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Learning Ladder

| can evaluate
the use of
current and
alternative
energy
options.

| can discuss
methods
of energy
transformation
and use.

| can explain
changes
to energy

and energy
efficiency.

| can describe
sustainable
and non-
sustainable
energy
practices.

| can identify
arange of

energy types

and sources.

Energy

SC5-EGY-01

| can analyse
arange
of disease
prevention and
management
strategies
for their
effectiveness.

| can interpret
data relating
to body
balance
and health,
and disease
incidence and
prevalence.

| can explain
how processes
and functions
can maintain
balance and
health or
cause disease.

| can describe
how specific
mechanisms
work to
maintain
balance and
health in the
body or cause
disease.

| can identify
mechanisms
that help
to maintain
balance and
health or
cause disease.

Disease

SC5-DIS-01

| can evaluate

how materials

are sourced,
used and
modified.

| can discuss
the impact
of various
materials
on the
environment.

| can explain
the uses of
materials
based on their
properties.

| can describe
materials
based on
bonding and
properties.

| can classify
different types
of materials.

Materials

SC5-MAT-01

| can analyse
how human
activity has

impacted the

natural world.

| can discuss
arange of
factors that
can impact the
natural world.

| can explain
the impacts
of natural
phenomena
and human-
influenced
processes
on the
environment.

| can describe
the effects of
natural and
man-made
products on
the natural
world.

| can make
observations

about the
natural world

and things
that impact it.

| can evaluate
evidence
of how the
diversity of life
has changed
over time.

| can discuss
how a range
of organism
characteristics
provide
evidence
of genetic
inheritance
patterns and
change.

| can explain
how genetics
can be
examined and
manipulated
using different
technologies.

| can

describe how
characteristics
of organisms

have been

inherited,
and changed,

over time.

| can identify
arange of
characteristics
relating to the
genetics and
evolution of
organisms.

Environ- Genetics and
mental evolutionary
sustainability change
SC5-GEV-01
SC5-ENV-01
SC5-GEV-02
Content

| can analyse
the real-world
implications of
reactions used
in different
industries.

| can apply my

understanding
of reactions
to represent
changes that
take place.

| can explain

how different

factors affect
reactions.

| can describe
changes

that occur in
arange of
reactions.

| can identify
different types
of reactions.

Reactions

SC5-RXN-01
SC5-RXN-02

| can
analyse our
understanding
of waves and
motion and
their impacts
on society.

| can quantify
and compare
the features
of waves,
and analyse
and calculate
mathematically
an object'’s
motion.

| can
explain the
applications
of waves and
the motion
of objects.

| can describe
and compare
the properties
of waves and
of objects
in motion.

| can identify
features of
waves and
of objects
in motion.

Waves and
motion

SC5-WAM-01
SC5-WAM-02

| can assess
the use of
datasets to
verify scientific
claims.

| can discuss
the features
of datasets
and link these
to their uses.

| can explain
how data
can help
to support
scientific
claims.

| can describe
how data can
be usedin a
number of

different ways.

| can identify
scientific
claims and
data.

Data science
2

SC5-DA2-01



| can select
scientific
equipment
to improve
the precision
of my
observations.

| can use
observations
and
measurements
to answer
questions.

| can make

inferences
based on my
observations.

| can record
observations
and
measurements
accurately.

| can use
scientific tools
to enhance
observations.

Observing

SC5-WS-01

| can evaluate
questions and
hypotheses
relating to
scientific
phenomena.

| can formulate
testable
questions and
predictions,
considering
variables and
controls.

| can propose
hypotheses
based on
scientific
knowledge.

| can construct
questions to
investigate
scientific
concepts or
problems.

| can select
questions to
investigate
scientific
concepts or
problems.

Questioning
and
predicting

SC5-WS-02

| can assess
the type of
data that can
be collected
in a range of
investigations.

| can produce
plans for
investigations
that are
ethical,
reliable
and valid.

| can develop
appropriate
scientific aims
for a range of
investigations.

| can
distinguish
between
controlled,
dependent
and
independent
variables.

| can describe
ways to
reduce risks
for arange of
investigations.

Planning
invest-
igations

SC5-WS-03

| can extract
data from
secondary

sources and

construct
appropriate
references to
acknowledge

their use.

| can accurately
collect and
record data,
information,
evidence and
findings from
first-hand and
second-hand
investigations.

| can conduct
first-hand
investigations
and accurately
record the
collected data
and identify
errors.

| can use
scientific
equipment
to conduct
investigations
and gather
first-hand
data and
information.

| can
implement
safe practices
when using
scientific
equipment.

Conducting
invest-
igations

SC5-WS-04

| can evaluate
investigations
based on
the quality
of processed
data.

| can use data
to support
or refute
questions,
hypotheses
or solutions
to problems.

| can process
and interpret
quantitative
and qualitative
data from
arange of
sources.

| can organise
and represent
data in
appropriate
ways,
including in
tables and
graphs.

| can select
and extract
information
from various
texts and
sources.

Processing
data and
information

SC5-WS-05

| can evaluate
conclusions
based on the

quality of data.

| can assess
data and
information
for accuracy,
reliability
and validity.

| can draw
conclusions
based
on patterns
in data and
information.

| can explain
relationships
between
datasets and
information.

| can describe
trends from
collected
data and
information.

Analysing
data and
information

SC5-WS-06

Working scientifically processes

| can evaluate
scientific

claims based

on evidence.

| can assess
problem-
solving
strategies
used to solve
an identified
problem.

| can use given
criteria to

find solutions
to scientific
problems.

| can explain
scientific
problems and
phenomena
using cause-
and-effect
relationships.

| can propose
solutions
to familiar
scientific
problems.

Problem-
solving

SC5-WS-07

| can evaluate
scientific
findings based
on secondary
evidence and
arguments.

| can present
scientific
findings using
appropriate
conventions
for specific
audiences.

| can construct
arange of
appropriate
scientific
presentations
based on
first-hand and
second-hand
data and
information.

| can use
digital
technologies
to organise
and present
data and
information.

| can select
appropriate
ways to
communicate
information.

Commun-
icating

SC-WS-08

Steps in progression

Learning Ladder Vii



Stage 5 syllabus correlation grid

1.0 2.0

FOCUS AREAS Energy Disease

SC5-EGY-01: Energy
Evaluates current and alternative energy use based on ethical and sustainability /
considerations

SC5-DIS-01: Disease
Explains how an understanding of the causes of disease can be used to prevent \/
and manage the spread of disease

SC5-MAT-01: Materials
Assesses the uses of materials based on their physical and chemical properties

SC5-ENV-01: Environmental sustainability
Analyses the impact of human activity on the natural world

SC5-GEV-01: Genetics and evolutionary change

Describes the relationship between the diversity of living things and the theory
of evolution

SC5-GEV-02: Genetics and evolutionary change

Explains how DNA is responsible for the transmission of heritable characteristics
and can be manipulated through genetic technologies

SC5-RXN-01: Reactions

Describes a range of reaction types

SC5-RXN-02: Reactions

Explains the factors that affect the rate of chemical reactions

SC5-WAM-01: Waves and motion
Describes the features and applications of different forms of waves

SC5-WAM-02: Waves and motion
Explains the motion of objects using Newton’s laws of motion

SC5-DA2-01: Data science 2
Assesses the use of scientific knowledge and data in evidence-based decisions
and when verifying the legitimacy of claims

Working scientifically processes

SC5-WS-01: Working scientifically: Observing
Selects and uses scientific tools and instruments for accurate observations W/

SC5-WS-02: Working scientifically: Questioning and predicting
Develops questions and hypotheses for scientific investigation

SC5-WS-03: Working scientifically: Planning investigations
Designs safe, ethical, valid and reliable investigations

SC5-WS-04: Working scientifically: Conducting investigations
Follows a planned procedure to undertake safe, ethical, valid and reliable investigations ‘/

SC5-WS-05: Working scientifically: Processing data and information
Selects and uses a range of tools to process and represent data

SC5-WS-06: Working scientifically: Analysing data and information
Analyses data from investigations to identify trends, patterns and relationships, f
and draws conclusions

SC5-WS-07: Working scientifically: Problem-solving
Selects suitable problem-solving strategies and evaluates proposed solutions to /
identified problems

SC5-WS-08: Working scientifically: Communicating
Communicates scientific arguments with evidence, using scientific language and f
terminology in a range of communication forms

Viii Syllabus correlation grid



3.0
Materials

4.0
Environmental
sustainability

5.0
Genetics and
evolutionary

change

6.0
Reactions

7.0
Waves and
motion

8.0
Data science 2

NENENIEN

Syllabus correlation grid

1



Focus area 1

1.0 Energy

We often think of energy as something we have, such as energy

to run, play sport or walk up a hill. Sometimes we feel as though
our energy is running out. Where does that energy go?

When we use energy, it does not disappear — it turns
into other forms of energy. In our bodies, energy is stored
as chemical energy, which is turned into kinetic (movement)
energy and heat. Other forms of energy are light, sound,
nuclear and electrical energy. One form of energy can

transform into other forms of energy.

'adder

| can evaluate the use of
current and alternative
energy options.

| can discuss
methods of energy
transformation and use.

| can explain changes
to energy and
energy efficiency.

| can describe
sustainable and
non-sustainable
energy practices.

| can identify a range
of energy types
and sources.

Energy

Stepsin
progression

| can select scientific

equipment to improve

the precision of my
observations.

| can use observations
and measurements to
answer questions.

| can make inferences
based on my
observations.

| can record
observations and
measurements
accurately.

| can use scientific
tools to enhance
observations.

Observing

The Learning Ladder contains the scientific content and processes you will
learn in this focus area. Each area has five levels of progression. To move
to higher levels, you need to practise activities at the earlier levels. This will
help you develop the ability to complete tasks that are more complex.

| can extract data from
secondary sources and
construct appropriate
references to
acknowledge their use.

| can accurately collect and
record data, information,
evidence and findings from
first-hand and second-
hand investigations.

| can conduct first-
hand investigations
and accurately record
the collected data
and identify errors.

| can use scientific
equipment to conduct

investigations and
gather first-hand data

and information.

| can implement safe
practices when using
scientific equipment.

Conducting
investigations

v,

| can evaluate
scientific claims
based on evidence.

| can assess problem-
solving strategies
used to solve an
identified problem.

| can use given criteria
to find solutions to
scientific problems.

| can explain scientific
problems and
phenomena using
cause-and-effect
relationships.

| can propose
solutions to familiar
scientific problems.

Problem-solving

Stepsin
progression

Working scientifically processes

2 Good Science NSW Stage 5



Figure 1.1: Skateboarding is all about energy.

Energy 3




Learning intention

Atthe end of this lesson, | will be able to:

« identify arange of energy types

- apply the law of conservation of
energy to account for the total
energy involved in energy transfers
and transformations.

Key terms

ameasure of the ability to
dowork
the movement of
energy from one place to another
without changing form
achange
from one type of energy to another

a scientific law which states that energy
is never created or destroyed; it can
only change into different forms

Investigation 1.1
Galileo’s pendulum, page 473

Content group: Law of conservation
of energy

V'S

Figure 1.2: For a toaster to toast bread,
electrical energy is transferred from the
power station to the toaster, where it is
transformed into heat energy.

4 Good Science NSW Stage 5

Many devices require energy. The energy may need to be
transferred from one place to another and transformed
from one type of energy into another. Transfers and
transformations of energy are crucial for many systems
to be able to operate effectively.

Energy is the ability to do work

is the ability to do work. Energy can be found in many things and
can take different forms such as heat and kinetic energy. Energy can also
be stored. Stored energy is known as potential energy, because it has the
potential to be transformed and do work.

Energy cannot be created or destroyed

The conservation of energy is a fundamental law of physics. The

states that energy can never be created or
destroyed; it can only change into different forms. This means that all
the energy we use now existed in some form billions of years ago and
has cycled around continuously.

There are different types of energy

Although energy cannot be created or destroyed, it can exist in different
forms. Table 1.1 lists some types of energy.

Table 1.1: Types of energy

Type of energy Description

Chemical Energy stored in chemical bonds

Elastic potential Energy stored in an object that has been stretched or
compressed

Electrical Energy that travels through electrical circuits

Gravitational potential =~ Energy stored in an object that has been raised to
a higher point

Heat Energy in the form of vibrating particles in solids, liquids
and gases; measured as the change in temperature of
an object

Kinetic Energy of motion, which any moving object has

Light Energy in the form of waves, emitted from a glowing
object

Nuclear Energy released from or stored in the nuclei of atoms

Sound Energy in the form of vibrating particles in water, air or

solids and transferred as waves



Figure 1.3: Elastic potential energy is stored in a drawn bowstring.

Energy can be transferred

Arolling marble has kinetic energy, and if it collides
with a stationary marble, both marbles move away.
An has taken place from the first
marble to the second marble.

Electrical energy is transferred from a power station,
through power lines, to your house where it comes out
of a power point and goes into appliances.

You can feel heat transfer — imagine touching
a hot stove with your finger!

'0
Energy can change form '00
Energy can transform, or change, Q‘
from one form into another. '0
can take place 0‘
using technology, such as a toaster '0
transforming electricity into heat, ' 0‘
but they also happen naturally. 0‘
Figure 1.4 shows the '0 °
transformations that take place )

when you throw a ball straight
up in the air. Kinetic energy is
transformed into gravitational
potential energy, then back to
kinetic energy and to sound
and heat energy.

Figure 1.4: When a ball is thrown »
upwards, its energy is transformed.

Learning Ladder

Energy

o Identify a device that can transform:
a electrical energy into light and sound energy.
b chemical energy into heat energy.
c lightenergy into chemical energy.
d chemical energy into kinetic energy.

9 Describe the law of conservation of energy.

e Explain the difference between energy transfer
and energy transformation, using examples.

e Discuss the energy transformation when:

a apower station burns coal to produce electricity.

b apot of water is placed on a gas stove to boil.

c arubberband is stretched back and released.

d askateboarder drops from the top to the bottom
of a skate ramp.

e aperson hits atennis ball. (There is more than one
transformation!)

Observing see page 398

o Identify the instrument and unit that are used to
measure heat energy.

9 a What do you observe when you hold a snowball?
b Based on this observation, identify the type of
energy being transferred and the direction of
energy transfer.

© You observe an object fall off a shelf onto the floor
and make a loud sound. What can you infer about
the energy transformations that occurred?

o Imagine the ball in Figure 1.4 was thrown twice as
high. Describe how much energy would be required
and how much energy the ball would have when it
reached maximum height.

e Discuss at least three observations you could make
that show an energy transformation has occurred.
Include the scientific equipment you could use to
make these observations.

In context

Acaris amachine that uses energy to do work. It can
transform energy into many forms. Draw a picture of a
car, and label at least five energy transformations that
can occur. Think about both inside and outside the car.

Success criteria
| can identify and describe a range of energy types.

| can explain the law of conservation of energy,
and describe examples of energy transfer and
transformations that account for the total energy
involved.

Energy 5




Learning intention

Atthe end of this lesson, | will be able to:

+ explain and calculate energy
efficiency in relation to energy
transfers and transformations

« explain how to improve efficiency.

Key terms
not wasteful

how much usable
energy is produced compared to how
much energy has been supplied

a contact force that opposes
motion; caused by objects rubbing
against each other

the unit of energy (J)

Investigation 1.2

Energy efficiency of bouncing balls,
page 474

Content group: Law of conservation
of energy

V'

Figure 1.5: Rubber balls bounce higher
than tennis balls because they lose less
energy as heat and sound.

6 Good Science NSW Stage 5

Imagine a perpetual motion machine that would continue
forever, with no new energy required to keep it going and
no energy wasted. This could only occur in an isolated
system. Isolated systems are used as a model in science,
but they do not occur in the real world. It is not possible
to stop energy loss, and so a perpetual motion device is
not possible.

Energy is lost in energy transfers and
transformations

Energyis lost in energy transfers and transformations. A tennis ball
falling from a height initially has gravitational potential energy. As the
ball falls, the gravitational potential energy is converted into kinetic
energy. When the ball strikes the ground, it compresses and stores
elastic potential energy. The elastic potential energy is then transformed
into kinetic energy as the ball bounces back up.

The ball never bounces back to its original height even though
energy cannot be created or destroyed. With each bounce, the ball
loses more energy.

As the ball falls, air resistance (a form of ) causes the ball to

heat up slightly and some heat energy is transferred to air particles.

As the ball strikes the ground, some of its kinetic energy is converted

into sound energy.

As the ball strikes the ground, a small amount of heat energy is

transferred to the ground through friction.

All devices waste energy

Mechanical devices work by converting one type of energy into another.
A device is usually designed to produce a particular type of energy
output that makes an action occur. However, devices also waste energy.
For example, a light bulb produces useful light energy, but it also loses
some heat energy.

Moving objects can lose energy as heat because of friction. When you
are riding your bicycle, the tyres warm up because of the friction between
the tyres and the road. This ‘lost’ energy has been converted from usable
kinetic energy into wasted heat energy.

Friction can also be helpful. Car brakes work through friction, which
converts kinetic energy into heat.

Energy in devices can also be lost in other ways. A car loses energy
through engine noise and heat. Most electrical devices lose energy as
heat and sound.



All devices are less than
100 per cent energy efficient

We can determine how energy adevice is.

Less energy waste equals more efficient energy use.

The of a device is the amount of usable
energy (energy output) divided by the amount of energy
putinto the device. The unit of energy is the (J).

tput
Energy efficiency (%) = ——2 P 100

energy input
When a smartphone is fully charged, the energy in the
battery should be converted into light energy (on the
screen) and sound energy (through the speakers).
If the phone heats up, some of the potential energy
from the battery is lost as heat energy, resulting in
shorter battery life.

If a smartphone were 40 per cent efficient, then for
every 100 J of energy in the battery, only 40 J would be
transformed into light and sound, and 60 J would be
lost as heat. If a smartphone were 80 per cent efficient,
it would only waste 20 J as heat and so the battery
would last much longer.

Energy loss can be reduced

Itis possible to reduce energy loss. For example,

slimmer, smoother tyres on a bike reduce friction and

wasted energy. Making surfaces smooth, or using oil

or grease, can reduce friction in a car engine.
Electrical circuits can be designed to be more

efficient, and using insulation can help retain heat

in a device such as a clothes dryer.

Figure 1.6: A spacecraft re-entering the atmosphere
experiences friction with the air, converting kinetic
energy into heat.

Learning Ladder

Energy

o Identify two forms of energy that are common forms
of wasted energy.

e Describe an example of when friction is a problem,
and an example of when itis useful.

e Explain, in terms of energy, why a skateboard slows
down asit travels.

0 Discuss the useful energy outputs that smartphones
produce.

e Propose two design changes that could make
refrigerators more energy efficient.

Problem-solving see page 425

o Calculate the energy efficiency for an:
a incandescent light bulb with 1000 J of energy input
and 100 J of light output.
b LED light bulb with 1000 J of energy input and
750 J of light output.

e Explain which bulb in Question 1is more efficient in
terms of wasted energy.

9 Select the bulb in Question 1that will cost less to run.
Justify your answer.

o Forevery 100 J of electrical energy putinto a
kettle, 40 Jis lost as unwanted sound and heat.
The packaging says that the efficiency is 40 per cent.
Assess the accuracy of this claim by calculating
the efficiency and comparing it to what the
packaging says.

Think of a device that is not very energy efficient.
Redesign this device to increase efficiency, improving
atleast two things. Explain yourimprovements.

Success criteria

| can describe how energy is lost in energy transfers
and transformations.

| can explain what is meant by ‘energy efficiency’,
calculate energy efficiency, and identify ways to
improve efficiency.

Energy 7



Learning intention

Atthe end of this lesson, | will be able to:

- identify sources of energy

- describe how electrical energy
can be produced from different
energy sources and compare their
efficiency.

Key terms

a device that converts
kinetic energy into electrical energy

an energy source made of
ancient fossils

to make or produce
something

finite, and will run out

can be renewed, and will
not run out

energy from the Sun

Content group: Sources of energy

Figure 1.7: At a coal-fired power station,
coal is burned to heat water to produce
steam, which makes a turbine spin.

This image shows inside a turbine.

You can see the blades that steam is
pushed over to make the turbine spin.

From the moment you wake up and turn on the light

or heater, or check your smartphone, you are using
electricity. Electricity, or electrical energy, is generated
from other energy sources such as wind, coal or the Sun
and this involves energy transformations and transfers.

Energy sources can be used to make
electricity

Most energy sources can be used to electrical energy.

The energy source is usually used to spin a turbine. For example, coal or
gas can be burned to heat water, the water boils and becomes steam that
moves quickly through pipes and is pushed through a turbine, making

it spin. The spinning turbine spins the ,which converts the
kinetic energy into electrical energy.

can be used more directly to create electricity, by
photons in the Sun’s rays causing electrons in metal wires to move.

Some energy sources are renewable,
some are not

Some sources of energy will run out and cannot be replaced — they are

(see Table1.2). Most of Australia’s electricity has been
generated (produced) by burning . Fossil fuels take millions
of years to form. They include coal, oil and gas, which are made from the
bodies of dead animals and plants.




Figure 1.8: Australia has large solar farms, and small rooftop solar on buildings.

Renewable energy sources such as wind and government has payments to help people change
solar energy will not run out (Table 1.3). Renewable over to solar power, and in some cases batteries for
sources of energy can be less reliable; for example, power storage. Some people are reluctant to accept
the wind does not always blow, so wind energy the change to more renewable energy. For example,
outputis not always constant. Solar can only produce some farmers do not want wind turbines on their
electricity during daylight, and less will be produced property, as they can harm wildlife such as migrating
on cloudy days. birds. There are many ways we can change our energy

Australia is undergoing a conversion to increase supply and use in Australia, and this will require
the use of renewable energy. For example, the public debate about the best ways forward.

Table 1.2: Non-renewable energy sources

Energy
source

Gas, oil

Coal

Nuclear

Description

Chemical energy stored in a gas
or liquid (oil), made from ancient
living things

Chemical energy stored in
the form of a rock, made from
ancient living things

Energy released from the
nucleus of atoms

How electricity is generated

Gas, oil or coal is burned to heat water, which becomes steam, which spins
a turbine and an alternator, generating electricity.

Oil can be separated into petrol and diesel, which can be burned inside
an engine to produce kinetic energy.

Nuclear energy heats water, producing steam, which spins a turbine and
an alternator, generating electricity.

Energy 9



Table 1.3: Renewable energy sources

Energy
source

Solar

Wind

Hydro

Wave and
tidal

Geothermal

Biomass

Description

The Sun’s energy

Kinetic energy
in moving air
particles in the
atmosphere

Gravitational
potential energy
in water stored up
high and kinetic
energy in moving
water

Kinetic energy in
moving water in
waves and tides

Heat energy from
inside Earth’s
crust

« Chemical
energy stored
in organic
material such
as plants or
microorganisms

= Contains
energy from
the Sun that is
produced by
plants through
photosynthesis

How electricity is
generated

= The Sun directly
heats water for use.

= Photons in the Sun'’s
rays make electrons
move in wires.

Wind spins a turbine
and an alternator.

= Moving water in a
river spins a turbine
and an alternator.

= Water highupina
dam flows downhill
through pipes into a
turbine that spins an
alternator.

Moving water in the
tides or waves flows
through a device and
spins a turbine and
an alternator.

Heat from inside
Earth heats water to
become steam, which
spins a turbine and an
alternator.

« Biomass is burned
to heat water, which
becomes steam,
which spins a turbine
and an alternator.

» Biomass can also be
converted into gas
or liquid that can be
used a fuel.

Electricity production is not
always efficient

Generating electricity is usually inefficient. Some
energy is always lost in the conversion to electricity.
Hydro-electric plants are the most efficient source
of electricity. Solar power is the least efficient, but

advances in technology are expected to improve on its

current efficiency of 18 per cent. Table 1.4 compares
some common energy sources and their efficiencies.
Scientists are constantly trying to improve energy

production efficiency.

10 Good Science NSW Stage 5

Table 1.4: The efficiency of energy sources

Energy source Efficiency (approximate) (%)

Solar 18
Geothermal 20
Coal 29
Nuclear 33
Wind 35
Gas 38
Tidal 85
Hydro 90

Coal-fired power stations convert
chemical energy into electrical
energy

Coal has been one of the main power sources in
Australia for a long time. In Figure 1.9, you can see
how a coal-fired power station generates electricity.
Coal is mined from the ground and transported to
the power station.
The coal is burned to produce heat, which is used to
boil water.
The boiling water produces steam, which is pushed
under pressure through a turbine to make it spin.
The spinning turbine is attached to an alternator
that spins and produces electrical energy.
The steam cools and forms liquid water again
in cooling towers, and can be recycled through
the plant.

Energy is lost at each step of the process, which is
why it is not very efficient. Further energy is lost by
transferring the electrical energy through power lines
to homes.

The environmental impacts of coal power include
habitat loss and damage to land through mining,
pollution due to the greenhouse gases, particles, and
other chemicals, such as sulfur dioxide, that cause
acid rain.

There are fewer steps involved to produce solar
energy from sunlight. However, solar panels are made
of metals and silicon that come from mining, and their
manufacture uses a lot of energy and produces waste
products and pollution. Solar panels are also hard to
recycle. All energy types have positives and negatives
that we need to consider. You will learn more about
thisin Section1.4.



(3 Excess steam goes to (&) Steam turns
a stack. Heat energy /T\ the turbine.
is released into the —
atmosphere. & . |
@ The turbine turns
= - the alternator to
Boiler 7 i generate electrical
- - energy.
(2 Coal is burned
to boil water and
create steam.
N
1]
9 #

(7) Transmission lines transfer
electrical energy.

(1) Cool water is
sourced from a river
or lake and returns
as hot water.

(5) Steam is cooled back
into liquid water in
the condenser.

V'S
Figure 1.9: A coal-fired power plant only converts 29 per cent of the
energy in coal into electricity; 71 per cent of the energy is wasted.

Learning Ladder

Energy

o Identify and describe two energy sources.

@ Describe the difference between renewable
and non-renewable energy sources.

e Explain why nuclear energy is non-renewable.

o Draw a flowchart toillustrate how coal is used to

generate electricity. Label any energy transformations
ortransfers.

e Use the efficiency data to evaluate the renewable
energy sources listed in Table 1.4. Propose which one
you think s the best option for future use.

Problem-solving see page 425

o Use the datain Table 1.4 to draw a graph in a format
that makes it easy to visually compare the efficiency
of different energy sources. More information about
drawing graphs is available in the Science how-to
section on pages 457-61.

@ Explain and compare the efficiency of solar and gas as
energy sources.

e Review your graph from Question 1to compare and
explain whether there is a pattern or difference between
the efficiency of renewable and non-renewable energy
sources.

o Most energy sources are quite inefficient at generating
electricity. Propose why we do not use more hydro or
tidal electricity generation even though they have higher
efficiencies.

e Predict what will occur if society continues to use
only fossil fuels as its main source of energy.

Select one energy source and design a machine that
can transform that energy source into electricity.
Identify where the energy transformations and transfers
occur, and any features that help improve efficiency.

Success criteria

« | canidentify a number of renewable and non-renewable
energy sources.

| can describe how electrical energy can be generated
from different energy sources.

| can compare the efficiency of different energy sources
and propose solutions to improve efficiency.

Energy 11
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Figure 1.10: The Hazelwood coal
mine in Victoria had many positive
economic impacts and a number

of negative environmental impacts.

.. . We use energy every day, and lots of it! When you turn
Learning intention h levisi he lights. d hink ab h
At the end of this lesson, | will be on the television or the lights, do you think about where
able to evaluate the advantages and the energy you use comes from? Do you know what it
disadvantages of using renewable and costs, how it is generated, what technology is involved,
non-renewable sources of energy to
generate electricity. and whether the energy you use is good or bad for the
Key terms economy, our health or the environment? Producing
cconomy: the system of how a country energy is important for our future, and we must plan to

kes and spend d provid : - ,
MEKES aNdISPENCS MOnEy and provices reduce the impact of energy production and increase
goods and services

greenhouse gas: a gas that traps the its efficiency, to reduce issues like global warming.
Sun’s heat in Earth’s atmosphere
pollution: asubstance that enters Energy sources have both advantages

the environment and has harmful or

poisonous effects qnd disqdvqntqges

E— S fonerg Efficiency is only one consideration when selecting and planning
ontent group: sources or energy . . .
for energy in future. There are also economic, technological and
environmental considerations.

Economic considerations are the costs associated with an energy
source, such as how cheap it is to build, run and maintain a power
plant and dispose of waste.
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Technological considerations include whether
technology can make an energy source more
efficient, reduce or store extra energy or dispose of
wastes, making it safer or less polluting.
Environmental considerations are how an energy
source affects — positively or negatively — people
and the environment.

Fossils fuels have been good for
Australia but cause problems

The fossil fuel industry has been important for
Australia’s , building wealth. Fossil fuels have
been readily available, which has made them relatively
cheap. Approximately 85 per cent of all of Australia’s
electricity supply has usually come from coal and gas
power. Our gas and coal industries have employed
more than 200 000 people, and exporting coal and
gas has contributed to Australia’s economic wealth.
This had made it hard for the country to move to

more renewable energy sources, which might reduce
economic growth. People who work in the coal and
gas industries would need to find other jobs. However,
switching to renewable energy could create new jobs.

When petrol, coal or gas is burned, dangerous
chemicals are released into the environment. These
can cause environmental problems such as acid
rain, which can affect ecosystems, causing deaths of
plants and animals. Acid rain is caused by pollutants
such as sulfur dioxide and nitrogen oxides produced
by burning fossil fuels. The pollutants enter the

’3

=

atmosphere where they dissolve in water to produce
acid rain. Pollutants including particles and dust in
the air can cause lung diseases and other medical
conditions when breathed in or can enter water
sources, causing further

Fossil fuels contribute to global
warming

Carbon dioxide is a . Greenhouse
gases in the atmosphere trap additional heat energy
from the Sun and warm the atmosphere. Trapping
some heat is important for maintaining Earth’s
temperature so that it can support life. But trapping
extra heat is known as the greenhouse effect and
contributes to global warming and climate change.
If Earth continues to heat up, the effects will vary with
location. Our economy, lifestyle, health, disease and
the environment will be affected.

Sea levels will rise as polar ice melts, causing

coastal areas to flood.

Animals that live in frozen or alpine regions, such

as penguins, polar bears and mountain pygmy

possums, will lose their habitats and may become

extinct.

Crops we rely on for food will be more vulnerable

to disease, reducing food production.

There will be more extreme weather events such

as heatwaves, hurricanes, droughts and floods.

Figure 1.11: Wind energy is a new industry that

is creating new jobs and helping the economy.
v
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Some energy sources may be better than others

Most energy sources have advantages as well as disadvantages, which
need to be considered when assessing and selecting energy sources for

the future (Table 1.5).

Table 1.5: Advantages and disadvantages of energy sources

Energy source Advantages

Gas = Relatively cheap, readily available, current
technology makes it easy to extract
and use

Lowest-polluting fossil fuel

oil « Relatively cheap, readily available, current
technology makes it easy to extract and
use

Coal « Relatively cheap, readily available,

constant supply of electricity, current
technology makes it easy to extract
and use

Nuclear = Small mining footprint and low impact on
environment, low greenhouse gases

« Stable and constant source of electricity

Solar « Renewable; freely available
No greenhouse gas emissions

» Can be small local solar or large solar
farms

Wind » Renewable; freely available
» No greenhouse gas emissions

Hydro » Renewable; freely available
= No greenhouse gas emissions

Wave and tidal = Renewable; freely available
= No greenhouse gas emissions

Geothermal = Renewable; cheap and readily available
= No greenhouse gas emissions.

Biomass = Renewable
» Can be produced in most locations

= Often uses waste produced from other
processes

= Produces greenhouse gases, but only the
amount that would normally have been
produced by rotting waste

14 Good Science NSW Stage 5

Disadvantages

Finite fossil fuel; produces greenhouse gases and pollution
Inefficient

Finite fossil fuel; produces greenhouse gases and high
levels of pollution

Inefficient

High impact on environment when transport accidents
occur

Finite fossil fuel; produces greenhouse gases and high
levels of pollution

Inefficient
Large mines impact on the landscape

Very expensive; requires very large power plants
Radioactive waste difficult to dispose of

Higher risk of environmental contamination by radiation
in an accident

Non-renewable

Requires mining for special and expensive finite metals
Making panels is expensive

Recycling solar panels is costly and not yet effective
Only works when sunny

Requires large, expensive wind farms with expensive
additional batteries

Only works when windy

Rotating blades cause vibrations that affect wildlife,
including birds, and create noise for communities

Only available at some locations

Creating large dams affects the environment, flooding
valleys

Only available in some locations
Difficult and costly to build and maintain

Only available in some locations
Can be expensive and difficult to extract and use heat
Pumping water into the ground can cause issues with land

Must be constantly made or grown, and takes time
and money to transport and create biomass fuel

Rotting biomass can be a source of noxious smells
and of disease



Learning Ladder

Energy

o Coal has been a major energy source in Australia.
Identify one:
a economic advantage of using coal.
b technological advantage of using coal.
¢ environmental disadvantage of using coal.

e Describe:
a the causes of global warming.
b the relationship between greenhouse gases and
global warming.
¢ two possible effects of global warming on the
environment.
d apossible impact of global warming on the economy.

e Explain whether technology relating to energy
generation can help reduce pollution or is the cause of
pollution in the first place.

o Select one energy source and discuss the advantages
and disadvantages of continuing to use it. Include
efficiency, economic, environmental and technological
considerations.

e Select what you thinkis the best energy source for the
future. Provide reasons for why you think this.

Problem-solving see page 425

o Make a list of all the devices in your home that use
energy. Select three devices and propose how you
could alter them to reduce their energy use.

Figure 1.12: Although there are
benefits to burning fossil fuels,
pollution is a major problem.

@ ifyou could only select two energy sources for the future
to reduce global warming, what would they be? Explain
the criteria you used to select these energy sources.

e Suggest two ways that the impact of energy generation
on global warming could be reduced.

O Assess the effectiveness of one of your problem-solving
strategies from Question 3.

e Get a copy of an electricity bill that claims to be charging
for‘green energy’.
a Conductresearch into what ‘green energy’ meansin
regards to the bill.
b Identify the source of the ‘green energy’ being used
to generate electricity.
c Evaluate whetherthe ‘green energy’ is really green.

In context

Iceland, Costa Rica and Uruguay get nearly 100 per cent

of their energy from renewable sources. Undertake some
research to identify the sources of energy in these countries.
Could this be implemented in Australia?

Success criteria

- | canidentify and evaluate the advantages and
disadvantages of using renewable and non-renewable
sources of energy to generate electricity.
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Learning intention

Atthe end of this lesson, | will be able to:

- identify the key features and
components of an electric circuit

« drawsimple circuit diagrams to
represent circuit design.

Key terms

a closed path for transmitting
electricity, including connecting wires
and components connectedto a
power source

adeviceinacircuit that
uses electrical energy

anegatively charged particle
inanatom

acomponent of a circuit that
uses electrical energy

Content group: Electrical energy

V'S
Figure 1.13: Turning on a switch changes
an open circuit to a closed circuit.
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Every device you own, from the simplest torch to the most
sophisticated computer, works because of its electrical
components. Electrical components are part of electric
circuits, which can be shown as circuit diagrams.

A circuit must be a closed path

An electric is a closed path for transmitting electricity or electrical
energy. A circuit consists of:
an energy source, such as a battery or generator
that transform electrical energy into other forms of
energy, such as a light bulb, motor, speaker or heating element
wires that connect the components to the power source and each
other, to make a complete path back to the energy source.

Electricity only flows through a complete
circuit

Electric circuits can be open or closed. A closed circuit is also known as a
complete circuit and allows electricity to flow. Any gaps in the circuit stop
the current from flowing. Many circuits contain switches, which are used
to open and close the circuit (Figure 1.13). When you turn on a light, the

switch changes the open circuit to a closed circuit and allows energy to
flow through the wires to operate the light bulb.

Electric circuits are energy converters

In an electric circuit, the receive electrical energy from

a battery or power source. Electrons move through the wires and
components and carry this energy around the circuit. The wires and
components are also known as a , which is simply any component
that uses electrical energy. The load could be a light bulb, a motor or
a heater coil.

As electrons pass through a load, they transfer their energy to the
component, which converts that energy into another type. For example,
alight bulb converts electrical energy into heat and light energy. The
electrons then continue through the circuit, returning to the battery,
where they receive more energy and travel around the circuit again.

Electric circuits can be drawn as diagrams

An electric circuit can be recorded as a diagram. Circuit diagrams use
symbols to show how the different electrical components are connected.
Diagrams like those in Figure 1.14 record circuits that would be too
confusing to show as pictures of each component. They are efficient to
draw and easy to read, so circuits can be built quickly from them.



Circuit components are shown
as standard symbols

Component symbols are nearly always shown in the

same way. This means that anyone who knows these

symbols can read a circuit diagram. Table 1.6 shows

the symbols for the most common components.
When drawing basic circuit diagrams:

1 useasharp penciland aruler

2 drawthe symbolsin the correct places; do not draw
symbols at corners

3 usearulertoconnect the symbols with wires;
wires should generally only change angles at 90°

4 make sure that the wires do not cross

5 checkthe circuit by tracing from the battery
through each component and back to the battery.

Table 1.6: Common electrical components and their symbols.
Look for other components throughout this focus area.

Component Picture Symbol
OoN
Open switch [ —0/0—
Lid
Closed switch g ——o—
BFF
(=)
Lamp/ \
light bulb &
LED (light- a Y
emitting
diode) (

Cell i —-

Battery T -
(multiple _.I I- __{ -
cells) U‘ "

Wire

— i  — 4 Figure 1.14:

Circuit diagrams
show the

N components of

@ electric circuits
inasimple and

- 1 S 1 standardised way.

Learning Ladder

Energy

o Identify the three main requirements when
constructing a complete circuit. Explain why each
is needed.

@ Describe what occurs when electrons flow around
aclosed circuit.

e Explain the meaning of a load, providing an example.

@ Discuss the difference between a closed and an
open circuit.

e Evaluate the use of circuit diagrams in science to
represent real circuits.

Observing see page 398

o Accurately copy the symbols from Table 1.6.

e In Figure 1.14, which circuits are open and which are
closed? How do you know?

e You observe that an LED in a circuit is not lighting
up. What can you infer about the circuit that may
be causing this?

o Draw these components in a simple circuit: battery,
open switch, LED. Ensure you follow the steps for
drawing basic circuit diagrams.

e Select the components required to make the circuit
fora simple torch and draw it as a circuit diagram.

Investigate different types of cells and batteries and their
uses. Identify strengths and weaknesses for each type of
cell or battery. Construct a table to present your results.
Hint: Identify each selection as cell or battery.

Success criteria

- | canidentify the features and components of an
electric circuit.

| can draw simple circuit diagrams to represent
electric circuit design.
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Battery

Learning intention

At the end of this lesson, | will be able to
explain voltage, current and resistance
in electric circuits.

Key terms

amaterial that allows the
movement of charge

ameasure of the flow of
charged particles such as electrons in
acircuit

amaterial that resists the
movement of charge

the difference in

potential energy (voltage) between two

pointsin a circuit

ameasure of the
opposition to flow of electric current

ameasure of electric potential

energy

Investigation 1.6 A
Modelling a simple circuit, page 475

Investigation 1.6B
Conductors and insulators, page 476

Content group: Electrical energy

Battery Resistor

T S E— S

Electricity is a form of energy that is transported by the
flow of electrons in circuits. For your television to work,
electrical energy must be transported from the power
plant where it is generated, into your home, and finally
into your television. To understand how electricity works,
we need to understand three properties of electricity:
voltage, current and resistance.

Voltage is a measure of potential energy

is measure of electric potential energy. When we measure
voltage, we measure the ,which is the difference
in potential energy between two points in the circuit. Voltage has the
symbol Vand its unit is the volt (symbol V).

The bigger the potential difference between two pointsin an
electrical circuit, the bigger the voltage. This is like the difference in
height between two points on a rollercoaster (Figure 1.15). Higher
voltages have more energy and can do more work, just as higher points
on arollercoaster have more energy or potential than lower points.
The difference between these points on the circuit is the voltage or
potential difference. The battery causes an increase in voltage because
itisan energy source. Each componentin the circuit causes a dropin
voltage when it uses energy in the circuit.

If a higher voltage battery is used in a circuit, light bulbs glow more
brightly. However, there is a limit to how much voltage a bulb can cope
with. A bulb will fail or ‘blow’ if there is too much voltage in the circuit.

Current is the rate of flow
Bulb of charge

is a measure of the rate of flow of charged
particles (electrons) in a circuit. Current has
the symbol /and its unit is the ampere (or amp)

voltage / Resistor voltage or

potential difference

(symbol A).

In a circuit, charge can move in either direction,
depending on which way the power source ‘pushes’
the charge. If you change the direction of the battery
in a simple circuit, you change the direction of
\ Bulb current. In a simple circuit, current flows from the

voltage positive terminal of the battery around the circuit

Ground level
o

and back to the negative terminal.

Figure 1.15: Voltage, or potential difference, is like the
difference in height between two points on a rollercoaster.
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You can visualise current as small balls being
pushed through a pipe (Figure 1.16). When a ball is
pushed into one end of the pipe, a ball at the other end
is pushed out. So, a small movement of one ball can
cause an action a long distance away. In this model,
the balls are the charges (electrons), you are the
battery pushing the charges, and the current is how
fast you push the balls.

Some circuit components like LEDs are sensitive
to current direction and others are not. Complicated
or delicate components can be damaged by charge
flowing in the wrong direction.

Balls

4 Figure 1.16:
Current can be
visualised as small
balls being pushed
through a pipe.

Pipe

Current

Each ball pushes the next
a small distance.

One ball is
added.

One ball is
pushed out.

Resistance opposes voltage

Circuits are made up of wires and components

that conduct electrical energy. Some materials,
including most metals, such as copper, allow charge
to flow more easily and are known as

Other materials, such as rubber, resist the flow of
charge and are called has
the symbol Rand its unitis the ohm (symbol Q).

If voltage is the amount of ‘push’ given to a charge,
then resistance is the opposing force. Acomponent
with resistance converts electrical energy into other
forms of energy, such as heat.

While each component in a circuit has resistance
that ‘slows’ the flow of charge in the circuit, special
components called resistors let you introduce exact
amounts of resistance into circuits.

Figure 117: » TS T

The colouredbands . T ‘ T"?z&

onthese resistors R S
indicate the value of
the resistance in ohms.

Learning Ladder

Energy

o Identify these statements as true or false.
a Voltage is supplied by a resistor.
b Too much voltage will cause a bulb to fail.
¢ Current always flows clockwise.
d Current gets used up as it goes around a circuit.
e Resistanceis measured in ohms.
f Conductors have zero resistance.

@ Describe the difference between voltage, current
and resistance.

e Distinguish between conductors and insulators
and provide an example of each.

0 Discuss what happens to the voltage as electrons
flow around a circuit.

e Electrical tape is made of a flexible plastic with
sticky adhesive on one side.
a What do you think electrical tape might be
used for?
b Evaluate why plastic is a suitable material for
electrical tape.

Observing see page 398

@ Find out what device is used to measure voltage and
what is used to measure current.

e Construct a table to show the symbol and units for
voltage, current and resistance. More information
about constructing tables is available in the Science
how-to section on pages 412-13.

e In your home, identify a smalllamp and a light on
the ceiling. Observe the lights and identify which is
brighter. What can you infer about the amount of
voltage being used in each case?

O Atorchbulbstatesitisrated at 8V. The bulb is
inserted into a torch with a12 V battery. Describe
what will happen to the bulb.

The units that voltage, current and resistance are
measured in are all named after famous scientists.

Conduct research into one of these scientists to explain
their contribution to modern electricity.

