some of the radioisotopes used in the treatment and diagnosis
or organs are being investigated

- i of disease

and the type of diagnostic tool
being used. One of the most com-  Pukiseass — AELADD
monly used is positron emission  Phosphorus-32 Treatment of leukaemia 14.3 days
topography .(ITET)' During a PET Cobalt-60 Used in radiotherapy for treating 5 years
scan, the radioisotope absorbed by cancer
the t ti 11 d

© tuhour or tssue cefls produces Barium-137 Diagnosis of digestive illnesses 2.6 minutes

gamma rays. These pass through
the patient’s body and are detected lodine-123 Monitoring of thyroid and adrenal 13 hours
glands, and assessment of damage
caused by strokes

by the scanner moving around the
patient to form a 2-D image ‘slice’.

By moving the patient slowly lodine-131 Diagnosis and treatment of thyroid 8 days
through the scanner, hundreds of problems

these slice images are taken and Iron-59 Measurement of blood flow and 46 days
the slices are then reassembled by volume

computer into a 3-D image of the  Thallium-201 Detection of damaged heart 3 days
tissue or tumour. muscles

Radiotherapy

Radiotherapy is the use of radiation such as X-ray or the radiation produced by decaying isotopes to kill
cancer cells or prevent them from spreading. It is often used along with other treatments such as surgery or
chemotherapy. Unlike chemotherapy, radiotherapy can be targeted precisely so that damage to healthy tissue
surrounding the cancer is minimised.

There are two main methods by which radiotherapy can be administered. In external radiotherapy,
radiation is directed at the cancer by a machine which moves around the patient. Each beam sent by the
machine strikes the tumour from a slightly different direction with the result that the tumour is blasted with
large amounts of radiation while the healthy cells between the machine and the tumour receive much less
radiation.
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The other method, known as internal radiotherapy or brachytherapy, involves placing radioisotopes
inside the body at or near the site of the cancer. In some cases both external and internal radiotherapy are
used. The type of treatment depends on the type of cancer, its size and location, as well as the general
health of the patient.

External radiotherapy

6.5.2 Smoke alarms

Inside an ionisation smoke alarm in the ionisation chamber are two plates that are oppositely charged.
There is also a tiny amount of americium-241, which has a half-life of 432 years. Americium-241 atoms
emit alpha radiation and change into neptunium-237 atoms. The alpha particles knock electrons off the
nitrogen and oxygen molecules in the air. This creates positive particles and free electrons. The positive
particles are attracted to the negative plate, and the electrons are attracted to the positive plate. A small
current is set up.

When smoke particles are drawn into the smoke alarm, they attach themselves to the positive ions, make
them neutral and disrupt the current. This change is sensed by the detector and the siren sounds.

Smoke alarms are cheap and save lives. What happens in the ionisation chamber?

_ — }
Electrons

Battery ‘

T Positive
particles

Americium-241
emitting a-particles
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HOW ABOUT THAT!

No butts

Some smoke detectors can detect different types of smoke, including cigarette and cigar smoke. Different
particle sizes absorb differing amounts of radiation. These smoke alarms are used in places where smoking is
discouraged such as aeroplane toilets and non-smoking areas in restaurants. Some can even be programmed
with a voice message warning smokers that it is about to sound the alarm!

6.5.3 X-rays — not just for medicine!

Today X-rays are used not only for medical purposes, but also to detect flawed welds in engineered struc-
tures, to study under-painting in famous art works like the Mona Lisa and even to observe distant objects
beyond the edges of our galaxy.

This painting of a vase of flowers was credited Engineer studying an X-ray of an aircraft part.

to an anonymous artist. However, X-ray imaging Aeroplanes undergo regular inspections to check
of the canvas revealed a scene of two wrestlers for any defects that could cause parts, or the entire
painted beneath. This helped historians to identify aircraft, to fail.

this canvas as the work of Vincent Van Gogh.

6.5.4 Irradiating food

Food irradiation is a commonly used process in which food is exposed to a source of ionising radiation,
usually gamma rays from cobalt-60. It has a number of different purposes. It can be used to kill pests
on fruit and vegetables instead of using chemical treatments. It is particularly important for controlling
unwanted pests that can be imported along with the produce from other countries. Food irradiation is used
by food processors to kill harmful bacteria such as salmonella and campylobacter that may be found in
meat, poultry and eggs. These bacteria can cause serious illness if consumed.

Irradiation also helps to keep food from spoiling as quickly by destroying moulds and yeasts and by
slowing the action of enzymes within the food.

However, food irradiation has a downside as the process also destroys some of the food’s vitamins.
While B vitamins such as riboflavin and niacin, and vitamin D are not particularly affected, levels of radia-
tion sensitive vitamins A, B1 (thiamine), C, E and K can be reduced by as much as 20 per cent.
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6.5 Exercise: Remember and think

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember

. What is radiotherapy?

. How does external radiotherapy differ from internal radiotherapy?

. Explain how a smoke alarm works.

. Describe how a PET scan produces an image of the body.

. Which isotopes are used in nuclear medicine for the diagnosis or treatment of (a) digestive problems
(b) thyroid tumours (c) leukaemia?

6. Explain how radioisotopes used in food preservation stop food from spoiling.

Think

7. (a) Is iodine-131 a more stable radioisotope than barium-137? Explain.

(b) The use of barium-137 in the diagnosis of digestive illnesses involves the patient drinking it in a syrup.
What property of barium-137 makes its use quite safe?

8. Is cobalt-60, used in the treatment of cancer, more likely to be used in external radiotherapy or internal
radiotherapy? Use the information in the table to explain your answer.

9. Why is it important that imaging is done within a short period of time after the patient has been given the
appropriate radioactive isotope?

10. Why do the radioisotopes used for diagnosis not cause radiation sickness in the patient?

o~ N =

Investigate

11. Find out what the following isotopes are used for: (a) cadmium-109 (b) californium-252 (c) krypton-85
(d) copper-67 (e) radium 226 (f) uranium-234.

12. Radiotherapy is an effective method of treating cancer. However, it has a number of side effects. Research
what the side effects are.

0.0 Energy from the atom

6.6.1 Nuclear reactions

The sun is a powerhouse of energy. It provides radiation Vi lEmgjersit VBN Eeiiar ey US s thio s
Every second, 500 million tons of hydrogen is

in many different forms; not just as gamma and cosmic flsed into [arger slsmsnts producing energy,
rays, but also as light and heat that allows life on Earth including light and heat.

to flourish. All of this energy comes from special types
of reactions that are occurring deep within the sun’s
core. While we will look at plenty of chemical reactions
which involve the electrons in the outside of atoms in a
later topic, for now we will look at reactions that involve
the nuclei of atoms. These are called, unsurprisingly,
nuclear reactions and they occur only under certain con-
ditions. By harnessing the power of these reactions, we
can produce vast amounts of energy.

When one substance reacts with another in a chem-
ical reaction, bonds involving their electrons are broken
and formed between the atoms of the substances to form
new chemical products. In these reactions, the atoms
present in the reacting substances are the same ones that
are present in the products of the reaction.
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Nuclear reactions are those that take place when the nucleus of an atom interacts with either another
nucleus or a nucleus particle. As a result of these reactions, new atoms are formed and energy is released.
The two most important types of nuclear reaction that provide energy are nuclear fission and nuclear
fusion.