Success criteria

« | can explain what is meant by voltage, current and
resistance.

| can describe how voltage, current and resistance
behave in a circuit.
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Learning intention

At the end of this lesson, | will be
able to use Ohm’s law and conduct
an experiment to determine the
relationship between voltage,
current and resistance.

Key terms

a device that measures
electric current

a scientific law which
demonstrates that the current through
a conductor between two points is
directly proportional to the voltage
across the two points

a device that measures
potential difference (voltage)

Investigation 1.7
Exploring Ohm'’s law, page 477

Content group: Electrical energy

10Q

I=5A

Find the voltage (V):
Resistance =10 Q
Current=5A
Therefore:
V=IxR
=5x%x10
=50V

A

Figure 1.18: An example of a calculation
using Ohm'’s law to find the value of the
voltage
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German physicist Georg Ohm (1789—-1854) discovered
the relationship between voltage, current and resistance
in an electric circuit. This relationship became known as

Electrical current is proportional to voltage

Ohm discovered that the relationship between current (/) in amps,
voltage (V) in volts and resistance (R) in ohms can be summarised in
the formula:

V=1IxR

For a fixed resistor (whose resistance does not change), increasing the
current through the resistor increases the voltage across the resistor.
Likewise, reducing the voltage across the resistor reduces the current
flowing through it.

A useful way to remember Ohm’s law is to use an Ohm’s law triangle
(Figure 1.19).

To find voltage: To find current: To find resistance:
74 74 4
/ R I | R I | R
L \
— _Vv -V
V=IxR I=5 R=7

V'S

Figure 1.19: If you know any two of the values for voltage, current or resistance, you
can use an Ohm'’s law triangle to calculate the remaining one. Cover the value you
need to know and use the other two values to complete the calculation.

Conductors with a fixed resistance are known as ohmic resistors.
The resistance of non-ohmic conductors, such as LEDs, changes
depending on the current passing through them.

Voltmeters measure potential difference

A measures the potential difference, or voltage, across two
points in a circuit. Before you can measure voltage, the circuit must be
completed. Then, add the voltmeter so that the two probes are at the
two points that the voltage will be measured across (Figure 1.20).



An

Ammeters measure current

measures current. An ammeter is connected as a part
of the circuit so that the current has no other path but to go through
the ammeter (Figure 1.21).

Ammeters must be connected in the correct direction — they do
not work if connected backwards. Current flows from the positive
terminal of a battery around the circuit and back to the negative
side of the battery. Ammeters and voltmeters have red and black
connecting points. The red connecting point should connect to the

wires coming from the positive side of the battery and the black

Voltmeter

AV

Resistor

A
+

Ammeter

—@—«éva—

ullls

connecting point to the wires from the negative battery terminal.

esistor
Y

Figure 1.20: How to connect
avoltmeter in parallel to take
ameasurement

Learning Ladder

Energy

o Use the Ohm'’s law triangle to identify the equations
for measuring:
a voltage

b current c resistance.

@ Describe and compare conductors and insulators,
using examples of each.

e Explain Ohm’s law in your own words.

© Discuss the differences between an ohmic and
anon-ohmic resistor.
e Use Ohm'’s law to calculate the:

a currentifthe voltage is 110 V and the resistance is 8 Q.
b voltage ifthe current is 8 Aand the resistance is 2 Q.

Conducting investigations see page 408

[T
Figure 1.21: How to connect

an ammeter in series to take
ameasurement

@ I setting up acircuit to investigate Ohm'’s law, outline
the safety considerations you would need to think
about.

e Identify the equipment you would need in order to build
a basic circuit and measure the voltage and current.

© a Discuss the difference in how you would connect
an ammeter and a voltmeter in a circuit.
b Describe how you would collect data about voltage
and current and the unit used for each.

Q Astudent constructed the following results table in their
Ohm'’s law investigation. Identify and explain the three
errors in this data table.

Circuit Voltage (V)
Unit: volts (V)

1 10 25
2 16 -4
3 24 7

Current (C)
Unit: amperes (A)

Resistance (R)
Unit: ohms (O)

e Copy and complete the table above, making any
corrections, and calculate the resistance in each circuit.

Research afamous scientist (other than the one you
researched in Section 1.6) to explain their contribution

to modern electricity. Acknowledge your source with an
appropriate reference (see the Science how-to section on
page 443).

Success criteria

+ | can explain the relationship between voltage, current
and resistance, including conducting an experiment to
demonstrate the relationship.

« | can calculate voltage, current and resistance using
Ohm'’s law.
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Learning intention

At the end of this lesson, | will be able

to compare the features of series and
parallel circuits, including differences in
voltage, current and resistance.

Key terms

acircuitin which all
components are connected between
the same points in branches, so the
current divides into more than one
path

the reciprocal of a number
is 1divided by that number

acircuit in which
components are connected in aline, so
the current has only one path to take

Investigation 1.8
Series and parallel circuits, page 478

Content group: Electrical energy

@
A (A
N/ AN

Current *——suwitch

®

Broken bulb

No current  *~—Sswitch

V'S

Figure 1.22: (2) In a complete series
circuit, the bulbs light up. (b) A broken
bulb results in an incomplete circuit
and no bulbs light up.
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Before LED lights were used in Christmas lights, if one light
bulb went out, so did the rest in the chain. The lights were
connected in series, and a single broken bulb would stop
the flow of electricity through the whole circuit. In a parallel
circuit, the components work independently of each other.

In series circuits, components are connected
one after another

When components in a circuit are arranged one after another, this is
called a . There is only one path for the current to flow
through. If you trace your finger over the circuit or diagram, you will pass
through every component back to the start without retracing your path.

A circuit needs to be complete for current to flow. If one of the
components breaks or is removed, then the circuit isincomplete and
no current can flow (Figure 1.22).

In parallel circuits, components are on
different branches

Ina ,each component is on a different branch of the
circuit. To check if components are connected in parallel, trace around
the circuit. If you come to a point where you must choose between two
or more branches, then the circuit is parallel.

In a parallel circuit, if a component in one branch breaks, the circuit
can still be complete through the connections in the other branches.
A bulb in this part of the circuit stays on even when a bulb in the other
branch breaks (Figure 1.23).

@ ®

(N (N
/ /
(N /R
/ /
Broken bulb

)

Figure 1.23: (2) In the complete parallel circuit, the bulbs light up.
(b) Abroken bulb does not result in an incomplete circuit and the
other bulbs remain lit.

House wiring is an example of parallel circuits. Parallel circuits require
more wiring than series circuits, but if one light bulb breaks or is
removed, then the rest of the house lights can still work even if they are
controlled by the same switch.



Series circuit

Table 1.7: Asummary of voltage, current and resistance in series and parallel circuits

Parallel circuit

Voltage The voltages across 6V 6V The voltage across each 9 Vﬂ Bulb 1
components add up to the A i~ component is the same. g
total voltage supplied by \_J -/
the battery. Bulb 1 Bulb 2 9 V@ Bulb 2
—
6V +6V =12V 9V =9V =9V
122V -~
Bulb1 +bulb2 =total Bulb1 =bulb 2 = total # .
Current The current is the same 03 A 03 A The current in each 3A Bulb 1
everywhere in the circuit. ) ~ component adds up to the O
% O total current in the main
Bulb 1 Bulb %J branch containing the battery. 3A/~ Bulb2
}—o/ /
03A =03A =03A 3A +3A =6A
Bulb1 =bulb2 = total Bulb1 +bulb2 = total o —
Resistance The resistances of 100 50 The total resistance is 5Q Resistor 2
components add up the of the 22%%

to the total resistance
of the circuit. The total
resistance in the
circuit is more than
the resistance of each
component.

Resistor 1 Resistor 2

I

10Q +5Q

Resistor 1 + resistor 2 = total

Learning Ladder

Energy

o Draw simple labelled diagrams of a series circuit and
a parallel circuit.

e Describe the main differences between the placement
of components in series and parallel circuits.

e Using the concept of open and closed circuits, explain
why all lights in a series circuit go out if one stops
working.

o Discuss and compare the difference in current between
aseries circuit and a parallel circuit.

e Evaluate the differences in series and parallel circuits.
Provide an example of a product that may contain a:
a seriescircuit
b parallel circuit.

Conducting investigations see page 408

o You set up a series circuit, but the lights do not work.
You need to change the light bulbs. What safety
precaution should you take first?

15Q

sum of the reciprocals

. 100 Resistor 1
of resistance of each AN

component. The total
resistance of the { b
circuit is less than the 1 1
=15Q  (esistance of each 00 50 = total
component. 01Q +02Q = ﬁ
1
03Q = Sl
Total = 3.33Q

e You have a parallel circuit with three globes on different
branches, but you only have one ammeter. How will you
measure the current in each branch?

@) Astudent constructs two circuits. In each circuit there
are two 10 Q resistors. One circuit is in series; the other
isin parallel.

a Draw the two circuits, including where the voltmeter
and ammeter would be connected.
b Calculate the resistance for each circuit.

Design a circuit for a greeting card that, when opened, turns
on alight and sets off a buzzer. The light and buzzer should
operate independently but at the same time. If possible, set
up your circuit and test it in class.

Success criteria

« | can explain and compare the structure of series and
parallel circuits.

| canexplain the differences in voltage, current and
resistance in series and parallel circuits.
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Learning intention
Atthe end of this lesson, | will be able to:
« explain star ratings for appliances

« compare energy transformed over
time in appliances.

Key terms

the amount
of energy used, measured in
kilowatt-hours (kWh)
the price of electricity
purchased from the electricity
company, in cents
arating for comparing the
efficiency of different appliances

Investigation 1.9
Comparing energy in appliances,
page 480

Content group: Electrical energy
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Energy-efficient appliances are cheaper to run and better
for the environment.

Light bulbs are becoming energy efficient

Old incandescent light bulbs are very inefficient, wasting 90 per cent
of their energy as heat. Halogen lamps are about 10-20 per cent more
efficient than incandescent bulbs, so governments around the world
started phasing out the less efficient bulbs in the mid-2000s.

Compact fluorescent bulbs and LED lights use even less energy, and
the Australian Government began phasing out halogen bulbs in 2020.
By phasing out these older types of light bulb, we will pay less to light our
homes and use less energy. This will also reduce the amount of wasted
energy as we change to more renewable energy supplies.

Energy-efficient devices have star ratings

Many governments have enacted laws requiring minimum standards for
appliances. A lot of scientific research has been directed at improving
the energy efficiency of appliances and systems.

Australia requires energy efficiency to be applied to most
new appliances such as fridges, washing machines, televisions and even
pool pumps! These star ratings help us purchase devices that will waste
less energy, reduce greenhouse gas emissions and save on energy bills.

More efficient products have more stars

Energy-rating labels include useful information:
A star rating allows you to compare products — the more stars an
appliance has, the more efficient it is. Appliances are given a rating
out of 10. New super-efficient models may be given up to 10 stars.
information tells you how much electricity an
appliance uses each year, in kilowatt-hours (kwh). One kilowatt-hour
is how much energy the appliance usesin 1 hour.

If we know the energy consumption and the , we can work
out the estimated running cost of the appliance for a year by using the
following formula:

Annual running cost = total energy consumption x electricity tariff
(kwh) (dollars per kwh)
For example, if a fridge has an energy consumption of 400 kWh and the
electricity tariff is $0.30 (30 cents) per kWh, then the estimated annual
running cost is $120.00 (400 kWh x $0.30).
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Similar appliances use different
amounts of energy

In Figure 1.24 are two energy-rating labels, which

we can compare to help us select the most efficient
appliance. We need to compare appliances with
similar features and make some assumptions about
use, such as how many hours a day the appliance may
be used. People use appliances in different ways.

Table 1.8 shows information for two 40-inch
televisions with the same type of LCD (liquid-crystal
display) screen being used for 10 hours a day.

You can see that it costs nearly three times as much
to run television 2 than to run television 1. Which one
would you buy?

Table 1.8: Comparing the efficiency of two televisions

Television1 Television 2
Star rating 8 3.5
One-year energy use 92 kWh 260 kWh
One-year running cost at $50.40 $142.43
tariff $0.5478 (54.78 cents)
per kWh
Ten-year running cost $503.98 $1424.28

ey,

lay live news

40-INCH

0
FHD LED ANDROID TV"

00e—-

tetive)

A
Figure 1.25: Appliances in stores must display energy-rating labels.

Learning Ladder

Energy

@ a Listthese bulbs from most to least efficient:
compact fluorescent, incandescent, LED, halogen.
b Which of the bulb types in part a would you expect
to get the hottest as it runs? Explain your answer.
¢ Propose areason why the government started
phasing out inefficient light bulbs.

e Explain two reasons why society is moving towards
energy-efficient devices.

e Discuss the criteria used to evaluate the efficiency
of an electrical appliance.

© Evaluate the importance of government regulation to
help create change in people’s purchasing behaviour.

Problem-solving see page 425

o Propose how a star rating can help solve
environmental problems related to energy use.

e Explain the link between using low-star appliances
and the amount of emissions that may be produced in
energy production from fossil fuels.

e If you were designing an energy rating for cars, what
criteria would you use to assess the efficiency?

e Create atable (like Table 1.8) to compare the following
clothes dryers and assess which appliance you would
purchase. Assume an energy tariff of $0.42. More
information about constructing tables is available
in the Science how-to section on pages 412-13.

« Clothesdryer1: star rating 6, energy consumption
130 kWh.

« Clothes dryer 2: star rating 7, energy consumption
138 kWh.

e Review your response to Question 4 and critically
evaluate your answer, taking into account the following
features. Justify whether you have changed your mind.
« Clothes dryer1: Has a sensor to turn off
automatically when clothes are dry; fits 8.5 kg
of clothes.

+ Clothes dryer 2: Does not turn off automatically
when clothes are dry; fits 7.5 kg of clothes.

Find three appliances in your house with star ratings and
record information about the energy used. Determine
which appliance is most efficient.

Success criteria

« |candiscuss energy-rating labels for appliances and
compare the efficiency of appliances.

« lcan compare energy transformed over time in
appliances.
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Learning intention

At the end of this lesson, | will be able to
describe and evaluate ways to optimise
current energy use.

Key terms

a device that moves heat
from one place to another

amaterial or substance
that does not allow heat to pass easily
through it

make the most effective
us of something

heat

Investigation 1.10
Insulation and heat transfer, page 482

Content group: Global future energy
needs

Figure 1.26: In asolarhot P
water system, rooftop solar

panels produce hot water
for households.
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In summer during a heatwave, there can be rolling
blackouts when electricity is turned off in some areas
for a period of time. This happens when there is not
enough energy in the electricity grid to supply all houses.
To ensure there is enough energy, we need to optimise
its use by maximising energy efficiency while reducing
energy waste.

Energy sources should be renewable and
used efficiently

Efficient energy use is important if we do not want to run out of energy.
If household electricity came mostly from renewable sources, we could
reduce demands on non-renewable energy sources. Energy-efficient
appliances also reduce energy use.

Solar energy is a common renewable energy source in Australia
and is becoming more efficient and affordable.

Solar (heat) systems heat water.

Solar cells absorb the Sun’s energy and transform it to electrical
energy. This energy can be stored in batteries for use at night.

Solar collector

Tank

e —we—— Cold water



New heat pump hot-water systems are becoming
popular replacements for gas and electric hot-water
systems. A refrigerator pulls heat from inside a box
and pumps it out into the surrounding room, making
the inside of the box (the fridge) colder. A hot-water
heat pump works like a refrigerator in reverse, by
pulling heat from the surrounding air and pumping
or transferring it into the water storage tank. When
the air is too cold to heat the water, there is a back-up
electric heater. Heat pumps use 65-70 per cent less
electricity than a normal electric hot-water system
and reduce greenhouse gas emissions.

Figure 1.27: A spilt-system air conditioner is a heat
pump that removes heat from inside the house and
pumps it outside. Heat pumps work by a gas in the

heat pump expanding when hot.
v
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To optimise energy use in your house:
choose energy-efficient appliances

avoid unnecessary use of appliances
switch appliances off when notin use

turn down the temperature on your heater
or air conditioner alittle

install insulation or seal up gaps.

Reducing heat energy waste
has many advantages

One way to reduce heat loss is by using improved
insulation materials. Another way is to stop heat
escaping, by blocking gaps such as under doors.
We can also recover ‘waste’ heat using heat pumps
or steam recyclers. For example, a heat pump,
condenser clothes dryer recirculates heat,
rather than blowing the hot damp air out
and continually adding more heat to dry
the clothes.

Reducing heat energy waste
saves money and produces fewer
emissions and other pollutants.
Heat pumps work by a gas in the

heat pump expanding when it
absorbs heat (Figure 1.27).

Heat pump
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Energy 27



Building materials can help control Bulk insulation can be made of glass wool, cellulose

temperatures 1.‘|breJ p.olyester, W0.0| or polystyrene. Reflective
insulation has a shiny surface that reflects heat

Insulation acts as a barrier to heat flow. It keeps homes energy away.

warm in winter and cool in summer. Insulation is rated

by a system of R-values. R-values range from1.5to 7,

with higher R-values being better insulators.

The colour of building materials also affects how
much heat energy a building absorbs. Dark, dull
surfaces absorb more heat energy than light, shiny

The total R-value of a home is a combination of the surfaces. Light-coloured roofs reflect more heat,
R-values of all the materials that make up the walls, keeping a house cooler.
floors, roof and ceiling, as well as the insulation used.
The best R-value of the insulation used in a home We can optimise energy use in
depends on the local climate and the construction of
the house. the home

We can save money and reduce greenhouse

gas emissions and pollution. We can select
energy-efficient appliances and building materials
and make good design decisions (Figure 1.28).

There are two types of insulation: bulk and
reflective. Bulk insulation relies on air trapped in
fibres to reduce the transfer of heat energy, much
like wrapping yourself in a blanket to keep warm.

Double-glazed windows add an extra
Ceiling insulation inside the roof reduces heat loss: layer of glass to reduce heat loss:
= Saving = $1400 = Saving = $110
= Greenhouse gases = 3800 kg » Greenhouse gases = 38 kg

Stopping draughts can reduce
heat loss through gaps:

= Saving = $1000

= Greenhouse gases = 2800 kg

Upgrading from gas

cooking to electric

saves energy:

= Saving = $1700

= Greenhouse gases
= 5100 kg

4

Wall insulation

reduces heat loss:

= Saving = $900

» Greenhouse
gases = 2000 kg

¢

Replacing old hot-water systems
with a heat pump hot-water
system saves energy:

= Saving = $1800

= Greenhouse gases = 5000 kg

V'S
Using a reverse cycle air, heat pump Underfloor insulation in older Figure 1.28: There are many
air conditioner on the heating setting is houses can reduce heat loss ways to optimise energy use in
much more efficient than gas heating: through floorboards: ahome. Savings and reductions
= SEVING = S0 0 SN = in greenhouse gas emissions are
= Greenhouse gases = 1100 kg = Greenhouse gases = 1250 kg

estimates shown over one year.
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Passive design helps regulate
a building’s temperature

Passive design is building design that considers
the climate, where a building will be located and
many design features to keep it at a comfortable
temperature without using appliances for heating or
cooling (Figure 1.29). A building made with passive
design has features such as:
windows and doors that are placed to allow air
flow that helps to maintain temperature at a
comfortable level
few windows facing the hot afternoon sun, and
eaves that shadow the windows in the heat of the
day in summer and let sun in during winter
high and low vents so that cool, fresh air replaces
hot, stale air during summer and reduces heat loss
during winter
roof angles and house layout that maximise shade
during summer and heat absorption during winter
building materials that are good insulators, and
adding insulation in roof and under floor and walls
plants that give shade and cool the air, like the
canopy in a rainforest.

These features can reduce or eliminate the need for
heating and cooling that relies on electricity.

¥ Figure 1.29: This Australian
house uses passive design,
such as the design of its
roof, to help control the
temperature inside.

Learning Ladder

Energy

o Identify three ways to optimise energy use.

e Describe two ways to design a home to make it more
sustainable and efficient.

e Study Figure 1.27 and explain how a heat pump works
in relation to energy transfer.

0 Discuss and give an example of why using more solar
energy can be a good idea.

e Evaluate whether gas or electricity is a better option
for energy in the future, using examples from this
section.

Problem-solving see page 425

0 Propose how you could reduce energy loss from a
dog kennel to help keep a dog warm.

e Explain how finding ways to optimise energy use can
help solve our energy problems.

e a Collate the data from Figure 1.28 about financial
savings and greenhouse gas emission reductions
per year into a table. More information about
constructing tables is available in the Science
how-to section on pages 412-13.

b Usingthe criteria of financial savings and
greenhouse gas emission reductions, identify the
two best energy optimising changes you could
make to a house. Explain why you selected these
options.

e If you were designing a new house, what strategies

could you use to ensure it was energy efficient?

e Based on the data you collated in Question 3,
evaluate whether it is worth spending money to
improve the energy efficiency of ahome.

Conduct research into the cost of installing a new heat
pump hot-water system or solar electricity system.
Find out the financial savings that may be gained by
this investment and calculate how many years it would
take to get your investment back so that you can start
saving money.

Success criteria
- | candescribe ways to optimise current energy use.

- | canevaluate the use of current and alternative
energy choices.
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Learning intention

At the end of this lesson, | will be able
to identify past trends and predict
future trends in energy use, and link this
to reasons for developing alternative
energy sources in future.

Key terms

an unwanted or waste
product of a process

aform of air pollution

able to be maintained at
acertainrate or level
when a layer
of hot airin the atmosphere stops
circulation of airaway from Earth’s
surface

Investigation 1.11

Atmospheric convection and inversion
layer, page 484

Content group: Global future energy
needs

Figure 1.30: Mining companies must
rehabilitate the mined land once the mine
is closed. The land may have different
uses in the future, but it must be made
safe and free of pollution.
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Since the Industrial Revolution, our energy use has soared.
Energy use has had very positive impacts, but it has

also had negative impacts on the environment, including
contributing to global warming. We need to understand
our energy use so as to improve it and reduce its impact.

Global energy use is increasing

Figure 1.31 shows how energy use has soared over the past 200 years.
Itis clear that energy use has increased in line with the global population
growth. The types of energy use have also changed. Biofuel and coal
were the main energy types between 1820 and 1920. From about

1940, new energy types grew very quickly as technology developed

and the population started to increase at a faster rate.
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Australia is following energy trends

Energy use in Australia has grown substantially as the population has
grown. Figure 1.32 shows our energy production since 1977. Australia
mostly uses fossil fuels for energy production. Coal accounted for about
61 per cent of Australia’s energy production in 2021-22, followed by
natural gas at 32 per cent. Australia is currently using a lot of fossil fuels
to supply energy for transport, households and industry. Renewables are
a small but growing part of our energy supply.

We should develop alternative energy sources

We need to invest in new and alternative energy sources, for a number of

reasons. Well-developed, alternative energy sources can ensure that:
energy is used efficiently, thereby reducing the environmental
impacts of waste energy and waste on plantand animal
life, water, soil and the atmosphere
humans can live comfortably and enjoy our way of life, including
balancing our use of energy, technology and the environment to
ensure amore future.



20000 —
18000— [ Renewables Natural gas Oil and LPG
16000~ [l Brown coal [ Black coal

14000 —

—

N

o

S

o
|

Energy production (PJ)

1977 1981 1985 1989 1993 1997 2001

Year

Energy production and use affects
the environment

Increased energy production and use affects the
environment in many ways. We have already discussed
how fossil fuels contribute to global warming, but each
type of energy affects the environment in some way.
Mining

Mining is required to extract fossil fuels and uranium
to make them available for energy production.

For solar energy and battery storage, precious metals
are required to be mined in order to make electronic
components. Mining produces waste materials that

may be toxic, and affects the land directly. After
mining, rehabilitation is often required.

Precious metals such as lithium, nickel, cobalt,
gold or manganese required for batteries and
electrical components are also limited or finite in
supply. Unless we can recycle them more efficiently,
eventually the cost of energy and its potential impacts
will increase further.

Loss of environment

Mining can directly affect the environment. The
digging of open-cut coal mines removes large
amounts of land. Hydro power requires dams that
flood valleys and destroy wildlife habitats.

Burning fossil fuels also produces acidic gases that
enter the atmosphere and dissolve in water to form
acid rain. Acid rain damages plants and has destroyed
forests and crops in some parts of the world.

2005

4 Figure 1.32: Energy use
in Australia is similar
to that of the rest of
theword and is
projected to grow.
(1PJ=1petajoule =
10" joules)

2009 2013 2017 2021

Visual impact and noise

Wind farms also have impacts on the landscape.
Large-scale wind farms are visible from far away,
whether they are on land or the ocean. Wind farms
also pose dangers to bird life and can be noisy.

Other activities related to energy production,
such as mining, dams or large solar farms, also have
avisual impact.

Climate change

An important environmental impact of energy
production is climate change, caused by globall
warming. Global warming is the heating of the
atmosphere caused by increased greenhouse gases
that trap heat in Earth’s atmosphere, raising global
temperatures. The environmental effects of increased
temperatures include rising sea levels, changing
weather patterns such as more intense storms,

floods and droughts, and other events.

Changing weather patterns and increasing levels
of gases and pollutants in the atmosphere also affect
the health of people, animals and plants. For example,
climate change will affect both the amount and quality
of food that can be produced, and this directly affects
our health.

Air quality
Under normal conditions, the Sun’s energy heats
the ground, which then heats the air just above it.

The warmer air rises as cooler air sinks below it.
In this way, fresh air can circulate.
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During a
, the layer of air close to
the ground is cooler than the air
above it, which prevents fresh air

from circulating. The warm air is Cooler air

sometimes a result of pollutants .
. Cooler air

from car exhausts, factories and

burning of fossil fuels to make
electricity, which can produce

. Temperature inversions
can be worse in valleys, where air
circulation is further prevented by
the surrounding hills.

Smog contains a variety of dangerous chemicals,
including ozone, which is a molecule made up of
three oxygen atoms. Increased smog levels can
cause problems such as breathing difficulties and
lung damage, coughing and throat irritation, asthma
symptoms and irritated eyes. Children, elderly people
and those with respiratory conditions are at most risk
of health problems from smog.

Renewable energy sources make
less heat

The electrical energy we use is generated in a variety
of ways. It can be made from both non-renewable and
renewable energy resources. Non-renewable energy
resources such as coal, oil and natural gas are burned
to release heat energy. In this process, water is heated
to produce steam that turns turbines. This heat energy
is transformed into electrical energy. As we have
learnt, these energy sources have low

efficiency, meaning a lot of heat is wasted 800004

and escapes into the atmosphere. 70000
Renewable energy sources such as 60000

wind power, hydro-electricity and solar =

power convert energy into electricity more = 50000~

directly, and produce much less waste 2 400004

heat in the process. For example, wind %

and hydro energy sources directly turn g 30000

turbines to generate electrical energy, and 20000

inefficient heating of water is not needed. 10000
This means that renewable energy .

can be a better option in future, as it
can reduce some of the environmental

impacts outlined above. -

Warmer air

-

Figure 1.33: Under normal conditions (left), airis able to
circulate. In atemperature inversion (right), warm air traps
cooler air, preventing circulation.

Australia’s mix of energy
generation is changing

In response to the problems caused by energy
production, including waste heat and other
environmental impacts, there is a lot of debate
about how we should produce and use energy in
future. Australia is using more renewable energy
and investing in new energy sources and supply
and storage systems.

As in other countries, the use of renewable
electricity in Australia is increasing. Figure 1.34 shows
that Australia has increased the use of solar and wind
energy sources since about 2010.

Bioenergy Solar

Wind [l Hydro

1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017 2019 2021

Year

Figure 1.34: Renewable electricity sources in Australia

(1GWh =1gigawatt-hour)
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The fuel mix used to produce electricity 0
is different in each state, because each 907 .
state has had access to different fuels and & 807 E—
i []
sour.ces of energy in the past. | $ 70~ = 1 -
Figure 1.35 shows that coal continues & 60- I
to be the main source of electricity in New g ool
South Wales, Victoria and Queensland, "g 0.
making up more than 58 per cent of 2
generation in all three states in 2022. g_ 304
But the use of coal is decreasing, having a 20+
dropped below 50 per cent of total 10
Australian generation for the first time 0
in2021-22. NSW Vic Qld WA SA Tas NT  Australia
Renewables accounted for 98 per cent of Other renewables [l Hydro Oil M Natural gas Coal
generation in Tasmania, due to a high use of R

hydro power. Renewables were 71 per cent
of electricity supply in South Australia.

Learning Ladder

Energy

0 a ldentify two ways that using fossil fuels can affect the
environment.
b Identify two ways that alternative or renewable energy
can have a positive impact on the environment.

9 Describe a sustainable energy practice and compare
it to a non-sustainable energy practice.

e Explain why the increasing use of energy and population
growth are following similar patterns.

o a Discuss the use of energy historically, compared to
today, including what has changed in society over
time and why that may have happened.

b Based on the historical use of energy in society,
discuss the future use of energy, including:
whether energy use will increase, stabilise or
decrease

what may happen to the mixture and types of

energy sources used

the reasons for your proposed energy trends

infuture.

e a Compare the energy use of each Australian state,
using Figure 1.35, and propose why some states have
amuch higher use of renewable energy than others.

b Evaluate reasons for the future use of current and
alternative energy options across all the states.

Problem-solving see page 425

o Suggest ways to reduce the impact of continuing to use
fossil fuels until it can be reduced.

Figure 1.35: Each state of Australia uses a different mix of fuel
types to produce electricity.

e Explain the relationship between the burning of fossil
fuels and climate change.

e Develop a set of criteria you could use for selecting
future alternative energy sources.

0 Imagine you have been asked to propose ways to reduce
the impact of new wind farms on the community and
environment. Develop and assess a problem-solving
process with at least six key steps you can take. When
thinking about your process and steps, consider what
you need to know or find out, who you would need to talk
to, and how you would use that information to propose
a solution to your problem.

e According to Figure 1.34, the use of hydro-electricity in
Australia has always been relatively high and remained
stable. Evaluate why the use of hydro has not increased
further as Australia has invested in renewables, when
other renewable energy sources are increasing.

Find out more about and summarise the energy strategy in
your state. What is your state trying to do, or to invest in, to
ensure a sustainable energy supply in future? Present your
findings in any way you like.

Success criteria

| can describe past and future trends in energy use at a
global, national and state level.

| can explain reasons for developing alternative energy
sources.
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Learning intention

At the end of this lesson, | will be
able to evaluate the development of
alternative energy sources to meet
and reduce global energy demand.

Key terms

a device that converts
hydrogen and oxygen into electricity

a combination of two or more
things

away to consider

the impact of a device from its creation,

while in use and when disposed of

acar, bus ortruck

Content group: Energy in context

Figure 1.36: Australiahashad a

dependence on cars for transportation,

including a preference for larger cars.
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Passenger cars in Australia use 40 per cent more fuel
than cars in the European Union, 20 per cent more

than cars in the United States and 15 per cent more

than cars in New Zealand. This difference is because
Australians have preferred cars with larger engines and
fewer diesel-powered engines. But there is a transition
underway in Australia to more efficient cars to reduce
energy demand, greenhouse gas emissions and pollution.

More efficient cars reduce energy demand

There are many alternative energy sources for ,or cars, that will
allow us to reduce energy demand. Petrol and diesel internal combustion
engines have been the main engines in Australia, but there are now
many options.
Internal combustion engines burn fuel in the engine in controlled
explosions inside cylinders that push pistons. This makes the engine
spin and energy is transferred to the wheels.
Battery electric vehicles use electricity in batteries to drive electric
motors that are directly attached to the wheels.
electric vehicles use both a combustion engine and batteries
to power the car. Batteries in hybrid electric vehicles recharge as
you drive.
Plug-in hybrid electric vehicles use both a combustion engine and
batteries to power the car but must be recharged by plugging in.
They have larger batteries than hybrids, so they can go further on
batteries alone.
Hydrogen cell vehicles are powered by a that converts
hydrogen into electricity that drives electric motors.

Table 1.9 summarises some of these energy technologies.

;«‘(@Jl i
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Table 1.9: Comparison of car engine technologies

Vehicle type Source of
energy
Internal Petrol Fossil fuel
combustion engine i .
Diesel Fossil fuel
Hydrogen Water or fossil
fuel
Electric vehicle Battery electric Electricity
vehicle
Hybrid electric Fossil fuel/
vehicle electricity
Plug-in hybrid Fossil fuel/
electric vehicle electricity

Water or fossil
fuel

Hydrogen fuel cell

Motor type Emissions Efficiency (%)
Engine High 20-30
Engine High 30-50
Engine Zero 20-30
Electric motor Zero 70-90
Engine/electric motor ~ Medium-high 25-40
Engine/electric motor ~ Medium 30-50
Electric motor Zero 40-50

Some cars are more efficient than others

When it comes to energy loss, cars are really good at
it! Table 1.9 shows the efficiency of different vehicles.
Energy is lost from cars in many ways — internal
combustion engines produce a lot of heat that is
wasted energy from the fuel that is burned, meaning
they are one of the most inefficient types of cars.

Hybrid electric vehicles are more efficient
than internal combustion vehicles, especially in
stop-and-go driving, because the regenerative
braking recycles waste energy from the brakes to

Energy recovered

5-9% by regenerative braking

charge the batteries. But the efficiency of a hybrid
caris still only 25-40 per cent. Figure 1.37 shows
where energy is wasted from a hybrid car.

A fully electric vehicle is the most efficient, at
70-90 per cent. Because energy goes directly
from the battery to the motors that are attached
to the wheels, there are fewer ways energy can be
wasted through friction or heat. Even though they
may be cleaner, both types of hydrogen engine are
quite inefficient.

Energy losses
Engine: 65-70% as heat and friction

Parasitic: 4-6% through components,
e.g. water pumps and fuel pumps

Electrical: 1-3% used by fans, cooling
and heating systems, heated seats,
headlights, etc.

Drivetrain: 3-5% through gearbox,
axles and wheel bearings

Energy to wheels: 25-40%

o
Figure 1.37: Energy is lost and recovered
in a hybrid carin many ways.
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Life-cycle analysis helps us
evaluate impact

When it comes to reducing global energy consumption
and improving environmental impacts from vehicles,
we cando a . Alife-cycle analysis
considers everything from the manufacturing of the
car and its use until disposal, in order to assess its
energy use and emissions over its lifetime.

For example, Table 1.9 shows that a battery electric
vehicle seems to produce zero emissions. But if the
electricity that is used to charge the batteries comes
from fossil fuels, then the emissions and pollution can
still be high. Other impacts may come from activities
such as mining to produce the precious metals needed
to make batteries. And during the manufacturing of
the car itself, many materials are used that require
energy and produce both waste energy and other
by-products, including pollutants.

Figure 1.38 compares electric vehicles and
combustion engine vehicles to show the stages of the
life cycle where energy is produced, used and lost, and
where pollution and emissions may be produced.

Figure 1.38: A life-cycle comparison of energy
in electric and internal combustion engine cars

Hydrogen may be a clean fuel

Hydrogen may be a better fuel because the only
product of burning hydrogen to make energy is water.
There are no pollutants.

Hydrogen + oxygen - water

As shown in Table 1.9, there are two types of hydrogen

engine and both work by turning hydrogen into
water in different ways. A hydrogen combustion
engine burns the hydrogen by igniting it just like a
petrol engine. A fuel cell is more efficient because it
produces electricity in a controlled chemical reaction
between hydrogen and oxygen, so less energy is lost
as heat.

But where does the hydrogen come from?
Hydrogen is made by one of two methods:

using large amounts of electricity to split water

into hydrogen and oxygen

from other chemicals such as methane gas

(afossil fuel).

Both of these methods require energy and can
produce pollution or by-products. So, although
a hydrogen engine produces zero emissions, the
process for producing and using hydrogen is not
always clean or efficient.

v
Oil Fuel energy Power
. refinery Transport [ =
Fossil fuel .
C;il " =) | Dieseland | == | of petrol |==p Endine |
petrol and diesel ) ng.me 0SSes
roduction Drivetrain losses
P Parasitic losses
Electrical losses
Internal combustion engine

Fossil fuel
= Coal :
- Ol Power generation ::'(a)‘:\vse;ission e
- Gas . Coal-flreq power statlon. to homes and Electric energy Power

» Gas or diesel power station indust q o =

» Hydro-electricity INAUstry an

. Solar panels power storage
Renewable « Wind turbine " elelctrlgl(';y Charging losses
energy SUIRIIR @it Parasitic losses
- Hydro Electrical losses
= Wind
= Solar
= Biofuel

36 Good Science NSW Stage 5



Figure 1.39: A hydrogen
fuel cell for a truckengine

Learning Ladder

Energy

o Identify the energy source for :
a aninternal combustion engine.
b a plug-in hybrid vehicle.
c afuelcell.
e Describe what a life-cycle analysis is, and explain how
it may help develop more sustainable vehicles.

e Explain why a battery electric vehicle is more efficient
than a hybrid electric vehicle, when both run on
batteries.

o Discuss the difference in energy transformation that
occurs in a hydrogen internal combustion engine and
a hydrogen fuel cell.

e Evaluate the seven types of vehicles in Table 1.9 and rank
them in order from best to worst. Explain the criteria you

have used to rankthem.

Problem-solving see page 425

o In Figure 1.37, only 25-40 per cent of the energy is
transferred to the wheels. Suggest where the rest of
this energy goes.

9 Explain, with examples, how cars contribute to
environmental problems.

€) Youwantto purchase a car that has low emissions,
high efficiency and minimal environmental impact.
Which vehicle would you select from Table 1.9 and why?

0 Construct a strategy for a life-cycle analysis of a car.
Use Figure 1.38 to help you think about each stage of the
life cycle. Write down the information you would need to
collect and what you will do withit.

6 Some scientists claim that hydrogen is a clean fuel and
should be the main fuel in future. Evaluate this claim and
state whether you agree.

Success criteria

+ | canuse examples to evaluate the development of
alternative energy sources to meet and reduce global
energy demand.
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» Energy summary

Law of conservation of energy ‘

« Energyisthe ability to do work. « Energy can be transferred from one
. Thelaw of conservation of energy states that object or one place to another.
energy can never be created or destroyed; it can only - Energy can be transformed
change into different forms. from one type of energy to
- Sometypes of energy include: another.
. . . « Energyislostin
Chemical energy: energy stored in chemical bonds.
energy transfers and
Elastic potential energy: energy stored in an object transformations. For
that has been stretched or compressed. example, rubber balls
Electrical energy: energy that travels through electrical bounce higher than tennis
circuits. balls, because they lose less energy in the form of heat
Gravitational potential energy: stored in an object and sound through friction with the air and the ground.
raised to a higher point. « Alldevices waste or lose energy.
Heat energy: energy in the form of vibrating particles ~ Moving objects lose energy as heat and sound
in solids, liquids and gases. because of friction.
- Most electrical devices lose energy as heat and

Kinetic energy: energy of objects in motion.
sound.

Light energy: energy in the form of waves, emitted from

f . - Most machines lose energy as heat and sound.
a glowing object.

- Energy efficiency is how much usable energy is
produced compared to how much energy has

been supplied. Less energy waste = more efficient

Sound energy: energy in the form of vibrating particles energy use.
and transferred as waves.

Nuclear energy: energy stored in or released from the
nuclei of atoms.

« Theunitof energy is the joule (J).

Sources of energy
« Mostenergy sources (® Excess steam goes to A (@) Steam turns
can be used to generate a stack. He:.:\t energy the turbine. =
- is released into the [
electrical energy. ' atmosphere. 4} = © The turbine
The energy source is - I turns the
usually used to spin e generator
aturbine. S /4 to generate
- electrical
energy.

@ Coalis burned
to boil water and
create steam.

-

\/

@ Transmission lines

. transfer electrical energy.
(@ Cool water is

sourced from a river ® Steam is cooled

or lake and returns back into liquid

as hot water. water in the
condenser.
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Sources of energy

Some sources of energy will run out and cannot be « Energy sources should be considered in regard to:
replaced - they are non-renewable. - Economic considerations: the costs
Renewable energy sources will not run out. associated with making, using and disposing of an
Most of Australia’s electricity has been generated energy source.
(produced) by burning fossil fuels. Fossil fuels such - Technological considerations: whether technology
as coal, oil and gas take millions of years to form. can make an energy source more efficient, reduce
The process of producing energy is usually not very or store extra energy or dispose of wastes, making it
efficient, with a lot of energy lost during production as safer or less polluting.
heat, light, sound and friction. More energy is lost when - Environmental considerations: how an
transferring the electricity to our houses. energy source affects - positively or negatively —
people and the environment.
Renewable energy Efficiency (%) + Although there are
Solar 18 econgmic and sgcial .
benefits to burning fossil
Geothermal 20 fuels, pollution and global
Wind 35 warming is a major problem.
Tidal 85 . Carbondioxideisa
greenhouse gas released
Hydro 90 when fossil fuels are
Non-renewable energy Efficiency (%) burned. Greenhouse gases
in the atmosphere trap
Coal 29 additional heat energy from
Nuclear 33 the Sun and warm the
Gas 38 atmosphere, causing

global warming.

Electrical energy

An electric circuit is a closed path for transmitting electricity or
electrical energy. A circuit consists of:

- anenergy source, such as a battery or generator

- components that transform electrical energy into other forms of
energy, such as a light bulb or motor

- wires that connect the components to the power source and each
other, to make a complete path back to the energy source.

In an electric circuit:

- Theelectrons receive electrical energy from a battery or power
source.

Electrons move through the wires and components and carry this
energy around the circuit.

The wires and components are also known as a load that uses
electrical energy.

As electrons pass through a load, they transfer their energy to the
component, which converts that energy into another type.
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Electrical energy

+ Electric circuits can be drawn as diagrams. . Anammeter Ammeter

Each component has a symbol. measures current. —@—/\/\/\/\/\/\—
Open switch  Cell R

. Voltage is a measure of electric Itis connected as a esistor

potential energy. When we part of the circuit so A Y
measure voltage, we measure that the current goes +-
the potential difference, which throughit. I
is the difference in potential I~ - Some materials, including most metals, such as copper,
energy between two pointsin L\lil | allow charge to flow more easily and are known as
the circuit. Light bulb Wire conductors.

. Voltage has the symbol Vand its unit is the volt . Other materials, such as rubber, resist the flow of
(symbol V). charge and are called insulators.

Battery Resistor Bulb « Resistance of a substance has the symbol R and its unit

is the ohm (symbol Q). A component with resistance
‘ | ‘ [ ‘ | }—|:|—@7 converts electrical energy into other forms of energy,

such as heat.

« Ohm'slaw is the relationship between current (/) in
amps, voltage (V) in volts and resistance (R) in ohms,
and is summarised in the formula: V=1/xR.

« Componentsin a series circuit are arranged one after
\ another. There is only one path for the current to
Battery / 777777777777777777777 flow through. A broken bulb in a series will result in an
voltage Resistor voltage or incomplete circuit and no bulbs will light up.
potential difference \ « Inaparallel circuit, each component is on a different
\ ) branch of the circuit. A broken bulb does not result in
Ground level Bulb voltége an incomplete circuit and the other bulbs remain lit.
« Energy-rating labels include useful information:
Voltmeter - Astarrating allows you to compare products - the
- A voltmeter measures the /V\ more stars an appliance has, the more efficient it is.
potential difference, or = - Energy consumption information tells you how
Y0|tage’ a?cross two points much electricity an appliance uses each year, in
Inacireut. AN kilowatt-hours (kWh). One kilowatt-hour is how much
Resistor energy the appliance uses in one hour.
A Y - Annual running cost = total energy consumption
- (kWh) x electricity tariff (dollars per kwWh).

[T
« Currentis a measure of the rate of flow of charged
particles (electrons) in a circuit. It can be visualised
as small balls being pushed through a pipe.