6.6.2 Nuclear fission

Nuclear fission occurs when the nuclei of large atoms such as uranium or plutonium split to form the
nuclei of smaller atoms, releasing energy in the form of radiation and heat. In some nuclear reactors, the
fission of uranium-235 is caused when a neutron is absorbed by the nucleus. The nucleus splits to form two
smaller nuclei (which are called fission products) as well as releasing more neutrons, gamma rays and heat
energy.

If the neutrons released in this process then go on to cause the splitting of other uranium-235 nuclei, a
chain reaction occurs. The rate at which energy is produced can be controlled by limiting the number of
neutrons that can react with other uranium nuclei. This is what happens in a nuclear reactor. The destructive
power of nuclear weapons, on the other hand, is caused by an uncontrolled chain reaction.

An example of a nuclear fission reaction

235 1 141 92 1

Nuclear equation: 92U ¥ o" > ggBa T oK+ 3n

Gamma rays

.~ “en
T

235
9o U
p / Barium nucleus
Slow ' Nuclear -
neutron ® > f reaction: ﬁ% ENERGY

- 4 b \ 36Kr
Uranium nucleus \

Krypton nucleus
(N

. Fast neutrons

6.6.3 Nuclear fusion

In nuclear fusion, two small nuclei com-

bine to form larger nuclei releasing energy. w '\

An example of a nuclear fusion reaction

@

In the sun, the nuclei of the hydrogen iso-  Deuterium “\ :) / Neutron',

topes deuterium (hydrogen-2) and tritium ~ (Hydrogen?) > Nuclear h ENERGY
. reaction <

(hydrogen-3) fuse together to form helium — y -y -

nuclei, releasing neutrons and massive A w

amounts of heat and radiation. Nuclear Tritium

fusion has so far been reliably produced (Hydrogen®) Helium,

only at very high temperatures of millions
of degrees. However, the quest to perfect fusion at low temperatures — called cold fusion — continues. If
cold fusion were to be achieved, huge amounts of energy could be produced from just the hydrogen in water!

6.6.4 Nuclear power stations

Nuclear energy is used for electricity generation in some countries, for up to 75 per cent of their energy
needs. Nuclear fuels produce radiation; however, this is not electricity. So, how do these power stations
produce power?
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The fuel for a nuclear power station is natural uranium, slightly enriched with uranium-235. This is
because, besides decaying, uranium-235 will spontaneously split (fission) if hit by a neutron, starting a
chain reaction. The control rods are used to slow or increase the rate of the reaction by absorbing spare
neutrons. They are lowered or raised as needed.

A nuclear power station

Steam to turbine
—>

Steam

et generator

exchanger

Control rods

Generator

Steam from
turbine

Electricity

Cool
Containment vessel

When uranium-235 splits, an incredible amount of energy is produced as heat and gamma radiation. One
gram of uranium produces a million and a half times more energy than the burning of one gram of methane.
This amount of thermal energy heats water that turns into steam and is then channelled through pipes out
of the containment vessel. This steam is used to spin a turbine that is connected to an electrical generator,
turning the kinetic energy of the moving steam into electrical energy. This is the same process of using
steam to generate electricity in coal- or gas-fired power stations.

6.6.5 The nuclear energy issue

At present, Australia has only one nuclear reactor and it is used for research purposes and to produce
radioisotopes for medical and industrial purposes. While many countries use nuclear energy to provide
their electricity, Australia has yet to do so. It is not an easy decision to make and there are many arguments
in favour of and against the use of nuclear energy.

6.6.6 The arguments for nuclear energy
Ready access to fuel

As Australia has 30 per cent of the world’s uranium supply, we are able to supply our own nuclear fuel for
any reactors built here. Presently, we export nearly all of the 7000 tonnes of uranium ore that comes from
mines in the Northern Territory (Ranger and Nabarlek) and South Australia (Roxby Downs).

No greenhouse gases

Coal-fired power stations pump enormous amounts of greenhouse gases into the Earth’s atmosphere,
gases which are believed to contribute to global warming, acid rain and climate instability. The average
coal-fired power station produces about seven million tonnes of carbon dioxide each year, as well as
around 200000 tonnes of sulfur dioxide (a major source of atmospheric pollution) and about the same
amount again of other waste products that contain toxic metals such as arsenic, cadmium and mercury.
Nuclear power stations, on the other hand, release only water vapour into the air.
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Efficiency

One of nuclear power’s biggest PRI Energy produced from 1 kg of fuel (MJ)

advantages is that it is extremely  gown coal 9.7
efficient in terms of the amount of Firewood 16
energy that you get from a small “g_- " 30
amount of uranium fuel. One

¢ . d Natural gas 39
tonne 0h urgmumdprodubces more; Crude oil 16
energy than is produced by severa Uranium (light water reactor) 500 000

million tonnes of coal or several
million barrels of oil. The table at
right shows the typical heat values
of various fuels.

Note: 1 MJ = 1 million joules

6.6.7 The arguments against nuclear energy
Cost

While nuclear fuel and its efficiency make it more competitively priced than fossil fuels, the costs of
building a nuclear reactor are much higher than those involved in coal-burning power stations, especially as
the safety measures that must be incorporated into their design make them more expensive.

Safety concerns

Undoubtedly, the biggest concern of most people is with regard to the safety of nuclear reactors. This
concern is difficult to dismiss in light of the widely reported mishaps at Three Mile Island in 1979, Cher-
nobyl in 1986 and Fukushima in 2011. The Chernobyl and Fukushima nuclear disasters are described in
subtopic 6.7.

Accidents at nuclear facilities releasing deadly radiation into the atmosphere or water can affect
whole regions. The background radiation levels in Europe, Africa and Asia were all increased by the
radiation released from Chernobyl. Technical and operator faults were responsible for the Three Mile
Island and Chernobyl incidents, while the Fukushima disaster was initiated by an earthquake and a
tsunami. Other potential threats to the safe operation of nuclear reactors include terrorism, sabotage or
even cyberattack.

The hazards of uranium

Radioactive material makes its way into air, water, soil, food, animals and human tissue. Uranium releases
radioactive radon gas into the atmosphere when it is mined and milled. This radioactive gas returns to Earth
as rain, contaminating soil and water. The solid radioactive wastes from mining, called tailings, can infil-
trate through the soil and into the ground water or are dispersed into the environment by wind.

Nuclear waste management

The average nuclear reactor produces around 25 tonnes or so of spent fuel each year it is in operation.
This waste is highly radioactive and gives off a great deal of heat. While most of this waste can be repro-
cessed for reuse, it must be stored until this can be done. Many methods of storing or disposing of this
waste have been used including storage in steel or concrete containers that are then buried in deep dis-
used mineshafts or in isolated areas, and vitrification, where liquid radioactive waste is mixed with glass
and poured into steel drums. The steel drums are then dug deep into the ground or under the sea floor.
However, none of these has yet proved satisfactory due to the risk of leakage and subsequent damage to
the environment.
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Vitrification process
Pretreatment 4

plant The molten material
is then poured
into large stainless

1 E\__
At thg WTP .Pretreatnjent steel containers /

Facility, liquid waste is or canisters and
@ returned to a solid
______________ state by cooling for

streams — high-level waste tank
and low-activity
radioactive waste.

separated into two Underground
several days.

> S
2 Slllca : Silica
Waste is prepared for the w
vitrification process by High-level Low-activity 5 ‘ .
mixing it with silica and other radioactive radioactive The containers and canisters
glass-forming material to waste waste are sealed and decontaminated.

form a slurry material.

3

The mixtures are fed into

high-temperature melters N )
where they are heated with
an electrical current for

several days to form a High-temperature

molten glass.
melters

6

The low-activity radioactive waste
containers are stored in a lined trench

on site. The high-level radioactive waste
canisters are stored until shipped to a federal
facility for permanent disposal.

HOW ABOUT THAT!

Yummy — nuclear waste!

The strange green things in this photo are Geobacter metallireducens, a species
of anaerobic bacteria that use metals to produce energy in the same way that
humans use oxygen. These bacteria are hardy enough to survive in radioactive
environments and they are able to convert soluble uranium waste, which can
leach out of storage containers and contaminate water supplies, into a solid
form which is easier to dispose of safely. Other helpful species of Geobacter
being studied can remove petroleum contamination from polluted water and
convert waste organic matter to electricity.

6.6 Exercise: Remember and think

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember

. Write down two advantages and two disadvantages of nuclear power stations.
. Explain the difference between nuclear fission and nuclear fusion.

. What type of reaction is happening in the sun?

. How are nuclear reactions different from chemical reactions?

. Explain briefly how a nuclear power station generates electricity.

OB~ WN =2
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6. Describe the nature of nuclear waste.
7. Explain how radioactive waste can affect people via its effect on the environment.
8. Describe some technological solutions to the disposal of nuclear wastes.

Think

9. Some people have suggested sending all of the nuclear waste into the sun by rocket to get rid of it. Is this a
good idea? Explain your answer.
10. Nuclear submarines have two big advantages over conventional diesel submarines. What are they?

Investigate

11. Research the following types of nuclear reactors and find out: (a) what they are built from (b) what fuel rods
and control rods are (c) what type of nuclear reaction occurs in the reactor (d) how the reactor is kept cool
(e) how electricity is generated (f) what kinds of safety features are used.

Create

12. Imagine that you have been asked to design a series of signs to be placed around a nuclear waste site
somewhere in the desert warning of its danger. However, you’ve been asked to do this in the form of a
picture rather than using words on the basis that the nature of the hazard needs to be understood by
anyone — including those who can’t read or who have no idea what nuclear waste is! Design a sign that
fulfils these criteria.

Iearn Resources

Watch this eLesson: Australia’s nuclear future (eles-1075)

Complete this digital doc: Worksheet 6.1: The sun and nuclear fusion (doc-12770)

0./ The dark side of radiation

While nuclear technologies such as radiotherapy and generation of electricity are beneficial to society as a
whole, there is no doubt that nuclear technology is very much a two-edged sword as Chernobyl, Fukushima,
Hiroshima and Nagasaki remind us.

6.7.1 When reactors go wrong

Like any other piece of complex technology, a nuclear reactor can work safely only if its many indi-
vidual systems are functioning smoothly and efficiently. They must be well-maintained and well-managed
by highly trained personnel. Unfortunately, in many cases the flaws of a nuclear reactor’s design are not
spotted until it is too late.

6.7.2 Chernobyl 1986

Reactor 4 was an old design that used graphite moderators, used water as a coolant and had no radiation
containment shields around the reactor cores. On 25 April 1986, Reactor 4 at Chernobyl was scheduled to
be shut down for routine maintenance. Due to a series of operational errors, nearly all of the control rods
were withdrawn from the core to compensate for a power loss. This caused the reactor to become rapidly
unstable and fission started to occur too quickly. While an attempt was made to fully insert all of the con-
trol rods (absorbing all of the neutrons in the core and stopping the fission reaction), a reaction with the
graphite tips of the control rods suddenly caused an uncontrollable power surge in the reactor. In 4 seconds,
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the power rocketed up to 100 times its normal value and
the reactor core reached 5000 °C (about the same temper-
ature as the surface of the sun), causing some of the fuel
rods to rupture. The hot fuel particles hit the cooler water
and caused a steam explosion that destroyed the reactor
core. The graphite core caught fire and, because it had no
containment shield, some of the vaporised radioactive fuel
went into the atmosphere.

While only two people were killed in the original explo-
sion, three others died during the night and fifty emer-
gency workers died from acute radiation poisoning. Since
the accident, the rate of thyroid cancer in children has been
ten times higher in the region around Chernobyl and, of
the 600000 people contaminated by radiation, 4000 have
died from long-term cancers.

6.7.3 Fukushima 2011

The Fukushima Daiichi nuclear disaster was caused by a
series of unlucky events occurring one after another. On
11 March 2011 a massive earthquake occurred
off the coast of Honshu (the main island of Japan)
leaving the Fukushima nuclear reactor complex
relatively unharmed but reliant on its back-up

The remains of Reactor 4 after the explosion

Map showing the amount of radiation absorbed per
hour at ground level around Fukushima six weeks after

generators. Unfortunately, the earthquake caused the melt-down

a tsunami that struck the coast of Honshu less
than an hour later, killing more than 19000
people and destroying over 1000000 buildings.
The reactors at Fukushima Daiichi were flooded
by the 15 m high tsunami, disabling 12 of the 13
back-up generators as well as the heat exchangers
that released waste heat into the sea. Without
power, the circulation of water coolant around

Yonezawa

the reactor cores ceased, causing them to become

so hot that much of the coolant water was boiled

Ground level dose rate
(uSv/hr) normalised to ~
April 29, 2011

" Ml1991  1.0-1.9
Kinimil 9.5-95 [ <1.0

Shinchi 3.8-9.5  No aerial
2" ' 1.9-38 data S

X Fukushima
Daiichi

~ ©

“ \
off. The heat became high enough to melt the fuel kY \
rods in reactors 1, 2 and 3 (this is referred to as ‘ X R

. .
a meltdown). A reaction between the cladding of A
the melted fuel rods and the remaining coolant e ‘: )
water produced hydrogen gas that exploded when o ,
mixed with the air. This threw nuclear material up PR
into the atmosphere. More than 160000 people
had to be evacuated from the area for fear of |
radiation. While three employees at the Daiichi 24 <
- P 60*

plants were killed directly by the earthquake and
tsunami, there were no fatalities from the nuclear
accident.

6.7.4 Nuclear weapons

Kitaibaraki

There are at least 30000 nuclear weapons in the world today, enough to obliterate life from the face of the planet.
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Fission bombs

As you’ll recall from subtopic 6.6, a chain reaction occurs when slow neutrons strike a uranium-235
nucleus, causing it to break into smaller nuclei, releasing energy, radiation and more neutrons which, in
turn, strike more uranium nuclei and so on. Nuclear reactors utilise a controlled chain reaction where the
number of neutrons available to fission the uranium nuclei is manipulated to ensure that energy is released
at a steady rate. Fission bombs (also called atom bombs or A bombs), on the other hand, rely on uncon-
trolled chain reactions in unstable radioactive materials. In an uncontrolled chain reaction, all of the
released neutrons cause further reactions, releasing devastating amounts of energy (mainly in the form of
heat and light) and radiation.