The more ™\
stars the more S
energy efficient |

A
&
\{

« Current has the symbol/and its unitis the ampere
(or amp) (symbol A). ENERGY

_ Balls

RATING

A jont gevernment ond industry progrom
Stumaing Screen Model E2009ITVA

Pipe _

Energy consumption

Current

kWh per year

Based on 10 hes udy d bame viewiog and
tested s accorfance wieh ASNZS 6208722,
TV dhaplayed loe sale may e sec 1 3 dapiay may
more @nergy an the razng ibave Indkates Ind ey be brghier

Each ball pushes the

T next a small distance. A )
One ball One ball is

is added. pushed out.

how rou Mdpest and use DT

Compare models at www.energyrating gov.au
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We need to maximise

Global future energy needs

energy efficiency and reduce 80000
energy waste by using renewable 200001 Bioenergy Solar Wind [ Hydro
energy and efficient appliances
(e.g. heat pumps), and by turning 60000
off appliances when notin use. =
Insulation reduces heat waste. (% 50000
Light colours reflect more heat. § 40000
Passive design is energy efficient 2
and helps to regulate a building’s o 30000
temperature. 15

. 20000
Reducing energy use and
waste reduces pollution and 10000
energy bills. Selecting more
efficient engines for cars reduces 0
energy use. 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017 2019 2021
Energy use globally is increasing Year
with population. Australia’s mix of
energy generation is changing to
be more renewable.

Energy in context

Itisimportant that we are able to transition to « Hybrid vehicles are more efficient than petrol cars, and
sustainable energy sources, to reduce future demand. fully electric cars are more efficient than hybrids and

reduce emissions.
« Transitioning to electric cars in Australia will help to
reduce our energy demand.

Energy losses
Engine: 65-70% as heat and friction

Parasitic: 4-6% through components,
e.g. water pumps and fuel pumps

Electrical: 1-3% used by fans, cooling
and heating systems, heated seats,
headlights, etc.

Drivetrain: 3-5% through gearbox,
axles and wheel bearings

Energy to wheels: 25-40%

Energy recovered
5-9% by regenerative braking
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Masterclass
Steps In progracin o e

- Identify whether biomassis a Describe how biomass can be used to
5 renewable or non-renewable energy create a sustainable energy practice.
'E source. Give examples to justify your answer.
(o}
O
Identify some scientific tools Select one of these tools from step 1
. scientists could use to investigate the and identify the observations and
Observi ng production or use of biofuels. measurements that could be made
with that tool.
To determine how much energy a Use a diagram to describe how a
8 C d o biofuel contains, scientists burn calorimeter works, and outline what it
& on UCt'ng asample inside a calorimeter. measures.
2 2 2 Outline some safety precautions
) investigations yP ;
o you would need to take when using a
E calorimeter.
Propose a solution to one of the Explain the biomass cycle and outline
potential problems of using biomass the effect this may have on carbon
to create energy. dioxide in the atmosphere.

Problem-solving

Biomass energy production and use in Australia

Biomass energy, or ‘bioenergy’, is energy generated
from the conversion of biomass into heat, electricity,
biogas, and liquid fuels such as biodiesel and ethanol.
Biomass is organic matter from living things and
comes from forestry, farming and household green

( BIOMASS POWER PLANT
waste. Basically, the energy from biomass is converted

e
to a useful form of energy using techniques such as - - - CYCLE OF
fermentation, gasification or combustion (burning). TREES & PLANTS
The energy in biomass comes from the Sun, via the B I u MAS s
energy produced by plants through photosynthesis. ENERGY
The efficiency of biomass energy production can
depend upon the method used to make it.
Biomass can reduce carbon dioxide emissions, as ‘
shown in Figure 1.40. It can also be used to produce I R

other useful products, including renewable bitumen - '
— Hems WOOD PRODUCTS mumms®®  BIOMASS
(for making roads) and biomass-based concrete.
Using biomass can also reduce the amount of rubbish A Figure 1.40: The biomass cycle can recycle carbon in
that goes into landfill. Australia produces only about the atmosphere, helping to reduce overall emissions.
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Demonstrate your understanding

(3)

Explain why it is important, when
exploring new bioenergy projects, to
consider the efficiency of the process
used to produce energy.

Propose one inference that you can
make after reading the text about
biofuels.

Construct a table for collecting results
to compare two types of biofuels
when using a calorimeter.

Scientists are working to reduce the
carbon dioxide outputs from using
biomass. Propose criteria to help
them assess which biofuel production
method is the best for reducing
carbon dioxide.

5 per cent of its energy from biomass, whereas
many other countries produce about 7-10 per

cent bioenergy.

Figure 1.41: This biomass factory creates biogas,

which can be used as fuel.
v

(5 2

Use Figure 1.40 to discuss how
methods for producing biomass could
be improved to ensure optimal energy
outputs while reducing negative
impacts.

Outline some observations you would
need to make to answer the following
question: Are biofuels a better energy
source than fossil fuels?

Research some actual calorimeter
results for testing the energy in
biodiesel. Record these results

in a table and write a statement
describing what the results show.

Using forests as the basis for biomass
material creates problems such as
land clearing and release of carbon
dioxide. Propose some strategies that
scientists could use to solve these
problems.

Evaluate the use of bioenergy as a fuel
for the future and propose whether
Australia should expand its use of
bioenergy.

Based on your observations
identified in step 4, identify scientific
equipment you may need to use to
make these observations accurately.

Conduct research to identify data
that compares the efficiency of
different types of biofuels. Be sure
to acknowledge your references.

Itis claimed that bioenergy is a more
efficient energy source than other
sources. Evaluate the evidence for
this claim. You will need to undertake
some research.

Companies developing biomass projects in
Australia need to consider a number of factors,

including increased efficiency, lowered emissions

and production costs, the creation of new

technologies and reduced waste.




Focus area 2

.0

All day, every day, our bodies interpret and
respond to the world around us. Specific body
systems help our internal systems remain in
balance, even when our external environment
continues to change. This not only allows

us to move around and interact with our
surroundings; it can also help the body to

Iseqase

Figure 2.1: Several b
systems in our body
help to keep usin
balance, just like
someone balancing

recognise and fight a range of diseases.

.adder

Stepsin
progression

| can analyse a range of disease
prevention and management

strategies for their effectiveness.

| can interpret data relating
to body balance and health,
and disease incidence
and prevalence.

| can explain how processes and
functions can maintain balance
and health or cause disease.

| can describe how specific
mechanisms work to maintain
balance and health in the
body or cause disease.

| can identify mechanisms that
help to maintain balance and
health or cause disease.

Disease

Working scientifically processes
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onaslackline.

The Learning Ladder contains the scientific content and processes you will
learn in this focus area. Each area has five levels of progression. To move
to higher levels, you need to practise activities at the earlier levels. This will
help you develop the ability to complete tasks that are more complex.

| can evaluate conclusions
based on the quality of data.

| can assess data and
information for accuracy,
reliability and validity.

| can draw conclusions based
on patterns in data
and information.

| can explain relationships
between datasets
and information.

| can describe trends from
collected data and information.

Analysing data
and information

| can evaluate scientific
findings based on secondary
evidence and arguments.

| can present scientific findings
using appropriate conventions

for specific audiences.

| can construct a range
of appropriate scientific
presentations based on
first-hand and second-hand
data and information.

| can use digital technologies
to organise and present
data and information.

| can select appropriate ways
to communicate information.

Communicating

Stepsin
progression






—p ¥
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Figure 2.3: When out for exercise,

humans can sweat in response to their

body temperature increasing. Dogs
only sweat from certain parts of their
bodies, so they pant to release excess
heat from their body as well.

o
Learning intention

At the end of this lesson, | will be able to:

- identify the importance of
homeostasis

« describe examples of responses to
stimuli.

Key terms

denature: to change the
three-dimensional structure of a
protein so that it no longer performs its
function

enzyme: a protein that increases the
rate of a specific chemical reactionin
the body

homeostasis: maintaining a balanced
internal environment, by responding to
changes in the external environment

receptor: a specialised cell or organ
that detects changes

stimulus (plural stimuli): a detectable
change in the environment that can be
detected by areceptor

Investigation 2.1A
Sensory receptors, page 486

Investigation 2.1B
Reaction time, page 488

Content group: Homeostasis

46 Good Science NSW Stage 5

Multicellular organisms tend to have complex bodies, consisting
of many organs and systems that work together. Human bodies
react to changes by working to keep all the body systems in

a state of homeostasis.

Many changes can affect the body

A change in the environment can affect the body. For example, if it gets
hot, we sweat; if it gets cold, we shiver. Our bodies can also detect and
respond to more subtle changes in the environment.

A physical change can affect the position of the body, such as when
balancing on a beam. As you move back and forth to keep your balance,
your body reacts so that you stay in control. Movement is another
physical change; not only does your body change position, but parts of it,
such as your feet, feel impacts as they push against surfaces.

Your body also reacts to chemical changes. Whenever you eat
something, your body’s systems react to the chemicals in the food.
The food is broken down through a series of chemical processes, and
the acquired nutrients are sent around the body to keep your cells
functioning. If the food contains a toxin, your body can have an extreme
response and leave you feeling quite unwell!

Receptors detect changes and trigger
responses

When something changes in the environment around an organism, the
first step is for the organism to detect the change. This is done through
receptors — specialised cells and organs that can detect specific stimuli,
which indicate the specific change that has occurred.



Sensory receptors can be classified into four
broad categories:

Photoreceptors respond to changes in light.

In humans, photoreceptors are in the eyes.

Chemoreceptors respond to different

chemicals. The chemoreceptors in your

tongue allow you to detect different

flavours.

Thermoreceptors respond to changes

in temperature. In humans, most

thermoreceptors are on the skin

:I— Epidermis
| } Dermis

:l— Hypodermis

(Figure 2.4). Thermoreceptor Meissner's Nociceptor Pacinian

Mech ¢ dtoch (senses cold corpuscle (senses pain) corpuscle
echanoreceptors respond to changes or heat) (senses touch) (senses pressure)

in pressure or position. In humans, many

of these are on the skin. Mechanoreceptors in a

the inner ear are vital for maintaining balance.

Once a receptor detects a change, it sends a message
to the brain, which then targets the appropriate body
systems and organs. These systems then respond to
compensate for the change. Table 2.1 shows some
responses to stimuliin different organisms.

Table 2.1: Responses to stimuli observed in different organisms

Organism  Stimuli Response

Human Walking from Constriction (getting smaller)
a dark room of pupils to reduce the
into bright amount of light that enters
light the eye

Wombat Smelling Running back towards their
dingo faeces burrow for shelter to avoid
(poo) a predator

Kangaroo  Heatfromthe Moving into a shady area

Sun on skin and licking paws to allow

the body to cool down

Homeostasis is the baseline state

Homeostasis is the ‘normal’ or baseline state of
the body — the point at which every organ and
system is working as it should. When the human
body is at homeostasis, body temperature and pH,
blood pressure, and glucose and oxygen levels are
maintained at optimal levels.

If homeostasis is not maintained, organisms cannot
function. Many processes in the body require precise
temperature ranges. Specific enzymes within the
body, like those that help us to break down and digest
food, will denature and not function if the body warms
up or cools down too much.

Figure 2.4: There are many different
sensory receptors in the skin.

Learning Ladder

Disease

o Identify two receptors that help to recognise stimuli
that can affect the body.

9 For each receptor you identified in Question 1,
describe the response that occurs to help maintain
homeostasis.

e Explain how regulating body temperature can help
maintain homeostasis.

Communicating see page 429

o Describe a way you could visually present the
information in Table 2.1to your audience.

e Construct your described communication method
for one of the three examples presented in Table 2.1.

9 Using the information above, and from an additional
secondary source, construct an infographic showing
how humans respond to the cold.

We can use technology to help the body function.
Find a technology that can help a human respond to a
stimulus and explain how it helps the body to maintain
homeostasis.

Success criteria

| can define homeostasis and identify why it is an
important process in the body.

| can give examples of how different organisms
respond to stimuli.
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°2 > Feedback loops

( . .
Learnlng intention
At the end of this lesson, | will be able
to identify the role of feedback loops
in maintaining homeostasis.

Key terms

effector: a specialised cell, muscle,
gland or organ that performs specific
actions in response to a stimulus
negative feedback: a response that
counteracts a stimulus

positive feedback: a response that
amplifies a stimulus

vasoconstriction: the constriction
of blood vessels

Content group: Homeostasis

Stimulus

Body temperature is reduced
to below 37°C.

Sensor

Nerve cells (neurons) in the
skin detect the change.

Control centre

The brain receives the message
and triggers a response.

Effector(s)

Shivering, goosebumps
and vasoconstriction.

V'S

Figure 2.5: Feedback loops work by
responding to stimuli to bring the body
back to baseline conditions. This works
for alot of processes, including body
temperature.
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Changes occur all around us, all the time. These changes can
affect how we react to the world. To help maintain homeostasis,
our bodies have several feedback loops, which amplify or
counteract changes we encounter.

Feedback loops work from a baseline

Many processes in the body have specific requirements for conditions
such as optimal temperature and pH. An optimal level for a condition
is referred to as a baseline.

This baseline is what feedback loops help to maintain. Receptors
within the body can detect changes from the baseline. Messages are
transmitted to the control centre of the body, which then transmits a
message to effectors. The effectors then carry out a specific action to
help return the body to baseline conditions.

Negative feedback loops counteract stimuli

Almost all feedback systems in the body are negative feedback loops.
In a negative feedback loop, the response detected by receptors is
transmitted to the control centre, which causes effectors to carry out
actions that counteract the detected changes. This means that the
body is actively working to prevent further change from occurring.

An example of this is maintaining temperature (Figure 2.5).
The normal human body temperature is approximately 37 °C, although
individuals can vary slightly. When a human is exposed to a lower external
temperature than normal, this is detected by special receptor cells
called neurons (see Section 2.3). These receptors transmit information
about the reduced temperature to the control centre in the brain, which
triggers effector cells in the muscles. The effectors cause us to get
goosebumps and shiver and trigger vasoconstriction — the constriction
of blood vessels. This helps to prevent heat loss. All these responses
work together to bring body temperature back up, returning the body
to normal conditions.

Table 2.2: Temperature ranges for some conditions of the body

Condition Temperature (°C)
Hypothermia <35.0

Low 35.1-36.0
Normal/baseline 36.1-37.0
Normal to low-grade fever 371-37.9
Fever 38.0-39.4
High fever >39.5




Figure 2.6: Wheniitis
cold, we often ‘rug up’
to keep warm. Negative
feedback loops in our
body cause us to get
goosebumps and shiver,
whichis aresponse
to return our body
temperature

toits baseline
(37°C).

There are several clinical conditions under which
body temperature changes from normal. These are
listed in Table 2.2.

Another condition that is controlled by negative
feedback is blood sugar levels. Blood sugar levels
are controlled by the hormones insulin and glucagon.
When blood sugar levels become higher (e.g. after
ameal), insulin sends a signal to the liver, muscles
and other cells to take up the excess glucose (sugar)
to be stored as body fat or as glycogen in the liver
and muscles. When blood sugar levels are too low,
the hormone glucagon signals the liver to break down
glycogen into glucose, which enters the bloodstream
and increases the levels back to normal.

Positive feedback loops amplify
stimuli

Although most feedback loops in the body work to
return the body to its baseline, a few special positive
feedback loops amplify the initial stimulus detected
by the body. This means that instead of returning to

baseline conditions, the body moves further away
from them.

An example of this is labour contractions. As
the unborn baby moves into position for birth,
contractions start in the mother. This causes the
cervix to stretch, which in turn triggers more intense
contractions, amplifying the process. This continues
until after the baby is born, which interrupts the loop
and stops the contractions from amplifying.

Learning Ladder

Disease

G Identify two responses that help us maintain normal
body temperature.

9 Describe how a positive feedback loop can be
beneficial in the body.

e Explain how a negative feedback loop works to
maintain homeostasis in the bodly.

e Consider the information in Table 2.2, and identify
the temperature ranges considered to be:
a normal body temperature.
b hypothermia.
c fever.

Analysing data and information see page 420

0 Describe the trend that occurs in labour contractions
after they are initiated.

e Explain the relationship between reduced body
temperature and specific physical symptoms a
person can experience.

9 You have a virus and have been feeling both hot
and cold. You measure your temperature to be
37.6 °C. Explain a conclusion you can draw from this
measurement.

o Explain a way you could assess the data in Table 2.2
to determine how reliable it is.

In context

Many processes of the body rely on negative feedback
loops. Conduct research into another negative feedback
loop and explain how it works to maintain homeostasis.
Include a diagram with your response.

Success criteria
| can identify a feedback loop.

- | candescribe how a named feedbackloop helps
maintain homeostasis.
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3 > The nervous and endocrine systems

-
Learning intention

Atthe end of this lesson, | will be able to:

« describe how the nervous and
endocrine systems function

- compare and contrast the responses
of the nervous and endocrine
systems to stimuli.

Key terms

axon: alongfibre thatis part ofa
neuron that carries electrical impulses
away from a neuron

central nervous system: the brain
and spinal cord

dendrite: afilamentthatis partofa
neuron that receives the electrical
impulse

gland: a tissue that secretes hormones

hormone: a chemical secreted by a
gland that triggers a response in certain
cells

neuron: a specialised cell that carries
messages throughout the nervous
system

neurotransmitter: achemical
messenger that carries a chemical
message from one neuron to another

peripheral nervous system: the part
of the nervous system that lies outside
the brain and spinal cord

synapse: the gap between the axon
and dendrite of two neighbouring
neurons

Investigation 2.3
Sheep brain dissection, page 490

Content group: Homeostasis
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When receptors respond to stimuli, they send ‘'messages’

to different body systems to trigger changes and maintain
homeostasis. These messages are complex chemical and
electrical signals. These signals involve different systems
interacting in many ways to respond effectively. This complex
interaction is governed by the nervous and endocrine systems:
the coordination systems of the body

Figure 2.7: The nervous system P
is made up of the central nervous
system and the peripheral
nervous system.

The nervous system transmits signals
around the body

The nervous system is a network of cells and fibres that transmits fast
messages between parts of the body. It consists of billions of cells called
neurons, which form long nerve fibres. There are several types of neurons
and each plays a specific role. These roles are described in Table 2.3.

The nerve fibres made up of neurons connect the brain to muscles and
organs by sending messages in the form of tiny electrical impulses.

Neurons contain filaments called dendrites, which receive impulses,
and long fibres called axons, which carry those impulses away from
their cell body. Between one neuron and the next is a tiny gap called a
synapse. When an electrical impulse reaches a synapse, it triggers the
neuron to release chemical neurotransmitters. These neurotransmitters
cross the synapse and stimulate the next neuron, so that the message
continues to be transmitted (Figure 2.8).



VY

Neural impulse 2

Receiving
neuron
Axon ———e

Synapse

Table 2.3: Specialised types of neurons and their specific roles

Type of neuron Function

= Sensory Detecting stimuli to allow us to feel
. sensations (e.g. contacting a hot surface
with our hand)
Motor Connecting muscles to the brain and
controlling body movements
Interneuron Connecting motor and sensory neurons

to transmit messages

The nervous system supports
conscious and subconscious
responses

The nervous system of vertebrates, such as humans,
is made up of two parts. The central nervous system
consists of the brain and spinal cord. The peripheral
nervous system is the network of nerves in the rest of
the body, connecting it to the central nervous system.

The central nervous system is the ‘control centre’
of the nervous system, where all sensory information
isinterpreted so that it can give instructions to
effector cells.

The peripheral nervous system has two main
sections: the somatic nervous system and the
autonomic nervous system. Each section has sensory
and motor neurons, but they have different roles. The
somatic nervous system controls conscious (voluntary)
movement and responses, such as when you decide to
kick a ball or move a pan off a stove top. The autonomic
nervous system controls subconscious (involuntary)
processes that happen automatically, such as our heart
beating, breathing, and negative feedback loops for
changes to external surroundings (e.g. temperature).

Dendrite

Axon terminal of
sending neuron

).

4 Figure 2.8: The axons and dendrites
of neurons are separated by a gap
called a synapse. The electrical
impulse is translated into chemical
neurotransmitters that cross the
synapse and trigger the impulse to
continue in the receiving neuron.

Neurotransmitter
molecules

Dendrite of
receiving neuron

The endocrine system releases
hormones

The endocrine system consists of multiple glands —
groups of cells that produce complex molecules called
hormones (Figure 2.9). Once the gland is triggered,

it secretes hormones into the bloodstream to travel

to target cells and trigger a response. Endocrine
system responses are much slower than nervous
system responses.

Hypothalamus
Pituitary gland -
the master gland

Pineal gland
produces melatonin

Thyroid gland
produces thyroxine

Pancreas
produces insulin

Adrenal gland
produces adrenaline,
cortisol

Ovaries
produce oestrogen

Testes
produce testosterone

Figure 2.9: The endocrine system consists of specific organs
that release hormones to help regulate body processes.
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The pituitary gland is sometimes called the ‘master
gland’ of the endocrine system. It sits at the base of
the brain, just behind the bridge of the nose. Despite
being only the size of a pea, it secretes hormones that
control many other endocrine glands. It also secretes
hormones that regulate growth and reduce feelings
of pain.

Hormones produced by the pituitary gland include:

growth hormone - affects height, and bone and

muscle development

thyroid stimulating hormone - triggers the thyroid

gland to produce its own hormones

adrenocorticotrophic hormone — stimulates

the adrenal glands to release cortisol, which

has widespread effects on organs and tissues

in the body

follicle stimulating hormone — acts on the

reproductive systems of both males and females

luteinising hormone - acts on the ovaries and
testes and affects sexual development

prolactin — affects development of mammary

glands and milk production.

Specific organs release specific
hormones

Hormones often act in pairs, one having the opposite
effect to the other. These hormones are produced and
secreted by specific organs and they play direct roles
in helping our body to maintain homeostasis.

Figure 2.10: » Cerebrum
A cross-section
ofthe human

brain

Hypothalamus

Pituitary gland
Pons
Medulla
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For example, blood sugar levels are controlled by
insulin and glucagon, both produced in the pancreas.
This example of a negative feedback loop was outlined
in Section 2.2,

Other hormones that act in pairs to maintain
homeostasis are:

calcitonin and parathyroid hormone, which work

to maintain calcium levels

aldosterone and atrial natriuretic peptide, which
maintain water levels in the bodly.

The nervous and endocrine
systems work together

The nervous and endocrine systems coordinate
the body’s responses to changes in its internal and
external environments. The brain plays a key role in
both systemes.
The brain has three main parts (Figure 2.10).
The cerebrumis the largest part, consisting of two
wrinkled hemispheres; this is where conscious
thought takes place.

The cerebellum, at the back of the brain, controls
movement and balance.

The brain stem connects the brain to the spinal
cord and controls the automatic actions of
the bodly.

Corpus callosum

Ventricles

Thalamus

Midbrain

Cerebellum

Brain stem



At the centre of the brain is the hypothalamus, which
is responsible for interpreting signals from all over the
body to ensure homeostasis. It does this by sending
chemical signals to the pituitary gland, telling the
gland to release hormones that will bring the body
back into balance.

An example of the nervous and endocrine systems
coordinating is when we feel we are in a dangerous
situation. Sensory neurons respond to a perceived
threat and transmit the message to the hypothalamus,

Dendrite  Soma

»
\\

. T'\'/I'yel&in /X\\ o
sheath , # %\\ ’

OO
\\7 y

Axon terminal

Learning Ladder

Disease

0 Identify five organs that produce hormones.

9 Describe each of the three types of neurons and
the role they play in maintaining homeostasis.

6 Explain, using an example, why it is important for the
nervous and endocrine systems to work together.

0 Propose a reason for the difference in speed between
messages transmitted by the nervous system and those
transmitted by the endocrine system.

Communicating see page 429

o Propose a way to present information on the endocrine
system that would summarise the main organs and the
hormones they produce.

e Construct a digital table that identifies four different
processes of the body that are controlled by the somatic
and autonomic nervous systems.

which sends a signal to the adrenal glands via
interneurons. This causes the adrenal glands to
release the hormone adrenaline, which prepares

the body to respond immediately to the threat.

For example, adrenaline acts on the heart to increase
heart rate, which causes more blood to pump to the
brain and muscles, and stimulates the body to make
sugar for energy. For this reason, adrenaline is known
as the ‘fight-or-flight hormone’.

4 Figure 2.11: Neurons carry
messages around the body
and make up the brain so
we can interpret signals and
maintain homeostasis.

9 Construct a labelled model of neurons that shows
how a signal passes from one to another.

o Use the information from this section to construct a
digital presentation on the functions of the nervous
and endocrine systems to show to a Year 6 student.

There are many processes in the body that are controlled

by the endocrine system. Find examples of two, and for each
process identify the pair of hormones that work together
and explain how they enable homeostasis to be maintained.

Success criteria

- | candescribe how the nervous and endocrine systems
function.

| can compare and contrast the responses of the nervous
and endocrine systems to stimuli.
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4 » Infectious diseases

-
Learning intention

At the end of this lesson, | will be able to
identify a range of infectious diseases
and their causes.

Key terms

host: a large organism that is infected
by or harbours a smaller organism
incidence: the number of new cases
of adisease in a population

pathogen: an organism that causes a
diseaseinahost

prevalence: the total number of cases
(new and existing) of a disease in

a population

Content group: Infectious and
non-infectious diseases

Figure 2.12:
Bacterial pathogens
can be spherical,
rod-like or spiral

in shape.

Not all microorganisms are pathogens

Even though bacteria and fungi are responsible for
many infectious diseases, they are not all pathogens!
The day-to-day functioning of our bodies is maintained
partially by our microbiome — a collection of useful
microorganisms that assist us with different processes.
This includes preventing pathogens from entering our
body and helping other processes such as digestion.

Figure 2.13: Viruses, such as those that cause P
colds, influenza and COVID-19, encase genetic
material inside a protective protein coating.
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During winter, it seems as though most people are constantly
coughing and blowing their noses. This is often because of one

of the most common infectious diseases in existence — rhinovirus,
or the common cold.

Infectious diseases can be transmitted

Unlike non-infectious diseases, infectious diseases are not limited to an
isolated individual. Infectious diseases can be transmitted — passed from
person to person —and spread rapidly through a population. COVID-19
spread around the world very quickly in 2020 because it is highly
infectious — that is, it is easily transmitted between individuals.
When we talk about infectious disease numbers, we talk about the:
incidence — the total number of new cases recorded in a population
in a particular period
prevalence — the total number of cases present, both new and
existing, in that same time period.
The incidence rate of infectious diseases can increase rapidly as they
are transmitted from person to person.

Infectious diseases are caused by pathogens

Small agents called pathogens are responsible for infectious diseases.
Pathogens enter and replicate inside a host (e.g. humans), in turn
causing the symptoms associated with the infectious disease.

Pathogens include microorganisms such as bacteria, viruses,
fungi, prions and protozoa, and macroorganisms like parasites, such
as tapeworms. Each pathogen has different characteristics and is
responsible for specific infectious diseases.




¥ Figure 2.14: Fungal pathogens
can cause skin infections
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Table 2.4: Some infectious pathogens and the diseases Figure 2.15: Data showing case numbers of COVID-191in

they cause

Pathogen

Bacteria

Virus

Fungi

Protozoa

Prion

Macroparasite

Description

A prokaryotic
unicellular
microorganism that
can be different
shapes. All bacteria
have a cell wall, and
some have cilia or
flagella for movement.

A segment of DNA
that is protected by a
coat of protein. These
pathogens cannot
survive outside of a
host for long periods
of time.

A eukaryotic (has a
nucleus) unicellular
microorganism with a
thick cell wall that can
be difficult to kill.

A prokaryotic

(does not have a
nucleus) unicellular
microorganism without
a cell wall. Some
protozoa have flagella
for movement.

A malformed protein
that can establish
inside a host and
cause more copies of
itself to be formed.

A small animal that
enters hosts and lives
inside them, feeding off
them or the nutrients
they consume.

Diseases
caused by
pathogen

Meningococcal
disease

Whooping
cough

Cholera

Common cold
Influenza
COVvID-19

Ringworm

Tinea (athlete's
foot)

Aspergillosis

Malaria
Toxoplasmosis

Creutzfeldt-
Jakob disease

Kuru

Tapeworm
infection

Nematode
infection

Australia during lockdown over four months of 2021

Learning Ladder

Disease

@ (dentify three pathogens that cause infectious
diseases.

e Describe the features of one of the pathogens
you identified in Question 1and name a disease
it can cause.

e Explain why the incidence of infectious diseases
can often rise significantly faster than the incidence
of non-infectious diseases.

o Based on the graph in Figure 2.15, how many cases
of COVID-19 would you expect to see in October?

Analysing data and information see page 420

Consider the graph in Figure 2.15.
o Describe the trend seen in the graph.

e Explain the link between the infectiousness of
COVID-19 and the case numbers seen in the graph.

e Construct a conclusion based on the data shownin
the graph.

0 Assess the reliability of the data in the graph.

Select an infectious disease from this section and
construct an infographic to inform the public about the
pathogen that causes the disease, the symptoms they
should watch for and the treatments available.

Success criteria
+ | canidentify arange of infectious diseases.

- | candescribe the types of pathogens responsible for
arange of infectious diseases.
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°5 » Non-infectious diseases

p
Learning intention

Atthe end of this lesson, | will be able to:

« distinguish between infectious and
non-infectious diseases

- identify arange of non-infectious
diseases and their causes.

Key terms

disease: a disorder that causes
negative symptoms or outcomes in
aliving thing

environmental factor: an agent that
is present in a person’s surroundings

genetics: a trait or characteristic that
is passed from a parent to an offspring
infectious: can be transmitted
between individuals

non-infectious: cannot be
transmitted between individuals

nutrition: the intake of nutrients that
are necessary for health and growth
transmission: spreading from person
to person

~N

Investigation 2.5

Cardiovascular disease in Australia,
page 492

Content group: Infectious and
non-infectious diseases

S

At some time, all of us can be aoffected by disease — a disorder
that causes the negative symptoms that we associate with illness.

Diseases can be infectious or non-infectious

Disease affects our ability to function and perform day-to-day activities.
This function is altered as a result of symptoms — specific physical
responses and experiences — which can be mild (like a runny nose) or
severe (such as the shortness of breath and rapid heart rate associated
with heart disease).

Symptoms can differ greatly, as can the causes of diseases. Some
diseases, such as those caused by bacteria and viruses, are infectious.
Others, like heart disease and diabetes, are non-infectious.

Non-infectious diseases cannot be
transmitted

Someone can develop a non-infectious disease over time or be born with
it. When individuals are diagnosed with a non-infectious disease, we do
not need to look for the disease in the people around them because
non-infectious diseases are not spread by transmission from person

to person.

A range of factors can cause
non-infectious diseases

"y,

A

Non-infectious diseases have many causes, including
genetic, environmental factors and nutrition. Some
non-infectious diseases that can result from these
causes are shown in Table 2.5.

Genetics are traits that are passed from parents to
their children. A child inherits these traits from the egg
and sperm cells of their biological parents. If one or both
parents’ sex cells have genes for a non-infectious disease,
their child may inherit and display the trait for the disease.

Environmental factors are factors that individuals are
exposed to in their surroundings, such as sunlight, the
particles and pollution we breathe in from the air, and
even noise and weather conditions. If we are exposed to
too much of a particular environmental factor, we can
develop a non-infectious disease such as skin cancer
(Figure 2.16).

4 Figure 2.16: Tanning beds used to be available in Australia.
Commercial tanning beds are now illegal because the ultraviolet
light from them is linked to an increased risk of skin cancer.
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Nutrition is directly linked to the food and drink we consume
every day. By eating a balanced diet, we are ensuring that our bodies
receive the correct amount of specific nutrients and minerals. If we
do not consume enough nutrients, it can result in vitamin or mineral
deficiencies that can lead to a variety of non-infectious diseases,
such as rickets (Figure 2.17).

Table 2.5: Some examples of Figure 2.17: Bowed legs is a symptom of rickets, »
non-infectious diseases in Australia adisease in children caused by a lack of vitamin D.
v
Disease Description Cause Number of
people affected in 2022
Down syndrome = Causes intellectual disabilities, health Genetic: an extra chromosome 21 14000
problems and muscular dystrophy
Cystic fibrosis Thicker than normal mucus causes Genetic: an inherited gene 3738
damage to respiratory and digestive
systems
Skin cancer Damage to skin cells causes them to Environmental: overexposure to 152 067
mutate and grow abnormally sunlight (ultraviolet radiation)
Asthma Inflammation and tightening of the Environmental: exposure to triggers 2.8 million
muscles of the airway, production of such as pollen from the surrounding

extra mucus, making it hard to breathe environment

Rickets Bones fail to develop properly and Nutritional: vitamin D deficiency 250
soften, causing them to bow outwards

Hyperlipidaemia = High cholesterol levels in the body Nutritional: over-consumption of 2.1 million
alcohol or fatty foods

Learning Ladder

Disease @ Describe the trend in this data.

e Convert the data into a graph. What can you infer about

o Identify one way to prevent yourself from developing ] i )
dementia-related deaths in Australia?

a non-infectious disease caused by a poor diet.

e Describe a way that you could prevent one of the e Propose a conclusion you could draw from your graph.

named diseases in Table 2.5. 0 Assess the data on dementia-related deaths

forits validity. More information about scientific
writing is available in the Science how-to section on
pages 433-45.

e Explain how genetics can result in a non-infectious
disease in a child.

0 The population of Australia in 2022 was approximately
26 million. Use the data in Table 2.5 to calculate the

percentage of Australians who have:
a asthma. b hyperlipidaemia. ¢ skincancer.

Identify another non-infectious disease. Conduct research
into the cause of this disease and investigate how many

More information about performing calculations ) . .
P g people in Australia had the disease last year.

is available in the Science how-to section on
pages 446-62. Success criteria

Analysing data and information see page 420 + Il candistinguish between infectious and non-infectious
diseases.

The Australian Bureau of Statistics lists dementia as the
second leading cause of death in Australia for the last
12 years. Number of deaths are: 10 965 in 2013,13 991 in
2017,15957in 2021,and 17 106 in 2022.

| can identify a range of non-infectious diseases and
their causes.
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6 » Infectious disease transmission

( . . )
Learnlng intention
Atthe end of this lesson, | will be able
to explain the different transmission
methods of a range of infectious
diseases.

Key terms

direct contact: a method of diseases
transmission from one person to
another

intermediary: a link between two
hosts that allows a pathogen to move
indirectly between them

vector: an organism that carries a
disease-causing agent from reservoirs
to the host

Investigation 2.6 A

Modelling direct disease transmission,
page 493

Investigation 2.6B

Modelling indirect disease
transmission, page 495

Content group: Infectious and

non-infectious diseases

V'S

Figure 2.18: Chickenpox is an infectious
disease that is spread when uninfected
individuals contact blisters on the skin of
an infected person.
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We cannot contract a non-infectious disease from the person
sitting next to us, but we can contract an infectious disease from
them. We know that infectious diseases can be transmitted
within a population — but how does this happen?

Direct transmission is from person to person

One method of disease transmission is known as direct contact.
Thisis when a disease is passed directly from one person to another
person. Disease pathogens travel from the infected individual onto
the uninfected individual, and then attempt to make their way into
the body.

Some methods of direct contact are:
shaking hands or high-fiving — the pathogen moves from one hand
to another
hugging — the pathogen is transferred at points of contact
kissing — the pathogen travels through the exchange of saliva
sexual intercourse — the pathogen travels through the exchange of
bodily fluids.
Many diseases are transmitted in this way. For example, mononucleosis,

more commonly known as glandular fever, is sometimes called ‘the
kissing disease’ because it is transmitted by the exchange of saliva.

Indirect transmission involves an intermediary

Some diseases do not require direct contact between infected and
non-infected individuals. These diseases can be transmitted by
indirect contact, or a secondary surface or medium — an intermediary.
This means that the pathogens can survive outside the infected host
for some time (hours, days, weeks or even years) and be picked up by
non-infected individuals who make contact with the surface or medium.

Some methods of indirect contact are:

airborne — the pathogen is expelled into the surrounding air, often

by coughing or sneezing, and remains in the air for a period of time

waterborne — the pathogen can remain in waterways and infects

people when they consume the water

food contamination — the pathogen lives on food surfaces and

infects people when they ingest the food

surface contamination — the pathogen settles on surfaces and is

picked up when a person touches the surface

vector — an insect or animal transfers the pathogen through a bite,
or through contact with their urine, faeces or blood.



Animals can act as vectors

Vector transmission, although a form of indirect
contact, is a very specific way for diseases to be
transmitted. This form of transmission relies on animal
hosts (or reservoirs) that carry the pathogen but are
unaffected by it. When these hosts encounter and bite
a human, they pass on the pathogen, and the human
becomes infected with the disease.

For many vector-transmitted diseases, human-
to-human transmission rates are extremely low.
An example of this is malaria, which resides in the
bloodstream of humans after they are bitten by
mosquito carriers of the disease. The only way malaria
could be transmitted from one human to another
would be through their blood or organs being given
to another person, or through sharing syringes.

4 Figure 2.19: Even though you cannot see them, water
sources can contain harmful pathogens that cause illness
if consumed. For example, the bacterial pathogen Vibrio
mimicus can cause gastric upset. Sometimes warning signs
are placed near contaminated water sources.

Table 2.6: Examples of diseases that can be transmitted by
direct and indirect contact

Method of Diseases that can be transmitted
transmission  this way
Direct Chickenpox

Conjunctivitis
Cold sores (herpes simplex)

Cholera - food and water transmission
Influenza - airborne and surface
transmission

Tuberculosis - airborne transmission

Indirect

Vector:
Malaria - mosquito bites
Bubonic plague - flea bites

4 Figure 2.20: Shaking hands can spread pathogens from an
infected individual to a new, healthy host.

Learning Ladder

Disease

@ (dentify two methods of direct contact disease
transmission.

e Describe aform of indirect contact transmission.

e Explain how an animal can transmit a specific
disease to humans.

Communicating see page 429

o Propose one way you could inform the public
about how diseases can be transmitted from person
to person.

e Describe an online medium you could use to
organise your information for the task in Question 1.

9 Construct your suggested way of communicating
information. Use your responses to Questions 1
and 2 to determine what software to use and what
information to include.

O Take turns to present your information in small
groups. The groups should offer each presenter two
pieces of specific feedback on their presentation:
one thing they liked, and one thing they wished they
had heard or seen.

In context

Use secondary research to find another two diseases -
onethat is transmitted through direct contact and one
through indirect contact. Explain the symptoms of these
diseases and link these symptoms to their methods of
transmission.

Success criteria

« | can explain the different methods by which
infectious diseases are transmitted between
individuals.
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/> Epidemics, endemics and pandemics

The rapid outbreak and transmission of infectious diseases such
as COVID-19 can have worldwide impacts, quickly becoming
pandemics if they are not well contained.

~
Learning intention

Atthe end of this lesson, | will be able to:

« define the terms ‘epidemic’,
‘endemic’ and ‘pandemic’

- use specific examples to compare
the features and incidence rates
of epidemics, endemics and
pandemics.

Key terms

endemic: an outbreak of a disease
in a specific geographical area

epidemic: an outbreak of a disease
in several populations in one '
geographical area = . - P N Figure 2:21:
outbreak: a sudden spike in the —a——— R . 3 Ahealth-care worker
number of cases of a disease ‘ R . _ sprays chemicalsito

1 S, eliminate mosquitoes
and control the
spread of malaria.

pandemic: an outbreak of a disease
in multiple populations in different
geographical locations across the world

Content group: Infectious and
non-infectious diseases

Endemic diseases are confined to specific
populations

Some diseases occur in specific populations or regions. These diseases
are known as endemic diseases. When a disease is endemic, its spread
and rates are predictable, and the disease can usually be contained.
Malaria is an endemic disease that consistently occurs in South-East
Asian regions.

Figure222: b Malaria areas and risks
Malaria is endemic to many

regions in South-East Asia,
Africa and South America.

amE |
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Epidemics occur across several
populations

Epidemics are more unexpected than endemic
diseases. Sudden, unexpected outhreaks of a disease
in asingular population, that can spread across a
specific region, are considered to be epidemics.

The West African Ebola epidemic occurred from
2014 to 2016. Cases of Ebola were found in several
populations in Guinea, Liberia and Sierra Leone.

Ebola is caused by a virus that is spread through
direct transmission when non-infected individuals
come into contact with the body fluids of infected
individuals. The disease can also be spread by contact

Figure 2.23: Ebola virus was fatal in 39 per cent of cases
during the West African epidemic of 2014-16.

with things an infected person has touched, such as
clothes or bedding. It can also be spread by contact
with infected animals (e.g. when preparing, cooking or
eating them). This epidemic spread rapidly as family
members came into contact with infected individuals,
even after they had died. Infected individuals started
to have symptoms of fatigue, headaches and body
aches. As the disease progressed, some people
developed vomiting, diarrhoea and internal bleeding,
which caused death in 39 per cent of cases. The
sudden onset and rapid spread meant it took two
years for the epidemic to be declared over.

Disease 61
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Cumulative confirmed COVID-19 deaths, 1 September 2020
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Figure 2.24: COVID-19 became a pandemic and spread rapidly across the world in early 2020.
The worst-affected countries were the United States and Brazil.
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Pandemics are the result of global disease spread

When a disease outbreak rapidly becomes an
epidemic and is not effectively contained, it can
progress and become a pandemic. Pandemics are
diseases with rapid transmission and infection rates
that occur across many countries simultaneously.

An example of a pandemic is COVID-19. In
December 2019, a new strain of coronavirus was
identified in Wuhan, a city of 11 million people in
central China. Chinese officials began to warn the
rest of the world that the virus was spreading and
multiplying extremely quickly. Many factors, including
international travel and improper hygiene, caused
the virus to spread within weeks to many countries,
and so the COVID-19 pandemic (also known as the
coronavirus) was introduced to the world. COVID-19 is
the name of the disease, but the virus that causes the
disease is SARS-CoV-2.

Learning Ladder

Disease

0 Identify a disease that is or has been considered:
a anendemic.
b anepidemic.
¢ apandemic.
9 Describe the factors that make a disease endemic.

9 Explain the difference between an endemic, an
epidemic and a pandemic.

0 Consider the map in Figure 2.22. Which regions have the
largest number of malaria cases? Justify your response.

e Propose a reason for the outfits the workers are wearing
in Figure 2.23 in the midst of an Ebola epidemic.

Analysing data and information see page 420

Consider the graph in Figure 2.24.
0 Describe atrend in the graph.

e Explain the relationship between early case numbers
and deaths.

Preliminary research identified that SARS-CoV-2
has a zoonotic (animal) origin. Genetic testing found
it to be similar to bat-borne viruses, which suggests
that it originally came from bats (though it may
have spread to humans through another animal).
The virus spreads from person to person in several
ways, including through respiratory droplets such as
those from coughs or sneezes. It can also be spread
via surfaces, as it lasts for up to three days on shiny
surfaces such as plastic. Symptoms include a cough,
fever and shortness of breath, but some people are
asymptomatic — they show no symptoms.

The rapid spread of COVID-19 means that,
since its discovery, it has continued to be found in
countries all over the world. It grew from a singular,
localised outbreak, to an epidemic, before becoming
a pandemic, and remains active to this day.

9 Draw a conclusion about the order in which COVID-19
spread to different countries.

o Use secondary sources to assess the reliability of the
data presented in Figure 2.24. Explain any changes you
would make.

e Consider the conclusion you drew in Question 3,
and evaluate its effectiveness based on your data
assessment.

COVID-19is not the first pandemic to affect the world.
Find another example of a pandemic and explain the
disease, including its symptoms, transmission and fatality
rate. What factors caused it to spread so widely around
the world?

Success criteria
| can define the terms ‘endemic’, ‘epidemic’ and
‘pandemic’.
| can compare the features and incidence of endemics,
epidemics and pandemics.

| can give a specific example of an endemic, an epidemic
and a pandemic.
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-8 > The immune system

f .. .
Learning intention

At the end of this lesson, | will be able to:

« identify how the body can prevent
the entry of pathogens

- describe how the body responds to
invading pathogens.