An uncontrolled chain reaction can occur only if the amount of radioactive material is over a certain
mass — this is called the critical mass. The more fissionable the material, the smaller the critical mass will
be. For example, the critical mass of enriched uranium ore in which 97 per cent of the uranium atoms are fis-
sionable uranium-235 is about 15 kg. Uranium that is 15 per cent uranium-235 has a critical mass of 400 kg.

If you wanted to cause an uncontrolled chain reaction in naturally occurring uranium ore (which is made
up of less than 1% of uranium-235) you would need more uranium than there is in the whole world!

Structure of a fission bomb (a) This implosion bomb uses plutonium-239 as its
Fission bombs use lumps of fissionable mate- energy source. It is similar to the bomb code-named Fat
. . . . Man that was dropped on Nagasaki on 9 August 1945.

rial such as uranium or plutonium. Each lump is . . .

o ) (b) This gun-style bomb uses enriched uranium-235 and
smaller than the critical mass. The fission bomb is similar to the bomb code-named Little Boy that was
works by bringing two or three of these subcritical dropped on Hiroshima on 6 August 1945.

masses together, usually using an explosive charge.
When the masses are combined, the mass exceeds
the critical mass, causing a nuclear explosion.

Fusion bombs

Fusion bombs (also known as hydrogen bombs or
H bombs) detonate in two stages. The first stage
involves the explosion of a small fission bomb
that creates the necessary high temperatures and
the second stage occurs when the superheated
hydrogen nuclei combine.

INVESTIGATION 6.2

Modelling critical mass

AIM: To model how nuclear reactions can become critical
You will need:

40 marbles

a metre ruler
chalk

¢ Draw up a data table like the one shown at right. Circle radius (cm) Number of collisions
[ ]

Find a flat area where you can draw a chalk circle

(outside on concrete is a good idea). Be careful that 50
no-one slips on escaped marbles! 40
e Use the metre ruler and the chalk to draw a circle on 30
the ground. The circle should have a radius of about 20
50 cm. 10
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¢ Place 39 of the marbles evenly throughout the area of the circle.

¢ Place a single marble just outside the edge of the circle and shoot it into the marbles in the circle. Count the
total number of marbles that were involved in one or more collisions. Enter this value into your data table.

¢ Repeat this procedure for circles that have radii of 40 cm, 30 cm, 20 cm and 10 cm.

Discussion

1. What circle radius gave the most collisions?

2. What relationship did you find between the circle radius and the number of marble collisions?

3. Each circle had the same number of marbles spread evenly over its area. In which circle were the marbles most
densely packed (closest together)?

4. The total circle area represents the amount of uranium in a sample, while the areas covered by each marble
represent the uranium-235 in the sample. In which circle did the marbles cover the biggest fraction of the total
area? (This represents the richness of the sample.)

5. Each marble collision represents the fission of one of the uranium-235 nuclei. How did the richness of the
sample circles affect the number of fission reactions/collisions?

6. Is it more likely for chain reactions to occur in samples with a high richness or a low richness? Explain.

6.7.5 Effects of nuclear weapons

When nuclear weapons are detonated, enormous amounts of heat and radiation spread out from the centre
of the blast (known as ground zero) in what is called a thermal flash. This radiation forms a fireball which
generates the distinctive mushroom cloud associated with nuclear weapons. The fireball from the Hiroshima
bomb formed a fireball 7 km across.
At locations close to ground zero,

Radiation burns on the back and arm of a victim of the Nagasaki
most substances were melted or

nuclear explosion. Darker areas of clothing produced more heat
burned and organic matter (including and led to burning of the skin in the shape of the fabric pattern.

people) was vaporised. People up to
50 km away received serious burns
and those who looked directly at the
flash were blinded.

After the initial blast, the vapori-
sation of particles close to the blast
causes an implosion of air from fur-
ther out. When these inrushing air
particles collide, they cause a high
pressure shock wave to spread out-
wards at speeds of up to 3000 km/h.
This shock wave causes the destruc-
tion of buildings, blowing them out-
wards from the centre of the blast.

The detonation of nuclear devices
releases large amounts of radiation in

RS o

- ST

the form of gamma rays which cause
very strong electromagnetic fields to
form and then collapse. These elec-
tromagnetic fields can burn out elec-
trical and electronic systems including
computer networks and power grids,

TOPIC 6 Radioactivity: a two-edged sword 251



and even disrupt the electrical systems . ) o
Atomic bomb destruction, Hiroshima, Japan. Around

tha.t control cars, planes an.d Weellponr?/. 90 per cent of the buildings were destroyed, with only a few
This burst of electromagnetic activity is concrete-reinforced buildings surviving. Some 70 000 people
called an electromagnetic pulse. died instantly, with tens of thousands more dying in the

The most devastating effects for sur- aftermath.
vivors are due to radiation exposure.
As we saw earlier in this topic, large
amounts of radiation, as would be expe-
rienced by those closest to the blast,
would be fatal with the level of exposure
reducing with increasing distance from
ground zero. The DNA in a survivor’s
cells can be damaged, leading to cancer,
leukaemia and immune system collapse
later in life, while damaged DNA in the
sex cells means that their children and
even grandchildren may suffer mental
or physical defects.

The radioactive nuclei formed during
the nuclear reactions as well as tonnes
of irradiated dust are blasted high into
the atmosphere during detonation and the formation of the mushroom cloud. In the weeks following the
nuclear explosion, these come back down to Earth as nuclear fallout. This radioactive fallout increases the
background radiation for many years where it comes down, so people in the fallout zones are exposed to
higher radiation levels with damaging effects.

radioactive iodine The diagram below shows parts of the
3 (iodine-131) moves from body targeted by specific radioactive
the ground to a cow. The isotopes likely to be
radioactive iodine enters \ \\ present in the fallout from
the cow’s milk (in a Chernobyl. The risk, in all
: concentrated form) . . . cases, is that of cancer in
the targeted organ or in
related tissue.

utent

od chain when
* solid radioactive
contaminants fall into
bodies of water and
onto the soil.

Lungs: krypton 85
Bone: strontium 90
and yttrium 90
Kidneys:
ruthenium 106
Ovaries: iodine-131%,
ruthenium 106
and caesium 137*
Muscle:
caesium 137~

The contaminants are
taken in by plants and
animals, becoming
more concentrated
as they move up

the food chain.
In humans, the
contaminants
move to target
organs,
delivering large,
close-range
doses of
radiation. For
example. ..

and travels to the thyroid
gland of a human, where
it increases the risk
of cancer.

*These isotopes
were detected
by Swedish
monitors early in
the week after the
Chernobyl disaster.
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6.7 Exercise: Remember and think

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember

1. What nuclear reaction is used in nuclear power stations?

2. Describe radioactive fallout.

3. Explain how the Chernobyl nuclear accident occurred.

4. Define the following terms: (a) melt-down (b) critical mass (c) electromagnetic pulse (d) ground zero
5. Describe the short-term and long-term effects of an atomic explosion.

Think

6. Why did the incidence of leukaemia increase among young children rather than adults after Chernobyl!?
7. After the Fukushima disaster, people who may have been in the area may have been exposed to radioactive
iodine. Why would these people have a higher chance of developing thyroid cancer?
8. Explain why nuclear energy is described by some as ‘a blessing and a curse’.
9. Why don’t the uranium deposits in the Earth’s crust undergo a chain reaction?
10. Is it possible for nuclear reactors to explode like atomic bombs? Explain.
11. One of the problems that led to the disaster at the Chernobyl nuclear reactor was due to the fact that the
control rods could not be inserted into the reactor. Why would this have been a problem?