Key terms

adaptive immune system: specific
disease responses that target
individual, recognised pathogens

antibody: a protective protein
produced by the immune system to
neutralise a specific infectious pathogen

chemical barrier: a defence that can
kill pathogens that land on or attempt to
enterthe body

immune system: a network of cells and
tissues that help to prevent and fight
diseases in the body

innate immune system: general
mechanisms of the immune systems
that target any foreign substances in
the body

line of defence: the different levels
of defence that the body mounts
to prevent and destroy infectious
diseases

lymphocyte: a white blood cell that
can produce antibodies and destroy
infected body cells

phagocyte: a white blood cell that
engulfs and ingests foreign particles
and pathogens

physical barrier: a mechanism that
blocks a pathogen from entering
the body

Content group: Infectious and
non-infectious diseases
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Our immune system protects us from disease. However,
sometimes pathogens can get past our defences or even attack
or hijack our immune system, turning it against us. The immune
system has three lines of defence to protect us from diseases.

The first line of defence is prevention

The first mechanism for protecting against disease - the first ‘line
of defence’ — is prevention. There are barriers to prevent infectious
diseases and harmful foreign particles from entering the body.
Skin is a physical barrier that blocks pathogens from entering the
body. If you cut or injure yourself, the circulatory system works to
quickly seal these breaches by forming clots at the site of cuts.
Mucous membranes line the respiratory tract, nasal passages
and female reproductive tract. Mucus traps particles that enter
(e.g. whenyou breathe in surrounding air).
Nasal passages are lined with tiny hairs called cilia, which help
mucus to trap pathogens that are inhaled.
Tears and saliva contain special antimicrobial substances that
can kill pathogens.
Acidic gastric juices — contain hydrochloric acid and can destroy
pathogens that are ingested.

Sometimes pathogens can evade these barriers. When they do,
they are met with some of the body’s internal defences.

The second line of defence engulfs foreign
substances
If pathogens evade the physical and chemical barriers of the first line

of defence, they then meet the second line of defence. The second line
of defence involves white blood cells called phagocytes that recognise

foreign substances within the body (Figure 2.25). When the body detects

a breach to the skin such as a cut, specialised cells release chemical
signals to the rest of the body. These signals cause more phagocytes
to travel to the infected area to help destroy any pathogens present.
Phagocytes engulf any foreign particles and destroy them by using
special chemicals to break them down and digest them. This also
causes inflammation.

The release of these chemical signals can also trigger a fever.
When the body temperature is slightly raised, cells divide
more quickly, producing additional phagocytes to help fight
off invading pathogens.

4 Figure 2.25: A white blood cell engulfing bacteria by phagocytosis.
This is part of the body’s second line of defence against disease.



The third line of defence targets
and destroys specific diseases

Sometimes, even with the first two lines of defence,
the body can become overrun with a particular
pathogen. This is when the third line of defence is
useful. Unlike the first and second lines of defence,
which make up our innate immune system, the
third line of defence is an adaptive immune
system. This means it can remember and target
specific pathogens that have infected the body.
When a foreign pathogen enters the body, it is
recognised by specialised white blood cells called
lymphocytes. Different lymphocytes carry out
different roles in response to a pathogen.

B lymphocytes produce antibodies as a
response to the pathogen, which encourage
cells of the immune system to kill the pathogen.
T lymphocytes look for body cells that have been
infected by the pathogen and destroy them.
After the pathogen has been destroyed, special
memory cells remain, ready for next time the
body is infected by the same pathogen. The cells
‘remember’ the pathogen, meaning that if you are
infected in future, your immune system can destroy
it before you get sick. This makes you immune to
that specific disease.

Tonsils and
adenoids

Lymph
nodes

Bone ﬁ
marrow

Skin ——e
Lymph

Appendix vessels

PN
Figure 2.26: Many organs are involved in the human immune
system.

Figure 2.27: »

An electron micrograph showing
the human immunodeficiency
virus (HIV) attacking a white
blood cell of the human
immune system. Left untreated,
HIV usually leads to acquired
immunodeficiency syndrome
(AIDS). AIDS is potentially fatal,
as the immune system cannot
fight it off.

Learning Ladder

Disease

o Identify a component of the immune system that can:
a provide a physical barrier.
b chemically destroy any pathogen.
c engulf many pathogens.
d stop a specific infectious pathogen.

e Describe the second line of defence.

@ Explain how the immune system adapts to fight
specific pathogens.

e Children can get on average 12 respiratory infections
a year, whereas adults average four. Propose a
reason for this difference in the number of infections.

© Analyse the effectiveness of the immune system
in preventing and managing infectious diseases.

Communicating see page 429

o Select an appropriate way to communicate the
different components of the first line of defence.

e Use a device to construct a digital version of your
presentation method from Question 1.

e Conduct secondary researchintoBand T
lymphocytes, and construct a table summarising
theirroles in the immune system.

e Share your presentation from Question 2 with one of
your peers, and review their presentation, comparing
it to yours. Provide two specific pieces of feedback
that would improve their presentation.

Select an infectious disease that you find interesting.
Conduct research into this disease and explain how
it enters and infects the human body. How does the
immune system prevent and fight this disease?

Success criteria

| can identify the physical and chemical barriers of
the body that prevent pathogen entry.

| can describe the lines of defence provided by the
human immune system.
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°9 » How vaccination works

( . . . )
Learnlng intention
At the end of this lesson, | will be able to
outline how vaccinations work.

Key terms

herd immunity: the indirect
protection from an infectious disease
that happens when many peopleina
population are immune either through
vaccination or previous infection

neutralise: a response that defends
the body from a pathogen by stopping
its effects without destroying it

vaccination: the introduction of a
dead or weakened form of a pathogen
into the body so that it can produce
antibodies that will fight off future
infections

Investigation 2.9
The contagion game, page 496

Content group: Infectious and
non-infectious diseases

Figure 2.29: Vaccination
introduces a non-harmful form
of a specific pathogen into the
body, allowing the adaptive
immune system to remember
it for future exposures.
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The adaptive immune system helps to protect us from several
specific infectious diseases. However, for it to work, we need

to have been previously exposed to a pathogen. This is how
vaccination works — it exposes us to the pathogen without making
us sick, so when we encounter the disease in the community, our
immune system can fight off the disease before we become unwell.

Figure 2.28:
Antibodies

attach to specific
pathogens and
stop them from
harming the body
until they can be
destroyed by other
immune cells such
as phagocytes.

Vaccinations help to prevent infectious
disease

Vaccinations contain part of the pathogen responsible for the infectious
disease. The pathogen is either a weaker form of the disease or dead,

so it cannot spread throughout the body. When a person is injected

with it or swallows it, their immune system acts to fight it off, with

B lymphocytes producing antibodies and then memory cells. The
person’s body then usually ‘remembers’ the disease and becomes
immune to it. If the person comes in contact with the disease again,
they can remain healthy, as the adaptive immune response will
immediately produce antibodies and neutralise the pathogen.

Edward Jenner created the first vaccination

The first vaccine was discovered and developed at the end of the 18th
century by English doctor Edward Jenner. He lived at a time when
smallpox was killing millions of people all around the world.

Jenner noticed that people who had been exposed to cowpox —
a very similar but much less dangerous disease — were immune to
smallpox. One day, he experimented on the eight-year-old son of his
gardener. He rubbed pus from cowpox blisters into an open wound
on the boy’s arm. Jenner’s experiment worked, and the boy became
immune to smallpox.
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Figure 2.30: High rates of immunisation against specific
pathogens can provide populations with herd immunity.

A high rate of vaccination in a
population creates herd immunity

Sometimes people within a population cannot be
vaccinated, for various reasons; for example, they may
have an allergic reaction to them. These people are
still protected against infection by a particular disease
if most of their community has been vaccinated
against that disease. This is called herd immunity.
Herd immunity works because having large numbers
of the population vaccinated means that there are

not enough hosts for the disease to infect and spread
throughout a population. This is how the disease
smallpox was eradicated. For most diseases, 95 per
cent of the population or higher need to be vaccinated
to protect the remaining individuals who are unable
to be vaccinated from the disease. Table 2.7 shows an
example of this.

Table 2.7: The effectiveness of herd immunity across a
population vaccinated against the measles virus (percentages
are approximate)

Risk of death
from disease

Proportion
of population
vaccinated (%)

Susceptible
individuals (%)

0 100 High
50 50 Moderate
75 15 Low
90 5 Very low
95 <1 Negligible

Learning Ladder

Disease

o Identify a disease that can be prevented by
vaccination.

e Describe how a vaccine works.

e Explain the link between vaccinations and the
adaptive immune system.

O Consider Table 2.7. At what point does the risk of
measles infection drop significantly?

e Analyse the effectiveness of vaccination as a method
of preventing infectious diseases.

Analysing data and information see page 420

o Describe atrend fromthe data in Table 2.7.

e Explain the relationship between vaccination rates
and cases of a disease, using the infographicin
Figure 2.30.

e Draw a conclusion about vaccinations from the data
and figures in this section.

0 Considerthe data in Table 2.7 and its description.
Is this data valid? Justify your decision with evidence.

e Evaluate the conclusion you made in your response
to Question 3.

Vaccination can also be used to help prevent some
non-infectious diseases. Find an example of a
non-infectious disease whose incidence rate is reduced
through vaccination and explain how vaccination
reduces the risk of this disease.

Success criteria
- | candescribe what avaccinationis.

- lcanoutline how a vaccination causes the body to
produce antibodies that fight infection.
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2°1 O » Controlling non-infectious diseases

( . . . ) Non-infectious diseases can occur for several reasons. To try
Learning intention . . . .
and reduce the incidence of non-infectious diseases, several

Atthe end of this lesson, | will be able . . . . .
to describe a number of strategies strategies have been implemented in Australia. These strategies

that can help reduce the incidence focus on public education, restricting disease-causing products
of non-infectious diseases. and enabling access to health care.
Key term N <
control: amethod that can be used 30 Figure 2.31:
. The percentage
to prevent ortreat adisease - .
S of smokersin
S o trol = = | Australia has
Odl‘l en gr:up. ISease contro 3 2\, 25 been consistently
and prevention ) g % droppingin
es recent decades.
2E 20
>
e
o
10 | | | | g
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Public education can increase awareness

Lung cancer is a non-infectious disease that has been consistently linked
to cigarette smoking. Data from the Cancer Council suggests that about
90 per cent of lung cancer cases in males and 65 per cent of cases in
females are linked to tobacco smoking. Since the 1970s, the Australian
Government has been running public education campaigns to increase
awareness of the risks of cigarette smoking (Table 2.8).

These campaigns help to increase awareness in order to reduce
the incidence of smoking-related diseases such as lung cancer.
Data across Australia shows that the percentage of the population

Figure 2.32: In Australia, cigarette
packets have large print warnings to
clearly show the diseases and disorders
cigarettes can cause. who smoke has steadily declined (Figure 2.31).

Table 2.8: Public education campaigns to increase s
awareness of the risks of cigarette smoking p.OIICIeS I’edUCEe access to
disease-causing agents

Alot of the information in public education campaigns is

Campaign Description

Plain Packaging Cigarettes are packaged in

plain packs that display graphic controlled through specific policies and legislation. Several
warnings of their health risks Australian laws aim to reduce the number of Australians
National Tobacco Targeted ads on television and who smoke.
Campaign social media to help people - - The Tobacco Advertising Prohibition Act 1992 bans
understand the risks of smoking o ) .
advertising of cigarettes and other tobacco products in
Never Give Up A New South Wales-based Australia
Giving Up campaign that promotes the ' ) ) .
importance of continuing to try - The Tobacco Plain Packaging Act 2011requires all
to quit smoking, even if the first tobacco products sold in Australia to be placed in plain
attempt is not successful .
packaging.
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The Competition and Consumer (Tobacco)
Information Standard 2011 requires that all
tobacco products sold must also display large
text and graphic warnings about the danger of
cigarettes.

Laws also limit where people can smoke. This reduces
the risk of non-smoking individuals and people under
the age of 18 from being exposed to second-hand
cigarette smoke. People under 18 are also not allowed
to purchase cigarettes, further reducing access to
them.

Access to health care helps to
diagnose and treat diseases

Diabetes is a major issue in Australia, with more than
1.7 million Australians suffering from some form of
the disease. Diabetes affects the metabolism and

is marked by high blood sugar levels. It can lead

to cardiovascular disease, stroke, kidney disease,
damage to the eyes and many other conditions.

V'S
Figure 2.33: Most people with diabetes need to regularly
check their blood sugar level using a blood glucose meter.

Type 1diabetes, where the pancreas no longer
secretes insulin, can be treated with regular insulin
injections. Type 2 diabetes is a lifestyle disease, where
insulin is produced but the target cells do not react to
it. Itis linked to obesity, high sugar intake and lack of
exercise.

Diabetes is a major focus of medical research.
The Australian Foundation for Diabetes Research
is currently developing a form of insulin graft — an
artificial device that produces insulin in the body.
The graftis a network of microscopic bubbles,
created from seaweed, that are filled with insulin.

Devices like this could revolutionise the treatment of
type 1 diabetes. Type 2 diabetes is better treated with
lifestyle changes through diet and exercise.

A part of the control of diabetes relies on access
to health care. Regular visits to a doctor increase the
chances of diabetes being diagnosed and managed.

Learning Ladder

Disease

@ Identify two strategies that can help to control
the incidence of non-infectious diseases.

e Describe how the two strategies you identified in
Question 1help manage the incidence of the disease.

9 Explain why access to a health-care provider can
help in the diagnosis and treatment of non-infectious
diseases.

O Using Figure 2.31, calculate the approximate
percentage reduction in smokers in Australia
between 2001and 2022.

e Analyse the effectiveness of public education
campaigns, based on the percentage of smokersin
the Australian population between 2001 and 2022.

Analysing data and information see page 420

Consider the graph in Figure 2.31.
o Describe the trend of the data.

e Explain the relationship between the percentage of
smokers in Australia and the number of Australians
with lung cancer.

e Draw a conclusion about what you would expect to
see in terms of the number of Australians with lung
cancer over the next 20 years, based on the trend
you described in Question 1.

o Assess the validity of the data shown in Figure 2.31.

‘Healthy Harold’ is a campaign to educate young
Australians about the importance of healthy eating
behaviours, as well as the dangers of using cigarettes and
drugs. Explain why a campaign like this is an effective way
to reduce the incidence of non-infectious diseases in
Australia.

Success criteria

| canidentify a number of causes of non-infectious
diseases.

| can describe a range of strategies that could
help reduce the incidence of these non-infectious
diseases.
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2-11 > Controlling infectious diseases

( . .
Learnlng intention
At the end of this lesson, | will be able
to assess measures that can prevent
the incidence and spread of infectious
diseases.

Key terms

quarantine: separating and restricting
the movement of people who have
been exposed to an infectious disease
to see if they become sick

social distancing: maintaining a
distance from other people to avoid
catching or transmitting an infectious
disease

~N

Content group: Disease control and
prevention

Figure 2.34: Washing your hands is
one of the most important ways to
maintain health and hygiene, not just
for yourself but for everyone you come
in contact with.
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Infectious diseases can be controlled by not getting infected
yourself, by not infecting others, and by seeking treatment
if you do become infected.

Protective measures aim to slow the spread
of COVID-19

Since 2019, COVID-19 has been spreading around the world. Public
health campaigns, quarantine and medical treatments have all been
used to try to reduce the number of cases.

Special protective measures included social distancing (staying
atleast 1.5 m apart from other people), coughing or sneezing into
your elbow instead of your hand, using a contact tracking app
like COVIDSafe, increased testing and frequent washing of hands
(Figure 2.34).

Public health campaigns promote hygiene

Public health campaigns aim to inform people how to protect
themselves and others from infectious diseases. World Hand Hygiene
Day is a campaign developed by the World Health Organization to
educate people about proper hand washing, and about how it can help
to reduce the transmission of infectious pathogens by removing them
from our bodies.

These campaigns are very effective and have reduced the incidence
and transmission of disease both inside and outside of hospitals.

Quarantine prevents disease transmission

Quarantine measures can involve both healthy and sick individuals.

During an outbreak of an infectious disease, cases of the disease
can be tracked. Anyone who has been exposed to the pathogen is
required to quarantine, or stay home and away from others, for the
incubation period of the disease. This is the time it takes for symptoms
to develop. In this way, anyone who becomes sick after being exposed
cannot infect others, which reduces the rate of transmission and the
number of cases.

The secondary part of quarantine is isolation of sick people at
home, or by themselves in a hospital, so that they cannot pass on
the pathogen and infect other people.

Quarantine is highly effective at preventing the transmission
of infectious diseases, but only if exposed and infected individuals
stay away from others for the entire time they could potentially
infect them.



Table 2.9: Some common medical treatments and their effectiveness

Treatment Controls Works by Effectiveness
Antibiotics Diseases caused by bacterial Killing the bacteria or preventing  Very effective when used correctly.
pathogens, such as choleraand = them from replicating, so the Incorrect use, such as not taking a
tuberculosis immune system can fight the full course of antibiotics, can lead to
disease antibiotic-resistant bacteria, which need
stronger antibiotics to be destroyed.
Antivirals Diseases caused by viruses, Preventing viruses from entering  Highly effective if given early. If taken
such as influenza (the flu) and cells where they would be able later, the virus may be in too many body
COVID-19 to multiply and spread cells for antivirals to help.
Antifungals Diseases caused by fungal Preventing the fungus from Highly effective when used correctly.

Like antibiotics, they must be used for a
specific length of time, or the fungus can
become resistant to the treatment.

growing normally, so that the
immune system can break it
down and fight off the infection

pathogens, such as ringworm
and tinea (athlete’s foot)

Medical treatments help to treat
and cure infectious diseases

Sometimes outbreaks of infectious diseases can occur, even

with the use of preventative strategies. When outbreaks occur,
medical treatment can reduce the severity of the infection

and the chances of dying. This makes having access to doctors
and hospitals very important. Table 2.9 shows some common
treatments for diseases caused by pathogens. Treating infectious
individuals also reduces the risk of the disease spreading.

4 Figure 2.35: Social distancing was a crucial part
of slowing the spread of COVID-19 in Australia.

Learning Ladder

Disease e Construct a brief presentation explaining why

] prescribing antibiotics for the flu is an issue.
@ (dentify a strategy that helps to control a named

infectious disease 0 Discuss your presentation with a group of your

peers. Use their feedback to describe two ways your

9 Describe how the strategy you identified in Question 1 presentation could be improved.

helps to reduce the incidence and transmission of the

disease e Conduct some secondary-sourced research into

the use of antibiotics. Use your findings to evaluate
the information you have included in your presentation
from Question 3.

e Explain why it isimportant to know which type of pathogen
is responsible for an infectious disease before treating it.

0 The incubation period of COVID-19 is 2-14 days.
Explain how this might affect sommeone who needed to
quarantine after being exposed to a person infected

; Many infectious diseases require multiple control strategies.
with COVID-19.

Identify an infectious disease and use secondary sources

e Assess the effectiveness of:

a hand hygiene.
¢ medical treatment.

b quarantine.

Communicating see page 429

o Describe a way to communicate information about
proper hand washing to a teenage audience.

e Construct a visual infographic as part of the
communication strategy you described in Question 1.

to research and explain it. Assess the effectiveness of
each control strategy provided in this section, in relation
to its ability to prevent the incidence and transmission of
the disease.

Success criteria

- | candescribe strategies that help prevent the incidence
and spread of infectious diseases.

- |can assess the effectiveness of these strategies.
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2'1 2 * The use of bush medicine
in controlling diseases

-
Learning intention

At the end of this lesson, | will be able
to explain how some plants have been
used as bush medicine.

Key terms

health: in First Nations health care,
holistic wellbeing, including mental and
social health

impersonal: without personal feelings;
in health care, being treated like an
illness rather than a person

Ngangkari: an Aboriginal healer who
has extensive knowledge of bush
medicine and the ceremonies and
rituals required to achieve the best
health outcomes

patent: a type of legal ownership of
intellectual property that gives the
owner the right to exclude others
from making, using or selling an idea
orinvention

Content group: Disease control and
prevention

A
Figure 2.36: The Australian desert

Since before colonisation, Aboriginal and Torres Strait Islander
Peoples have used various plants to make different types of bush
medicine. These medicines were made from plants and were often
traded over large distances to places where the plants could

not be cultivated. Many plants are still used as bush medicine

and many more are currently being researched.

Health is more than an absence of iliness

For thousands of years, First Nations Peoples have practised health care
by considering the wellbeing of the whole person. Health is understood
to be not just an absence of illness but an overall feeling of wellness.
This includes nutrition, exercise, and feelings of belonging and of having
mental health support.

This means that First Nations Peoples practise medicine holistically,
and treatments can include dance, movement, ritual and ceremony to
support the physical, psychological and spiritual elements of a person.
This contrasts with the sometimes impersonal experiences of medical
treatment in a Western health-care system.

Medicinal plants are important in bush
medicine

The use of plants is a central part of bush medicine. Knowledge of the
plants has been passed down for generations to community healers
and doctors. In the Anangu Pitjantjatjara Yankunytjatjar Lands of South
Australia, these people are called Ngangkari healers. They often work
with Western doctors and in Western hospitals to ensure that Aboriginal
and Torres Strait Islander patients get appropriate treatment.

Many native plants have been used for medicinal purposes for
thousands of years. For example, the oil of the tea tree (Melaleuca
alterifolia) has been used by the Bundjalung People as an antiseptic
to treat wounds and infections for thousands of years.

Another common plant used for bush medicine is Eucalyptus
globulus labill. The oil from the eucalyptus tree is used to treat a variety
of symptoms, including body pains, fevers and chills, and many different
throatand lungillnesses. Itis a common ingredient in many mouthwashes,
throat lozenges and cough suppressants.

Sometimes multiple plants have been used at the same time to treat
more complexillnesses. For example, the sandpaper fig (Ficus opposita)
(Figure 2.37) and the stinking passion flower (Passiflora foetida) were
often used together in northern coastal communities to help people

mushroom was used to treat ilinesses in

the mouth and as a teething aid for infants. with itchy skin. The fig leaves were crushed and soaked in water and then
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rubbed on the skin until it bled. The passion flowers

were then smeared onto the affected area to provide

relief. Sandpaper fig leaves have also been used to
treat fungal skin infections such as ringworm and
sometimes in combination with the fig’s milky sap.

Fungi are also part of bush
medicine

Many fungi also provided important medicine

for Aboriginal and Torres Strait Islander Peoples.

For example, the desert mushroom (Pycnoporus
coccineus) (Figure 2.36) has been used to treat pain
in the mouth related to ulcers and sores, and as a
teething aid for infants and for babies suffering from
oral thrush.

Patenting Indigenous medicine
restricts their access to it

In many ways, Western medicine is only now beginning

to catch up to First Nations medical knowledge.

This has created opportunities to find new drugs to
help treat illnesses. However, once these drugs are
isolated in the laboratory, they are often patented as
belonging to the medical research companies that

‘discovered’ them. This is a growing problem for many

First Nations healers, who are sometimes forbidden
from accessing, or are forced to pay large sums of
money to access, plants that have been keeping
people healthy for thousands of years.

-

e L4 5 .
- 7 4 Figure 2.37: Aleaf of a sandpaper
.

L

fig. First Nations Peoples rubbed
the abrasive leaves of this plant on
the skin until it bled, when other
bush medicines could be applied
to the wound.

Disease

o Identify the definition of health that First Nations
Peoples use.

9 Describe how Aboriginal and Torres Strait Islander
Peoples have used three named plants to help
manage disease.

e Explain the uses of the oil from the tea tree.

0 Propose why First Nations Peoples sometimes treat
illnesses using multiple plants.

Communicating see page 429

o Describe ways to communicate with doctors about
how they may use eucalyptus oil in treatments, and
outline the key information a doctor would need
to know.

e Use a digital spreadsheet to list the plants and fungi
mentioned in this section and their uses in treating
illnesses. Compare their similarities and differences.

9 Construct a poster outlining the stages of using
sandpaper fig and stinking passion flower to treat
askinirritation.

0 Swap your poster with a peer, and provide two pieces
of feedback: one feature you liked about their poster,
and one thing you wish you had seen.

e Conduct research into tea tree oil and its qualities as
an antiseptic. Discuss why so many products contain
this oil.

In context

Kakadu plums are a native plant with many uses for First
Nations Peoples. AUS company tried to patent this plant
to use in its cosmetics, due to the plums’ high levels of
vitamin C. Analyse the impact of patents like this on the
intellectual property of First Nations Peoples.

Success criteria

| can explain how some plants are used as bush
medicine.

| can describe how Aboriginal and Torres Strait
Islander Peoples’ medicine is holistic.
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Learning intention

Atthe end of this lesson, | will be able to:

« describe the importance of
immunisation programs

- analyse data relating to immunisation
programs to identify patterns linked
to disease occurrence.

Key term

immunisation program: a series of
vaccinations given to individuals to help
prevent specific infectious diseases in
populations

Investigation 2.13

Infectious diseases and vaccination:
data analysis, page 498

Content group: Disease control and
prevention

Vaccinations protect us from a range of infectious and
non-infectious diseases. To stay protected, there are specific
vaccination schedules that are used to show us what we
should be vaccinated against and when.

Australia has specific vaccination schedules

Australia’s National Immunisation Program was established in

1997 by the Australian Government’s Department of Health.

The immunisation program is a funded schedule of recommended
vaccinations against a number of diseases across a person’s life span.

Immunisation programs target specific
diseases

The vaccinations set out in the National Immunisation Program
target a range of specific infectious and non-infectious diseases.
This helps to provide the community with herd immunity from
these diseases, by getting vaccination rates to 95 per cent or above.
High vaccination rates prevent infectious diseases from spreading
through communities. Table 2.10 sets out information on the
diseases covered in the National Immunisation Program and when
they are administered. Diseases with multiple rounds of vaccination
require multiple exposures for our adaptive immune system to
produce a high enough level of antibodies to give us

lasting immunity.

Table 2.10: Diseases covered in Australia’s National Immunisation Program - vaccinations available to all individuals

Disease

Hepatitis B
Diphtheria

Tetanus

Pertussis (whooping

cough)

Haemophilus
influenzae type b (Hib)
Polio

Rotavirus

Pneumococcal

Age of vaccination(s)

Birth, 2 months, 4 months, 6 months

2 months, 4 months, 6 months,
1.5 years, 4 years, 12 years

2 months, 4 months, 6 months,
1.5 years, 4 years, 12 years

2 months, 4 months, 6 months,
1.5 years, 4 years, 12 years

2 months, 4 months, 6 months,
1.5 years

2 months, 4 months, 6 months,
4 years

2 months, 4 months

2 months, 4 months, 1 year
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Disease

Influenza
Meningococcal
Measles

Mumps

Rubella

Varicella (chickenpox)
Human papillomavirus

(HPV)

Shingles

Age of vaccination(s)

6 months, 1.5 years, 2.5 years,
3.5 years, 4.5 years, 265 years
1year, 16 years

1year, 1.5 years

1year, 1.5 years

1year, 1.5 years

1.5 years

12 years

>65 years



Vaccination is reducing the impact
of diseases

A 2019 study by the Australian Institute of Health and
Welfare suggests that vaccinations are having a positive
effect against vaccine-preventable diseases. The

study focused on the impact of these diseases on the
Australian health-care system.

Data from the study indicates that the impact of
vaccine-preventable diseases decreased by 31 per cent
between 2005 and 2015. This supports the idea that
vaccinations help to reduce the incidence and severity
of diseases. Additionally, clear correlations can be seen
between vaccination for varicella virus (chickenpox)
and the number of deaths. Since the vaccine’s
introduction in 2005, hospitalisations for people aged
0-14 years with chickenpox have been significantly
reduced. This can be seen in the graph in Figure 2.38.
Trends like this are common for many diseases included
within the vaccination schedule.

180
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140 — 2005 — >15 years
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4 Figure 2.38: The introduction of the varicella (chickenpox)
vaccine in Australia in 2005 significantly reduced the impact
of the disease in young Australians.
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Figure 2.40:
Vaccination
schedules help to
protect us from
several diseases
from whenwe
are born.

Learning Ladder

Disease

o Identify three diseases that are covered in the
National Immunisation Program.

e Describe how a vaccination schedule can help to
reduce the severity of diseases.

e Explain why it is important to get vaccinated against
anamed disease.

0 Describe three diseases that require multiple
exposures to develop immunity, based on the data
in Table 2.10.

© Analyse the effectiveness of the varicella
(chickenpox) vaccine in Australia.

Analysing data and information see page 420

0 Describe the trends in the graphs in Figures 2.38
and 2.39.

e Explain the relationship between the datain
Figure 2.39 and the introduction of the pertussis
(whooping cough) vaccine.

e Draw a conclusion about the use of the varicella
(chickenpox) vaccine, based on the datain
Figure 2.38.

O Using secondary research, assess the reliability of the
datain Table 2.10.

e ‘Vaccination is the most effective mechanism
of controlling diseases in Australia.’ Evaluate this
conclusion based on the information in this section
on infectious diseases.

Select another disease that is covered in the National
Immunisation Program. Using data from the Australian
Institute of Health and Welfare website, analyse the
impact of the vaccine on the rates of hospitalisation
and death for your chosen disease.

Success criteria
+ | candescribe a named immunisation program.

- | cananalyse data on the immunisation program for
trends and link this data to disease occurrence.
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Learning intention

At the end of this lesson, | will be able to
explain several Australian technological
advances that have improved our
ability to treat and manage a range

Over time as technology advances, scientists can develop more
effective ways to treat and manage diseases and disorders.
Australian scientists have played a crucial role in the development
of many of these technologies and continue to work on new
management options.

of diseases.

Key term

making
improvements to existing ideas in order
to find new solutions to problems

Spray-on skin helps to treat burns

Professor Fiona Wood is an Australian scientist who has lived and
worked in Western Australia since the 1980s. To improve patient

survival rates from post-surgery infections, Professor Wood investigated

Content group: Disease in context

new methods of repairing the skin of people who had suffered burns.

Her technology — ‘spray-on skin’ — was developed and tested throughout
the 1990s and was first used to treat victims of the Bali bombings in
2002. This technology allowed skin cells to be ‘sprayed’ onto burn

sites and reduced the time it took for cells to graft from 21 days to just

5 days. This technology is now used worldwide and reduces healing time,

scarring and infection rates in burns victims.

4 Figure 2.41:
Professor Fiona
Wood developed
‘spray-onskin’, a
way of introducing
skin cells to burns
that significantly
improved the
application
of skin grafts.

The bionic eye aims to help with vision disorders

The idea of a bionic eye has existed for decades, but
this specific technology is yet be commercialised.
Researchers from Monash Vision Group are actively
working to change this and have developed and tested
a bionic eye prototype.

The bionic eye is designed for individuals with
retinitis pigmentosa and macular degeneration -
disorders that affect the retina of the eye. An electrode
is placed behind the eye through surgery and is
connected to avideo camera in a pair of glasses.

When the camera is pointed at images, it sends signals
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to the electrode, which communicates with the retina,
helping people to see.

Ina 2018 clinical trial, the implant was given to
four patients with retinitis pigmentosa. These patients
were tracked from implantation until 2021. Findings
from the study show that the patients were able to see
‘edges, shapes and movement’ using the device. More
research, developments and studies will be conducted
into improved models of the bionic eye, and itis hoped
that one day it will be used to assist people with a
range of vision conditions.



Figure2.42: »

A prototype of

the bioniceye, a
technology that is
being developed to
reduce the impacts
of vision loss.

New research and processes
continue to help technology
development

Professor Fiona Stanley is another Australian scientist
who pioneered research that helps to manage diseases.
Professor Stanley focused her research on birth defects
in children — specifically, neural tube defects, or
problems with the brain and spinal cord. One example
of thisis spina bifida, where the spinal cord does not
develop properly, which can result in part of the spine
protruding from the back. In 1989, Professor Stanley’s
team discovered that if mothers consumed the nutrient
folate during pregnancy, this could significantly reduce
the risk of neural defects in their babies.

Figure 2.43:

Professor Stanley’s
work has helped to
significantly reduce

rates of neural
defects such as
spina bifida.

In 1990, Professor Stanley founded the Telethon
Kids Institute. Continued research into the link between
folate and neural defects in newborns through the
Telethon Kids Institute led to the Australian Government
introducing requirements to enrich bread with folate in
2007. To this day, the Telethon Kids Institute and many
scientists continue to research neural tube defects,
their causes and potential prevention methods and
cures, in order to make technological advances to
help affected children and their families.

Learning Ladder

Disease

@ Identify two disorders that have been assisted by
technological developments.

e Foreach disorder, describe how a specific
technology can help to manage or cure the condition.

9 Explain why continued research into technologies
is useful when managing diseases and disorders.

© Explain the impact of folate on an unborn child.

e Analyse the effectiveness of spray-on skin for
treating burns.

Communicating see page 429

o Describe a way you could communicate information
to your peers about the impact of a technology
discussed in this section.

9 Construct a digital poster about the bionic eye,
including what disorders it could help to manage,
and how it does this.

e Write a scientific article on the development of
spray-on skin, which explains when and how it is used
to treat patients. Use secondary sources as needed.

o Present your article from Question 3 to a group
of students in your class and provide two pieces
of feedback on another student'’s article.

© Evaluate the importance of research into new
technologies in relation to the management of
diseases. Why should funding be given to projects

like spray-on skin, the bionic eye and neural defect

research?

Success criteria

| can identify and described a named technology that
assists in the diagnosis or treatment of a disease.

| can explain how this technology has improved
our ability to diagnose or treat or manage a specific
disease.
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» Disease summary

Homeostasis

Homeostasis is the baseling, stable state when the body’s internal
environment (i.e. its organs, systems and processes) is working
efficiently.

The body maintains a balanced internal environment by
detecting and responding to external changes such as changes

in temperature and glucose levels.

Receptors in the body detect changes from the baseline and send
messages to effectors via feedback loops.

Negative feedback loops counteract stimuli (e.g. by regulating
temperature to prevent heat loss).

Positive feedback loops amplify stimuli (e.g. by increasing labour
contractions to stimulate birth).

Effectors carry out actions to return the body to homeostasis.

Hypothalamus
Pituitary gland -
the master gland

Pineal gland
produces melatonin

Thyroid gland
produces thyroxine

Pancreas
produces insulin

Adrenal gland
produces adrenaline,
cortisol

Ovaries
produce oestrogen

Testes
produce testosterone
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Stimulus

Body temperature is reduced
to below 37°C.

Sensor

Nerve cells (neurons) in the
skin detect the change.

Control centre

The brain receives the message
and triggers a response.

Effector(s)

Shivering, goosebumps
and vasoconstriction.

The nervous system is made up of the
central nervous system (brain and spinal
cord) and the peripheral nervous system
(network of nerves).

The nervous system transmits signals
around the body, using neurons, the
brain and the spinal cord, to coordinate
conscious (e.g. voluntary movement) and
subconscious (e.g. involuntary breathing)
processes.

The endocrine system releases
hormones from glands to help us
respond to stimuliand to control bodily
processes (e.g. insulin helps to control
our blood glucose levels).

The nervous and endocrine systems
work together to coordinate the body’s
responses to changes inits internal and
external environments.

The brain plays a large partin both
systems.

The hypothalamus, in the centre of the
brain, interprets signals from all over the
body to ensure homeostasis.



Infectious and non-infectious diseases

Infectious diseases are caused by pathogens and can
be transmitted by direct contact, indirect contact and
vectors such as insects.

Non-infectious diseases cannot be transmitted
between individuals and are caused by genetics,
environmental conditions and nutrition.

Infectious diseases can spread across a localised
region (epidemic), occur consistently within a specific
area (endemic), or become globally widespread
(pandemic).

Heart disease is a common non-infectious disease.
Itis one of the highest causes of mortality for
Australians each year.

.

The immune system has three lines of defence to help

protect us from infectious diseases.

- Physical and chemical barriers block pathogen entry.

- Phagocytes (a type of white blood cell) engulf and
destroy foreign materials.

- Lymphocytes recognise, remember and kill specific
pathogens that we have previously been exposed to.

Vaccination helps to prevent

diseases by allowing us to o

produce antibodies that fight Oa @ %

the introduced pathogens, o 0 %

giving us immunity to @ g @ 0

specific diseases. (Y %‘
® 99 @
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« Public health campaigns can reduce the spread of
non-infectious diseases by educating the public
about the benefits of making healthy lifestyle
choices.

- The spread of infectious diseases can be reduced
by educating the public on hygiene and quarantine
measures, which can reduce disease transmission
and incidence.

- First Nations Peoples, such as the Bundjalung
People, have long used natural products for
medicinal purposes and to help control disease
(e.g.oil from the tea tree plant is used as an
antiseptic).

+ InAustralia, vaccination schedules help to protect
us from diseases such as chicken-pox, whooping
cough, and even certain forms of cervical cancer,
by reducing their incidence.

« High rates of immunisation against specific
pathogens can provide populations with herd
immunity.

Disease in context

Technological advances such as spray-on skin
and the bionic eye continue to improve our
ability to understand and treat diseases and
disorders.
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Masterclass
Steps In progracin o 9

Identify the third- and fourth-highest Describe the category of disease that

- causes of death in Australia in 2023. heart disease falls under and identify

% three contributing factors to heart

"E disease.

(o]

O
Describe any trends you can see in Explain the relationship between
Figure 2.45. the diseases in Figure 2.45 and the

Ana |ysi ng data likelihood of transmission to other
. . individuals.
and information

()]

Q

7

8 You want to present the information Using a device, construct a digital

8 on disease mortality rates to a group table that represents the information

a of Year 7 students. Describe an in Figure 2.45 on mortality rates.

appropriate way to communicate this

Communicating EGEE

Australian mortality: what is leading
the way?

Diseases are by far the leading cause of death in Australia,
according to the Australian Bureau of Statistics. In 2023,
Australia recorded 181131 deaths. This might sound like a
lot, but it was actually a 4.1 per cent reduction compared
to the previous year. Data scientists have suggested that
this is because of the increased protection and strategies
surrounding the prevention of COVID-19, which ranked
ninth on the 2023 list, causing just over 5000 deaths.

The six top mortality rates accounted for over one-
third of all deaths in Australia for 2023. They are shown
in Figure 2.45. How can we use this information to help
reduce the annual mortality rate of Australians?

Figure 2.44: Technologies such as pacemakers are helpingto »
reduce the number of individuals who die from heart disease.
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Demonstrate your understanding

O O B O >

Use secondary research to explain
how improved prevention methods
for COVID-19 have reduced Australia’s
mortality rates for the disease.

Construct a conclusion about the link
between mortality in Australia and
non-infectious diseases.

Construct a digital scientific
presentation, based on your
description in step 1, that you
could present to Year 7 students.
Make sure to include at least five
scientific terms. Break them down
for the students, so that they
understand them.

Using Figure 2.45, state the number of
deaths caused by heart disease and
by dementia in 2023, and calculate
the percentage of total deaths they
accounted for. Use pages 452-55in
the Science how-to section to help
you if needed.

The data provided in these pages

is from the Australian Bureau of
Statistics (ABS) website. Use the
CRAAP test (see the Science how-to
section on page 441) to assess the
accuracy, reliability and validity of
the data.

Deliver your presentation to a group
of your peers in class and listen to
their presentation. Describe three
ways the other groups could improve
their presentations.

Use secondary research to identify
two disease-prevention strategies

for any two of the diseases presented
in Figure 2.45. For each strategy,
describe how it is implemented and
analyse its effectiveness as a disease-
prevention measure.

Use your assessment from step 4 to
evaluate the quality of the conclusion
you made in step 3.

Research secondary sources to
obtain the mortality rates of five
infectious diseases of your choosing,
to add to your presentation.

Evaluate the quality of the data in your
presentation, based on your chosen
sources and your assessment of the
ABS website in your answer to step 4
of ‘Analysing data and information’.

Leading causes of death in Australia in 2023
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Causes of death (disease)

Figure 2.45: The leading causes of death by disease in Australia,
2023. The diseases shown are the six highest causes of death.
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Focus area 3

.0 Materials

Materials are the chemical substances that include everything
around us, from the clothes we wear to the gadgets we use
and even what we eat. Understanding materials involves
exploring how resources are sourced and used, as well as the
types of chemical bonds that connect atoms to one another.
Carbon-containing materials, or organic compounds, are
important both for their properties and for the reactions

they undergo.

.adder

| can evaluate how
materials are sourced,
used and modified.

| can discuss the impact
of various materials
on the environment.

| can explain the uses
of materials based
on their properties.

| can describe materials
based on bonding
and properties.

| can classify different
types of materials.

Materials

Stepsin
progression

| can assess the type

of data that can be

collected in a range
of investigations.

| can produce plans
for investigations
that are ethical,
reliable and valid.

| can develop
appropriate scientific
aims for a range of
investigations.

| can distinguish
between controlled,
dependent and
independent variables.

| can describe ways to
reduce risks for a range
of investigations.

Planning
investigations

V'S
Figure 3.1: Different materials can be used ina
variety of ways, depending on their properties
and purpose.

| can evaluate
scientific claims
based on evidence.

| can assess problem-
solving strategies
used to solve an
identified problem.

| can use given criteria
to find solutions to
scientific problems.

| can explain scientific
problems and
phenomena using
cause-and-effect
relationships.

| can propose
solutions to familiar
scientific problems.

Problem-solving

The Learning Ladder contains the scientific content and processes you will
learn in this focus area. Each area has five levels of progression. To move
to higher levels, you need to practise activities at the earlier levels. This will
help you develop the ability to complete tasks that are more complex.

| can evaluate scientific
findings based on
secondary evidence
and arguments.

| can present scientific
findings using
appropriate conventions
for specific audiences.

| can construct a range
of appropriate scientific
presentations based on
first-hand and second-
hand data and information.

| can use digital

technologies to
organise and present
data and information.

| can select appropriate
ways to communicate
information.

Communicating

Stepsin
progression

Working scientifically processes
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1 > What is a resource?

e .. .
Learning intention

At the end of this lesson, | will be able to
identify and discuss different types of
resources.

Key terms

crude oil: a naturally occurring liquid
fossil fuel that can be refined to
produce many different chemicals

finite: limited in size oramount

fossil fuel: an energy source made of
ancient fossils

made resource: aresource that is
manufactured from natural resources

natural resource: aresource that is
useful inits natural form

non-renewable: finite, and will run out

renewable: can be renewed, and will
not run out

resource: a source of something that
is useful

Investigation 3.1

Investigating classroom resources,
page 499

Content group: Resources

Figure 3.3: Cottonisa
natural resource used
as a fibre material in

clothing and fabrics.
v
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i Figure 3.4: Tree trunks are a resource for timber.

All the materials in the world start as a resource.

Anything that a person can use is a resource. Some
resources, such as vegetables, water and wool, do not
need to be changed much or at all before we can use
them. Other resources are processed to become more
useful, and very different from how they started. These are
new materials, such as plastic, concrete and some fabrics.

Resources can be renewable or
non-renewable

Some resources replenish over time. The length of time this takes
depends on the type of resource. A renewable resource can be infinite
(never run out), such as wind or sunlight, or replenish itself within the
average human life span (about 80 years). Crops are renewable because
they can grow back within a relatively short time frame.

A non-renewable resource is finite (can run out) or can only be
replenished over a much longer period than a human life span. Fossil
fuels such as coal, oil and gas are non-renewable resources. Coal (the
compressed remains of ancient plants) takes hundreds of millions of
years to form, and it only forms under certain conditions.

Some trees can grow back in a life span, but some are many hundreds
of years old. This means that trees can be renewable or non-renewable,
depending on the type.

Resources are
often useful in their
natural form

Natural resources are raw materials
and sources of energy that are often
useful in their naturally occurring

form — we do not need to change them
into something different before we use
them.

Cotton is acommon natural resource
because the fibre material is not
changed much from when it is picked
in the fields to when it is used to make
fabrics — itis still the same material.
Wood is also a natural resource, which
comes from trees and is cut into timber
used in the building industry.



4 Figure 3.6: Plastic is a made resource used to manufacture a
variety of products used every day.

4 Figure 3.5: Concrete is a material made from a mixture
of resources.

Learning Ladder

Materials

Resources can be used to make
new materials

@ a Listthree examples of natural resources and three
examples of made resources.
b Listthree examples of renewable resources and

Not every resource can be used without changing it.
Made resources are new materials manufactured from

natural resources and are often very different from the three examples of non-renewable resources.
original resource. @ Copy and complete the following sentences.
Modifying and processing natural resources A is something that societies use in
produces a huge variety of materials. Plastic packaging everydaylife A________ resourcecan be restored
and polyester fabrics are made from crude oil extracted withinalife span. Anon-renewable________is
finite or takes much torestore.

from the ground. Medicines are made from many
different natural resources. Steel is made by mixing iron
metal with carbon and other substances. Another term

e Explain how the examples you provided in Question 1
are used, based on their characteristics.

for made resource is ‘synthetic resource’. Planning investigations see page 405
Imagine you are conducting an audit of the types of

Figure 3.7: Crude oil is pumped from the ground and processed resources in the school’s landfill skip.

to form avariety of new resources.

o Identify any hazards, and describe the steps you
would take to minimise risks associated with each
hazard.

v

e An audit is not a typical form of investigation. Discuss
the variables involved in the audit, including how they
might be different from the variables involved in a
laboratory experiment.

9 Propose an overall aim of conducting the audit.

o Discuss the ethical implications of sorting through
the school’s rubbish, and suggest how they could
be minimised.

Use the internet to find out the natural resources used to
make a smartphone. Select one of these materials. Find
out how itis obtained and what it is used for in the phone.

Success criteria

. | can describe the difference between renewable
and non-renewable resources.

- | cangive three examples of different types of
resources.
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«2 > How have First Nations Peoples N
used minerals?

( . . . i i
Learning intention Mlne.rols hoye been a valuable source of material
At the end ofthis lesson, | will be able for First Nations Peoples to make tools, as well
to understand the different uses for as pigments, paints and dyes for decoration, for
hard and soft minerals by First Nations . . .

recording stories and for ceremonial purposes.

Peoples.

Key terms Minerals have been used as tools

andesitic hornfels: a dark, . . /

fine-grained metamorphic rock known and g tOOI mdklng

forits distinct louri d

hzrr::lielsss metgreen colouringan Some of the most common and useful tools that /l o
binding agent: a substance that holds Aboriginal and Tf)rre.s Strait Islander Peoples F
other materials together to form a have used are grinding stones, stone axes and ) TR )
cohesive whole knives. Minerals are selected according to the element or elements

crystalline: having the structure and in the mineral, and its hardness, which is often determined by the

form ofacrystal crystalline structure.

iron oxide: a dark red solid that exists
as the mineral haematite and is the
main component of rust

Greenstone (andesitic hornfels) from central Victoria has been dated
to the Cambrian period, 541-485.5 million years ago. Movement of

thermoplastic: a substance that tectonic plates produced heat and pressure, which acted on the minerals

becomes plastic when heated and to create the distinctive crystalline structure of greenstone.

hardens when cooled, and can Greenstone is useful because of its hardness. It would be chipped

undergo these processes repeatedy from the quarry with a hammer stone and then shaped into an axe head

Content group: Resources with a grinding stone. An axe head would often be ground with a groove
J towards the rear to help secure it to a wooden haft with twine and

thermoplastic resin.

The axes were used to cut into wood to access possums, insects,
larvae or eggs, as well as to cut through bark to create canoes or building
materials. The hard axe heads could be used for a long time before
they needed resharpening. Greenstone axe heads were highly valued
and have been found many thousands of kilometres away from the
quarry site.

Minerals were used to make pigments

Softer minerals such as ochre have been used to make pigments. The

o~

Figure 3.8: This is a stone axe head made colours of ochre range from a deep chocolate brown through to lighter
from basalt, a very hard rock found across browns, reds, oranges, yellows and whites and relate to the different
Australia. At one point, the head would . . . .

have been secured to a wooden haft pigments in the mineral. The reds and browns often have higher

with twine and thermoplastic resin. concentrations of iron oxides, and the yellows and whites often have

kaolinite and lower levels of metal oxides.

Ochres are usually very soft and water soluble, which makes them
useful as pigments and paints. Ochres have been used in art on rock
walls, bark and wood — objects, or animal skins, and are also commonly
used as body paint for ceremonial purposes. Often, there are restrictions
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as towho is allowed to work with certain colours

of ochre, who can wear the colours, and which
ceremonies they can be worn at. This can relate to sex
and gender, age, initiation and adulthood, or Elders
and elderhood, as well as births, deaths, marriages,
conflicts and celebrations.

Ochres are often mixed with a binding agent such
as the sap from black wattle (Acacia mearnsii) and
water. This gives the ochre a paint-like consistency
and allows it to stick to the animal skin. The ochre
commonly needs to be reapplied periodically because
it flakes away and rubs off with use.

Figure 3.10: AFirst Nations person is grinding a stone containing
red ochre. The powder this produces will be mixed with water to
make paint and used for ceremonial purposes. Ochre quarries
are commonly highly valued as sacred places.

Peawiy

W

.

4 Figure 3.9: This possum skin has been decorated with paints made from

ochre pigment, water and black wattle sap. Originally, possum or kangaroo
sinew and sharpened possum bones were used to sew the pelts together.
Today, cloaks are sewn using waxed nylon thread and metal gloving needles.

Learning Ladder

Materials

@ \dentify the properties of greenstone that make it
avaluable material to use as an axe head.

e Describe how ochre is bound to animal skin, using
other materials.

e Explain how the percentage of iron oxide in ochre
might alter the way it is used.

© Discuss how using a thermoplastic resin to bond the
greenstone axe head to the wooden haft makes the
axe more sustainable.

Problem-solving see page 425

o Observe the image in Figure 3.9. How do the
materials used in the creation of a possum skin
cloak support sustainable use of resources?

e Explain how black wattle sap solves the problem
of painting on animal skin with ochre.

e Compare the characteristics of greenstone and
ochre, and explain why greenstone is a more suitable
material for constructing axe heads.

o Images painted on animal skins with ochre often
need to be repainted regularly due to deterioration.
Identify a strategy to solve this problem and assess
its effectiveness.

© Evaluate the following claim: ‘Greenstone never had
any value or useful characteristics.’ Use scientific
evidence to justify your response.

Conduct research into the term ‘thermoplastic’. Explain
how the production and uses of this material have
changed in Australia since colonisation. Construct a

list comparing the production techniques and uses of
this material.

Success criteria

« lunderstand that First Nations Peoples have used
scientific reasoning to ensure that materials with
favourable characteristics have been used to create
appropriate tools.

« | can consider how First Nations Peoples have often
used multiple materials at the same time to create
tools and art, and as part of ceremony for millennia.
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3 > Mining Australian resources

e .. .
Learning intention

Atthe end of this lesson, | will be able
to identify and discuss some resources
mined in Australia.

Key terms

metal ore: a metallic mineral deposit
that is profitable to mine

mineral deposit: rocks that contain a
particular mineral in large amounts
mineral reserves: parts ofa

mineral resource that can be

mined economically

smelt: to extract metal from ore by
heating and melting

Australia has a wealth of minerals, from fossil fuels and
metallic oxides to rare earth elements, and is one of the
world's leading mining nations.

Fossil fuels include coal, oil and gas

Fossil fuels such as coal, crude oil and natural gas are produced from the
remains of ancient plants and animals over hundreds of millions of years.
Although fossil fuels are still being formed, they are being removed and
used much faster than they are being restored.

Coal is formed from the remains of ancient swamps. This plant matter
builds up over time and does not decay. As the plant matter is buried,
heated and squashed under tonnes of soil, the water and impurities
are squeezed out and it slowly changes into coal. Australia is one of

Investigation 3.3
Making and mining ‘ore’, page 500

the world’s top producers of coal, which is a key resource for electricity
generation (see Section 1.4).

Content group: Resources

Table 3.1: Common metals mined
in Australia

Metal Mineral ore(s)
Iron Haematite, magnetite
Lithium Spodumene

Aluminium = Bauxite
Copper Chalcopyrite

Zinc Sphalerite
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Rocks and minerals provide metals

Rocks and minerals are finite, non-renewable resources because
there are only limited amounts close to Earth’s surface that we can
access. Rocks are useful resources as building materials. They can be
cut to make building stone or crushed to add strength to roads and
concrete. Rocks contain minerals that include useful metals such as
iron, lithium and aluminium. The minerals are known as metal ores,
and in large amounts they are called mineral deposits. Mining and
extraction processes remove and purify metals from their ores for
use in manufacturing many items.

Location Most useful property Material use
Western Australia Strong Steel

Western Australia Durable, resistant to Lithium-ion batteries
temperature changes

Queensland, Northern Territory, Lightweight Drink cans, aircraft
Western Australia

Queensland, South Australia, New Good conductor of Electrical wiring,
South Wales, Western Australia electricity computers, coins

Queensland, New South Wales, Resistant to corrosion, = Galvanising steel,
Northern Territory, Tasmania, blocks UV rays sun screen
Western Australia

Iron ore is a vital mineral resource in Australia (Table 3.1). Pureiron is
extracted from the ore and processed to produce steel. Steel is used
to construct buildings, bridges and infrastructure, automobiles and
machinery, household appliances and tools.



Learning Ladder

Materials

o Classify the following resources as pure metal or

mineral ore.
a Bauxite b Iron
c Lithium d Sphalerite
e Gold f Haematite
e Describe the use of two minerals that are mined in
Australia.

e State what each of the following materials is used for,
and explain why, based on its properties.
a Copper wiring
b Galvanised roof panels (e.g. Colorbond®)

a E . o .
Figure 3.11: An aerial view of Bulga Coal Mine, near Broke ¢ Soft-drink can d Lithium-ion battery

in the Upper Hunter Valley in New South Wales

© Discuss the finite nature of resources extracted in

Almost half of the world’s lithium is mined in Australia, with reference to environmental impact.

Australia. Lithium is a crucial component of batteries,
especially lithium-ion batteries, which power
electric vehicles, portable electronic devices, and

Planning investigations see page 405

Read the aim, materials and method of Investigation 3.3

on page 500.
energy storage systems. The demand for lithium 0 a ldentify items in the materials list that are
continues to grow as technology advances and the potentially hazardous.
shift to sustainable energy solutions accelerates. b Describe ways to minimise the risk.
Bauxite is one of Australia’s most abundant mineral © a Identify the:
reserves. It consists of many metallic minerals, i independentvariable (what you are changing).

ii dependentvariable (what you are measuring).
iii controlled variable(s) (what stays the same).

b Propose ways to improve the controlled variables
that would improve this investigation.

including aluminium oxide. Bauxite is refined into
alumina, which is then smelted (processed by heating
and melting) to extract aluminium, a lightweight and
versatile metal. Aluminium is used in window frames,
roofing, drink cans, aircraft and automotive parts.

Its strength, durability and resistance to corrosion
make aluminium indispensable in the manufacturing
and construction industries.

9 Propose two alternative aims for this investigation
(one for Part Aand one for Part B) that would align
with the content in this section.

e Discuss the reliability, validity and ethicality of this
investigation. Propose ways to improve any of these.

e Propose two more types of data you could collect in
this investigation that would improve the reliability of
the results. Give reasons to support your response.

Select two materials mined and/or produced in Australia.

a Foreach material, investigate the extraction process,
local use, exports, environmental impacts and profits.

b  Write a persuasive argument for which material is
‘better’ for mining in Australia.

Success criteria

- | cangive three examples of finite minerals and/or
resources mined in Australia.

o
Figure 3.12: Iron ore looks very different from the
iron metal that is extracted and used to make steel.

- | can describe how the resources mined in Australia
are used.
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4 » The impacts of extracting resources

e .. .
Learning intention

At the end of this lesson, | will be able to
recognise the environmental impacts
of extracting and using Australian
resources.

Key terms

biodiversity: the variety of organisms
inan ecosystem

habitat: the place where an animal
or plant naturally lives

Content group: Resources

Figure 3.13: The mining industry creates
tens of thousands of jobs, from chemical
engineers to architects, civil workers and

drone pilots.
v

Figure 3.14: Scientists analyse waste
water to consider the best approach
forland rehabilitation.
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Using and obtaining resources can damage the natural
environment. It can be hard to balance the need for a
resource with conserving the environment. It is important
to understand how the resource will benefit society and
how obtaining, using and disposing of it can damage the
environment. We also consider how any damage can

be minimised or reversed, and how these factors are
perceived by different groups in the community.

How will we benefit from this resource?

Resources can provide us with food, shelter and other materials
that improve our lives. We need to consider the benefits of using
aresource and other ways that it can help society. For example,
mining makes a significant contribution to Australia’s economy,
providing many people with jobs.

Does obtaining or using this resource
damage the environment?

Obtaining or using a resource may change, pollute or destroy
native habitats or reduce the biodiversity of an area. Burning
fossil fuels releases carbon dioxide into the atmosphere at
levels well above what would occur naturally. Carbon dioxide
traps heat in the atmosphere that would normally escape
into space. This has caused average global temperatures to = e
rise and is contributing to climate change. If we are to limit
the amount of carbon dioxide being emitted, we need to use
alternatives to fossil fuels to produce energy.

Can we reduce the environmental
impact?

Sometimes we need to make an environmental ‘trade-off’
if we cannot do without a resource. We must accept some
environmental damage in return for obtaining or using
the resource. In some cases, technologies and strategies
can be used to lessen the impact on the environment.
Mine owners are required to rehabilitate the land so that
native plants and animals will return, but it will never be
exactly how it was before the mine started.

Figure 3.15: The Super Pit is the biggest open-pit »
gold mine in Australia. Extracting this important
resource impacts the environment.




Making choices involves

consideration of conflicting interests Leq rning qudel’

Before aresource is extracted and used, evidence and

opinions are gathered. There are always people with M
different opinions, and this can make the final decision @ 'dentify three resources obtained from Earth, and
difficult to make. Coal is a resource that is frequently describe a use for each one.
debated in Australia. Different groups will be affected 9 Classify the resources listed in Question 1as
in different ways, depending on the choices that are ‘necessary forlife’ ora ‘luxury in life’. Provide reasons,
made (Table 3.2) making reference to their uses.
e Explain how obtaining and using a resource can be

Table 3.2: Different points of view about mining and using coal useful in society.

Group Point of view e Discuss how the natural environment can be

affected by obtaining or using resources.
Mining Want to extract as much coal as . . .
companies possible, to maximise profit, while © a Identify the gasthat s released into the

balancing impact on the environment atmosphere when a fossil fuel is burned.
b Evaluate the relationship between the impact

Energy . Wan_t tp purchgse coal cheaply to of this gas on the environment and the need to
companies maximise profit and supply cheap ]
electricity, while minimising greenhouse extract and manufacture a range of materials
gas emissions that sustain human lifestyles.
Coal industry Want the industry to continue to provide Communicating see page 429
workers them with work

Consider the information in Table 3.2.

Environmentally =~ Want the mining and burning of coal to o Propose an appropriate way to communicate the

conscious stop so that carbon dioxide emissions | ‘ )
people are greatly reduced, and want access to information to your local council.

cheap energy 9 Describe how you might use digital technologies to
Renewable Want governments to support renewable communicate the information to an online audience.
energy energy technologies so that renewable @ construct a presentation to communicate the
companies energy becomes cheaper than fossil information in a webinar

fuels '

0 Prepare presentation notes or cue cards to use
People living Are not happy with the damage to the alongside the presentation you constructed in
near mines and  local environment and are concerned Question 3
power plants that pollution is harming their health ’ =
o e Collect second-hand evidence to support the i

Scientists Have undertaken many studies providing =

! ] ) e information and add it to your presentation.
evidence that burning fossil fuels suchas =

coal is causing climate change

Stopping coal mining in Australia would significantly
reduce the country’s income but would stop the
considerable environmental damage caused by the
mining and use of coal. Does the benefit of conserving
the environment outweigh the cost to the economy?
Document your findings in a scientific report (see the
Science how-to section on pages 434-36) and use
evidence to support your response.

Success criteria

« | can state the impact on the environment and on
the economy of obtaining and using resources.

- | candescribe some different points of view on the
use of non-renewable resources in Australia.
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5 » Chemical bonding

e .. .
Learning intention

At the end of this lesson, | will be able to
describe chemical bonding.

Key terms

atom: the smallest particle ofa
chemical element; made up of
electrons, protons and neutrons

atomic number (2): the number
of protons inan atom

chemical bond: an electrostatic force
that connects atoms to one another

compound: a pure substance made up
of two or more types of atoms bonded
in fixed ratios

electron shell: the area around the
nucleus where a specific number of
electrons orbit at a specific energy level

electrostatic force: aforce of
attraction between positive and
negative particles

element: a pure substance made up
of only one type of atom

KContent group: Bonding

J
Electrons Neutrons
Nucleus Protons
V'

Figure 3.16: Atoms contain protons and
neutrons in the nucleus and negatively
charged electrons orbiting the nucleus.
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Earth's resources are made up of chemical elements
that come together in various ways. The atoms of

these elements join through chemical bonds to make a
substance or material. Within atoms, subatomic particles
called electrons are responsible for enabling chemical
bonding to take place.

Atoms form chemical bonds to become stable

There are 118 known chemical elements. Each element is made up of
one type of atom and is defined by how many protons are in the atom’s
nucleus — the atomic number (Z). On their own, atoms are usually
unstable. To achieve stability, they must obtain a suitable arrangement
of electrons in the electron shells that surround the nucleus. They do this
by losing, gaining or sharing electrons, which leads to oppositely charged
particles becoming attracted to each other. This electrostatic force
connects atoms to one another in a chemical bond, resulting in a stable
substance.

Pure substances can be elements
or compounds

Elements are pure substances that are made up of the same type of
atoms. For example, the non-metal nitrogen contains only nitrogen
atoms, each with 7 protons (+) and 7 electrons (-). All the known
elements are listed in the periodic table of elements (Figure 3.17).
Examples of elemental substances are copper metal (Cu), oxygen gas
(0,) and diamond, or pure carbon (C).

A compound is a chemical substance made up of atoms of two
or more elements held together in fixed ratios by chemical bonds.
Some examples of compounds are water (H,0), carbon dioxide (CO,),
glucose (CgH,,05) and table salt (NaCl).

Compounds and elements both rely on chemical bonds to hold their
atoms together so that materials exist as we know them.

There are three types of chemical bonds

The type of chemical bond that will form between atoms depends on the
types of elements (metal or non-metal, Figure 3.17). In general, there are
three main types of bonding. The types of elements usually involved in
each are as follows:

metallic bonding: metals bonded to other metals

ionic bonding: metals bonded to non-metals

covalent bonding: non-metals bonded to non-metals.



Noble gases, in group 18 of the periodic table, are highly unlikely Figure 3.18: lonic bonds hold »
to form chemical bonds because their atoms already have a metal an(.j non-metal atoms
i ) together in salt (NaCl).
stable arrangement of electrons. The electron configuration
around the nucleus of an atom is explored in Section 3.6.

Figure 3.17: The elements of the periodic table can
generally be categorised as either metals or non-metals.

v 18
1 Non-metals 2

H He

1 2 Hydrogen 1 3 1 4 1 5 1 6 1 7 Helium

3 4 5 6 7 8 9 10
Li Be B C N 0 F Ne
Lithium Beryllium Boron Carbon Nitrogen Oxygen Fluorine Neon
11 12 Metals 13 | 14 [ 15 16 [ 17 | 18
Na | Mg Al Si P S Cl | Ar

Sodium | Magnesium 3 4 5 6 7 8 9 10 1" 12 Aluminum Silicon | Phosphorus | Sulfur Chlorine Argon

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca | Sc Ti \Y 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 Gallium Germanium Arsenic Selenium Bromine Krypton
37 38 39 40 4 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb | Sr | Y Zr |Nb |Mo [ Tc | Ru | Rh [Pd | Ag | Cd [ In | Sn | Sb | Te I Xe

Rubidium Strontium Yitrium Zirconium Niobium Molybdenum | Technetium | Ruthenium Rhodium Palladium Silver Cadmium Indium Tin Antimony Tellurium lodine Xenon

55 56 57 72 73 74 75 76 7 78 79 80 81 82 83 84 85 86
Cs | Ba|lLa | Hf [ Ta | W | Re | Os Ir Pt | Au | Hg | TI [ Pb | Bi | Po | At | Rn
Cesium Barium Lanthanum Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
87 88 89 104 105 106 107 108 109 110 111 112 113 114 115 116 | 117 118
Fr | Ra | Ac | Rf | Db [ Sg | Bh | Hs [ Mt | Ds | Rg [ Ch | Nh | FI [Mc | Lv | Ts | Og

Francium Radium Actinium | Rutherfordium Dubnium | Seaborgium Bohrium Hassium

Nihonium Flerovium | Moscovium [ Livermorium | Tennessine | Oganesson

The red zig-zag line approximately separates metals from non-metals.

Learning Ladder

Materials 9 In terms of types of bonding, explain a problem that
could arise because there are many elements that are

0 Classify the following materials as elements or not easily classified as metals or non-metals.

compounds.

a Water (H,0)

b Copperwire (Cu)
¢ Table salt (NaCl)
d Diamond (C)

9 Describe the bonding in the materials in Question 1
as metallic, ionic or covalent. Give a reason.

9 Based on the metal-non-metal border in Figure 3.17,
classify the bonding in the following materials as metal,
ionic or covalent.

a Silicon (Si)
b Germanium oxide (GeO,)
¢ Sodium chloride (NaCl)

d Antimony trichloride (SbCl,)
e Explain how each of the materials in Question 1is e Pure copper (Cu)

commonly used in society. Predict which type of
bonding is the strongest, and explain why.

Problem-solving see page 425 Select a metalloid (the green elements) from Figure 3.19 and
use the internet to explore its properties and common uses.
Some elements have characteristics of both metals and Discuss how its properties distinguish it from metals and
non-metals, which can be problematic when elements are non-metals and are linked to its uses.

organised into the periodic table.

Success criteria

o Propose how this has been considered in the
periodic table, with reference to Figures 3.17 and 3.19 + lcanlistthe three main types of chemical bonding.
(pages 94-95). « lcan use the periodic table to classify metallic, ionic

and covalent materials.
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Periodic table of elements

1
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Figure 3.19: The periodic table shows all the
known elements and their chemical symbols.
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«© > Electron configuration

e .. .
Learning intention

« describe the structure of atoms
interms of electron shells and
energy levels

- usevalency to describe the number
of electrons an atom needs to gain,
lose or share in order to achieve a
stable electron configuration.

Key terms

Bohr diagram: a diagram showing the
electron configuration of an atom

electron configuration: the
organisation of electrons into shells
around the nucleus of atoms

noble gas configuration: the valence
electron configuration that occurs
through chemical bonding

octet rule: the tendency of atoms to
achieve eight electrons in their valence
(outer) shell to be stable

valence electrons: electrons that
occupy the outermost shell of an atom

valence shell: the outermost shell of
anatom

Atthe end of this lesson, | will be able to:

KContent group: Bonding

Table 3.3: The maximum number of
electrons by shell number

Shell number Maximum number

(n) of electrons (2n?)
1 2
2 8
3 18
4 32
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To understand why and how chemical bonding occurs,
you must understand how electrons are distributed
throughout an atom. All atoms are made up of protons,
neutrons and electrons.

Electrons exist in energy levels

Recall that protons and neutrons make up the nucleus of an atom, while
electrons orbit around the nucleus. The more energy the electrons
have, the further they orbit from the nucleus. The orbits are called
electron shells.

The number of shells an atom has depends on how many electrons
it has. As atomic number (2) increases, the number of electrons
alsoincreases. The period on the periodic table that an element is
in corresponds to the number of shells an atom of the element has.
For example, sodium is in period 3 of the periodic table, so a sodium
atom has three electron shells, or energy levels. The maximum number of
electronsin any shell is 2n?, where nis the shell number (see Table 3.3).
The electron configuration is shown in a Bohr diagram (Figure 3.20).

Shells are drawn as
circles around the
nucleus.

Figure 3.20: ABohr diagram can P
be used to show the electron
configuration of an atom.

Electrons are drawn as
shaded circles on the
shells. If there are more
than four in a shell,
they are drawn in pairs.

The nucleus, which contains
the chemical symbol of the
element being shown.

Bohr diagrams show electron configurations

The rules for drawing Bohr diagrams are as follows:
The electrons fill the lowest energy shells first (i.e. those closest to
the nucleus).
The outer shell (the valence shell) can have only eight electrons.
For the first 20 elements, the electron shells follow a 2, 8, 8, 2 pattern
(electron configuration). That is, we move to the third shell once the
second shell has eight electrons. Elements larger than calcium do not
follow this rule.

Lithium has three electrons. The first shell can only hold two, so the third
electron will be in the second shell. This configuration is written as 2, 1.

Potassium has 19 electrons. The first shell has two, and the second
and third shells can hold eight. We put one electron in the fourth shell.
This gives potassium a configuration of 2, 8, 8,1.
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Figure 3.21: These Bohr diagrams represent the electron
configurations of lithium and potassium.

Chemical bonding achieves a
stable electron configuration

Apart from helium, which has two electrons, noble
gases have eight electrons in their valence (outer)
shell. We refer to this as ‘full’, even though from the
third shell onwards there is room for more than eight
electrons. Having a ‘full’ outer shell makes them very
stable, which is why they tend not to form chemical
bonds with other atoms.

All atoms are most stable when they have a full
valence shell; therefore, chemical bonding occurs so
that atoms can achieve noble gas configuration —

a full outer shell. This is sometimes called the octet
rule. Exceptions to this rule include atoms with fewer
than five electrons. They can be satisfied with just
one shell, which can hold only two electrons. In this

case, the atom is stable with just two electrons on the

outer shell (e.g. helium).

o
Figure 3.22: Electron configurations of the first three noble
gases, showing ‘full’ and stable valence shells.

How an atom achieves a stable octet depends on its
number of valence electrons. Atoms with one-three
valence electrons tend to lose electrons, atoms with
four electrons tend to share them, and atoms with
five—seven electrons gain or share them.

1

Number of valence electrons
2 3 4 5 6 7 8

Valence electrons of transition
metals can vary
I I

| — | —
o [TTTTTTTT ] [ I

2 3 456 7 8 910 1 1213 14 15 16 17 18

Group

PN

Figure 3.23: The periodic table can be used to determine how
many valence electrons the atoms of main group elements
have. As transition metal valencies can vary, they are sometimes
represented using roman numerals when the compound is
written in words.

Learning Ladder

Materials

o Use the periodic table to determine whether the
following elements are likely to lose, gain or share
electrons to achieve noble gas configuration.

a Calcium b Carbon ¢ Chlorine
d Aluminium e Nitrogen

9 State why noble gases are unlikely to form chemical
bonds with other atoms.

e Propose why noble gases are often used to prevent
metals reacting with oxygen during welding.

Problem-solving see page 425

o Describe how you could help a friend understand
sulfur’s electron configuration, 2, 8, 6.

e Explain how you would determine whether an atom
will gain, lose or share electrons to become stable.
e Determine the maximum number of electrons
that can fit on the fifth and sixth electron shells.

o Assess the structure of the periodic table.
Consider electron configuration, valence electrons
and types of bonding in your discussion.

Construct a model (digital or physical) of a calcium
atom that you could use to teach someone about
electron shells.

Success criteria

- | candetermine the electron configuration of any
ofthe first 20 elements.

| can explain noble gas configuration and how it
relates to chemical bonding.
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/> lonic bonding

e .. .
Learning intention

describe how ionic bonds are formed.

Key terms
anion: a negatively charged ion

cation: a positively charged ion

showing the ratio of elements to one
anotherina compound

protons and electrons; an atom with
a positive or negative charge

ionic bond: an electrostatic force
between a cation and an anion

structure or pattern

valency: the attracting power of an
atom; ion charge

At the end of this lesson, | will be able to

chemical formula: chemical symbols

ion: an atom with unequal numbers of

lattice: a three-dimensional repeating

L Content group: Bonding

Sodium atom
Na2,8,1

Sodium ion
Na* 2,8

V'S
Figure 3.25: The sodium atom loses

one electron to achieve a stable noble
gas configuration and form a sodium ion

(cation).
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lonic bonding involves the transfer of electrons between
atoms and is one of the main ways in which atoms come
together to form new substances. The process produces
oppositely charged ions, which are attracted to each
other and form strong ionic bonds. Models can help to
visualise the process of how ions are formed and how they
come together in different ratios to form a variety of ionic
compounds, each with a uniqgue chemical formula.

Atoms lose or gain electrons to form ions

Atoms have the same number of protons (+) and electrons (=), so they
have no overall charge; they are neutral. To achieve stability, atoms might
lose or gain electrons to become ions. When this occurs, the number of
protons and electrons is no longer equal, resulting in an overall charge.
When atoms lose electrons, they form positively charged ions called
cations. When they gain electrons, they form negatively charged ions
called anions (Figure 3.24).

4 Figure 3.24:
Atoms lose or gain
electrons to become
acation orananion.

Neutral atom

loss gain
of electron(s) of electron(s)

lons are shown by writing a plus (+) or minus (=) sign in superscript on
the right side of the elemental symbol, such as Na* and CI~. Some atoms
gain or lose more than one electron. This is shown by writing a number

in front of the + or —, such as Mg®and O?-. The charge of an ion is also
called the valency, or the attracting power of an atom, which indicates
the number of electrons an atom needs to gain or lose in order to achieve
a stable noble gas configuration (Figure 3.25).



lonic bonding can be modelled using diagrams

The electrostatic force between cations and anions
is anionic bond. The process of ionic bonding can be
shown using diagrams that represent the formation
of ions and the transfer of electrons between atoms

(Figures 3.25 and 3.26).

Na Cl
Sodium atom Chlorine atom

Since only valence electrons are involved

in bonding, only these electrons are
essential in diagrams. Inner-shell electrons
can be excluded. Simplifying diagrams

in this way is especially helpful when
displaying ionic bonding between larger
atoms such as potassium (Z=19) and sulfur
(Z7=16), as represented in Figure 3.27.

@

A magnesium atom and an oxygen atom transfer
electrons to achieve a stable noble gas electron
configuration, forming two ions.

/x
electrons
transferred

Electron configuration

Magnesium atom Oxygen atom

2,8,2 2,6

A
Figure 3.28: The ionic bonding of magnesium oxide

Figure 3.26: This diagram is used to show a sodium atom losing
an electron which is gained by a chlorine atom, resulting in each
having a noble gas configuration. They become oppositely

charged ions, which forms an attraction called an ionic bond.
v

+ -
— ©
. Figure 3.27:
Sometimes only
valence electrons are

Nat cl- used in diagrams, since
Sodium ion Chloride ion they are responsible
(a cation) (an anion) for bonding.
v
- 9+
_\ .
L _

e S

®

Strong electrostatic forces of attraction between
ions of opposite charge (Mg?*/0%) form the
ionic bond.

— 2+ —2-
— Mg2* = = oz =
Electron configuration
Mg?* ion 0% ion
2,8 2,8
Neon (noble gas) Neon (noble gas)
configuration configuration
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lonic compounds form a 3D lattice

When cations and anions bond, they form an ionic
compound, usually made up of a metal and a non-metal.
The ions connect in a repeating pattern, alternating
cations and anions, to form a three-dimensional ionic
lattice. The ionic bonds in anionic compound are very
strong because of the multidirectional electrostatic
attraction between the positive and negative ions.

@ Na*
@cl-

Figure 3.29: Cations and anions bond together to form
a three-dimensional lattice.

Chemical formulas are used
to represent compounds

A chemical formula is a shorthand way of writing the
name of an element or a compound. It tells you the type
and ratio of atoms in a compound. Symbols represent
the elements present, and the subscript number
indicates the ion ratio, or proportion of atoms in the
repeating pattern. You can then use these formulas

to write chemical equations that model reactions.

When cations and anions come together, their
ion charges cancel out to form a neutral compound
overall. For example, when Na* and Cl- combinein a
11 ratio, they form a neutral material with no overall
charge. This is why the chemical formula for sodium
chloride (NaCl) excludes charges and subscripts.

Figure 3.30: )

The alternating pattern
of sodium cations

(Na+) and chloride
anions (CI-) forms a
crystalline structure of
sodium chloride, which
is commonly ground into
fine granules and used
astable salt.

This also explains why not all ionic compounds
combine in a1:1 ratio like sodium chloride. It depends
on the valency charge of the ions involved.

Notice, in Figure 3.27, that two potassium ions
are required but only one sulfur ion. This shows the
ratio in which they come together to form a neutral
compound. Therefore, the chemical formula for
potassium sulfide is K,S, because two potassium ions
are required for every one sulfur ion — a 2:1 ratio.

Diagrams can be used to model bonding and
to work out the ratio of atoms when determining
the chemical formula. However, this can be time
consuming. To quickly determine the chemical
formula for an ionic compound, you can use the
swap-and-drop method (Table 3.4).

Tips for writing ionic chemical formulas:

Do not include ion charges in the final chemical
formula.

There is no charge on the subscript because itis
quantifying the ionic ratio.

The swap-and-drop method is simply a tool or
trick used to determine chemical formulas.

Table 3.4: The swap-and-drop method for determining the chemical formula of an ionic compound

Step Example: Lead(IV) oxide
1 Write the ion symbols Pb*t O%

with the positive ion on

the left and the negative

ion on the right
2 Swap the superscript Pb*+=Q2-

charge numbers to \Il
become the subscript Pb.O
values for the other ion. 24

3 Simplify, using the lowest
common factor.

PbO,
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Barium chloride Chromium(lll) oxide

Ba?* CI'- Cr3+ O*
Ba*=Cl- Cr=e%
\ 4 N\
BaCl, Cr,0,
BaCl, Cr,0,



Learning Ladder

Materials

o Identify the two types of atoms required to form an
ionic bond.

e Describe the properties of each of the atoms you
identified in Question 1that allow them to form an
ionic bond.

e a Explain how iron can form two different compounds
with chlorine.
b Describe how these compounds might be different
from each other.

Communicating see page 429

o Propose the advantages of using chemical formulas
instead of chemical names.

e Describe why it might be more appropriate to use
digital technologies to represent a three-dimensional
ionic lattice.

Figure 3.31: Salt accumulates
on the mountain slopes of
Peru, where it is mined using
traditional terraced methods.

e Construct diagrams to show the electron transfer that
forms these compounds.
a KBr
b PbO,
c LisN
d ALS,

Investigate where calcium hydroxide, calcium carbonate
and monosodium glutamate are found in your home.
Identify their common names and formulas, and describe
their purposes.

Success criteria

« lcanuse models to represent the formation of ions and
ionic bonds.

| can construct chemical formulas for some common
ionic compounds.
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Learning intention

At the end of this lesson, | will be able to
describe the metallic bonding model.

Key terms

alloy: a metallic substance made of a
metallic element and at least one other
element, usually a metal

delocalised electrons: electrons that
are free to move about the substance

metallic bond: a bond in which free
electrons move around metal ions

Investigation 3.8

Properties of pure versus alloy metals,
page 502

Content group: Bonding
-

-

‘b

’ X g.;r
- .5““)#

Figure 3.32: Silver and gold are examples
of pure metals that are often used for
jewellery.
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We encounter
metallic substances
all the time, from the
jewellery we wear to
the instruments we play.
Sometimes these metals TS
contain just one type of
element, such as copper.

But metals can also be made
up of more than one type of metal; for example, brass is a
mixture of copper and zinc. In either case, metallic bonds
enable the formation of metallic substances. The metallic
bonding model is used to illustrate how metallic bonds are
formed and to explain the properties of metals.

Figure 3.33: Brass is a mixture of
copper and zinc, popular for its
lustre and bright gold appearance.

Metal cations are bound together by
free electrons

In metallic bonding, metal atoms lose their valence electrons to become
stable, rather than gaining or sharing electrons. The lost electrons form
a‘sea’ of delocalised electrons (=) around the metallic cations (+) in
fixed rows. This forms a three-dimensional metallic lattice of closely
packed particles, held in place by the electrostatic attraction between
positive cations and negative electrons.

000000
00.000.0
000000

" 900000
The metallic bonding model explains
properties of metals

The properties of metals can be explained by the metallic bonding
model, as shown in Table 3.5.

4 Figure 3.34:
The metallic bonding
modelisillustrated
by rows of cationsin
fixed positions held
together by a‘sea’ of
delocalised electrons.



Table 3.5: Using the metallic bonding model to explain the properties of metals

Property

Malleable

Typically have
a high melting
or boiling
temperature

Good electrical
conductivity

Good thermal
conductivity

Lustrous (shiny)

Aspect of metallic bonding model

The delocalised
electrons can move
freely among the
metal cations, which
allows layers of
cations to slide past External . . . .
each other, rather force

than break, when

a force is applied

Metal is

=, Q@O
>

Strong electrostatic forces between cations
and delocalised electrons hold them together
and require a lot of energy to break.

Delocalised electrons transfer voltage b OrerOrerOrOrerOn

(electricity) through the material. W

o © O O O O

-|leper © O O O

o o o> O O O

> O

LD

Delocalised electrons Hot Cold
transfer kinetic
vibrations through the
material.

(particles vibrating more) (particles vibrating less)

Heat transferred along the rod
!l

Delocalised electrons reflect
light as they move along the
surface of the metal, creating
a shiny reflection.
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Alloys have different properties
from pure metals

Metallic substances made of more than one type of metal
are called alloys. In an alloy lattice, the rows of cations
cannot easily slide past each other. This is because atoms
of different metals are different sizes, which disrupts the
regular, repeating lattice of a pure metal.

Alloys have different properties from pure metals.
They are stronger and more rigid, and so are less
malleable. Pure metals are used where malleability is
important, such as in wiring. Alloys are often used in
construction because of their strength and resistance
to weathering.

There are two types of alloys: substitutional and
interstitial. In substitutional alloys, the metallic atoms
being mixed are similar in size, but just different enough
to prevent the rows from sliding past each other easily.
Interstitial alloys contain metals that are very different
in size, so that the smaller atoms fill the gaps between
the rows of larger metallic cations. Although the rows
of cations are still aligned, they are unable to slide past
each other due to the smaller atoms acting as a wedge,
in the same way that wheel chocks are used to stop
vehicles from rolling away. This is described visually in
Table 3.6.

Bronze, made of copper and tin, is a type of alloy you
are probably already familiar with. Bronze is known for
its hardness and resistance to corrosion, which makes
itideal for items that need to withstand wear and tear,
such as coins, medals and statues (because it holds up
well outdoors without rusting). Bronze is also used in
bearings, boat propellers and electrical connectors, since
it does not easily spark or corrode. Its unique properties
make bronze an excellent choice for many practical and
decorative items we encounter regularly.

Pure metal

Force

In a pure metal, the atoms are the same
size and can slip past each other.
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Table 3.6: Types of metals and alloys

Type

Pure metal

Substitutional

alloy

Interstitial
alloy

v

Force

Description

The rows of cations are made up of only
one type of atom, so the rows are aligned
and able to slide easily when a force is
applied.

The atoms of the different metals are
similar sizes. This disrupts the regular,
repeating rows of the metallic lattice.

The atoms of the different metals are
very different sizes. Much smaller atoms
fit into the gaps in the cation rows,
preventing them from sliding easily.
Carbon is often used to make this type of
alloy, even though it is not a metal.

In an alloy, the atoms are different sizes, which

prevents them slipping past each other.



4 Figure 3.36:

Bronze is often
used in large statues
becauseit holds

up well outdoors
without rusting.

i
|
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Learning Ladder

Materials

o Classify the following combinations of elements as
either substitutional or interstitial. Refer back to the
periodic table on pages 94-95 to get an idea of their
relative size.

a Copperandzinc

b Ironand carbon

¢ Tinandlead

d Titanium and copper
e Silverand aluminium

9 Identify three common items that are made of pure
metal, and describe their properties.

e Bronze is an alloy of copper and is much stronger than
the pure metal. With reference to the metallic bonding
model, explain why bronze is not used in place of copper
for electrical wiring.

0 Conduct an online search to determine why lead (Pb) is
toxic to the environment.

e Discuss how each of the following substances is used
in relation to its properties and the metallic bonding
model.

a Gold
b Titanium alloy
¢ Solder (tin-lead alloy)

Figure 3.37: Wheel chocks for this truck prevent it from rolling away, much
like small atoms prevent rows of larger cations sliding past each other by
filling the gaps in a metallic lattice to make an interstitial alloy.

Planning investigations see page 405

Read the aim, materials and method of Investigation 3.8 on
page 502.

o a |dentify items in the materials list that are potentially
hazardous.
b Describe ways to minimise the risk.

e a Identify the:
i independentvariable (what you are changing)
ii dependentvariable (what you are measuring)
iii controlled variable(s) (what stays the same).
b Propose ways to improve the controlled variables that
would improve this investigation.

e Propose two alternative aims for this investigation (one
for Part Aand one for Part B) that would align with the
content in this section.

0 Discuss the reliability, validity and ethicality of this
investigation. Propose ways to improve any of these
areas.

For a substance to conduct electricity, it must have
free-moving charged particles. Both metallic and ionic
lattices are made up of positive and negative particles.
Explain why metals can conduct electricity, but solid ionic
substances cannot.

Success criteria
- | candistinguish between pure metals and metallic alloys.

+ | can use the metallic bonding model to explain the
properties of metals.
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9 > Covalent bonding

e .. .
Learning intention

Atthe end of this lesson, | will be able
to describe covalent bonding.

Key terms

covalent bond: a bond in which two
atoms share one or more pairs of
electrons

covalent network solid: a
continuous network of atoms that

are joined together through covalent
bonds (not discrete); also called ‘giant
covalent solid’

diatomic molecules: molecules made
up of two atoms

double covalent bond: two pairs of
electrons shared between two atoms

molecular formula: a chemical
formula for molecules showing the
type and exact number of atoms in the
substance

molecule: two or more atoms
covalently bonded to form a discrete
or separate unit of atoms

single covalent bond: one pair of
electrons shared between two atoms

triple covalent bond: three pairs of
electrons shared between two atoms

kContent group: Bonding
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Non-metallic atoms can form new substances by sharing
electrons with other atoms, rather than by losing or
gaining electrons. Substances formed in this way are
called covalent materials.

Covalent substances are bound together
by shared electrons

Atoms typically want four pairs of electrons on their outer shell

for a total of eight electrons — a stable configuration. When two

or more non-metallic atoms bond, they share electrons in their
valence shells to achieve a stable configuration. The substance
formed is called a covalent compound. For example, hydrogen and
chlorine each need one more electron to achieve a stable noble gas
configuration. Sharing their unpaired valence electrons with each
other completes the pair, resulting in a stable configuration and the
compound HCI. The shared electrons belong to both hydrogen and
chlorine at the same time (Figure 3.38).

ORGP RdC:

V'S

Figure 3.38: The unpaired electrons of hydrogen and
chlorine can be shared by the two atoms, achieving a
stable configuration for each atom.

The negatively shared electrons orbit the positive nuclei of the bonded
atoms, producing a strong electrostatic force that holds them together.
Thisis a covalent bond (Figure 3.39).

g_
® -0
.

A

Figure 3.39: A covalent bond is the electrostatic
force between the positive nuclei of atoms and
the negatively charged shared pair of electrons.

A molecule is the smallest unit of a covalent substance that is a discrete
unit of atoms. Water (H,0), carbon dioxide (CO,) and glucose (CgH,,0¢)
are examples of molecular covalent substances (Figure 3.40).