Investigate

12. Find out how a Geiger counter is able to measure the amount of radiation in a location.

13. Create a report on the accident at Chernobyl, Fukushima or Three Mile Island, explaining
(@) how the accident affected the workers at the power plant and the surrounding towns and villages
(b) the attempts made to reduce or control the

damage caused by the radiation

(c) the long-term effects of the accident.

14. Suppose you have been asked to write a
report to discuss the following proposal:
The use of radioactive elements should be 2.7 kilometres
banned in Australia. Give both sides of the
argument, but present a conclusion for or
against the proposal. You should also search 0.9.metres
the internet using keywords such as uranium,
radiation, mining, nuclear and waste to find
other useful sites.

Atomic bomb damage of Hiroshima

\s
3.6 kilometres

- 4/.
Hiroshima

Using data

15. The map and table shown at right indicate
the distribution of deaths and injuries caused
by the Hiroshima bombing.

(@) Use this information to determine:
(i) original population of Hiroshima before

Fire and blast damage|

the bombing Blast damage only
(i) number of people killed who were Z
within 1 km of ground zero. Distance from : . :
(b) As you would expect, the number of ground zero (km) Killed Injured Population
people killed gets smaller the further 0-1.0 26 700 (86%) | 3000 (10%) 31200
from ground zero that they were located. 1.0-2.5 39 600 (27%) | 53 000 (37%) 114 800
What explanations can you give that the 2.5-5.0 1700 (86%) | 20 000 (25%) 80 300
percentage wounded doesn’t follow the — 68 000 (27%) | 76 000 (30%) | 256 300

same pattern?
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0.8 Review
6.8.1 History of radioactivity

investigate the contribution of scientists such as Henri Becquerel, Marie and Pierre Curie, and

Lord Rutherford to the development of the model of the structure of the atom and radioactivity 6.2
* describe the impact of the discovery of radioactivity and the subsequent development of
nuclear technology on the course of history 6.2, 6.5
» explain how radioisotopes are used in nuclear reactors, radiometric dating, the treatment
of cancer, medical diagnosis and food preservation 6.3
» examine the risks associated with radioactivity 6.7
6.8.2 Radioisotopes
* associate different isotopes of elements with the number of neutrons in the nucleus 6.3
* explain why, in terms of the stability of the nucleus, some isotopes are radioactive while
others are not 6.3
* represent isotopes correctly in both symbols and words 6.3
6.8.3 Nuclear radiation
* describe the characteristics of alpha, beta and gamma radiation, including penetrating power 6.4
* identify the main sources of background radiation 6.4
* define the half-life of radioisotopes 6.4
* explain how the known half-life of some radioisotopes can be used to determine the age of rocks,
fossils and ancient artefacts 6.5
* describe the effects of radiation on survivors of Hiroshima and Nagasaki 6.4
6.8.4 Energy from atoms
* describe the use of nuclear fission reactions in nuclear reactors 6.6
» explain why not all radioactive elements are suitable for use in nuclear reactors 6.6
* describe the events that led to the accidents at Chernobyl and Fukushima 6.7
* compare and contrast fission and fusion reactions 6.7
* explain how nuclear reactions differ from chemical reactions 6.7
* identify the two methods used to create a critical mass in nuclear weapons. 6.7
Individual pathways
Bl ACTIVITY 6.1 Bl ACTIVITY 6.2 Bl ACTIVITY 6.3
Revising radioactivity Investigating radioactivity Investigating radioactivity further
doc-10651 doc-10652 doc-10653
learn
>
c
5

Explain why nuclear energy is described by some as ‘a blessing and a curse’.
Access more details about focus activities for this topic in the Resources tab (doc-10650).
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6.8 Review 1: Looking back

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers mayvary slightly.

1.

What do the following terms mean: enrichment, radiation, chain reaction?

2. Explain the function of each of these components of a nuclear reactor:

0 N O O

10.
11.

12.

13.

14.

15.

16.
17.

18.

19.

(@) coolant
(b) control rods
(c) moderator.

. Why is graphite rarely used as a moderator material in Western countries?
. Uranium-235 has an atomic mass of 235 and an atomic number of 92.

(@) How many protons

(b) neutrons

(c) nucleons does it have?

(d) Why is uranium-235 more fissionable than uranium-2387?

. Describe the three main types of radiation and their penetrating power.

. How do control rods allow the fission rate in a reactor to be manipulated?

. Explain why a 2 kg lump of uranium-235 could not be made to explode like an atom bomb.

. Determine how many X-rays you would need to have in a short period of time before you developed any

acute symptoms of radiation poisoning.

. It has been found that crews of international passenger jets develop cancers at a slightly higher rate than

people in many other professions. Why do you think this is the case?

How does a controlled chain reaction differ from an uncontrolled chain reaction?

Imagine that it has been decided that a nuclear power station will be built in Queensland. Suggest possible

locations for the site as well as a place to store the waste and justify your choices.

It has been suggested that a good way to dispose of nuclear waste would be to load it onto a rocket and

send it into the sun. Do you think that this would work? Explain your answer.

The hydrogen atom exists as three different isotopes.

(@) How are the atoms of each isotope different from the others?

(b) Identify two features of the hydrogen atom that are the same for each of the three isotopes.

Alpha particles are helium nuclei containing two protons and two neutrons.

(@) What is the electric charge of an alpha particle?

(b) How does the mass and size of an alpha particle compare with the mass and size of a beta particle?

(c) Suggest why alpha particles are easily stopped by human skin while beta particles are not.

(d) Which type of radiation from the nucleus is more penetrating than either alpha or beta particles?

Why is radiation therapy able to be used in the treatment of cancerous tumours when radiation is able to

cause cancer?

Which type of nuclear radiation travels at the speed of light?

Where does most of the natural background radiation that we

experience every day come from?

Radioisotopes have many uses.

(@) What property of radioisotopes makes them useful?

(b) Describe some of the beneficial uses of radioisotopes.

(c) Some radioisotopes are considered highly dangerous even
after thousands of years. Why?

Two isotopes of the element carbon found naturally on Earth

are carbon-12 and carbon-14.

(@) How is every atom of carbon-14 different from every atom
of carbon-127?

(b) What features and properties do carbon-14 and carbon-12
have in common?

(c) Which of the two carbon isotopes is stable?
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20.

21.

22.

23.

24.

25.

26.

27.

28.

20.

30.

31.
32.

The half-life of strontium-90 is 28 years. If a 400 g sample of strontium-90 was left to decay, how many

grams of the sample would be left after:

(@) 28 years

(b) 56 years

(c) 84 years?

Estimate the half-life of the isotope

whose decay is shown in the graph at

right.

Explain how it is possible to use

carbon-14 to determine the age of a

dead plant found embedded in rock.

How did the Curies know that there was

an unknown element apart from uranium

in pitchblende?

The total number of protons and

neutrons in the nucleus is known as the
number.

Tritium is an isotope of .

Nuclear power stations produce energy

from the of uranium-238.

Smoke alarms contain a radioactive

isotope that produces

particles.

Of the three main types of radiation,
radiation is the most

dangerous.