Carbon dioxide
molecule CO,

Water molecule
H,O

4 Figure 3.40:
Water, carbon dioxide
and glucose are
molecular covalent
substances.

Glucose molecule C4H,,0¢

Covalent substances can also form giant covalent
network solids — continuous arrangements of atoms
joined through covalent bonds throughout the
material. Diamond (C) and silica (SiO,) are examples
of covalent network solids. They are not discrete
molecules, because they have continuous chemical
bonding throughout the entire structure (Figure 3.41).

4 Figure 3.41: Covalent network
solids. (a) Diamond is made

) ’ of carbon atoms covalently
L /%' bonded to each otherin aregular,
[ 2] ¥ repeating and continuous pattern.

(b) Silica has a giant covalent
structure made up of silicon atoms
(grey) and oxygen atoms (red).

Atoms can share more than one
pair of electrons

When one pair of electrons is shared between two
atoms, itis called a single covalent bond, usually
represented by a line (H-CI). If an atom needs more
than one more electron to satisfy its octet, it can either
form more single covalent bonds with other atoms or
form multiple bonds with the one atom.

For example, oxygen has six electrons on its
outer shell. Four are paired and two are unpaired.
To become stable, an oxygen atom can share its
unpaired electrons with another oxygen atom so that
each achieves an octet of four pairs of electrons, two
of which are shared, as shown in Figure 3.42.

°’°
O 0=0
a

Figure 3.42: Two oxygen atoms share their unpaired electrons
to form a double covalent bond.

(@] +

When two pairs of electrons are shared between two
atoms, it forms a double covalent bond. This can be
represented by two lines (0=0). Each line represents
two electrons.

Atoms that need three more electrons to be
stable can form triple covalent bonds, sharing a total
of six electrons (three pairs) between two atoms;
for example, nitrogen gas (N,) (Figure 3.43).

A
Figure 3.43: In nitrogen gas (N,), two nitrogen atoms
share six electrons to form a triple covalent bond.

The tendency for non-metals to form single and
multiple bonds with themselves is why many
non-metallic gases exist as diatomic molecules -
molecules that are made up of two atoms; for example,
hydrogen (H,), oxygen (0,), nitrogen (N,), fluorine
(F,), chlorine (Cl,), bromine (Br,) and iodine (l.,).
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Dot formulas and chemical
formulas are used to represent
covalent substances H—

A chemical formula indicates the type and ratio of
atoms in a substance. Chemical formulas for covalent
molecules are called molecular formulas because they
exist as a discrete unit with an exact number of atoms,
rather than a repeating ratio.

In a chemical formula, the elements are C H /O
27 16 M

represented by letters, and subscript numbers
indicate how many of each atom are in the molecule

_Q_H

I—C?—I
T—0O—I

Indicates six hydrogen atoms.

When no subscript

Indicates two is shown, it indicates
(e.g. H,0). carbon atoms. one atom.
Dot formulas show the symbols and valence (outer a
shell) electrons of all bonding atoms, using dots and/ Figure 3.44: The dot formula for a molecule of ethanol shows
all of the covalent bonds that hold the molecule together.
or crosses to represent valence electrons. If you know ) : . >
i The chemical formula includes subscript values to indicate how
the chemical formula, you can deduce the dot formula. many of each atom make up the molecule, without having to
Table 3.7 shows you how to determine the dot formula see the whole structure.

for water from its chemical formula, H,O.

Table 3.7: How to construct the dot formula for water (H,0)

Step Explanation Constructing a dot formula

1 Write the symbol for each H,O0 tells us there are two hydrogen atoms and ° ° ° >
atom in the molecule and draw  one oxygen atom. Each hydrogen atom has H H R
dots to represent valence one valence electron and the oxygen atom has + + ¢ .
electrons. six valence electrons. .

2 Rearrange the atoms to align Hydrogen atoms can only form one bond each, ° >
the unpaired electrons. so oxygen must be in the middle (H-O-H, not R H

O-H-H). . ¢

3 Move the symbols closer to Oxygen now has two single covalent bonds ° >
show the unpaired electrons and two non-bonding pairs of electrons for o R H
forming bonding pairs. a total of eight electrons; a stable octet. ° .
LN ]
4 Optional step: Replace the Usually, shared electrons are replaced with a I,
shared electrons with lines. line for simplicity. All valence electrons should O
be shown, including the non-bonding pairs. /7 \\
A line represents two bonding electrons. H H
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If you are given the dot formula, determining the
molecular formula is straightforward: count the atoms
in the formula and write the quantity of each atom as
a subscript number following the element symbol.
Table 3.8 shows some common covalent molecules
and their formulas.

Table 3.8: Some common covalent molecules and their dot
formulas and molecular formulas

Molecule Dot formula Molecular
formula
Hydrogen H o H H,
L]
Chlorine . °° . °° . Cl,
.C ° C °
o o e o
Hydrogen chloride x X HCI
ic aci X X
(hydrochloric acid) H X Cl x
X X
Carbon dioxide ot e s 2. Co,
X X
‘0iCO:
Ammonia XX NH,
H: N xH
Xe
Ozone 6 0,
070
LN J o [ ] ..
Ammonium hydroxide R
NH,OH °
-
A— -
¢ Figure 3.45: Ammonium hydroxide is
(A commonly used in all-purpose cleaners.
o> S Its chemical formula is NH,OH.

Learning Ladder

Materials

o Classify the following compounds as ionic or
covalent.
a NaCl
b Methane (CH,)
c Ca(COy)

9 Which of the compounds from Question 1have
covalent bonds? Describe any interesting findings.

e Select a covalent substance mentioned in this
section. Predict its properties based on its use.

O Greenhouse gases include the covalent compounds
carbon dioxide (CO,), ozone (O,), water vapour and
methane (CH,). Propose and discuss the properties
that covalent compounds might have in common
that make them prone to being a greenhouse gas.

Communicating see page 429

@ List the pros and cons of using dot formulas versus
chemical formulas to represent covalent substances.

e Describe why it might be more efficient to represent
a sample of discrete molecules by using digital
technologies rather than by hand.

e Construct the chemical formulas for:
a carbon monoxide.
b silicon tetraiodide.
c dinitrogen trioxide.
d arsenic pentafluoride.

0 a Construct diagrams you could use to show the
bonding in the diatomic molecules H,, I,, O, and P,
to a group of adults.

b How would you modify your diagrams to suit an
audience of Year 7 students? Provide examples.

© Evaluate the need for scientists to follow rules when
naming covalent substances. Provide examples to
support your evaluation.

Suggest where acetylsalicylic acid, ethanol and ammonia
are commonly found. Identify their common names and
chemical formulas, and describe their purposes.

Success criteria

+ | can use dot formulas to show how diatomic
molecules are formed by sharing electrons.

| can name and write chemical formulas for some
common covalent substances.
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3 1 O > Common materials

( . . . i i
Learning intention The bonding between otom§ determl.nes the type
At the end ofthis lesson, | will be able to of substance that forms. lonic, metallic and covalent
identify types of substances based on materials generally have unigue properties that help
their general properties. . . .
8 prop us identify and classify them.

Key terms

crystalline solid: a solid with a highly Materials can be classified

ordered arrangement of particles at the

microscopic and macroscopic levels Figure 3.46 shows the general classification of substances and the
giant network solid: a continuous variations of their common forms at room temperature. Crystalline
network of atoms joined together solids have highly ordered arrangements of particles and giant

through covalent bonds (not discrete);

. network solids are made up of a continuous network of atoms.
also called ‘covalent network solid’

Investigation 3.10 Substances have identifying properties

Student-designed investigation: The general properties of most substances are listed in Table 3.9
properties of common substances, and can be related back to their chemical bonding and structure.

page 504
Content group: Bonding
o J
Type of substance
Metallic lonic Covalent
Alloy Elemental Compound Elemental Compound
mixture
Crystalline Crystalline Crystalline Giant network Discrete Giant network Discrete
solid solid solid solid molecule solid molecule
Molegular Gas Molegular Gas
solid solid
Steel Silver Calcium Diamond Sulfur (S,) Oxygen Silica Glucose Carbon
(iron alloy) carbonate (0,) (rocks) (CeH,,04) dioxide
(marble) (Si0,) (CO,)
(CaCo,)

gy s Now’
D A s Rty
¥

1
1
s

4 Figure 3.46: Classification of substances and some examples
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Table 3.9: General properties of metallic, ionic and covalent substances

Property Metallic substances lonic substances Covalent substances
Melting and boiling points = High High Low
Conductivity (electricity) Good Conduct when molten or dissolved in  Not good

water, but not when in a solid state

Conductivity (heat) Good conductor Good insulator Good insulator
Brittleness Malleable/ductile Brittle Soft and flexible
Lustre Lustrous/shiny Form crystalline lattice Dull

Density High High Low

However, some substances have different
properties from those listed in Table 3.9. For example,
diamond has an extremely high melting point
(4500 °C). This is due to the very strong arrangement
of covalent bonds between the carbon atoms that
repeat to form a giant network solid, similarto a
metallic or ionic lattice.

Learning Ladder

Materials

o Classify the following substances as metallic, ionic
or covalent and provide a reason. If you are not sure,
make an educated guess.

a Aluminium foil b Sugar (C¢H,,0¢)
¢ Baking soda (NaHCO,) d Air
e Plastic bag f Tablesalt

e Compare metallic, ionic and covalent materials. Refer to
bonding, general properties and examples of common
substances. You can use a Venn diagram or similar to
organise your ideas.

e Explain three reasons for making frying pans out of
metal, with reference to the properties of metals.

o Single-use plastics have been banned in many places.
Based on what you know about their environmental
impacts, propose and describe a property of covalent
plastics that is not listed in Table 3.9.

e Select a substance described in this section that has
properties different from what is expected. Investigate
and evaluate how it is used in society.

Planning investigations see page 405

You have been asked to design an investigation to see if

the properties of the examples provided in Figure 3.46
match the general properties of metallic, ionic and covalent
substances outlined in Table 3.9.

Properties influence use

The properties of substances determine how we use
them. Gold, with its lustre and malleability, is perfect
for jewellery. Copper’s conductivity and ductility make
itideal for electrical wiring. Magnesium carbonate’s
ability to neutralise acids makes it useful in antacid
tablets, and water’s solvent properties are crucial for
many industrial processes.

o a |dentify five hazards that might be associated with
the investigation.
b Describe ways to minimise the risk of each hazard.

e a State and describe the independent, dependent
and controlled variables for your investigation.

b Construct a results table with the independent
variable in the first column and the dependent
variable across the top, labelled with units and
trials as appropriate.

9 Develop a clear and specific aim for your investigation.

0 Write a step-by-step procedure to address the aim
that is detailed enough for a classmate to follow.

e Explain the type of data collected in your investigation.
Discuss how the data collected is reliable in reaching
avalid conclusion for your investigation.

Justify the following statement. Use examples of common
substances to support your justification.

‘Metals are never compounds, ionic substances are always
compounds, and covalent substances can be compounds.’

Success criteria

- | candescribe the general properties of metallic, ionic
and covalent substances.

| can explain how properties of common substances
are related to their uses.
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Learning intention

At the end of this lesson, | will be able
to distinguish between organic and
inorganic compounds.

Key terms

hydrocarbon: an organic compound
made up of only carbon and hydrogen
atoms

inorganic compound: a substance
that does not contain carbon-
hydrogen bonds

organic chemistry: the study of
carbon-containing compounds

organic compound: a substance that
contains carbon, commonly bonded to
hydrogen

Content group: Chemistry of organic
compounds

-

VS

Figure 3.48: Carbon has four valence
electrons, which will form four covalent
bonds with other atoms.
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The study of carbon-based materials is called organic
chemistry. Organic compounds are the foundation of life
and include substances such as fuels and oils. They always
contain carbon—hydrogen bonds. In contrast, inorganic
compounds, such as ionic salts and metals, do not contain
carbon—hydrogen bonds.

Carbon can form a variety of structures

Carbon has four valence electrons (Figure 3.48), so to achieve a stable
octet it needs four more electrons. It can do this by forming four single
covalent bonds (with four other atoms), a mix of double and triple
covalent bonds, or carbon chains and rings. This versatility of bonding
is why carbon forms the basis of more than 90 per cent of all known
compounds. There are at least 10 million different organic compounds.

Hydrocarbons are a type of organic
compound

Hydrocarbons are the most basic type of organic compound.
They contain only carbon and hydrogen atoms covalently bonded
together. Their structure can be described as carbon chains surrounded
by hydrogen atoms, as shown in Figure 3.49. Their general properties
include:
odourless/colourless
low boiling and melting H H H H
temperatures | | I |
low solubility in water | | I |
poor conductors of electricity H H H H
highly flammable.

Fossil fuels are the main source of
hydrocarbons — in particular, crude oil
and natural gas. This will be discussed
in more detail in Section 3.14.

Figure 3.49: An example of

a hydrocarbon chain. Each
carbon has four covalent bonds,
whereas each hydrogen has one.



There are many types of organic
materials

Although all organic compounds contain carbon,
there is a huge variety in the types of organic
materials. All organic compounds must contain carbon
and hydrogen, but they can also include oxygen,
nitrogen, sulfur or phosphorus, and other elements.
Organic substances include:

food molecules such as simple sugars and complex

carbohydrates

fossil fuels, including oil, coal and natural gas

many industrial products such as paints and

detergents

synthetic materials such as Lycra®, Gore-Tex®

and nylon

medicines and drugs such as aspirin and caffeine.

Figure 3.50: Caffeine is an organic substance with the
chemical formula CgH,,N,O,.

Each of the above is an area of study in its own right.
From exploring food chemistry to understanding
fossil fuels, it all comes down to carbon and organic
chemistry.

However, not all carbon-containing substances
are organic. For example, diamond is pure carbon, but
because itis only one element, and not a compound,
itis classed as inorganic. Any compound that contains
carbon but no hydrogen is an inorganic compound.
Gases such as carbon dioxide and carbon monoxide
are inorganic carbon compounds.

Learning Ladder

Materials

o Classify the following materials as organic or
inorganic.
a Propane gas (C;Hg)
b Sodium chloride salt (NaCl)
c Silverearrings (Ag) d Sugar (CsH,,0p)
e Propose why carbon dioxide is considered to be
aninorganic compound, even though it contains
carbon.

e Based on the general properties of hydrocarbons,
explain how they might be useful in society.

O Discuss the impact of a named inorganic compound
from this section on the environment, using
secondary research as needed.

e Evaluate the following statement: ‘We should not use

hydrocarbons because they come from fossil fuels,
which are bad for the environment.’

Communicating see page 429

o Propose why it might be beneficial to represent an
organic compound using a molecular diagram rather
thanits name.

e Describe how digital technologies might help people
visualise organic compounds.

e Construct a series of digital slides to summarise
and communicate the information and examples
in this section.

o Once you have completed the ‘In context’ question
below, present your findings to the class in 2-3
minutes, using a presentation mode of your choice.

e Listen to your peers present their ‘In context’
findings. Evaluate their findings based on the validity
of their sources, and identify one way each of them
could improve the validity of their presentation.

There are many subcategories of organic chemistry,
including medicinal chemistry, food chemistry and
synthetic materials. Select one of these and conduct

an online search to find out more about this area of
science and how it is linked to organic chemistry.

How isitimportant in society? What types of careers

are associated with the subcategory of organic chemistry
that you chose? What innovations or inventions have
emerged from this area of study?

Success criteria
+ | canidentify organic and inorganic compounds.

« | candescribe the properties of hydrocarbons.
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3 1 2 > Classifying organic compounds

e .. .
Learning intention

At the end of this lesson, | will be able to
classify organic compounds based on
distinguishing features.

Key terms

alkane: a hydrocarbon containing only
single covalent bonds

alkene: a hydrocarbon containing a
double covalent bond

alkyne: a hydrocarbon containing a
triple covalent bond

functional group: an atom, a group

of atoms or a specific feature that is
responsible for the chemical properties
of acompound

general formula: a formula that
represents the atomic composition of
members of a class of compounds

homologous series: a class of
compounds with the same functional
group and whose members differ by
_CHZ_

saturated compound: a compound
with only single covalent carbon-
carbon bonds

unsaturated compound: a compound
with at least one double or triple
carbon-carbon bond

viscosity: the resistance of a
substance to flow or change of shape;
high viscosity = low ability to flow (thick)

Content group: Chemistry of organic
compounds
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It would be impossible to determine the total number
of organic compounds that exist on Earth, especially
since new ones are being discovered and synthesised
every day. Instead, we identify and classify organic
compounds into ‘families’, based on their distinguishing
features.

A homologous series is a sequence
of compounds in the same family

Organic compounds are classified into ‘families’, or classes, called
homologous series. Members within a series differ in the length
of their carbon chain, but they all have the same distinguishing
feature, such as multiple bonds or how an oxygen or a nitrogen atom
is attached to the carbon chain. The common features of series
are explained below.

Successive members of a homologous series differ
by -CH,-

The difference between one member of the series and the next
is one additional carbon and two additional hydrogen atoms -
CH,—. This is true for most homologous series, regardless of the
distinguishing feature.

Figure 3.51: These two organic compounds are part of the same homologous
series. They differ by one carbon atom and two hydrogen atoms.

Members of the same homologous series can be
represented by the same general formula

A general formula shows the atomic composition of members of a
class of compounds. If the general formula for the series is C,H,,,
nrepresents the number of carbon atoms, which is then used to
determine the number of hydrogen atoms.



If you know the general formula and the number
of carbon atoms, you can determine the molecular
formula of the compound. For example, for the two
compounds shown in Figure 3.51:

Step 1. Determine the C,Hopis C,Hs,in

general formula.

Step 2. Determine the 1carbon 2 carbons

number of carbon atoms.

Step 3. Replace ‘n’ with
number of carbon atoms.

CiHewe  CoHeye

Step 4. Solve for the CH, CoHg
subscript value to determine

the number of hydrogen

atoms.

Members of the same homologous series
have similar yet progressive physical
properties

Organic compounds generally have low boiling
temperatures. But as they get larger, the forces
between molecules get stronger, so the boiling
temperature increases. Therefore, successive
members of a series have higher boiling
temperatures (Table 3.10).

The same trends are observed for other
physical properties such as density and viscosity
(asubstance’s resistance to flowing easily).

Table 3.10: Boiling points of the first three members
of ahomologous series

Successive members of a series Boiling point (°C)

CH, -164
C,H, -89
CiH, -1

4 Figure 3.52: Honey can
be described as ‘viscous’,
meaning it is thickand
does not flow easily.

Members of the same homologous series
have similar chemical properties
The distinguishing feature used to classify compounds
into families also gives the compound its chemical
properties. Chemical properties include:
how acidic (high pH) or basic (low pH) the
compound is
the ability to oxidise (react with oxygen)
the ability to undergo addition reactions (adding
more atoms to the carbon chain).
Hydrocarbons with double bonds undergo addition
reactions, in which other atoms are added to the
double-bonded carbons (see Figure 3.53).

H H H H
N / ||
/c=c + H—H — H—C|)—C—H
H H H H
Ethene Hydrogen Ethane
V'S

Figure 3.53: If a hydrocarbon has a double bond, other atoms
can be added to the carbons of the double bond. In this
reaction, hydrogen has added across the double bond.

Hydrocarbons can be classified
into three classes

Hydrocarbons can be classified into three classes of
straight-chain compounds, based on whether they
contain single (alkane), double (alkene) or triple
(alkyne) carbon—-carbon bonds (see Table 3.11).

Table 3.11: The classes of hydrocarbons are alkanes, alkenes
and alkynes

Class Distinguishing Example
feature
Alkanes  Contain only H H
single covalent | |
bonds H—C—C—H
|
H H
Alkenes = Contain a double H H
covalent bond N /
Cc=cC
/ N
H H
Alkynes  Contain a triple H—C=C—H

covalent bond
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When hydrocarbons do not have any multiple
carbon-carbon bonds, the compound is
considered to be a saturated compound, because
no more hydrogen atoms can be added. In contrast,
a compound with double or triple carbon—carbon
bonds is an unsaturated compound because it

is possible to add more hydrogen atoms to the
double or triple bond.

Figure 3.54: The viscosity of hydrocarbons increases as the P
length of the carbon chain increases. The chains in petrol are
eight carbons long, whereas the chains in bitumen are more
than 70 carbons long. So, bitumen is more viscous than petrol.

RN
\ ~

Functional groups give organic compounds their properties

The distinguishing feature of an organic compound
is called its functional group. It is what makes the
compound behave, or function, in a particular way.
For hydrocarbons, the single, double and triple
bonds can be considered their functional group

116 Good Science NSW Stage 5

because they give the alkanes, alkenes and alkynes
different properties. Many functional groups
include atoms other than carbon and hydrogen.
Table 3.12 describes alcohol and carboxylic acid
functional groups.




Table 3.12: Alcohol and carboxylic acid functional groups

Class Distinguishing feature General structure and formula Symbol for Example
(‘R’ represents the rest of the functional
molecule, often a hydrocarbon chain) group

Alcohol An oxygen atom with a R—O -OH H H

single bond to each of a | |

carbon and a hydrogen H H—Cll—(ll —OH

H H

Carboxylic  The carbon at the end of the 0 -COOH H 0
acid chain has a double bond I | V4

to an oxygen, and a single C H—C—C

bond to another oxygen and PN | AN

hydrogen OH H O—H

Learning Ladder

Materials

o Copy and complete the following table to classify the
molecules as alkanes, alkenes or alkynes (homologous
series), and say whether each is saturated or
unsaturated.

Compound structure Homologous

series

Saturated or
unsaturated

e Describe the difference between alkanes, alkenes and
alkynes, with reference to their general formulas.

e Although all hydrocarbons can undergo combustion
to release energy, propose why petrol (CgH,g) isa
more suitable fuel than hydrocarbons with larger
carbon chains.

0 Bitumen is a waste product when fossil fuels (particularly
crude oil) are refined. Discuss the environmental pros
and cons of using bitumen as a material for constructing
our roadways.

Problem-solving see page 425

o Describe a solution used to classify the infinite number
of organic compounds that exist.

e Explain why it might be problematic not to classify
organic compounds according to their distinguishing
properties.

e The general formula for alkanes is C H,,,,. Use Table 3.11
to help you determine the general formulas for alkenes
and alkynes.

0 Propose and discuss any disadvantages of using a
systematic approach to classifying organic compounds,
especially for more complex molecules with many
distinguishing features.

Alcohols and carboxylic acids react with each other to form
compounds with an ester functional group (R-COO-R).
Where have you heard this word used to describe materials?
Conduct an online search to identify the distinguishing
properties of esters and their uses in society.

Success criteria

« lcandescribe the features shared by members of the
same homologous series.

- | candifferentiate between alkanes, alkenes and alkynes.
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313 > Naming and representing organic
compounds

e .. .
Learning intention

At the end of this lesson, | will be able to
use IUPAC nomenclature to name and
draw simple organic compounds.

Key terms

IUPAC: International Union of Pure and
Applied Chemistry

locant: a numberthatindicates the
carbon where certain parts of an
organic compound are positioned

prefix: letters or numbers placed
before the stem of the word

skeletal formula: a shorthand way to
represent organic compounds, using
only lines and symbols for elements
otherthan carbon and hydrogen

stem: the word in the name of an
organic compound that indicates the
number of carbons in the longest chain

structural formula: a representation
of acompound that shows the
structural arrangement of atoms

suffix: aword or letters placed after
the stem of the word

Investigation 3.13

Modelling organic compounds,
page 506

Content group: Chemistry of organic
compounds
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There are rules for naming organic compounds so that
their unigue names can be recognised and understood
by scientists all over the world.

IUPAC names include a prefix, stem and suffix

The International Union of Pure and Applied Chemistry (IUPAC) has rules
for naming organic compounds. The name of an organic compound has
three possible parts, as follows:
Prefix: includes the names of any branches of the main chain.
Stem: the number of carbon atoms in the longest continuous chain.
Suffix: the class of compound, which is determined by the functional
group.
We will only focus on simple organic compounds that require a stem and
a suffix. For more complex compounds, you would need to understand
how to apply a prefix, but you do not need to know that for this course.

Tables 3.13 and 3.14 show the IUPAC conventions for naming organic
compounds with up to eight carbons and containing simple functional
groups. Itis a good idea to memorise the stem and suffix names.

Table 3.13: Stem names
indicating the number
of carbon atomsinthe
longest continuous Class

Table 3.14: Suffixes indicating the homologous series
or functional group present

Functional group Suffixin

carbon chain IUPAC name
Number Stemin Alkane -C-C- -ane
of carbon IUPAC Alkene -C=C- -ene
atomsin name
longest Alkyne —C=C— -yne
chain
Alcohol R—O\ -anol
1 meth- N
2 eth- Carboxylic -anoic acid
i} acid [|

3 prop co

4 but- R OH

5 pent-

6 hex-

7 hept-

8 oct-



Orgqnic compounds can be 1 Identify the longest continuous carbon chain.
named according to IUPAC rules There are four carbons in the chain.
In Section 3.12, we learnt about the distinguishing HoH o H o)
features that are used to classify hydrocarbons, e (|:_ | e C|3— C//
alcohols and carboxylic acids. |4 |3 |2 1\O_ ’
The simplest hydrocarbon is methane, CH,, H H H
The stem name ‘meth-’ tells us there is one carbon 2 Choose the corresponding stem name from
in the longest carbon chain, and the suffix ‘-ane’ tells Table 343.
us thatitisan alkane. 4 carbons = but-
3 Identify the functional group and choose the
meth suffix from Table 3.14.
stlm sufoix T T T P O
H—C—C—C— C/
Table 3.15 shows how the successive members of |l| |L IL \Q— H
each series are named according to IUPAC rules.
Some names have numbers before or in the suffix. Itis a carboxylic acid, so its suffix is -anoic acid.
This is called alocant and indicates which carbon the 4 |dentify the number of the carbon that the
functional group is connected to. functional group is attached to. It should have
You will not always have access to tables of names the lowest number possible.
of organic compounds, so it is a good idea to become For carboxylic acids, the carbon of the ~-COOH
familiar with stem names and suffixes. The following group is carbon 1.
two examples show you how to name simple organic 5 Indicate the locant number within the suffix.
compounds according to IUPAC rules. (Not applicable for this compound.)
Example 1 6 Putitall together.
but- + -anoic acid = butanoic acid

H H H

L P
H—C—C—C—C

R

H H H

Table 3.15: Names of the first eight members of each homologous series

Number of Alkane Alkene Alkyne Alcohol Carboxylic acid

carbons in

longest chain
1 methane N/A N/A methanol methanoic acid
2 ethane ethene ethyne ethanol ethanoic acid
3 propane prop-1-ene prop-1-yne propan-1-ol propanoic acid
4 butane but-1-ene but-1-yne butan-1-ol butanoic acid
5 pentane pent-1-ene pent-1-yne pentan-1-ol pentanoic acid
6 hexane hex-1-ene hex-1-yne hexan-1-ol hexanoic acid
7 heptane hept-1-ene hept-1-yne heptan-1-ol heptanoic acid
8 octane oct-1-ene oct-1-yne octan-1-ol octanoic acid
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Example 2

R

H—C—C—C—H

1

]
H H H

Identify the longest continuous carbon chain.
There are three carbons in the chain.

H OH H

L
H—C—C—C—H

I
H H H

Choose the corresponding stem name from

Table 3.13.

3 carbons = prop-

Identify the functional group and choose the suffix
from Table 3.14.

Itis an alcohol, so the suffix is -anol.

Identify the number of the carbon that the
functional group is attached to. It should be
given the lowest number possible. For example,
if the —OH group is on the end of a five-carbon
chain, the carbon is numbered 1 rather than 5.

H OH H

]
e
H H H
The —OH is attached to carbon 2.
Indicate the locant number within the suffix.

-an-2-ol.

C,H:0,

Molecular formula Structural formula
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Condensed structural formula

6 Putitall together.
prop- + -an-2-ol = propan-2-ol
Note: Steps 4 and 5 can be skipped for alkanes,

carboxylic acids and small alkenes, alkynes and
alcohols.

Organic compounds can be
represented in several ways

The molecular formula shows the total number
of atomsin a molecule, but it does not show

how the atoms are connected. The structural
formula shows how all of the atoms are arranged
in the molecule, so we can name it accurately.
The structural formula can be drawn in full or in
condensed form.

A skeletal formula is a shorthand way of
representing an organic molecule that shows
bonds as lines. Each end and junction line
indicates a carbon atom, and it is assumed that
each carbon atom is attached to enough hydrogen
atoms so that each carbon atom has four bonds.

If the compound contains atoms other than carbon
and hydrogen, then their symbols are included.

You are not expected to use skeletal formulas
as part of the course. But if you know the name
of acompound, you should be able to draw the
structural formula and condensed structural
formula. Use the stem name to determine the
number of carbons in the longest carbon chain,
then add the distinguishing features indicated by
the suffix of the name.

Figure 3.55 shows the different ways that
butanoic acid can be represented.

Figure 3.55: The different ways of representing butanoic acid

A4

CH,CH,CH,COOH 5
or
/\)J\OH
CH,(CH,),COOH

Skeletal formula



Materials

Learning Ladder

o Copy and complete the following table to classify the
molecules as alkanes, alcohols or carboxylic acids.

Compound structure

Homologous
series (class)

|
H—(|3—OH

H

H H

||
H—clz—clz—H

H o H

H H

1 40
H—c—c—d”

L Ny

H H

H

- °
H—cl:—c\

. 0—H

ITI—O—I

@ a Name the compounds from Question 1 according to

IUPAC nomenclature rules.

b Draw the structural formulas and condensed
structural formulas for the following organic

compounds:
i Pentane
ii  Ethanol

iii Methanoicacid

-

4 Figure 3.56:
Organic compounds
are often represented
using stylised 3D
skeletal structures,
like the colourful
caffeine molecule
shown here.

iv Propyne
v Butan-2-ol
vi Hexanoic acid
vii Hept-3-ene.
¢ Extension: See if you can draw the skeletal formulas
forthe compounds in part b.

e a Explain why there is no such thing as methene or
ethyne.
b Explain why there is no such thing as pentan-4-ol.
Propose the correct name for this compound.
¢ Drawand name all possible eight-carbon
straight-chain alcohols with one ~OH functional group.

Communicating see page 429

o Propose why it might be beneficial to represent an
organic compound using its condensed structural
formula rather than its full structural formula.

@ Describe how digital technologies might be used to
name more complicated organic compounds.

9 Construct a series of digital slides to summarise
and communicate the information and examplesin
Section 3.13.

Alcohols and carboxylic acids react with each other to form
compounds with an ‘ester’ functional group (R-COO-R). The
rules for naming esters are different as compared to simple
organic compounds. Conduct an online search to determine
how esters are named. How are the names of esters related
to the types of alcohols and carboxylic acids that react to
form them?

Success criteria

+ | canfollow IUPAC naming rules to name simple
hydrocarbons, alcohols and carboxylic acids.

« | candraw the structural formula of simple organic
compounds based on their IUPAC name.

Materials 121
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Figure 3.57: Crude oil is made up of
different types of hydrocarbons that
must be separated into individual
components.

Learning intention

« describe how hydrocarbons can
be separated from crude oil

- describe how the use of
hydrocarbons has changed
overtime.

Key terms

asphalt: a mixture of gravel, sand
and bitumen, used for roads

bitumen: the heaviest fraction of
crude oil, left over after fractional
distillation

condense: to change fromagasto
a liquid state

feedstock: a chemical used to support
large-scale chemical reactions, usually
inindustry

fraction: a part of a larger mixture of
many parts

fractional distillation: the separation
of a mixture into different parts or
fractions, according to their different
boiling points

fractionating column: a vertical
cylinder that decreases in temperature
up the column, condensing and
separating substances just below

their boiling points

A y
dining and

Atthe end of this lesson, | will be able to:

Content group: Chemistry of organic
compounds

J
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Hydrocarbons are obtained from crude oil and are used
to form common products.

Hydrocarbons come from crude oil

Crude oil is a mixture of many hydrocarbons, and needs to be separated
into individual hydrocarbon fractions, or components, before it can

be used. The hydrocarbons range from small, light molecules such as
methane (CH,) to large, heavy molecules such as bitumen.

Crude oil is separated by fractional distillation

When crude oil is heated, the different hydrocarbons boil at different
temperatures, so they separate out at different points along the
fractionating column. This process is called fractional distillation.

Crude oil is heated

in a furnace to about
350 °C. The oil boils
and vaporises, turning
the mixture into gases.
The gases are pumped
into a tall fractionating
column that is hotter at
the bottom and cooler
at the top. As the gases
rise, they cool down.
Different hydrocarbons
condense back into
liquids at different
heights. The larger,
heavier hydrocarbons,
which have higher
boiling points,
condense near the
bottom of the column.

— Refinery gas
C,-C,

Petrol

Cs - C1o
Naphtha
Cs - C12
Kerosene
C1o - C1e
Crude oil

Diesel oil
heated to Ciu-Cy
>30|£)’°C Lubricating oil

Czo - Cso

Fuel oil
Cso - C70

Bitumen >C,,
Fractionating column

o

Figure 3.58: The process of fractional distillation

vaporises crude oil, then separates the fractions of

hydrocarbons based on their boiling temperatures

as they move up the fractionating column.



Smaller, lighter hydrocarbons, with lower boiling
points, condense towards the top.

The condensed liquids are collected at various
levels of the column. Each fraction contains
hydrocarbons with similar boiling points and
properties.

Table 3.16: The main fractions obtained from crude oil

Fraction of Uses

crude oil

Refinery gas Fuel or feedstock for industrial processes,
e.g.LPG

Petrol Fuel for cars

Naphtha Petrochemicals, e.g. paint solvent

Kerosene Fuel for jet engines and heating

Diesel oil Fuel for trucks, buses and some cars

Lubricating oil = To reduce friction in mechanical

components
Fuel oil Fuel for ships and industrial heating
Bitumen Road surfaces and roofing

Hydrocarbons have a variety
of uses

The hydrocarbons separated from crude oil have
many uses.
Fuels: Petrol, diesel and kerosene are used
to power vehicles, planes and other forms of
transportation.
Heating and electricity: Natural gas and fuel oil
are used to heat homes and to generate electricity.
Polymers and plastics: Many hydrocarbons are
used as raw materials for polymers, which are long
chains of carbon molecules that make up plastics.
For example, ethene is used to make polyethene,
one of the most common plastics.
Asphalt: The heavy fraction called bitumen, left
over after distillation, is used to make asphalt
for roads.
Chemical industry: Hydrocarbons are used as
feedstocks for the chemical industry to make a
variety of products, including synthetic rubber,
fertilisers, solvents and even medicines.

As technology advances and our needs change,
scientists are finding new ways to use hydrocarbons,
including in more environmentally responsible ways.

Learning Ladder

Materials

o Identify the fraction to which each of the
hydrocarbons below belongs, based on its
boiling point:

a Butane, 0°C

b Octane, 126 °C

¢ Aeroplane fuel, 190 °C
d Motor oil, 280 °C

@ Describe the physical trend observed that is related
to the increase in boiling point of hydrocarbons.

e Explain why lubricating oils are more effective than
naphtha as engine oils.

o Discuss the following statement: ‘Using fractional
distillation to separate crude oil into its components
is good for the environment because nothing gets
wasted.’

Problem-solving see page 425

o Describe the process that is used to separate crude
oil into its component fractions.

e Crude oil was discovered as early as the 4th century
BCE but was not used effectively until the 1900s.
Explain a scientific problem that people of the
4th century BCE might have had that meant the
discovery was not as useful then as now.

9 There is an overlap in the size of carbon chains
between the naphtha, kerosene and diesel fractions.
Propose what could be done to maximise the purity
of the fractions between 250 °C and -120 °C.

0 Discuss the adjustments you could make in the
distillation process to increase the yield of petrol
from crude oil.

Conduct research into a specific use of a hydrocarbon
and how this has changed over time. You may select from
the following hydrocarbon products and their uses, or
choose a different hydrocarbon: hydrocarbons as fuel for
cars, hydrocarbons as engine lubricants; hydrocarbons
to make plastics, hydrocarbons to make natural and
synthetic clothing materials.

Success criteria

« lcanidentify hydrocarbon products that are
obtained from crude oil.

| can describe how products derived from crude oil
are used in everyday life.
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3 15 » Combustion of organic fuels

e .. .
Learning intention

At the end of this lesson, | will be able
to describe the difference between
complete and incomplete combustion.

Key terms

biofuel: a fuel derived from biomass
such as plants and animal waste, rather
than from fossil fuels

combustion: areaction that involves
burning in the presence of oxygen to
release heat

exothermic: areaction that releases
energy into the surroundings, causing
the temperature torise

oxidation: a reaction taking place in
the presence of oxygen

soot: a black form of carbon formed
by incomplete combustion

Investigation 3.15A

Complete and incomplete combustion
reactions, page 508

Investigation 3.15B
Combustion of fuels, page 510

Content group: Chemistry of organic
compounds

Combustion reactions require a fuel source in the
presence of oxygen. The combustion of hydrocarbons can
be complete, and different fuels release different amounts
of energy.

There are different types of combustion
reactions

All combustion reactions are exothermic, meaning they release energy.
They also all require fuel and oxygen. There are important differences
between the various kinds of combustion reactions. Complete

combustion happens when a fuel, such as a hydrocarbon, burns in
plentiful amounts of oxygen to produce carbon dioxide and water:

Hydrocarbon + oxygen = carbon dioxide + water + energy

When a fuel burns in a limited amount of oxygen, the reaction does not
go to completion. The products of incomplete combustion are water
and carbon monoxide, or sometimes carbon in the form of soot.

Hydrocarbon + limited oxygen = carbon monoxide + water + energy

or Hydrocarbon + limited oxygen = carbon + water + energy

For example, the complete combustion reaction of propane (C;Hy)
requires five molecules of oxygen for every molecule of propane:

Propane + oxygen = carbon dioxide + water

CH, + 50, >  3CO,  +4H,0

If there are only 3.5 oxygen molecules for every molecule of propane,
incomplete combustion occurs to produce carbon monoxide and water:

Propane + oxygen - carbon monoxide + water
C,Hg + 3.50, > 3CO + 4H,0

If there are only two oxygen molecules for every molecule of propane,
the reaction will produce carbon and water:

Propane + oxygen = carbon + water
CHg + 20, - 3C +4H,0

PN

Figure 3.59: Black smoke from
your car might indicate that the fuel
injector is adding too much fuel,

so there is not enough oxygen for
complete combustion.

Soot is black, powdery carbon and is not very useful. Carbon monoxide
is a toxic gas, so it is important to ensure that combustion reactions,
like those in a car engine, take place in enough oxygen. You can see
incomplete combustion happening when a car or truck gives off a lot of
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Figure 3.60: Camp stoves use fuels such as ethanol to produce
energy for cooking.

black smoke from its exhaust. By varying the amount
of oxygen used, you can change the product so that it
is less sooty and toxic.

Combustion reactions power
the world

The whole world depends on combustion and the
energy it releases. Some combustion reactions are
obvious, such as fires. We use combustion reactions
to provide energy for our daily activities. Cars burn
petrol and diesel so that they can transport us from
one place to another. We use gas ovens and stoves for
cooking. Burning fossil fuels such as coal provides us
with electricity to light and warm our homes.

In a combustion reaction, most of the chemical
energy of the fuel is transformed to heat energy,
which increases the temperature of the surroundings.
Different types of fuels release different amounts of
energy. A popular area of scientific research looks
at the efficiency of biofuels, which are derived from
plants rather than fossil fuels.

Respiration is a combustion
reaction

Respiration is a natural process that occurs constantly
in all living cells. It is a biochemical reaction that uses
glucose (CgH,,04) as the organic fuel and oxygen that
we breathe in to produce the carbon dioxide, water
and energy we need for survival.

"M Learning Ladder

\"ﬁﬁ" :

Materials

o Classify the following fuels as organic or inorganic.
a Methanol (CH,0H)
b Hydrogen gas (H,)
¢ Ammonia (NH,)
d Butane (C,H,,)

e Describe the combustion of an organic fuel with
reference to the reactants and products.

e Compare complete and incomplete combustion
of organic fuels with reference to the reactants,
products and conditions.

o Some activist groups claim that biofuels produce
more carbon dioxide than traditional fuels. If this
were true, discuss the environmental pros and cons
of using biofuels over traditional fuels.

Planning investigations see page 405

Read the aim, materials and method of
Investigation 3.15A on page 508.

o a Identify items inthe materials list that are
potentially hazardous.
b Describe ways to minimise the risk.

e a Identify the:
i independentvariable (what you are changing)
ii dependentvariable (what you are measuring)
ili controlled variables (what stays the same).
b Propose ways to improve the controlled variables
that would improve this investigation.

e Propose two alternative aims for this investigation
(one for Part Aand one for Part B) that would align
with the content in this section.

@) Discuss the reliability, validity and ethicality of this
investigation. Propose ways to improve any of these
areas.

e Propose two more types of data you could collect for
this investigation that would improve the reliability of
the results. Give reasons to support your response.

Conduct research and provide a summary of how
biofuels are being produced and used to replace
traditional fuels. Assess the use of these fuels in terms
of their output and efficiency.

Success criteria

- | canidentify examples of how combustion reactions
are used every day.

« |l can compare complete and incomplete combustion.

- | canexplain the role of organic compoundsin
combustion reactions.
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3 1 6 > Making polymers

e .. .
Learning intention

At the end of this lesson, | will be able to
identify the raw materials used to make
polymers.

Key terms

addition polymerisation: a reaction
in which alkenes join together at the
carbon-carbon double bond to form
organic polymers

monomer: a small molecule that
bonds together in a repeating pattern
to form large polymers

polyethylene: the common name for
the most widely used plastic; IUPAC
name ‘polyethene’

polymer: along-chain molecule
(usually carbon-based) made up

of many small repeating units
polymerisation: a reaction in which
monomers combine chemically to
form long-chain molecules
synthesise: make something new
by combining smaller parts

synthetic: made by humans by
non-natural methods

Investigation 3.16
Polymers in the environment, page 512

Content group: Polymers

126 Good Science NSW Stage 5

Polymers are large molecules made from repeating
smaller units called monomers. They come from renewable
and non-renewable resources and form the basis of many
everyday materials such as plastics, rubber and fibres.
There are different methods for making polymers, and
different ways to use them. From clothing and packaging to
medical equipment, polymers are essential for modern life
as we know it. Understanding the origin of polymers helps
us appreciate the connection between finite resources and
the everyday products we rely on.

Crude oil is a raw material used to make
polymers

Humans have used natural polymers for thousands of years. For example,
latex rubber and cotton (cellulose) can be harvested directly from plants.

Figure 3.61: Latex rubberis a
natural polymer that, like sap,
comes from trees.

Our ability to make synthetic polymers from natural resources such

as crude oil and natural gas has expanded the variety of materials
available for use in modern society. Crude oil and natural gas are rich
in hydrocarbons. The hydrocarbons are processed to make monomers,
which are used to synthesise polymers. The process of extracting the
raw materials and converting them into monomers is the first step in
making polymers.



Monomers can be added together to form polymers

Making polymers is called polymerisation, which
involves chemical reactions that link monomers
together to form long chains.

000
0000
000

Monomers

Polymerisaton

>QO’Q'Q'QQQQ—O

Polymer

V'S
Figure 3.62: Monomers combine to form polymers.

A common method is addition polymerisation, where
alkenes are added together in a chain reaction to
form a polymer. The carbon-carbon double covalent
bond breaks and forms single bonds, connecting the
monomers together.

The simplest alkene, ethene, serves as a monomer
to form polyethene (Figure 3.63). Polyethene is the

Double bond
‘opens up’

Each carbon can
make a new bond

NS RN G BN
[

C=C o O
/ N\
H H H H
Monomer Repeating unit

Ethene

IUPAC name for the polymer, but this material is
commonly known as polyethylene, the most widely
used plastic in the world.