Americium-241 has a of

432 years.

How many protons and neutrons does

hydrogen-3, ?H have?

What is the mass number of IGZC?

Explain what is happening in the diagram at right.

Test yourself

1.

The half-life of an isotope is the

(A) mass of the isotope that will decay over a year.

Percentage of isotope remaining

100 7

(B) time taken for an isotope to cease being radioactive.
(C) period taken for half of its particles to decay.

(D) half the mass of an isotope in kilograms.
. Which of the following isotopes is used in the diagnosis of

thyroid tumours?
(A) Cobalt-60
(B) lodine-131
(C) Barium-137
(D) Thallium-201

(A) stone axe head

(B) dinosaur bone

(C) medieval manuscript

(D) early 20th century teacup

(A) To store used nuclear fuel.

(B) To absorb neutrons.

(C) To keep the core cool.

(D) To deflect neutrons back into the core.

75 7]
50 7
25 7
0 T T T >
0 2 4 6 8
Time (hours)
Neutron — yn
Krypton l
. — Uranium-235
BarlumFQ) Jn /
products w/n n
»)/ \)
(1 mark) \;A/ \
A
oL 4o
A% WA
(1 mark) // /XJ

. Which of the following could be dated using Carbon-14?

. What is the purpose of the control rods in a nuclear reactor?

(1 mark)

(1 mark)
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5. Which of these isotopes is stable?
(A) Carbon-12
(B) Nitrogen-13
(C) Hydrogen-3
(D) Uranium-235 (1 mark)

Ieal‘n Resources — ONLINE ONLY

Complete this digital doc: Worksheet 6.2: Radioactivity: puzzles (doc-12771)

Complete this digital doc: Worksheet 6.3: Radioactivity: summary (doc-12772)
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TOPIC 7
Chemical reactions

/1 Overview

Numerous videos and interactivities

. A glow stick produces light as a result of a chemical reaction
are embedded just where you need 9 P N

) i ) between the substances inside the stick and its interior capsule.
them, at the point of learning, in your The energy released in the reaction causes the coloured
learnON title at www.jacplus.com. fluorescent dye to glow.

au. They will help you to learn the
content and concepts covered in this
topic.

7.1.1 Why learn this?

Did you realise that your life is full of
chemical reactions? Useful materials
such as cloth, paper, ink, ceramics,
metals and polymers are all products
of chemical reactions. Chemical reac-
tions occur in the cooking and diges-
tion of your food, and they must occur
in all the cells of your body to sustain
life. Medicines help cure illness by
affecting the chemical reactions in
your body. Even everyday occurrences — the rusting of an old car, the burning fire of the barbeque and the
fizzing of a bath bomb — are the result of chemical compounds interacting.

LEARNING SEQUENCE

7.1 Overview 258
7.2 Describing chemical reactions 260
7.3 The language of chemical equations 263
7.4 Hot and cold changes 266
7.5 Acids and bases 271
7.6 Salty substances 277
7.7 Precipitation reactions 280
7.8 Metal displacement reactions 283
7.9 Reactions everywhere! 285
7.10 Seeing the light! 289
7.11 Taking care with chemicals 292
712 Project: ChemQuiz! 297
7.13 Review 298
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The chemistry of eating

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Preparing, eating and digesting food all involve chemical reactions, many of which you already know about.
Answer the following questions to find out what you already know about these important chemical reactions.
1. All of the food that we eat — including meat — begins with the growth of plants.

(@) What is the name of the chemical reaction that produces the glucose that plants produce?

(b) Which form of energy is necessary to allow this chemical reaction to take place?

2. The baking of bread makes use of a chemical reaction involving
yeast and sugar. The same type of reaction is used in brewing to
produce alcohol.

(@) What is the name of this chemical reaction?

(b) One of the products of this chemical reaction causes bread
to rise while it is being baked. What is the name of this
product? (Clue: It’s a gas.)

3. The chemical digestion of food occurs when chemicals in your
body react with the food.

(@) What name is given to the chemicals that speed up these
chemical reactions?

(b) Much of the food that you eat is broken down into glucose,
which takes part in a chemical reaction that occurs in every
single cell of your body. What is the name of this chemical
reaction, which releases useful energy?

4. Overeating can make your stomach produce too much acid.

(@) Which type of substance is contained in the products that
can be taken to reduce the discomfort and pain caused by
the extra acid?

(b) What is the name of the chemical reaction that provides you with relief from the effects of the extra acid?

Evidence of chemical reactions

1. Consider the following everyday changes:

A silver bracelet will tarnish and become black

A cake rises in an oven as it is cooked

Butter melts when left out on a counter

A candle burns

A bath bomb fizzes when it is added to the water in a

bathtub

Instant coffee dissolves when you add water to it

Condensed milk heated in a pan until it forms caramel.

(@) Which of these changes do you think are chemical
reactions?

(b) For each of the changes you selected in (a), what evidence indicates that a chemical reaction has occurred?

(c) How is a chemical reaction different to a physical change?

(d) Give three examples of chemical reactions that you encounter in the bathroom.

Inside chemical reactions 4 hydrogen 2 oxygen 4 water
. . molecules molecules molecules
Chemical reactions take place when the bonds

between atoms are broken and new bonds are ©0 °H° OH &
formed, creating a new arrangement of atoms + ot H\—\H 0&\*0
and therefore at least one new substance. ee S \xé

1. Explain what happens to the chemical bonds

during the chemical reaction between oxygen Element Element Mixture of  Lighted splint Compound
and hydrogen as illustrated in the diagram at IS S eb e sek

right chemical reaction

ight.
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(.2 Describing chemical reactions
7.2.1 Chemistry word equations

Chemical reactions occur when the bonds between atoms are broken and new bonds are formed creating
new combinations of atoms. In fact, once a new substance has been formed it is signalled by observable
changes — a change in temperature or colour, the formation of a precipitate or a gas, perhaps even just a
different smell being given off. So when you stick some sherbet in your mouth and you feel it fizzing on
your tongue, or smell the exhaust fumes from a passing car, you are observing evidence that a chemical
reaction has taken place.

You may recall from your previous studies that chemical reactions can be communicated in the form of
a chemical equation. The substances that react together are called the reactants while the new substances
that are formed are called the products.

Chemical equations are written so that the reactants are shown first and are separated by a plus sign (+).
The reaction itself is represented by an arrow that points to the products of the reaction (—). The products
are also separated by plus signs.

For example, when hydrogen gas is added to oxygen gas and ignited, a new substance, water, is formed.
We can represent this in the form of a word equation as shown:

hydrogen gas + oxygen gas heal water

In any chemical reac- Magnesium Magnesium chloride
tion, the bonds between the atom
atoms of the reactants have
been broken and new bonds
formed. In the case of the
reaction between hydrogen
and oxygen, the covalent +
bonds between the hydrogen
atoms that make up hydrogen
gas molecules and the cova-
lent bonds between the
oxygen atoms that make up
oxygen gas molecules have
been broken; the hydrogen
and oxygen atoms have then formed new covalent bonds between them to form water molecules. (Note:
To brush up on bonds, go back to topic 5.)

Notice that the same atoms are present in both the reactants and the products; that is, no new
atoms have been introduced during the reaction. The atoms that were present at the beginning of the
reaction are still the same ones present at the end. The reaction has simply been a rearrangement of
the atoms.