Although there are no double bonds in the polymer,
the name keeps the suffix ‘-ene’ because polymers
are named after their monomers, according to IUPAC
nomenclature.

The carbon ‘backbone’ of polymers is made up
of the carbons that were double bonded to each other
in the monomer, while the rest of the molecule forms
branches off the main chain. For example, when the
monomer but-1-ene undergoes polymerisation,
the first and second carbons form the polymer chain,
and the third and fourth carbons become branches,
alternating along the chain. Figure 3.64 shows how
addition polymerisation is commonly represented as
a chemical equation using structural formulas for the
monomer but-1-ene and the polymer polybut-1-ene.

New bond links repeating units
together to form a chain

4
Figure 3.63:
H HIH H H H H H The formation of
- (|:_ (lz_ (l:_ (l:_ (lz_ Cll— (l:_ Cll— polyethene from
T e I I e the monomer
HH HHH H H H ethene
Polymer
Polyethene

Figure 3.64: The addition polymerisation reaction of but-1-ene to form the
polymer polubut-1-ene. Note: ‘n’ represents the number of monomers added

together, which is also indicated when the polymer is abbreviated as shown.
v
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There are many forms of
polyethylene

Polyethylene is a highly versatile polymer that comes
in different forms. The most common are low-density
polyethylene (LDPE) and high-density polyethylene
(HDPE).

LDPE is made by polymerising ethene under high
pressure, resulting in a polymer with a flexible, soft
structure. It is used in plastic bags, squeeze bottles

and food wrap because it is pliable and lightweight.
HDPE is produced under lower pressure and has a
more rigid and dense structure. As a result, HDPE is
stronger and more durable, ideal for milk jugs, water
pipes and plastic crates.

Even though LDPE and HDPE are made from the
same monomer, their different production processes
resultin distinct properties, allowing polyethylene
to be used in a wide range of applications.

Figure 3.65: LDPE and HDPE
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Figure 3.66: Small plastic pellets called ‘nurdles’ can be used to make a variety of plastic products.
v

Learning Ladder

Materials

o Identify which of these monomers can undergo addition

polymerisation.
H\ /H
H\ /C\ |_|| T H\ /H
c=cC H H—C—C—H c=C
s/ N ] s/
H H H H H Cl
H —H H H
Nl ° |
jo=c  H~g &
/Cl\H
H

e a Use diagrams to show how the monomer below
(chloroethene) can undergo addition polymerisation
to form polychloroethene. Include three repeating
units in your polymer diagram.

AN /
C
AN
Cl
b Compare the structure and bonding of monomers
and polymers, with reference to chloroethene.

e With reference to LDPE and HDPE, explain how the
conditions during a polymerisation reaction can affect
the characteristics of the product. Discuss how this
might be related to common plastics.

0 Polyethene plastics can take hundreds of years to
break down. Using specific examples, discuss how this

could be beneficial or detrimental to the environment,
depending on the plastic product and its use.

Planning investigations see page 405

Imagine you are conducting an audit of the types of polymers
inthe science laboratory and what they are used for.

o Identify any hazards and describe the steps you would
take to minimise risks associated with each hazard.

e An audit is not a typical form of investigation. Discuss the
variables involved in the audit, including how they might
be different from the variables involved in a scientific
investigation.

9 Propose an overall aim of conducting the audit.

o Discuss the ethical implications of evaluating the types
of equipment and chemicals in the school’s laboratory
and how they could be minimised.

Condensation polymerisation is another method of
synthesising polymers such as nylon, polyester and even
proteins. Select one of these polymers and conduct an
online search to determine its monomer unit. Describe
the difference between addition polymerisation, and
condensation polymerisation and discuss the importance
of condensation polymerisation.

Success criteria

- | candescribe the process of addition polymerisation,
particularly the synthesis of polyethene.

« |cancompare LDPE and HPDE.
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3 17/ » The properties of polymers

e .. .
Learning intention

Atthe end of this lesson, | will be able
to describe the properties of a range
of polymers.

Key terms

biodegradable: can be broken down
(e.g. by bacteria)

cross-links: chemical bonds that join
polymer chains to one another

inert: chemically unreactive
plasticise: to soften a polymer by
adding lubricating chemicals, resulting
in a more flexible polymer

PVC: polyvinyl chloride

thermoset: a polymer with cross-links;
chars when heated instead of melting
vulcanised rubber: synthetic rubber

that has been modified from its natural
form to include cross-links

~

Investigation 3.17A
Biodegradability of packaging, page 513

Investigation 3.17B

Properties of ‘Ghostbuster’ slime,
page 515

Content group: Polymers

4 Figure 3.67: PVC piping s rigid,
whereas plasticised PVC forms flexible
yet strong sheets, used in containers
for medical fluids.
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Polymers have become an essential part of everyday
life because their useful properties can be altered or
manipulated.

Polymers have a range of properties

The properties of polymers can vary widely, depending on the type
of polymer and how it is synthesised. In general, polymers have the
properties outlined in Table 3.17.

Table 3.17: Properties of polymers

Property Details and examples

Strength HDPE is particularly strong and is used for plastic crates
and piping.

Durability Polyvinyl chloride (PVC) is used in piping because it can
withstand harsh conditions over long periods of time.

Flexibility LDPE can be rolled into sheets and used as food wrap.

Low reactivity =~ Addition polymers only contain single bonds, so they are
generally inert (unreactive). Polyethylene containers can store
corrosive substances such as acids.

Low thermal
conductivity

Polypropylene is used in carpet and clothing fibres because
it provides thermal insulation.

Low electrical =~ PVC piping is used as a covering for electrical wires because
conductivity it does not conduct electricity.

The properties of polymers can be altered

During polymerisation, conditions such as temperature and pressure are
carefully controlled. By changing the starting monomers or the reaction
conditions, scientists can control the characteristics of the final polymer,
such as flexibility, strength or heat resistance. For example:
LDPE: High-pressure conditions increase branching, which creates
more space between chains, decreasing density.
HDPE: Low-pressure conditions produce more linear polymer chains,
allowing the chains to pack more tightly together, increasing density.

Polymers can also be plasticised — softened by adding lubricating
chemicals so that the polymer chains slide past each other more
easily. PVC has very different uses, depending on whether it has been
plasticised (Figure 3.67).

Adding cross-links to polymers has the opposite effect to adding
plasticisers. Cross-links introduce chemical bonds from one chain
to another, causing rigidity between chains. Synthetic, or vulcanised,
rubber is a thermoset polymer; it cannot be melted into a liquid state.
Natural rubber has desirable properties, but it does not last long.



Vulcanised rubber has covalent cross-links, which significantly increases O
the durability of rubber. Without vulcanised rubber, car tyres could not
withstand the heat created by friction between the wheels and the road.

Polymers without cross-links are described as thermoplastics, meaning
they can be melted down and remoulded as needed.

Polymers are used in everyday life

Polymers have many applications:
Polyethene is used in plastic bags, containers and even bulletproof

vests, due to its strength and durability.

Polystyrene is used in packaging materials such as foam peanuts and
insulation, due to its light weight and insulating properties.

Plasticised PVC and similar polymers are used in intravenous bags and
tubing because they are flexible, durable and safe for medical use.
Polycarbonate is critical in technology, where it is used to make compact

o

N
Linear Branched

Cross-linked

discs and eyeglass lenses because of its clarity and impact resistance. -

Biodegradable polymers break down naturally over time, reducing their
environmental impact.

Learning Ladder

Materials

o Classify the following polymers as thermoplastics or
thermosets.
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9 Describe the difference between PVC piping and

plasticised PVC, with reference to properties and
examples.

e Compare plasticisers and cross-links. Use examples
to support your response.

0 Propose and discuss a type of polymer that is ‘good’
for the environment. Include new terminology and
reference to bonding and properties in your response.

e Propose and evaluate what type of plastic filament is
used in 3D printing; thermoplastic, thermoset or both.

Figure 3.68: The structure of
the polymer chain contributes
toits properties.

Problem-solving see page 425

o Propose three alternatives to using single-use plastic
shopping bags.

e Explain a problem for which polymers were the solution.
Use specific examples, including new terminology.

9 Determine which type of plastic, thermoplastic or
thermoset, would be most appropriate for the following
products. Provide a reason for your response.

a Saucepan handle

b Single-use water bottle

¢ Microwave/freezer-safe food container
d Lego®

0 Creating vulcanised rubber was a solution to the problem
of using natural rubber at high temperatures. Assess this
solution in terms of any new problems that may result.

Investigate online how different types of polymers,
particularly thermoplastics and thermosets, are recycled
and/or reused. Summarise and share your findings with
aclassmate.

Success criteria

- lcandescribe ways that the properties of polymers
can be altered.

| can link the properties of common polymers to
their uses.
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3 1 8 > Bioaccumulation of microplastics

e .. .
Learning intention

At the end of this lesson, | will be able to
explain how microplastics accumulate
inthe environment.

Key terms

bioaccumulation: the build-up of
chemicals such as microplastics in the
tissues of living organisms
biomaghnification: increasing
concentrations of chemical toxins in
organisms up the food chain

microbeads: a type of microplastic
with a specific function for scrubbing
or exfoliating

microplastics: tiny plastic particles
from the physical breakdown of larger
plastics

Content group: Polymers

o~
Figure 3.69: Microbeads are used in
cosmetics and even in toothpaste!

Figure 3.70: »

The bioaccumulation

of microplastics
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The build-up of plastics in the environment affects
ecosystems and human health. Plastics accumulate in
food chains, where they can harm marine life and pose
risks to humans.

Plastic breaks down into microplastics

Microplastics are tiny plastic particles, typically less than 5 millimetres
in size. They either form from the breakdown of larger plastic products or
are directly released as small particles, such as microbeads in cosmetics.
Microplastics are made from various polymers, such as polyethylene and
polypropylene, which are durable and resist breaking down.

Microplastics accumulate in food chains

Microplastics escape into the environment through stormwater
run-off, improper disposal of plastic waste, and the wearing down of
larger plastic debris in oceans and on land. Microplastics are found
almost everywhere: in the air, in drinking water, and even in fruits and
vegetables. They are particularly problematic in marine environments,
where they can be ingested by a wide range of organisms, from tiny
plankton to large fish and seabirds.

Because they do not easily break down, microplastics persistin the
environment for long periods, accumulating in the tissues of living
organisms over time. This is called bioaccumulation.

Microplastics accumulate in the bodies of predators that consume
smaller organisms. The concentration of microplastics increases in
organisms higher up the food chain as smaller fish are eaten by larger
predators or by humans. This process is known as biomagnification
(Figure 3.70).
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Bioaccumulation of
microplastics is harmful

When fish ingest microplastics, the particles can
damage their digestive system, reduce their feeding
behaviour, and even alter their reproductive
functions. In some cases, the chemicals associated
with microplastics, such as plasticisers and other
toxic additives, leach out into the tissues of these
organisms, potentially causing further harm.

Humans ingest microplastics when
they consume seafood that contains them.
The long-term health effects of microplastic
ingestion in humans are still being studied, but
there is concern that these particles could cause
inflammation, toxicity or other health issues.

Bioaccumulation of
microplastics affects the
environment

We can study real-world examples to better
understand the impacts of microplastic pollution
and the importance of taking action to reduce it.

The North Pacific Gyre — commonly known
as the Great Pacific Garbage Patch —isan area
of ocean notorious for its high concentration of
plastic debris, including microplastics. Researchers
have found that marine organisms in this region,
including fish, birds and sea turtles, have ingested
large amounts of microplastics. The ingestion of
these plastics has been linked to negative health
outcomes, such as malnutrition, internal injuries
and exposure to toxic chemicals.

Scientific studies indicate that corals in the
Great Barrier Reef are ingesting microplastic,
mistaking it for food. This damages the coral’s
digestive tissues, blocking their ability to absorb
nutrients effectively. Over time, this can weaken the
corals, making them more susceptible to disease
and reducing their growth and reproduction
rates, and further stressing these vulnerable
ecosystems. These harmful effects of microplastics
on the Great Barrier Reef highlight the urgent
need for global efforts to reduce plastic pollution
and to protect one of the world’s most vital and
biodiverse ecosystems.

Learning Ladder

Materials

o Classify the following statement as true or false:
‘Synthetic polymers will not accumulate in the
environment.

9 With reference to properties and bonding, describe
why plastics accumulate in the environment.

e Explain how microplastics bioaccumulate in the
food chain, with reference to specific examples.

0 a Discuss the specific impacts of the
bioaccumulation of microplastics on the Great
Barrier Reef.

b Propose how the circumstances of this case
study might have an impact on your life.

e a Conduct research to learn about rinse-off
cosmetics that contain microbeads.
b Evaluate the decision to ban these products
from 2022.

Communicating see page 429

Complete the ‘In context’ task below.

o Propose four different ways you could present your
findings to your peers.

e Use a digital technology of your choice to organise
your findings.

e Construct a digital presentation of your choice
(e.g. PowerPoint, Presi, Canva). Be sure to provide
references for the sources that inform your
presentation.

© Modify your presentation so it can be communicated
to asmall group of Year 7 students.

Conduct research to explore a specific case study that
highlights the harmful impacts of bioaccumulation of
microplastics in the environment. Choose from the
following, or find one of your own: Mediterranean Sea,
impact of landfills, Thames River (UK), agricultural soils
in Europe, San Francisco Bay (United States), Arctic Sea
Ice, Lake Victoria (Africa), German forests. Document
the sources you use to gather information.

Success criteria

| canidentify environmental impacts of the
bioaccumulation of microplastics.

| can discuss specific examples of bioaccumulation
of microplastics in the environment.
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Learning intention

At the end of this lesson, | will be able
to assess the environmental impacts
of materials that are being used as
alternatives to plastics.

Key terms

a plastic made from
a biological material

polylactic acid; a bioplastic
polymer made from corn or sugar

Investigation 3.19
Comparing drinking straws, page 517

Content group: Materials in context

Figure 3.71: Many toys that were
once made of wood are now made of
plastic, which is more colourful but is
anon-renewable material.
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For many years, fossil fuels have been used to make
plastics. But fossil fuels are a limited resource that

take millions of years to form and will eventually run

out. Scientists are researching ways of producing and
testing materials that will be better, longer lasting and
easier to use. But we need to understand the impacts of
these alternatives.

Plastics are useful but not environmentally
friendly

Plastics are very useful but are made from petroleum, a non-renewable
resource. The production of plastics releases carbon dioxide into the
atmosphere, which contributes to global warming. When plastics were
first made, they were intended to last for a long time. This is good while
the products are being used, but not when they are no longer needed.
Many plastics can take thousands of years to fully break down in the
environment. If not properly disposed of, plastics pollute rivers, seas and
beaches, killing fish and marine organisms. Scientists have had to come
up with ways of making plastic more environmentally friendly.

Bioplastics are more environmentally friendly

are a type of plastic invented about 100 years ago. They are
made from natural plant polymers such as starch and cellulose, from
corn and sugarcane. The starch is broken down into glucose,
P which is made into lactic acid. Many molecules of lactic acid
¥ are joined to make the polymer polylactic acid (PLA),
: which can be used in bioplastics. Bioplastics are used
ﬁj in food containers, grocery bags, some cutlery and food

packaging. They have many uses in electronics, farming,
clothes making and health care.

Many bioplastics are biodegradable: they break down quickly in the
environment. Bacteria and fungi in industrial composters can quickly
break down these plastics. The bioplastics absorb water, swell up and
break into small pieces that bacteria can easily digest — sometimes in
just a few weeks. Even if not properly composted, bioplastics have less
environmental impact than plastics formed from petroleum. If PLA is
burned, it does not give off toxic fumes. If it ends up in a landfill, it breaks
down a lot faster than traditional plastics.

There are many other benefits of bioplastics. They are cheaper
and take less energy to make, and they produce less greenhouse gas
emissions. They are also easier to recycle into other products.



| Figure 3.72: Bioplastic wrapping breaks
down much faster than traditional plastics.

Wy

Plastic alternatives have
environmental impacts, too

Bioplastics have disadvantages and scientists are

still working to improve them. For example, many
bioplastics cannot be broken down in backyard
compost heaps, so bioplastics may stillend up in
landfill. Additionally, since bioplastics are made from
plants such as corn, it means that those plants cannot
be used as food, and any chemicals used on those
plants can make their way into the bioplastic. This can
have unpredictable effects on both the bioplastic and
the people who use it.

Table 3.18: Possible environmental impacts of using
alternatives to plastic drinking straws

Material Intended Possible implications and
use impacts
Paper Single = Break down while being used
use « More than one used per drink
= Require trees as resource
Metal Reusable =« Very cold on the lips, especially
for frozen drinks
= Treated like a single-use straw,
wasting metal resources
Silicon Reusable - Large circumference, so may
not please the consumer
= Treated like a single-use straw,
wasting silicon resources and
increasing landfill waste
PLA Single = Plants used for bioplastic rather

than as food
= Limited shelf-life

bioplastic = use

Other alternatives to fossil fuel-based plastics
are being explored. Many types of single-use
plastics have recently been banned in Australia, so
alternative materials such as paper, PLA, silicon and
metal straws are now commonly used. But even
these alternatives can have negative impacts on the
environment (Table 3.18).

Learning Ladder

Materials

o Identify two advantages and two disadvantages of
straws made from paper.

e Making plastics and polymers from fossil fuels is
not sustainable. Describe why, with reference to
properties and bonding.

e a Orderthe following materials from ‘best’ to ‘worst’
as an alternative to plastic in thongs (footwear):
silicon, leather, hemp, bioplastic, wood, metal,
natural rubber.

b Construct a table to explain your response based
on the properties, practicality and environmental
impact of each alternative.

o Discuss why it might not be appropriate to use
bioplastics to store food for long periods of time.

e a Explain how PLAis made and why itis
biodegradable.
b Evaluate whether PLAis an appropriate material
to replace traditional plastics.

Problem-solving see page 425

o Ifthere are no environmentally friendly
alternatives to plastic straws, propose a logical
solution to this problem.

e a Describe what caused scientists to introduce
bioplastics.
b Explain the effects of introducing bioplastics,
with reference to specific examples.

9 Discuss the benefits and drawbacks of supporting
scientists in their research into new materials.

Success criteria

- | candescribe the environmental impacts of using
plastics derived from fossil fuels.

| can discuss bioplastics and other materials as
alternatives to traditional plastics
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» Materials summary

Resources
. Resources can be natural, renewable or non-renewable « First Nations Peoples used minerals as tools and
(finite). pigments.

- Wood and cotton are natural renewable resources.

Extracting and using resources has impacts on the

) environment, for which scientists find solutions.
- Fossil fuels are non-renewable.

« Resources are used to make new materials.

- Fossil fuels are extracted from the
ground and used for many purposes.

- Rocks and minerals in Australia are
mined to extract metals.
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Bonding

« There are three main types of chemical bonding:
+  The metallic bonding model shows fixed rows of cations

- metallic bonding: metals bonded to other metals )
surrounded by a sea of delocalised electrons.

- ionic bonding: metals bonded to non-metals

- covalent bonding: non-metals bonded to e' e 1 e e e ® e e
non-metals. il S = S 3
« Atoms form bonds by losing, gaining or sharing e_ e _ e S e e : e
electrons to become stable, achieving a noble gas _ = Sam & g e 2
valency electron configuration. .y e_ e e_ e _e 2 e =
« Acovalentbondis a shared pair of electrons between
two atoms.

. () — (0
« lonic bonds are formed between a cation and an anion,

which can be modelled using diagrams.

. Most non-metals can form covalent bonds with

2- . )
Craﬁj@. themselves to form diatomic molecules.
Cr,0, Oxygen (0,) Nitrogen (N,)
« Theswap-and- P-4

drop method can
Sodium atom Chlorine atom be used as a tool

for constructing

- . Allmaterials can be classified as metallic, ionic or

+ .
chemical formulas
for ionic compounds covalent, which can be related back to their bonding.
e.g. chromium(lll)
@ oxide Type of substance
Nat

Metallic lonic Covalent
Cl-
Sodium ion Chloride ion
(a cation) (an anion) ml?;lt?l/'e Elemental  Compound Elemental Compound
Crystalline Crystalline Crystalline Giant network Discrete Giant network Discrete
solid solid solid solid molecule solid molecule
. Substances have identifying properties that Molecular Gas Molecular Gas

influence how they are sourced and used in society.

Property Metallic substances lonic substances Covalent substances
Melting and boiling points High High Low
Conductivity (electricity) Good Conducts when molten or dissolved in Not good

water, but not when in a solid state
Conductivity (heat) Good conductor Good insulator Good insulator
Brittleness Malleable/ductile Brittle Soft and flexible
Lustre Lustrous/shiny Form crystalline lattice Dull
Density High High Low
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Chemistry of organic compounds

- Organic compounds typically contain carbon hydrogen
bonds, while inorganic compounds do not.
Hydrocarbons are a type of organic compound that can
be separated from crude oil in a fractionating column to
make a variety of products.

Refinery gas
C,-C,

Petrol

C5 - C1o
Naphtha
Cs - C12
Kerosene
C10 - C1e
Crude oil

Diesel oil
heated to C14 - CZO
>3|(10 °C Lubricating oil

Czo - Cso

Fuel oil
Cso - C70

Bitumen >C,, Number  Stemin
of carbon IUPAC
Fractionating column atomsin  name
longest
chain
« Names of organic 1 meth-
compounds typically > eth-
have a stem and a suffix.
3 prop-
methan M
eT &l T e 5 pent-
stem suffix 6 hex-
7 hept-
8 oct-
Class Functional group Suffix in
IUPAC name
Alkane -C-C- -ane
Alkene -C=C- -ene
Alkyne —C=C— -yne
Alcohol R—O\ -anol
H
Carboxylic (0] -anoic acid
acid I
C
R~ “OH
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« Table 3.15 (page 119) shows the names of the first
eight members of common homologous series.

Organic compounds can be represented in different
ways, e.g. butanoic acid

H H H
R

1—g—e—¢—c
H H H

C.H;0, S

Molecular formula Structural formula

CH,CH,CH,COOH 5
or
/\)J\OH
CH,(CH,),COOH

Condensed structural formula Skeletal formula

« Hydrocarbons and other organic compounds can
combust with oxygen to form carbon dioxide and water.

Hydrocarbon + oxygen - carbon dioxide + water + energy

- Ifthereislimited oxygen, incomplete combustion will
occur:

Hydrocarbon + Hlnlicze carbon + water + ener
y oxygen = monoxide &y
or

Hydrocarbon + limited = carbon + water + energy
oxygen




« Crude oilis araw organic material used to make

polymers

00p¢

0000
0090

Monomers

- Polymers break down and accumulate in the

Polymerisaton

Polymers

Polymer

environment as microplastics, which are harmful.

Breakdown of

large plastics into

microplastics

«+ Plastics are useful but are not

environmentally friendly.

« Bioplastics and other
alternatives may be more
environmentally friendly,
but new technologies
are continuously being

. tested andimproved,

such as those used as

alternatives to plastic
drinking straws.

Ingested -
by fish

Microplastics

Fishing
activities

Sea birds

Property Details and examples

Strength HDPE is particularly
strong and is used

Q@O—W for plastic crates
and piping.

Durability Polyvinyl chloride
(PVC) is used in
piping because it
can withstand harsh
conditions over long
periods of time.

Flexibility LDPE can be rolled into
sheets and used as
food wrap.

y. Low reactivity = Addition polymers only
contain single bonds,
so they are generally
inert (unreactive).
Polyethylene containers
can store corrosive
substances such as
acids.

Low thermal Polypropylene is

conductivity used in carpet and
clothing fibres because
it provides thermal
insulation.

Low electrical = PVC piping is used as

conductivity a covering for electrical
wires because it does
not conduct electricity.

Materials in context

Intended Possible implications and impacts

use

Single
use

Reusable

Reusable

Single
use

Break down while being used
More than one used per drink
Require trees as a resource

Very cold on the lips, especially for frozen drinks

- Treated like a single-use straw, wasting metal resources

Large circumference, so may not please the consumer

Treated like a single-use straw, wasting silicon resources
and increasing landfill waste

Plants used for bioplastic rather than as food
Limited shelf-life
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Masterclass

Steps in progression

Content

()]
(0]
]
7]
(0]
(3]
o
S

Q

Planning
investigations

Problem-solving

1

Classify the materials used in the
Deepsea Challenger, Morph folding
wheel and Fliteboard.

Describe how risks could have been
minimised when prototypes of the
Fliteboard were trialled.

Propose a solution to not being able

to surf when the waves are too small.

Propose an appropriate way to
communicate information about
the Morph folding wheel to potential

2/

Describe the bonding model for
titanium, a material used in the
Deepsea Challenger.

Identify the variables (independent,
dependent and controlled) that
were most likely involved when

the strengths of different polymer
composites were tested for the
Morph folding wheel.

Explain how the materials used to
construct the Deepsea Challenger
are related to effects such as safety.

Prepare a digital presentation to
promote the Fliteboard to university
students.

Communicating

investors.

Impactful materials

Selecting the right materials for engineering projects
is critical, as the materials used directly impact the
performance, safety and efficiency of the product or
outcome. The Deepsea Challenger, for instance, is a
submersible vessel designed to explore the deepest
parts of the ocean. Engineers chose materials such
as reinforced composite polymers and titanium for
their strength and resistance to extreme pressure,
which would allow the vessel to withstand the intense
conditions of the Mariana Trench. Phenolic resin,

a type of thermosetting polymer, serves as the ‘hero’
material, maximising the safety of the Deepsea
Challenger and its pilot.

Morph folding wheels are an innovative
contraption that can easily fold flat for transport
versatility, without compromising the integrity of
the wheel when in use. The designer of the wheel
selected to use state-of-the-art glass-filled nylon
polymer as the main material, to ensure a strong,
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durable frame while maintaining the wheel’s
flexibility and light weight — properties that make
it ideal for wheelchairs.

Another example of an engineering wonder that
relies on advanced materials to fulfil a particular
purpose is the Fliteboard, an electric surfboard.
Carbon-fibre and marine-grade aluminium make
it possible for a small motor to power a fibreglass
board while submerged in varying concentrations
of salt water. These materials also ensure that the
board is light in weight, yet strong enough to handle
waves while providing excellent performance.

Each of these examples highlights how carefully
chosen materials can enhance functionality and
safety, showcasing the importance of material
selection in engineering and product design.
Understanding the chemistry and properties of
different materials is essential for creating effective,
innovative solutions in any field.



Demonstrate your understanding

Explain why phenolicresinis a
good choice of material. In your
explanation, make reference to
polymer bonding.

Propose an aim to align with the
previous question and your response,
in relation to testing possible
materials for the Morph folding wheel.

Summarise the links between the
criteria for developing a folding wheel
to be used in a wheelchairand the
materials selected.

Construct an infographic poster
that outlines the significance of the
materials used to construct the
Deepsea Challenger. (Research is
required.)

4 Figure 3.73: Canadian film director James Cameron carefully considered
the purpose and impact of the materials selected to construct the
Deepsea Challenger, an ocean submersible that was designed to reach
the deepest-known part of the ocean.

Discuss the environmental impacts of
using polymers as a primary material
inthese products.

Prepare steps for an investigation that
is ethical, reliable and valid and meets
the aim you proposed in step 3.

Assess the significance of there being
dozens of prototypes of a product
before the design is finalised.

Present your infographics poster
to your classmates, using the
appropriate scientific conventions.

Select one of the materials highlighted
in this Masterclass and evaluate how it
is sourced and modified for its use.

Describe the type of data that would
be generated in your investigation
and evaluate its appropriateness in
addressing its aim.

Evaluate the following statement:
‘Carbon fibre is the best material
becauseitisfive times stronger
than steel.

Evaluate the success of the maiden
voyage of the Deepsea Challenger
in March 2012, with reference to its
design materials.

4 Figure 3.74:
Engineers explored
numerous prototypes,
using a variety of
materials, in developing
the Fliteboard. The
board is designed to
tolerate submersion
in salt water, as well as
heat generated from
the motor.

Figure 3.75: The Morph folding
wheel incorporates glass-filled
polymer nylon, which is strong
enough to hold the weight of the
user while still allowing some
flexibility.
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Focus area 4

.0 Environmental

sustainability

The Sun's energy keeps our planet warm, allows plants to photosynthesise,

and helps the atmosphere and oceans circulate. This, in turn, influences -

climate and weather. The landscape, along with sunlight and rainfall,
determines what plants grow, which influences other organisms in the
ecosystem. Human activity affects Earth, which means we need to do
what we can to preserve our natural environments for future generations.

'adder

| can analyse how human activity
has impacted the natural world.

| can discuss a range of factors
that can impact the natural world.

| can explain the impacts
of natural phenomena and
human-influenced processes
on the environment.

| can describe the effects
of natural and man-made
products on the natural world.

| can make observations
about the natural world and
things that impact it.

Environmental
sustainability

Stepsin
progression

Figure 4.1: Plastic
pollution affects the
livelihoods of marine
organisms like this
seaturtle.

The Learning Ladder contains the scientific content and processes you will
learn in this focus area. Each area has five levels of progression. To move
to higher levels, you need to practise activities at the earlier levels. This will
help you develop the ability to complete tasks that are more complex.

| can evaluate conclusions
based on the quality of data.

| can assess data and
information for accuracy,
reliability and validity.

| can draw conclusions based
on patterns in data
and information.

| can explain relationships
between datasets
and information.

| can describe trends from

collected data and information.

Analysing data
and information

| can evaluate scientific
claims based on evidence.

| can assess problem-solving
strategies used to solve
an identified problem.

| can use given criteria to find
solutions to scientific problems.

| can explain scientific problems
and phenomena using cause-
and-effect relationships.

| can propose solutions to
familiar scientific problems.

Problem-solving

Stepsin
progression

Working scientifically processes
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Figure 4.2: Environmgn. - '
sustainability means -
supporting the health and '
wellbeing of all living things on
Earth, now and in the future.




] » Principles and goals of sustainability:
Western perspectives

-
Learning intention

Atthe end of this lesson, | will be able
to identify and describe some of the
principles and goals of sustainability.

Key terms

biodiversity: the variety of organisms
inan ecosystem

ecosystem service: a benefit to
humans provided by an ecosystem

sustainable: able to be maintained at
acertainrate or level

Investigation 4.1
The sustainability game, page 519

\Content group: Sustainability

GOOD HEALTH
AND WELL-BEING

e

GENDER CLEAN WATER
EQUALITY AND SANITATION
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Figure 4.3: The United Nations Sustainable
Development Goals are interrelated - actions
taken in one area will affect the others.

144 Good Science NSW Stage 5

The principles and goals of sustainability aim to promote the
responsible and ethical use of Earth’s resources, protect the
environment, and ensure a high quality of life for present and
future generations.

Improving the environment requires
a united approach

In 2015, the United Nations adopted 17 Sustainable Development Goals
(SDGs) (Figure 4.3). The SDGs encourage governments, businesses and
individuals to work together to improve the environment and the quality
of human life by 2030.

We need to use resources carefully

Resources can be described as non-renewable (finite) or renewable
(infinite). We need to use resources in a way that is beneficial
for all humans, now and in the future.

Sustainable resource use can include:

careful monitoring of natural resources such as fish populations
and forests to prevent overharvesting

the recycling of materials

using alternative resources to prevent damage to the environment
creating circular economies to reduce waste

engaging with Indigenous knowledges and peoples to better care
for Country.

We need to conserve ecosystems

We depend on the natural environment to survive. Our food is sourced
from plants and animals, aquatic ecosystems provide clean drinking
water, and photosynthesis creates oxygen. Bees pollinate our crops,
coral reefs and mangroves prevent erosion of coastal areas, and humans
obtain a sense of wellbeing from spending time in nature. These benefits
to humans are known as ecosystem services and can be divided into
provisioning (e.g. drinking water), regulating (e.g. soil fertility) and
cultural services (e.g. recreation).

Human activity can disrupt the environment and natural ecosystemes.
Ecosystems can be destroyed by land clearing or damaged by pollution.
Human activity can also support ecosystems through conservation
efforts that preserve and restore habitats to protect the variety of
species in the ecosystem — its biodiversity. It isimportant to conserve
the natural environment so that we can continue to obtain these
important ecosystem services for ourselves and future generations.



We need to preserve
biodiversity

~

A biodiverse ecosystem contains
many species. In an ecosystem,
all living things are connected
to each other, and the loss
of one can resultin the
loss of them all. The
more biodiverse

an ecosystem is,

the more stable
itisand the more
resistantitis to change.
Itisimportant to conserve
biodiversity because
different species provide us
with different ecosystem services:
bacteria and fungi act as decomposers

to return nutrients to the soil, insects pollinate
food crops, and many species of fish are important
food sources. We also source many medicines from
nature, antibiotics can be synthesised from chemicals
produced by fungi, and painkillers can be derived from
plants. If we lose species, we also lose these products.

I S

Learning Ladder

Environmental sustainability

o Identify three important resources that are
obtained from ecosystems.

e Describe the effects of human activity such as pollution
on natural ecosystems.

e Explain the impacts of overharvesting on a population
of fish.

o Discuss the importance of the United Nations
Sustainable Development Goals.

e Analyse how human activity has affected biodiversity.

Problem-solving see page 425
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Waterways provide an important ecosystem service
because they supply us with clean drinking water. Plastic
pollution can contribute to the degradation of waterways.

0 Brainstorm some solutions to prevent plastic
pollution from urban areas ending up in waterways.

9 Select one of your solutions and explain how it would work.

Figure 4.4: Biodiversity
is important for healthy
ecosystems. Natural
ecosystems are more
biodiverse than those
changed by humans.

Unfortunately, biodiversity is declining.
Habitat destruction, pollution, overharvesting
and the introduction of invasive species are
causing populations of many species to decline
and increasing the risk of their extinction.

e Conduct some research to find out about at least three
strategies to prevent plastic pollution in waterways.
Rank them in order of most effective to least effective.

o Assess the strategies from Question 3 to identify the
one most suitable for use in your local area.

e Evaluate the importance of keeping waterways
pollution free.

Research one of the United Nations Sustainable
Development Goals to find out what the goal aims to do
and what progress has been made towards meeting it.

Success criteria

« | canidentify and describe why conserving and preserving
ecosystems is important for sustainability.

| can identify and describe why using our resources
carefully isimportant for sustainability.
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- 2 > Sustainability and caring for Country:
Aboriginal and Torres Strait Islander
perspectives

Learning intention

At the end of this lesson, | will be able
to understand the importance of
caring for Country and how it links

to sustainability.

Key terms

Country: acomplex concept that can
include lands, waterways, coastlines,
the sky and stars; also the complex
lore, law, place, custom, tradition, spirit,
culture, language, family and identity
that are part of First Nations’ cultures
and knowledges

dominion: to have power or control
over another thing

megafauna: the large mammals and
marsupials that roamed across the
continent of Australia and became
extinct during the latter part of the
Pleistocene period

Content group: Sustainability

Figure 4.5: The numbat is one of many
unique species that only live in Australia. It is
one of the most endangered animals on the
planet, with fewer than 1000 remaining in the
wild today. To care for Country is to care for
the numbat and all other endangered and
threatened species. We have a responsibility
to care for Country; otherwise, no numbats
will survive for future generations.
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Sustainability has always been at the heart of First Nations
Peoples’ caring for Country. By applying principles focused on
ecology, food webs and the scientific method, Aboriginal and
Torres Strait Islander Peoples have been able to thrive through
extreme climate events like the last Ice Age (about 16 000—
25000 years ago), the mass extinction of Australian megafauna
about 11 000 years ago, and a continent-wide mega-drought
about 800 years ago.

Caring for Country is a priority

For Aboriginal and Torres Strait Islander cultures, Country does not
mean a contemporary nation-state like Australia; rather, it includes

all observable objects and phenomenain the human and the
more-than-human realms. This means that the concept of Country
often includes more than just land. Country is sacred and something
that has rights and should be respected and cared for at every
opportunity. For many, Country is not a commodity to be exploited,
but is more like part of an extended family or even an extension of self.

As such, rather than owning land and having dominion over it in
the Western sense, Country is something to be in a relationship with,
and needs to be cared for as we would care for friends, family and our
communities. In turn, Country cares for people in the same way.

Caring for Country means caring for people

The reasons for caring for Country do not necessarily explain how
it should be cared for. First Nations Peoples’ understandings of
environmental science, ecology, food webs, climate, weather,
geology, agriculture, aquaculture and many other scientific
disciplines have informed them about how to care for Country.

This means that, for generations of young First Nations people, the
concept of sustainability was not taught in the same ways that it is
today. Caring for Country was taught instead, the outcome of which
was sustainability.

In addition, by considering people as belonging to Country and
Country as belonging to people, it meant everyone had access to food,
clean water, housing, education, health care and medicine, justice and
respect. This is similar to the United Nations Sustainable Development
Goals. Caring for Country has involved caring for people because when
people are cared for, we are all better able to care for Country together.



An example of caring for Country is knowing
when and where to light fires to clear undergrowth
and reduce fuel load. These decisions would also be
determined by mostly predictable seasonal variations
of wind speed and direction. In some places, complex
stories related to the reproductive cycles of plants
and animals helped to inform when to conduct
specific caring for Country practices. There were also
knowledges that related to when and how to harvest
specific plants to ensure that food could be cultivated
without killing the plant. These practices ensured that
there would be enough for everyone in the present
and the future.

We need to understand Country
to let it sustain us

Being connected to Country requires us to re-think
how we interact with our environment and each other.
Being connected to Country has allowed First Nations
communities to be the oldest continuous cultures

in the world, and has maintained environments that
have supported populations through some of the most
challenging climate conditions in history. We must
recognise that what we take from Country will be
taken from us or the next generation, but what we give
to Country is given back to us and future generations.
We have a responsibility to care for the future just as
much as we care for the present.

4 Figure 4.6: A First Nations ranger and
a non-Indigenous ranger work together
to catch, check, tag and release
crocodiles near Maningrida Kakadu in
the Northern Territory. Working together
is necessary to best care for Country.

Learning Ladder

Environmental sustainability

o Identify the scientific disciplines First Nations’
cultures have used to help care for Country.

@ Describe how First Nations Peoples have been able
to thrive in challenging climates.

e Explain how caring for people helps to care for
Country.

e Discuss how caring for Country supports being
sustainable.

e Analyse how First Nations cultures conceptualise
their relationship with Country. How is this similar
to or different from how Western cultures consider
Country? How does this affect environmental
sustainability?

Problem-solving see page 425

First Nations Peoples’ knowledge about how to care for
Country is a great source of information about how to
support biodiversity. This was severely disrupted with the
colonisation of Australia.

@ Brainstorm some solutions that would include First
Nations stakeholders and knowledge to support the
ongoing biodiversity of Australia.

e Select one of the solutions you identified and explain
how it would work.

e Identify where First Nations Peoples’ knowledge is
being applied to help care for Country. Describe the
impact this strategy has had on Country.

o Assess how the above knowledge would work if
applied in your local area.

e Evaluate the importance of working with Aboriginal
and Torres Strait Islander Peoples to care for Country.

Select one way of caring for Country and consider how
it would in turn help to care for people.

Success criteria

| canidentify and describe how sustainability is an
outcome of caring for Country.

| can identify and describe why caring for Country is
important for sustainability.
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3 > Climate and weather

Learning intention

Atthe end of this lesson, | will be able
to distinguish between weather and
climate.

Key terms

climate: trends in weather over a
period of at least 30 years

climate zone: a region with a specific
climate

meteorologist: a scientist who studies
the atmosphere and its effects on
Earth, including weather patterns

ocean circulation: the movement
of water in the oceans due to major
currents

weather: what is happeningin the

atmosphere at a specific place
andtime

Investigation 4.3
Observing the weather, page 520

Content group: Climate science

Figure 4.7:
Weather describes

what is happening in the
atmosphere at a specific
place and time.
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The difference between climate and weather is a matter of
time. Studying weather and climate can prepare us for extreme
weather events and allow us to observe how climate trends
are changing.

Weather happens over short periods

Weather describes what is happening in the atmosphere at a specific
place and time — it can be minutes, hours, days or weeks. The weather is
always changing because it depends on factors such as temperature, air
pressure, wind, humidity and cloud formation. It can also be influenced
by landforms and ocean circulation,

Meteorologists study the weather and use complex computer
models to make predictions. Short-term forecasts are reasonably
accurate, but long-term forecasting is more challenging.

Extreme weather events include cyclones, storms, floods and
heatwaves. Being able to predict where and when they will happen
allows communities to be prepared to respond.

Climate happens over longer periods

Climate describes the average weather patterns at a specific location or
region over a period of at least 30 years. The climate for a region can be
described using mean temperature and rainfall data at different times
of the year, but it also includes data such as the frequency of extreme
weather events. For example, Sydney has higher temperatures during
summer and lower temperatures during winter, higher rainfall between
February and June, and extreme thunderstorms between October and
March. Northern parts of Australia have higher rainfall over summer
(the wet season) than in winter (the dry season). Tropical cyclones

are more common in these regions between November and April.

Sydney (Observatory Hill)
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Polar climates

There are trends in climate across
the world

Climate zones are regions with a specific climate.
The Koppen climate classification system is one of
the most widely used and is based on temperature
and rainfall. In this system, there are five major
climatic zones, as shown in Table 4.1 and Figure 4.9.
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Table 4.1: Climate zones according to the Képpen

classification system Polar climates

Zone Description Figure 4.9: Asimplified map of global climatic zones

Tropical Located at the equator
High temperatures and high rainfall

Dry Located north and south of the tropics Le q r n i n g Lq d d e r

Much less rainfall than in the tropics

Environmental sustainability
Includes deserts

Temperate and =~ Lower temperatures and high rainfall 0 Identify an observation you could make to describe
continental Coastal regions influenced by ocean the weather today.
currents @ Describe the characteristics of the climate zone that
Continental climates highly variable New South Wales is part of.
Polar Low temperatures, permanent ice caps © Explain the difference between weather and climate.

O Discuss the changes in climate you would observe if
you were to travel from the equator to the poles.

The glObGl C"mqte IS Chqnglng e Analyse how changing patterns in extreme weather

Long-term data shows that Earth’s climate is events could affect communities.

changing, driven by an increase in atmospheric Analysing data and information  see page 420
temperature. This influences rainfall, ocean

temperatures and ocean circulation.

Use the datain Figures 4.8 and 4.10 to answer these

. . questions.
Australia’s average temperature has risen by

1°C since 1910 (Figure 4.10). In this time, we have

observed more extreme heatwave events, prolonged

droughts and longer bushfire seasons. Cyclones are maximum and minimum temperature and time

increasing in strength and are forming further away ofthe year.

from the equator and outside of the expected season. @ Predict the trend that may be observed in Australia’s
temperature data between 2030 and 2050.

15 Australian surface air temperature @ Discuss the data that would be needed to be
collected and analysed to support the statement:
‘Australia’s average temperature is rising.’

0.5 e Use the data to evaluate the statement:
‘Temperatures in Sydney are rising.’

o Describe the trends in the mean monthly rainfall data
from January to December.

e Explain the relationship between mean daily

1.0+

Temperature anomaly (°C)

0.0+
_0.5- In context
104 The Australian continent experiences three major
climatic zones. Propose how this influences the weather
-15 T T T T T T T T T —> from the north to the south of the continent.
1910 1930 1950 1970 1990 2010
Year Success criteria

o
Figure 4.10: Australia’s average temperature has increased by + lcandistinguish between weather and climate.
1°C on average since 1910. This data shows how far the average - | canidentify global climate trends.

temperature has varied from the 1961-90 average.
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A greenhouse is a glass structure that gardeners use to trap

. . the Sun’'s energy and keep plants warm. The glass allows the
Atthe end of this lesson, | will be able to Fitf . ,
explain the impact of the atmosphere energy through but prevents some of it from escaping. Earth’s
and the greenhouse effect. atmosphere acts in a similar way. Without the atmosphere, all the
Sun'’s energy would escape, leaving Earth to be a frozen planet.