No doubt all of this seems pretty obvious to you, but when the basic mechanics
of chemical reactions were first proposed over 200 years ago, this was all very
revolutionary.

Old bonds broken
and new ones formed

Hydrogen
Hydrogen chloride molecules molecule

A burning question

In the eighteenth century, Antoine-Laurent Lavoisier provided the evidence on
which these ideas are based. He first considered the way in which a candle seems
to disappear as it burns. He did a series of experiments in which he captured all
of the gases and soot produced as the candle burned and added their mass to the
remaining mass of the candle and melted wax. Lavoisier found that the mass of all
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of the products produced during the candle’s burning was equal to the mass of the original candle. Lavois-
ier’s ideas led to the development of the Law of Conservation of Mass, which states that matter can be
neither created nor destroyed during a chemical reaction.

Lavoisier also provided evidence for the Law of Constant Proportions, which states that a compound, no
matter how it is formed, always contains the same relative amounts of each element.

For example, carbon dioxide (CO,) always contains the same

. A carbon dioxide molecule always

proportion of carbon and oxygen — about 3 grams of carbon for contains one carbon atom (black)
every 8 grams of oxygen. It does not matter whether the carbon and two oxygen atoms (red).
dioxide forms from the reaction of sherbet in your mouth, or
from the reaction in the engine of a motorcycle, this proportion
is fixed because every molecule of CO, is formed when one
carbon atom bonds with two oxygen atoms. This law helped to
shape our understanding of the way atoms bond together.

Kick-starting reactions

Simply placing two chemicals together does not always mean they will react. For example, hydrogen and
oxygen react violently, yet a mixture of these two gases can be stored indefinitely if kept cool in a secure
container. Energy must be supplied to start these reactions. Sometimes only a small amount of energy is
needed to start (or initiate) the reaction. Heat transferred from the surroundings may be enough. Energy
may also need to be supplied by an electric current, a beam of light or a Bunsen burner flame. This energy
is needed to begin the process of breaking the bonds in the reactants, which allows the atoms to rearrange
themselves and form new bonds in the products.
In this case, the word equation is modified to show the word ‘heat’ written over the reaction arrow:

hydrogen + oxygen heat water

INVESTIGATION 7.1

Conserve that mass!
AIM: To carry out a quantitative experiment that demonstrates the Law of Conservation of Mass

You will need:

safety glasses

250 mL conical flask

4 Alka-Seltzer tablets

1 balloon

matches

an electronic balance

100 mL measuring cylinder
water

CAUTION: Wear safety glasses.

¢ Place the conical flask on the balance and pour in approximately 100 mL of water.

¢ Place two tablets alongside the conical flask and record the total mass.

¢ Remove the flask from the balance and drop the tablets into the water. When the reaction is complete, weigh
the flask and record the mass.

¢ Rinse out the flask thoroughly and again add approximately 100 mL of water.

¢ Place two tablets and a balloon alongside the conical flask and record the total mass.

e Remove the flask from the balance and drop the tablets into the water. Quickly place the balloon on the
flask.

¢ When the reaction is complete, weigh the flask and record the mass. Do not remove the balloon.

e After you have recorded the mass, remove the balloon. Light a match and test the gas. Record your
observations.
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Discussion

1. Describe what happened during the reaction.

2. Which gas do you think filled the balloon?

3. Comment on your results of the total mass before and after each reaction. Explain your answer.
4. Why do you think it took a long time for the Law of Conservation of Mass to be developed?

HOW ABOUT THAT!

In 1937, a hydrogen-filled airship called the Hindenburg exploded
violently while docking at a refuelling tower. Until recently, it was believed
that hydrogen was the cause of the disaster — hydrogen and oxygen
react explosively when ignited by a spark. However, scientists now claim
that it was, in fact, the flammable aluminium-coated skin of the airship
and a stray spark that were to blame. Use the Hindenburg weblink in
your Resources section to listen to reporter Herb Morrison’s eyewitness
account of the Hindenburg explosion.

7.2 Exercise: Remember and think

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Recall the name for chemicals that: (a) combine in a reaction; (b) are formed in a chemical reaction.
2. Describe what happens to the atoms in substances that take part in chemical reactions.
3. State the Law of Conservation of Mass and explain in your own words what it means.
4. Recall the Law of Constant Proportions.
5. Energy can be required to start a reaction. Recall three possible sources of this energy.

Think

6. A piece of paper is weighed on an accurate balance, and then burnt, leaving a pile of ashes. The ashes are
collected and weighed on the same balance. Would you expect the mass of the ashes to be the same as
the mass of the paper before it was burnt? Explain your answer in terms of the products produced.

7. Explain how, when a piece of steel wool burns, the mass of the blackened material is greater than the
original mass of the steel wool.

8. When a piece of sodium metal is added to a trough of cold water, a
rapid and energetic reaction occurs.

(@) Explain where the energy to initiate the reaction comes from.
(b) Is energy absorbed or released in this reaction?
9. A chemical reaction is described by the following word equation:

sodium sulfate + barium chloride —
barium sulfate + sodium

Identify the name of the second product. i _ A ,\

10. The picture at right shows what happens when you add lead nitrate . ‘\
(which is colourless) to potassium iodide (which is also colourless).
Explain where the yellow substance came from.

Investigate

11. Find out more about Antoine-Laurent Lavoisier, his work and why he
lost his head during the French Revolution.

learn RESOURCES

Explore more with this weblink: Hindenburg
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7.3 The language of chemical equations
7.3.1 Writing chemical equations

In order to communicate, people need to speak a common language. Chemists also use a common language
to communicate with each other — a chemical language made up of chemical equations instead of sen-
tences and chemical formulae in place of words!

In topic 5, we learned how to write chemical formulae for ionic and covalent compounds. These chem-
ical formulae indicate the numbers of atoms of each element present in a particular compound.

The chemical formulae of compounds obey the Law of Constant Proportions. That is, every compound
has a fixed relative number of each type of atom. For example, all pure water (H,O) has two hydrogen
atoms for every oxygen atom. Sodium chloride (NaCl) has one sodium atom for each chlorine atom. The
formula for copper sulfate is CuSO, because for every copper atom there is one sulfur atom and four
oxygen atoms.

So far, we have just used word equations to describe chemical reactions. Now, we will move on to using
the appropriate chemical formulae for the reactants and the products in a chemical equation.

Writing equations involves some simple mathematics and a knowledge of chemical formulae. Chemical
equations are set out in the same way as word equations, with the reactants to the left of the arrow and
products to the right of the arrow. However, they are different from word equations in three ways:

1. formulae are used to represent the chemicals involved

2. the physical states of the chemicals are often included

3. numbers are written in front of the formulae in order to balance the numbers of atoms on each side of
the equation.

There are a few rules to observe in this game of balancing equations. They are described below with
a worked example of the explosive reaction between hydrogen gas and oxygen gas. Make sure you read
through the rules very carefully before you play the game.

GAME RULES
GAME RULE 1. Know your products

The products of a reaction must be known from either observation or reliable sources (such as chemists) to
tell us the products. For example, it is well known that the product of the reaction between hydrogen gas and
oxygen gas is water vapour (gas).

GAME RULE 2. Know your formulae

You need to know the formulae of all the reactants and products. For example:

¢ formula of hydrogen gas H,

e formula of oxygen gas O,

e formula of water vapour H,O.

Remember! Because each substance has only one correct chemical formula, it cannot be changed by altering
the subscript numbers.

GAME RULE 3. Write down the formulae
The formulae must be written according to the word equation, with reactants on the left-hand side of the arrow
and products on the right-hand side.

H2 + 02 - H20
GAME RULE 4. Balance the numbers of atoms

First, make a list of the elements present in the formulae under the heading ‘Element’, as shown on the next
page. Then count up how many atoms are represented by the formula of each element under the headings
‘Reactants’ and ‘Products’.
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Element Reactants Products

H 2 2 '?
+
0] 2 1

™ : o

You can see that there are not enough oxygen
atoms on the product side of the equation. The only
way this can be adjusted is by writing numbers in front of the chemical formulae. When we write a number in front
of a formula, it multiplies all the atoms in that formula. Let’s increase the number of oxygen atoms on the product
side by placing a 2 in front of the formula for water.
H, + O, — 2H,0

Recounting the atoms we find:

Element Reactants Products

H 2 4 .
0 2 2 )
+ >
The oxygen atoms are now balanced, but the

hydrogen atoms are not. Let’s try writing a 2 in
front of hydrogen’s formula on the reactant side to 3
increase the number of hydrogen atoms.

2H, + O, — 2H,0
Counting the atoms again we find:

Element Reactants Products
H 4 4
(0] 2 2

The numbers of each of the elements are the same on both sides of the equation. The equation is balanced!

GAME RULE 5. Include the states

To indicate the physical state of each chemical involved in the reaction, the following symbols are used.

e Solid (s)

e Liquid (I)

* Gas(g)

The symbol (aq) is used to represent an aqueous

solution of a substance. An aqueous solution is

obtained when a substance is dissolved in water.
Write the correct symbol representing the physical

state of each reactant and product:

2H,(g) + O,(g) — 2H,0(). ' )
Formulae correct! N
Number of atoms balanced! @ +
States correct! . 3
2H, 0,

Formula equation complete!
Game over! 2H,0

The reaction between hydrogen and oxygen

PLAY THE GAME

e Write a word equation and an equation using formulae for each of the six reactions listed. An example is
provided on the next page. See the tables on the next page for the correct formulae.

. Carbon monoxide gas and oxygen gas react to form carbon dioxide gas.

. Sodium hydroxide solution and hydrochloric acid solution react to form sodium chloride solution and water.

. Mercury metal and oxygen gas react to form solid mercury(ll) oxide.

. Magnesium metal and hydrochloric acid solution react to form hydrogen gas and magnesium chloride solution.

. Sodium metal and water react to form hydrogen gas and sodium hydroxide solution.

. Copper sulfate solution and sodium hydroxide solution react to form solid copper hydroxide and sodium
sulfate solution.

o Ok, WN 2
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The formulae of some common ionic

compounds

Compound Formula

Sodium hydroxide

The formulae of some common
covalent substances

Compound Formula

Sodium chloride

Magnesium chloride

Copper hydroxide

Sodium sulfate

Copper sulfate

Sodium hydrogen carbonate

Mercury(ll) oxide

Sodium citrate

NaOH Water H,O
NaCl Citric acid CgHgO,
MgCl, Carbon dioxide CO,
Cu(OH), Oxygen O,
Na,SO, Hydrochloric acid HCI
CuSO, Carbon monoxide CO
NaHCO4 Hydrogen Hy
HgO

CeHs07Nag

Balancing a chemical equation

Example (Methane gas will burn in air. This is an example of a
combustion reaction. This type of reaction produces CO, and
H,0.)

Step 1: Start with the word equation
and name all of the reactants and
products.

Methane gas + oxygen gas — carbon dioxide + water

Step 2: Replace the words in the
word equation with formulae and
rewrite the equation.

Methane gas = CH,
Carbon dioxide = CO,
CH4 + 02 d 002 + H20

Oxygen gas = O, (reactants)
Water vapour = H,O (products)

Step 3: Count the number of atoms
of each element (represented by
the formulae of the reactants and
products).

Element Reactants Products
C 1 1
H 4 2
0] 2 3

Step 4: If the number of atoms of
each element is the same on both
sides of the equation, the equation
is already balanced. If not, numbers
need to be placed in front of one or
more of the formulae to balance the
equation. These numbers are called
coefficients and they multiply all of
the atoms in the formula.

To balance the hydrogen atoms, put a 2 in front of H,O:

CH4 + 02 - 002 + 2H20.

The oxygen atoms can be balanced by putting a 2 in front of the
O, on the left:

CH4 + 202 b COZ + 2H20.

The equation is now balanced. It can be checked by counting the
number of atoms of each element on both sides of the new equation.

Element Reactants Products
C 1 1
H 4 4
0] 4 4

Step 5: Add physical state symbols.

CH,(g) + 20,(g) — COx(g) + 2H,0(g)

- 99—e0 - 22
Water

Methane Oxygen Carbon dioxide
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7.3 Exercise: Remember and think

To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember

1. Describe three differences between word equations and equations in which formulae are used.

. Recall how different states (solid, liquid and gas) are indicated in a chemical equation.

2
3. Define the term ‘aqueous solution’ and describe how it is represented in a chemical equation.
4

. Write balanced chemical equations for the following reactions:

(@) hydrochloric acid reacts with copper to form copper chloride and hydrogen

(b) water and sodium nitrate are formed when nitric acid reacts with sodium hydroxide.

Think

5. Identify what symbols you would use in a chemical equation to represent the metals: iron, mercury, zinc and

aluminium (both chemical symbol and state).

6. Write a balanced equation using formulae for the reaction that occurs when you eat a sherbet lolly. These
sweets commonly contain citric acid and sodium hydrogen carbonate. In the mouth, these chemicals
dissolve in your saliva and then react together to form sodium citrate solution, carbon dioxide gas and water.

~

. Explain why it is necessary to balance chemical equations.

8. Test your ability to balance chemical equations by completing the Checking for balance interactivity in the

Resources tab.

9. To learn more about balancing chemical equations use the Balancing equations weblink in the Resources tab.

learn RESOURCES

Try out this interactivity: Checking for balance (int-0677)
Explore more with this weblink: Balancing equations

Complete this digital doc: Worksheet 7.1: Chemical equations (doc-12773)

Complete this digital doc: Worksheet 7.2: Balancing chemical equations (doc-12774)

/.4 Hot and cold changes
7.4.1 Bringing on the heat

When chemical reactions occur, bonds are broken between the atoms of the reactants and new bonds are
formed when the atoms reform into the product molecules. The breaking and reforming of bonds involves

energy being released or absorbed. Often, when a chemical reaction is
taking place, you can feel the effect of these energy changes as a change
in temperature of the chemicals.

A reaction or process that gives out heat is said to be exothermic.
The term exothermic comes from the Greek words exo meaning ‘out-
side’ and therme meaning ‘heat’. An exothermic process may be the pro-
duction of new substances in a chemical reaction, the dissolving of a
substance, the crystallisation of a substance or the change in state a sub-
stance undergoes when it turns from a gas into a liquid or from a liquid
into a gas. The energy produced is called thermal energy. The thermal
energy produced in an exothermic reaction comes from the chemical
energy stored in the bonds between the atoms of the reac