Learning intention

Key terms
the layer of gas that .
surrounds Earth and is 600 km thick The qtmOSphere Isa quer Of gQS
the trapping of The is the 600 km thick layer of gas that surrounds Earth.
the Sun's heat by Earth's atmosphere The atmosphere protects life on Earth from harmful radiation by either

agasthat traps absorbing it or reflecting it back into space.

the Sun’s heat energy in Earth’s
atmosphere The atmosphere is made up of four major layers (Figure 4.11):

troposphere — the bottom layer: where we live, aeroplanes fly

Investigation 4.4 and weather takes place

The greenhouse effect, page 521 stratosphere — contains the ozone layer

Content group: Climate science mesosphere — where meteorites burn up

thermosphere — where auroras happen.

: The atmosphere contains oxygen, which we
'.Space : ; breathe, and carbon dioxide, which plants use for

: : ' photosynthesis. Oxygen makes up about 21 per cent of
the gasesin the atmosphere. Other gases are nitrogen
(78 per cent), argon (0.93 per cent) and carbon
dioxide (0.04 per cent). The atmosphere also contains
minute quantities of neon, helium, methane, water
vapour, krypton, hydrogen, xenon and ozone.

Thermosphere

Mesosphere The greenhouse effect keeps
Earth's surface warm

When the Sun’s solar radiation hits the surface of
Earth, some of it is reflected back into space and some
is absorbed by Earth’s surface, warming it. The warm
surface emits energy as infrared radiation, which

will leave Earth and travel back out to space unless
something prevents it from doing so.

Stratosphere

Ozone layer

A is a gas that stops this infrared
energy from going straight back out into space.
Molecules of greenhouse gases absorb and then
re-emit this energy, warming the lower atmosphere

4 Figure 4.11: Earth’s atmosphere consists of four major layers:
the troposphere, stratosphere, mesosphere and thermosphere.
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Some infrared radiation

Some of the Sun’s passes through the

radiation is reflected atmoSpETENOeIETS < ?hgure 4-1§= oot
by Earth and the released by greenhouse ) egreen ousee e?t.ls
atmosphere. gases and re-emitted in all important for maintaining
directions by the atmosphere. the temperature onthe
surface of Earth.

This warms Earth'’s surface
~ and the lower atmosphere.

Atmosphere

Some radiation

‘is absorbed by

Earth’s surface,
warming it.

Infrared radiation
is emitted by
Earth's surfaqe}'

and the surface of Earth. This is known as the in the atmosphere for a long time — more than

,and without it, the surface of
Earth would be —18 °C.

Greenhouse gases trap heat

The major greenhouse gases in the atmosphere are
water vapour (H,0), carbon dioxide (CO,), methane

100 years. Others, such as water vapour, stay in the
atmosphere for only a short time — up to a few days.

Table 4.2: Atmospheric concentration of common
greenhouse gases

Pre-industrial concentration
(parts per million, ppm)

Greenhouse gas

(CH,) and nitrous oxide (N,0). These gases are only Water vapour, H,0 1-3
presentin the a’Fm.osphere in very small quantities Carbon dioxide, CO, S50
(Table 4.2), but it is enough to trap energy to keep

Earth’s surface warm — an average of about 13.6 °C Methane, CH, 07
in pre-industrial times. The molecules of some Nitrous oxide, NO, 0.27

greenhouse gases, such as nitrous oxide, can stay

Learning Ladder

Environmental sustainability @ Explain the relationship between concentration
of greenhouse gases in the atmosphere and the

temperature of a planet.

o Identify the most common gas in Earth’s atmosphere.

e Describe what can happen to solar radiation when it

e The atmosphere of Venus is about 96 per cent carbon
reaches Earth.

dioxide. Predict what effect this has on surface

e Explain how greenhouse gases in the atmosphere keep temperatures on the planet.

Earth warm.

o Discuss the importance of greenhouse gases in the

atmosphere for life on Earth. Suggest why a comparison with a gardener’s greenhouse

is used to explain the greenhouse effect.

e Analyse the potential impact long-lived greenhouse
gases, such as nitrous oxide, would have on the
greenhouse effect.

Success criteria

« |candescribe the atmosphere.

Analysing data and information see page 420

- | canidentify major greenhouse gases.

o Describe what would happen to Earth’s surface - | canexplain the effect of the natural greenhouse effect.
temperature over a 24-hour period if there were no
atmosphere.
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Humans have added more greenhouse gases into the
atmosphere, which has artificially enhanced the greenhouse
effect, raising the average temperature of Earth by about 1 °C.

Learning intention

At the end of this lesson, | will be able
to evaluate scientific evidence for the
effect that human activity has on the

greenhouse effect. Humans have increased the greenhouse effect
Key terms Since the ,human activity, such as the burning of
an fossil fuels and factory emissions, has increased the levels of greenhouse

increase in the greenhouse effect due

= gasesin the atmosphere. Because there are more gas particles, more
to human greenhouse gas emissions

infrared radiation stays in Earth’s atmosphere and less is radiated back
into space. This is called the

aperiodin
the late 1700s when manufacturing
transformed to large-scale factories —
that were powered by the burning of Natural - i . Enhanced

fossil fuels greenhouse o . greenhouse
effect ’ _ effect

Content group: Climate science

Figure 4.13: Acomparison P
of the natural greenhouse
effect and the enhanced
greenhouse effect

Figure 4.14: The Keeling curve shows

. o . Greenhouse Atmosphere  More greenhouse
atmospheric carbon dioxide concentration gases gases
(in ppm) from 1956 to today.
v
430 Atmospheric CO, levels are
| Annualeycleofco, increasing

40
Scientists can measure the amounts of greenhouse
gases in the atmosphere and correlate this with average

- temperatures to demonstrate the relationship between
the two. A global network of stations samples the
atmosphere regularly, including Mauna Loa Observatory
on the Big Island of Hawaii and the Kennaook/Cape Grim

Baseline Air Pollution Station in north-west Tasmania.

Measurements taken at Kennaook/Cape Grim show that

carbon dioxide levels in the atmosphere are increasing.

1995 | 2005 = 2015 2025 N 2024, the atmospheric concentration of carbon

Year dioxide was about 425 ppm (parts per million).

Atmospheric CO3 levels (ppm)
Q
o
!

I I I I
1965 1975 1985
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The Keeling curve plots CO, levels
in the atmosphere

In 1958, US scientist Charles Keeling started monitoring
carbon dioxide concentrations in the atmosphere at
Mauna Loa, in Hawaii. His research showed that the
concentration of carbon dioxide in the atmosphere was
steadily increasing and changed throughout the year.

The annual cycle is because most of Earth’s land
mass and plant life are in the northern hemisphere.
Over the northern spring and summer, plant growth and
photosynthesis increase, which reduces carbon dioxide in
the atmosphere. During autumn and winter, plant growth
and photosynthesis decline and levels of carbon dioxide
in the atmosphere increase. When plotted as a graph,
this data is known as the Keeling curve (Figure 4.14).

Ice core data also shows CO, levels
are increasing

Ice cores are cylinders of ice drilled from ice sheets.
Scientists use ice cores that are up to 800 000 years
old to find out more about Earth’s past temperature
and climate. Importantly, they can analyse air bubbles
trapped in the ice to determine the concentration of
gases in Earth’s atmosphere over time.

Data from ice cores shows that the recent increase
in carbon dioxide levels due to human activity is
unprecedented (Figure 4.15).

400 -
Current level —
375
350 -
325 4

300

275
250
225 -

Atmospheric CO3 levels (ppm)

200 —

175

T T T T
400 300 200 100 0
Years before present (‘000)

— Vostok ice core  —— Law Dome ice core
—— Mauna Loa instrumental measurements

4 Figure 4.15: Combined data from the Vostok and Law Dome
ice cores in Antarctica and from Mauna Loa show how the
carbon dioxide concentration in the atmosphere has varied
over the last 400 000 years.

Learning Ladder

Environmental sustainability

o Identify the cause of the enhanced greenhouse
effect.

e Distinguish between the natural and enhanced
greenhouse effects.

e Explain a potential impact of increased
concentrations of greenhouse gases in the
atmosphere.

e Discuss the importance of using ice core data to
evaluate the impacts of human activity on carbon
dioxide levels.

© Analyse the data on atmospheric carbon dioxide
levels to explain the impact on atmospheric
temperature. Note: You may need to refer to the
Australian temperature trends in Figure 4.10.

Analysing data and

information see page 420

o Describe the trends in atmospheric carbon
dioxide concentration shown in the Keeling
curve (Figure 4.14).

9 Explain the reason for the annual fluctuation
in atmospheric carbon dioxide levels in the
Keeling curve.

e Extrapolate the data in the Keeling curve to
predict the amount of carbon dioxide in the
atmosphere in 2030 and 2035.

O Assess the validity and reliability of atmospheric
carbon dioxide data gathered at Mauna Loa and
Kennaook/Cape Grim to inform the levels across
the globe.

e Evaluate the statement: ‘Carbon dioxide
levels in the atmosphere have increased at
unprecedented levels since 1950.

Create an animation or a poster to help you explain
the difference between the natural and enhanced
greenhouse effects to people in your local area.

Success criteria

« | candescribe how human activity has enhanced
the greenhouse effect.

| can discuss some of the evidence forthe
enhanced greenhouse effect.
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*© > Reducing greenhouse gas emissions

-

Learning intention

At the end of this lesson, | will be able to
identify the advantages and limitations

of methods used to reduce greenhouse
gas emissions.

Key terms

carbon sequestration: the process
of capturing and storing atmospheric
carbon dioxide

energy efficiency: how much usable
energy is produced compared to how
much energy has been supplied

greenhouse gas emission: the
production of a greenhouse gas

net zero emissions: the greenhouse
gas emissions that are produced

are balanced out by those that are
absorbed by other processes

./ 154 _Good Science NSW Stage s

Content group: Climate science

Figure 4.16: Installing solar

panels and switching to more
energy-efficient appliances
will reduce greenhouse

gas emissions.

Many technologies and practices are being developed to
achieve net zero carbon emissions over the next few decades.

The international community has agreed
to reduce greenhouse gas emissions

The Intergovernmental Panel on Climate Change (IPCC) is a United
Nations group that has stated that reducing emissions of carbon dioxide
and other greenhouse gases will reduce the concentration of these gases
in the atmosphere and thus reduce global temperature increases.

Governments have agreed to address these issues and reduce the
greenhouse gas emissions of their countries. Major agreements include
the Kyoto Protocol (1997) and the Paris Agreement (2015).

Australia plans to reduce its emissions to 43 per cent below its
2005 levels by 2030 and to reach net zero emissions by 2050.

We are changing how we power ourselves

Electricity to power homes, workplaces, factories and cities contributes
the highest amount to Australia’s greenhouse gas emissions. Phasing
out coal and gas in favour of renewables such as solar and wind,
accompanied by storage facilities such as batteries and pumped

hydro, will reduce emissions. Switching the manufacturing industry

to be fully electric, instead of relying on fossil fuels, will significantly
reduce emissions.

We can reduce our personal greenhouse gas emissions by:
switching from gas to electrical appliances
switching to more energy-efficient appliances

4 Figure 4.17: Generating electricity
from renewable sources such
as wind instead of fossil fuels will
reduce greenhouse gas emissions.




being mindful of energy use, such as switching
appliances off at the wall when they are not in use
installing solar panels and battery storage so that
households can run off the energy they produce.

Changing transport will reduce
emissions

After power generation and the manufacturing
industry, transport is the third-largest source of
greenhouse gas emissions in Australia. Switching
the transport industry to use rail for freight and using
electric vehicles will significantly reduce emissions.

We can reduce our personal transport greenhouse
gases by:

using public or active transport

switching to hybrid or electric vehicles

reducing our air travel.

Changing how we use land will
reduce emissions

Although crops act as a carbon sink, the land
management and agricultural sectors also contribute
to greenhouse gas emissions in Australia. Clearing
native forests removes an important carbon sink, and
livestock produce high levels of methane. Changing
agricultural practices to encourage more

in soils, reducing methane production
by changing the food provided to livestock, and
stopping the clearing of native forests can help to
bring the carbon emissions produced by the land-
management and agricultural sectors to net zero.

Challenges exist in reducing
greenhouse gas emissions

Barriers to reducing greenhouse gas emissions are
mostly economical. For some countries, fossil fuels
are still the cheapest form of energy. Many countries,
including Australia, rely heavily on the income from
the mining and sale of fossil fuels. New technologies
can be expensive and require rare earth metals, the
processing of which can cause other environmental
damage. Vehicle batteries cannot yet store enough
power to last the long distances travelled by vehicles
in Australia, so this is a barrier to the use of electric
vehicles.

Figure 4.18:
Switching
to electric
vehicles
reduces
greenhouse

Learning Ladder

Environmental sustainability

o Identify five ways that your lifestyle results in
greenhouse gas emissions.

@ Describe the effect that not controlling greenhouse
gas emissions will have on Earth.

e Explain one of the impacts on Earth of implementing
strategies to reduce greenhouse gas emissions.

o Discuss the importance of using renewable sources
to generate electricity in order to reduce greenhouse
gas emissions.

e Analyse the impacts of banning vehicles powered by
fossil fuels in Australia.

Problem-solving see page 425

o Propose how you could change your lifestyle to
reduce your greenhouse gas emissions.

e Explain how replacing gas appliances with electric
ones can reduce greenhouse gas emissions.

e Australia plans to reach net zero carbon emissions
by 2050. Discuss the most important changes that
need to be made to reach this goal.

o Assess the effectiveness of the strategy to move all
electricity generation to renewable sources such as
wind and solar in reducing greenhouse gas emissions.

e Evaluate how improving land-management
strategies will affect Australia’s overall greenhouse
gas emissions.

Discuss some strategies for limiting the amount of
carbon emissions produced by a small dairy farm.

Success criteria

| can identify some advantages and limitations of
methods used to reduce greenhouse gas emissions.

Environmental sustainability 155

gas emissions.

/




/> Climate change

Learning intention

Atthe end of this lesson, | will be able
to describe some of the impacts of
increasing atmospheric temperatures
on Earth.

Key terms

glacier: a slowly moving mass of ice
formed by the accumulation of snow

precipitation: liquid or solid water that
forms in the atmosphere and falls to
Earth's surface

thermal expansion: the increase
of volume of a substance due to an
increase in temperature

water cycle: the cycle of processes
by which water circulates between
Earth’s oceans, atmosphere, land
and biosphere

Investigation 4.7A
Modelling thermal expansion, page 523

Investigation 4.7B
Melting ice and sea-level rise, page 525

Content group: Impacts of
present-day climate change

records hasincreased in
Australia since 1910.

Figure 4.20: »

The number of days when
mean temperatures were
inthe top 1 percent of

Number of days Australian mean temperatures
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were in the warmest 1% of records
N
?

Earth's climate is changing. Long-term data shows that Earth’s
average temperature has increased since 1880. This is influencing
weather patterns, sea levels, ocean temperatures, and the
presence of ice at the poles.
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Figure 4.19: The world’s average temperature has increased by more than1°C
since 1880. This graph shows how far the average temperature has varied from
the 1951-80 average.

Evaporation and precipitation will increase

Water moves around Earth in the water cycle. Increasing temperatures
are causing some parts of the water cycle to speed up. As the oceans
get warmer, more water evaporates, which means that more water
moves into the atmosphere. This results in more cloud formation, more
precipitation and larger storms. Climate modelling shows that rainfall
patterns will also change, with a lot more precipitation over the oceans
or along the coastlines of continents, and the interior of the continents
becoming dryer. If there is more water in the atmosphere, rainfall events
can become larger, resulting in flooding. Higher temperatures, and
therefore evaporation in regions that receive low rainfall, will result in
more extreme droughts.

| | | | | | I ] ] II
1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020
Year



Melting ice contributes to rising When sea ice melts, it leaves dark-coloured

sea water behind, which absorbs incoming solar

sea levels , s _

energy instead of reflecting it, like ice does. This
The increase in global temperatures has led to a increases the sea temperature and melts the remaining
reduction of ice at the poles, as well as in glaciers on sea ice faster. Satellite imagery has shown that there
continents. When glaciers and other continental ice has been a13 per cent reduction in the permanent
melts, the water runs off into the oceans, contributing summer sea ice in the Arctic each decade since the
to sea-levelrise. Figure 4.21 shows how the Franz late 1970s (Figure 4.22). It is predicted that the Arctic
Josef glacier in New Zealand has changed since 2009. Ocean will have ice-free summers by the 2050s.

4

Figure 4.21:

The Franz Josef
glacier, onthe west
ofthe South Island
of New Zealand,
retreated about
800 m between
2009 and 2020.

It has retreated
about 3 km since
the late 1800s.
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Heatwaves and
bushfires will become
more frequent

A heatwave is a period of three or
more days of higher-than-normal
temperatures for a particular
region. Not only are temperatures
expected torise, but heatwave
events are expected to become
more frequent and of longer
duration. This will cause challenges
for communities, as they need to
develop infrastructure to support
people who are vulnerable to the
extreme temperatures.

The high temperatures and dry
conditions produced by climate
change also increase the risk of
bushfires. Bushfires move rapidly
through dry vegetation. In Australia,
high temperatures are causing the
bushfire season to extend into spring
and autumn and the number of
extreme fire danger days to increase.

o
Figure 4.22: The extent of the permanent summer seaice in the Figure 4.23: lluka, New South Wales,
Arctic Ocean has decreased by 13 per cent every decade since 1979. November 2019. The 2019-20 bushfire

season was the worst ever recorded in
New South Wales and across Australia.
It was brought about by severe drought
combined with intense fire behaviour.
Millions of hectares were burned, plus

homes were destroyed and lives were lost.
v
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Sea levels arerising

Sea levels have risen 0.10—-0.20 m around the world
in the last century. Some of this rise is attributed to
melting glaciers, but at least half is caused by

. The amount by which sea levels rise varies
around the world because the strength of winds and
ocean currents varies, and this affects how much
heat can be stored in the deeper parts of the ocean.

Temperature falls
Cool water contracts

V'S

Warm water expands

As the water in the ocean absorbs more heat energy,
thisis transferred to the water molecules, which
vibrate more rapidly and move further away from
each other, increasing the volume of the water.

As sea levels rise, this will put pressure on coastal
communities and threaten infrastructure such as
roads and buildings.

Temperature rises

Figure 4.24: As the temperature of the water increases, the molecules push each other further apart and so the volume increases.

Learning Ladder

Environmental sustainability

o Identify the following statements as true or false.
a Higher levels of carbon dioxide in the atmosphere are
causing Earth to cool.
b Higher atmospheric temperatures will result in more
evaporation and precipitation over the oceans.
¢ Warm water takes up more space than cool water.

9 Describe the effect that increasing atmospheric
temperatures has had onice in the Arctic Ocean.

e Explain how higher atmospheric temperatures are
causing sea-levelrise.

o Discuss the effect of climate change on the frequency
and severity of bushfires.

e Analyse how the burning of fossil fuels has affected the
natural world.

Analysing data and information

see page 420

o Describe the trends shown in:
a Figure 4.19.
b Figure 4.20.

e Explain the relationship between increasing sea
temperatures and rising sea levels.

9 Predict what will happen to the number of extreme
temperature days in Australia if carbon dioxide levels
inthe atmosphere continue torise.

e Assess the usefulness of the data in Figures 4.19 and
4.20 for identifying a relationship between increasing
temperatures and the number of extreme temperature
days in Australia.

e Use the data provided to evaluate the statement:

‘The effects of climate change have increased since
the1980s.’

Write some questions you could ask your parents and
grandparents about how they have experienced climate
change during their lifetimes.

Success criteria

« | candescribe how increased atmospheric temperatures
are affecting evaporation and precipitation.
| can describe how increased atmospheric temperatures
are increasing the risk of heatwaves and bushfires.

| can describe how increased atmospheric temperatures
are reducing the size of glaciers and permanent sea ice at
the poles.
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Learning intention

At the end of this lesson, | will be able to
describe some of the consequences of
climate change.

Key terms
areas of high elevation

the natural cycling of
carbon through ecosystems

adecreaseinthe
pH of the oceans due to the absorption
of more carbon dioxide

Investigation 4.8
Modelling ocean acidification, page 526

Content group: Impacts of
present-day climate change

Atmospheric CO,

(] o o ([ ]

o ® o ®
e o0 o [ ]
e ° e @ rorms

@ Carbon dioxide carbonic

dissolves in water acid
@ Breaks down to form

bicarbonate and
hydrogen ions

HCO4™

H+

(bicarbonate) (free hydrogen

e Carbonate ions react
with the ‘extra’
hydrogen ions

e Less carbonate is

available for marine @ @

organisms to build their
shells and skeletons

4 Figure 4.25: Ocean acidification is
caused by higher amounts of carbon
dioxide being absorbed by oceans.
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Climate change is affecting ecosystems worldwide as natural
processes are disrupted. Increased levels of atmospheric carbon
dioxide are causing ocean acidification, and high temperatures
are leading to habitat loss.

Oceans are becoming more acidic

Oceans absorb carbon dioxide from the atmosphere as a natural part
of the , but the amount they are absorbing is increasing
as the amount of carbon dioxide in the atmosphere increases.

When carbon dioxide dissolves in water, it undergoes a chemical
reaction to form carbonic acid (H,CO,). The carbonic acid then breaks
down, releasing hydrogen ions (H*) that react with free carbonate
ions (CO,7) in the water to form bicarbonate. This decreases the pH
of oceans, leading to

The chemical reactions also mean that less calcium carbonate (CaCO,)
is available for zooplankton, coral and shellfish, which need it to build
their shells and skeletons. As well, the carbonate in their shells reacts
with hydrogen ions in the water, so these organisms cannot grow or
they produce thinner shells that are more easily damaged. This will
have flow-on effects in the ocean ecosystem, as important organisms
in food webs start to disappear.

Climate change is causing habitat loss

Across the world, we are observing habitat loss due to climate change.
The Arctic is warming almost twice as quickly as anywhere else in the
world, affecting the level of sea-ice coverage. This is limiting the habitat
available for polar bears.

Polar bears have evolved to rely on the sea ice as a platform for
hunting seals. They do most of their hunting over winter and spring,
storing energy for summer and autumn. In the southern areas of the
polar bears’ habitat, such as Hudson Bay in Canada, the sea ice now
melts earlier in spring and forms later in autumn, reducing the time
available to hunt. Previously, polar bears would have rested for the
short period of time when there is no sea ice, but now their time on
land is extended. For every week the ice breaks up earlier, the bears
can be about10 kg lighter and in poorer condition. This is leading them
to scavenge for food on land and can even lead to starvation. Habitat
loss due to climate change is the biggest threat to the survival of the
polar bear.

Many Australian species are also experiencing habitat loss due to
climate change. There are thought to be fewer than 2000 mountain
pygmy possum left in the wild, living in small populations in the

regions of northern Victoria and southern New South Wales.



Their primary habitat is boulder fields — the rocks
provide shelter from the extreme winter cold and
the summer heat.

Mountain pygmy possums are one of the few
Australian mammals that hibernate during winter
when food is scarce. Snow in winter provides an
insulating layer on top of the boulder fields, preventing
the temperatures from dropping below freezing and
keeping the mountain pygmy possums warm. If there
is no snow cover, the unprotected mountain pygmy
possums can freeze to death. Changing snowfall
patterns and early snowmelt are contributing to
population decline, as the mountain pygmy possums’
habitat is reduced to smaller and smaller areas that
receive the required snow cover over winter.

= 4 Figure4.26:
Afemale polar bear
hunts a ringed seal
tofeed her cubs.

Learning Ladder

Environmental sustainability

o Identify the main cause of climate change.

9 Describe the effect of excess carbon dioxide in
oceans on the pH of the water.

© Explain the relationship between summer sea ice
and the health of polar bears.

e Discuss the impacts of rising temperatures on
habitat loss.

e Analyse how increased carbon dioxide in the
atmosphere is affecting ocean ecosystems.

Analysing data and information  see page 420

0 Describe how the pH of the oceans has changed over
the last 200 years.

e Explain the relationship between atmospheric carbon
dioxide concentration and sea temperatures.

e Predict what may happen to coral reefs if carbon
dioxide emissions are not reduced.

e Explain how the reduction in Arctic sea ice and changes
in snowfall patterns in the Australian alpine regions
provide reliable evidence for global climate change.

e Evaluate the relationship between increased

atmospheric carbon dioxide levels and a decrease
inthe polar bear population.

In context

# Figure 4.27: Mountain pygmy 4
possums live in alpine !
boulder fields. They rely on
winter snow cover to provide
insulation for their habitat.

In many cases, organisms cannot keep up with the rapid
changes to their habitats caused by climate change.
One strategy being implemented by land managers in
Australia is ‘assisted colonisation’, or the act of moving
plants or animals to new places to help them survive as
their existing habitat changes. Discuss the benefits of
this type of strategy for maintaining biodiversity.

w8 Bl o o‘; Mot

Success criteria

« | candescribe how increased atmospheric carbon
dioxide levels lead to ocean acidification.

« | candescribe how climate change is causing
habitat loss.
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Jers Using data to evaluate the impact
of climate change

p
Learning intention

At the end of this lesson, | will be able
to discuss how data can be used to
evaluate the impact of climate change.

Key terms

coral atoll: aring-shaped island
formed by a coral reef

coral bleaching: a phenomenon where
corals lose their colour due to the
absence of symbiotic algae

groundwater: water that flows
underground in spaces between rocks
and within soils

Content group: Impacts of
\present—day climate change

Figure 4.28: Sparse snow cover at
Perisher Ski Resort, New South Wales
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Scientists collect data using technology such as satellites. The data
can be used to create models that predict how a changing climate
will affect communities in the future.

Reduced precipitation will result in shorter
ski seasons

Warmer winters and reduced precipitation will result in less snowfall in the
alpine regions of southern New South Wales, Victoria and Tasmania. This
will affect the fragile alpine ecosystems that rely on the snow cover and
the waterways that are fed by the spring snowmelt. It will also affect the
ski season, an important contributor to the economies of these regions.

Scientific modelling has shown that the length of time when
temperatures are low enough for snow to fall and stay on the ground
is decreasing. A ski resort needs to be able to maintain about 30 cm of
snow on the ground of the ski runs, but the depth of natural snowfall has
been declining since the 1950s. To continue operating, ski resorts will
need to rely more on expensive snowmaking activities to supplement
natural snowfall. However, this process still requires low temperatures.
If greenhouse gas emissions continue to increase at their current rate, the
length of the ski season will halve by 2050 - from an average of 110 days
to 55 days. Precipitation will reduce by 4-25 per cent over that time.

Snowfall will be restricted to higher altitudes, where it is colder.
This will significantly change the alpine ecosystems at lower altitudes and
reduce these important habitats. The winter snowfall also contributes a
significant 29 per cent of the water flowing into the Murray—Darling Basin.
Less precipitation in the alpine regions will have a significant impact on
ecosystems downstream.
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Figure 4.29: Projected trends in the length of ski seasons, based on
the amount of greenhouse gas emissions



Low-lying islands will disappear

Many Pacific island nations consist of low-lying islands or
coral atolls that are already experiencing adverse effects
of climate change.
By 2030, sea levels in the Pacific will rise 0.09-0.18 m
compared to1986-2005 levels. Sea levels may rise by
0.20-0.36 m by 2050 and by 0.33-0.63 m by 2070.
Pacific Islands will experience more hot days, and an
increase in sea temperatures, which will affect coral
bleaching.
Climate change will result in fewer cyclones, but they
will be more intense.

Tuvalu is halfway between Australia and Hawaii. It is the
second-lowest lying nation in the world, with most of its
nine islands sitting only about 3 m above sea level. By 2050,
much of Tuvalu will be below the high-tide mark, and the
islands will become uninhabitable in the next 50-100 years.

Tuvalu has experienced a higher sea-level rise than
anywhere else: sea levels have risen more than 5 mm a year
since 1950, compared to the global average of 1.8 mm.
During storms, waves crash over the islands, contributing
to coastal erosion and damaging crops and infrastructure.
The rising sea water has infiltrated groundwater, leaving
the population reliant on rainfall for fresh water.

Algae from bleaching coral reefs can be toxic for people
who eat fish that have ingested the algae.

Modelling shows the impacts of
different emissions scenarios

Scientific modelling shows different scenarios. Modelling
considers what will happen if emissions continue to rise
(high), ifimmediate action is taken to significantly reduce
emissions (low) and scenarios in between the two.

Modelling is useful because it shows that reducing
greenhouse gas emissions will have an impact on climate
change. If we reduce emissions, we will see some recovery
in alpine ecosystems and the ski seasons and less impact on
Pacific island nations.

4 Figure 4.30: Tuvalu’s capital
Fanafutiis located on Fongafale
Island, a coral atoll that sits only
about 3 mabove sea level.

d Learning

Ladder

Environmental sustainability

o Identify four changes that can be expected
due to climate change in:
a Australia’s alpine ecosystems.
b Pacificisland nations such as Tuvalu.

@ Describe the effects that rising sea levels are
having on Pacific island nations such as Tuvalu.

9 Explain the relationship between increasing
greenhouse gas emissions and the rising sea
levels being observed in Tuvalu.

@ Discuss how a reduction in natural snowfall
could affect the water cycle in alpine areas.

© Analyse the effect of reducing greenhouse
gas emissions on ski resorts or on the Pacific
islands.

Problem-solving see page 425

Select either the Australian alpine ecosystems/
skiresorts or Pacific islands as a case studly.

0 Apart from reducing greenhouse gas
emissions, propose some strategies that could
mitigate some of the problems caused by
climate change.

9 Explain the relationship between greenhouse
gas emissions and the effects being observed.

© Discuss some of the major challenges
preventing human adaptation to climate
change.

0 Assess the impact that relocation of key
infrastructure would have on addressing some
of the effects of climate change.

e Evaluate the claim, ‘It is too late to do anything
about climate change.’

In context

Construct an argument you could present as part
of a class debate on this topic, ‘The use of fossil
fuels must be banned by 2035

Success criteria

| can discuss how data can be used to evaluate
the impact of climate change.
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Learning intention

At the end of this lesson, | will be able to
describe the causes of environmental
pollution and discuss its implications.

Key terms

to degrade naturally
through the action of microorganisms

an excess of nutrients
in awater body that leads to excessive
algal growth

the chemical
reaction that occurs in the chloroplasts
of plants and algae to convert carbon
dioxide and water into glucose and
oxygen

Content group: Alternative resource
use and recycling

Figure 4.31: This young albatross died
from consuming plastic pollution that it
mistook for food.

Figure 4.32: Sea turtles
can mistake plastic
bags for their usual
prey of jellyfish.
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Environmental pollution is the addition of any substance or form
of energy to the environment at a rate faster than it can be
dispersed, decomposed or recycled. Pollution is a significant issue
in ecosystems because it disrupts natural habitats and processes.

Plastic pollution affects aquatic ecosystems

Between 19 and 23 million tonnes of plastic waste end up in the world’s
waterways every year, polluting rivers, lakes and the oceans. Plastic
pollution has big impacts on aquatic ecosystems, from killing wildlife
and hindering natural processes, to entering the food chain.

Plastic is a versatile material — itis cheap, flexible and strong and
has a wide range of uses as an alternative to natural materials. Most
plastic products are designed for single use only, do not )
and easily make their way into the environment.

When plastics enter the oceans, usually as macroplastics (larger than
0.5 cm in size), they can be mistaken for prey by birds, turtles and other
marine animals. The consumption of plastic can kill the animal when it
blocks their digestive system. This can result in declining populations
and can have a major impact on food webs.

The Great Pacific Garbage Patch is a region of 1.6 million square
kilometres in the Pacific Ocean between Hawaii and California.
Converging ocean currents bring plastic debris to the region. Most of
itis small and difficult to see; however, larger items of plastic sometimes
converge.




Plastic items break up into smaller and smaller
pieces the longer they are in the environment.
Microplastics are less than 5 mm in diameter and
can be consumed by small fish and filter feeders and
accumulate up the food chain. Microplastics have
been found in Antarctic ice, in the bodies of deep-sea
creatures, in the sands of remote beaches, and even
in humans.
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Figure 4.33: Macroplastics are buoyant plastic materials
greaterthan 5 mm in diameter. The graph shows three
scenarios for future global accumulation in the surface ocean.

Eutrophication is caused by excess
nutrients

is caused by the build-up of excess
nutrients such as nitrogen and phosphorusin
bodies of water. This sets off a chain reaction in the
ecosystem that can significantly affect the overall
health of the waterway. Often, the source of the
excess nutrients is poor farming practices but it
can also come from industry. When nutrients build
up, they can cause rapid algal growth (blooms)

What is eutrophication?

2. Algae blooms due to
presence of nutrients

&. Fish suffocate due
* to lack of oxygen
P <
&\

(
\ Decay

3. Bacteria use oxygen to break down the algae

4 Figure 4.34: Eutrophication is caused when excess nutrients
pollute waterways.

across the surface of the water. The algal bloom
blocks sunlight from reaching other aquatic plants,
reducing and the amount of oxygen
being dissolved deeper in the water. Overnight,

the level of oxygen drops even further, as there is

no photosynthesis, which can kill fish and other
aquatic animals. When the algae and plants die, the
decomposition releases more carbon dioxide into the
water, and the decomposers use up all of the oxygen
thatis left. This can result in a change in the water’s pH
as well as an absence of oxygen, forming dead zones.

Learning Ladder

Environmental sustainability

o Identify three non-renewable resources discussed
inthis section.

9 Describe some of the effects that plastic pollution
has on natural ecosystems.

e Explain why high levels of nutrients in an aquatic
ecosystem can have a negative impact.

O Discuss the impacts of eutrophication on
ecosystems.

e Analyse how our reliance on plastics has affected
the natural world.

Analysing data and information see page 420

Consider the data in Figure 4.33.

o Describe the trend in the amount of macroplastics
in the surface ocean shown in the graph.

9 Propose an explanation for the trend you described
in Question 1.

e If there is no change in the management of plastic
products, predict the amount of macroplasticsin
the surface oceanin 2030.

o Describe what data would have needed to be
collected to ensure the graph in the figure is reliable.

e ‘The amount of macroplastics is an indication of the
amount of microplastics in the ocean.’ Evaluate this
statement.

Discuss why algal blooms in urban lakes often follow
periods of intense rainfall.

Success criteria

« |candescribe the causes of plastic pollution and
discuss its implications.

| can describe the causes of eutrophication and
discuss its implications.
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411 > First Nations Peoples' sustainable
harvesting practices

-
Learning intention

Atthe end of this lesson, | will be able to
understand how caring for Country by
First Nations Peoples has contributed
to sustainable harvesting practices for
millennia and how this sustained the
pre-colonial population of the
Australian continent and adjacent
islands.

Key terms

Dreaming: acomplex term that
describes the ways that Aboriginal and
Torres Strait Islander Peoples relate to
themselves, each other, and the human
and more-than-human realms

tuber: the rhizome part of a plant,
which forms underground and is often
nutrientrich

Content group: Alternative resource
use and recycling

2  Aboriginal grain belt
Wild rice

Bl Black bean (castanospermum australe)

Murnong (microseris lanceolata)
B Pituri (duboisia hopwoodii)
Yam (dioscorea hastifolia)
Yam (dioscorea transversa)
= Yam (dioscorea bulbifera)
©  Yam (dioscorea alata)
e  Taro (colocasia esculenta)

11} Kimberley rock art

2| & High Cliffy stone houses

EI" Roper River

4] @ Madjedbebe

5] @ Lockhardt River

]ﬂ e Rainforest seed processing
7|8 Narcoonowie Quarry

ﬂ Pituri Trade and Exchange Network
'9 - Marion Downs stone houses
m& Thunderpurty Lagoon

11 -e Brewarrina fish traps

1128 Murujuga stone houses

1138 Budj Bim eel traps

|14 -e Aboriginal dispersed black bean
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Before colonisation, First Nations Peoples managed the
landscapes and waterscapes to ensure that there was
enough nourishing food for the present and into the future.

Caring for Country involves sustainable
harvesting

For many First Nations Peoples, the concept of caring for Country has
always been a priority and is often central to individual and community
concepts of Dreaming. For millennia, the complex scientific knowledges
that have informed the specific practices of caring for Country have
been taught through story, song and dance. This includes the practice of
sustainable harvesting, where the land and waterscapes are modified to
support production, and the fundamental principle of taking only what is
needed, to ensure future supply.

Figure 4.35: This map shows the areas where farming and agriculture flourished
across the Australian continent before European colonisation.

Map drrawn by: N.J Wright 2020



First Nations Peoples harvested
crops sustainably

Murnong were eaten widely across the
south-eastern part of the Australian continent for
thousands of years. The Murnong (yam daisy) was
brought to the brink of extinction by European livestock,
which compacted the soil and ate its leaves.

Aboriginal famers farmed this crop sustainably by:
allowing enough plants to go to seed to sustain future
harvests. Aboriginal farmers regularly tilled the soil to
aerate it, and to allow the seeds to germinate and the
yams to form underground

taking only one or two tubers per plant and replanting
the rest for future harvests.

Fire was used to reduce tree coverage, and stone weirs
were used to keep water in the environment for longer
so it could be better absorbed by the soil. This created
large areas of open pasture and allowed many native
grains to be sustainably harvested. Grain was produced
in large parts of the Australian continent that today are
considered to be arid and unsuitable for grain farming.

First Nations Peoples
practised sustainable aguaculture

First Nations Peoples used complex aquacultural
harvesting practices. Acommon technique was to link
seasonal phenomena observed on land to unrelated
phenomena observed in waterways. For example, many
Torres Strait Islander stories tell of how the breeding
and migration cycles of many water species relate to the
yearly or seasonal appearance of specific constellations
in the night sky. Other stories tell of how the flowering
of a particular plant coincides with the spawning season
of a specific freshwater crustacean. When the flower is
blooming, removing the crustacean from the waterway
would be unsustainable because it would interrupt the
breeding cycle and result in fewer crustaceans for the
next season.

Current projects are re-engaging
with First Nations knowledges

Across Australia, many projects are re-engaging with
First Nations knowledges of sustainable harvesting
practices. For example, Indigenous rangers work directly
with Country to care for it and apply the complex
scientific understandings of the Dreaming stories.

Learning Ladder

Environmental sustainability

@ (dentify the impact the introduction of non-native
plants, animals and insects has on native sources
offood.

e Describe two ways in which the land and
waterscape of the Australian continent were
modified in order to expand where native grains
could be farmed.

e Explain why only some Murnong tubers were taken
from each plant during harvest. How did this affect
the sustainability of the Murnong?

@ Discuss the factors that show it is the right time to
harvest turtles, dugongs and plant gardens in the
Torres Strait.

6 Analyse how the introduction of European
livestock nearly caused the Murnong to become
extinct.

Problem-solving see page 425

o Describe what Aboriginal farmers needed to do
to the soil so that the Murnong would grow.

e Explain the link between fire use and available
areas for planting crops. What problem did
this solve?

e What programs are being implemented in
contemporary Australia to help care for Country?
How are these programs helping to manage and
improve the land?

o Sustainability was not the primary focus when
teaching First Nations children about Country.
Assess the use of traditional practices of caring
for Country as an effective way to embed
sustainability practices in land management.

Local Aboriginal Land Councils are organisations
that work across all of New South Wales. Conduct
research into your local Aboriginal Land Council,
and explain how it assists with land management
and implementing sustainable land-management
practices.

Success criteria

| can understand how unrelated phenomena can
help to inform how to care for Country and harvest
food sustainably.

| can understand some of the techniques used
by Aboriginal and Torres Strait Islander farmers to
ensure that the harvesting of food was sustainable.
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Learning intention

Atthe end of this lesson, | will be able
to discuss some strategies that will
improve our use of resources.

Key terms

a naturally occurring liquid
fossil fuel that can be refined to
produce many different chemicals

disposal of waste by burying it

Investigation 4.12
Making bioplastic, page 528

Content group: Alternative resource
use and recycling

4 Figure 4.36: More than 1billion
single-use coffee cups are used
in Australia every year.

4 Figure 4.38: Repairingitems can
allow them to be reused.
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We need to use resources sustainably so they are available for
future generations. Sustainable use of a resource could mean
reducing its use or finding an alternative. It could mean ensuring
an item can be reused, or recycling the materials into a new
product. Reducing the amount of waste that goes to landfill is

a good indicator that resources are being used sustainably.

Reduce the amount of resources we use

Reducing the use of a resource ensures it is available for longer. We
need to carefully manage non-renewable resources, such as metals and
fossil fuels, so they are available for future use. Government measures
could encourage us to reduce our use of the resources, find alternative
materials to use in their place, or be mindful of how much we consume.

Replacing conventional plastics made from chemicals derived from
with those made from plant materials reduces reliance on
fossil fuels.

Australians produce a large amount of waste. Each year, they throw
out more than 3.3 tonnes of food, with the average family throwing out
one out of every five bags of groceries they buy. Cheap clothing and fast
fashion trends result in half a million tonnes of textile waste going into

. Many products are made for single use or are packaged in plastic
that cannot be recycled. More than 1 billion single-use coffee cups are
used each in Australia, with most of them going into landfill. By changing
our buying habits, we can reduce the amount of resources we use and
the amount of waste that goes to landfill, but also reduce the use of
resources that are consumed in the manufacture of these items.

Figure 4.37: The fast fashion
industry contributes to

a large amount of textiles
going to landfill.




Reuse items to reduce waste

Reusing items reduces waste by allowing a resource to
be used for longer before it is disposed of or recycled.

Some items are designed and made to be used
again and again, such as reusable coffee cups and
glass bottles, and replace the need for single-use
items.

Repairing items can extend their useful life. Some
communities have repair cafes where members share
their knowledge and tools to repair damaged items,
rather than disposing of them and buying new ones.

Some clothing companies are providing repair
services to help people extend the life of their clothes,
as well as offering options for people to buy and sell
their clothes second-hand. This helps to reduce the
amount of textile waste in landfill.

Recycle materials for another
purpose

Recycling involves processing items to obtain the
materials they are made from so they can be used for
another purpose. Paper, cardboard, plastic bottles and
aluminium cans can all be recycled.

Professor Veena Sahajwalla is a renowned
materials scientist who is developing methods for
extracting resources from waste, enabling the waste
product to be reused. Green steel technology is one
of her best-known inventions. Traditionally, steel is
made by mixing iron with coal in a furnace at very
high temperatures — the addition of the carbon atoms
makes the metal much stronger. Professor Sahajwalla
pioneered a process that replaces the coal with rubber
car tyres (which are also high in carbon), resulting in
steel that is produced without the need for fossil fuels.

4

Figure 4.39:
ProfessorVeena
Sahajwalla has
pioneered the

use of old tyres

as aresource,
replacing the need
for using coal in the

production of steel.

Learning Ladder

Environmental sustainability

o Identify some examples of resources that can
be easily:
a reduced.
b reused.
c recycled.

@ Describe the difference between reusing and
recycling an item.

e Explain the impact of using tyres as an alternative
to coal in the steel-making process.

@ Paperis made from fibres obtained from trees.
Discuss the effect that paper recycling has on the
management of this natural resource.

e ‘Reduce, reuse and recycle’ isacommon
catchphrase. Evaluate which of these is the most
effective in the sustainable management of
resources.

Problem-solving see page 425

Complete a diary that records the resources you use
and the waste you produce (what you throw out) over
aset period (e.g. 1day or up to 1week).

o Propose a resource that you could easily reduce
your use of.

e Explain why you selected this resource.

e Consider the waste you produce. Brainstorm some
solutions that would enable you to reduce this waste.

O Assess your solutions. Identify the solution that you
think would have the biggest impact. Justify your
response.

e ‘Sustainability is the responsibility of every individual,
every day.’ Evaluate this statement by using
evidence.

Professor Veena Sahajwalla leads the University of
New South Wales’s Centre for Sustainable Materials
Research and Technology (SMaRT@UNSW). One of the
otherimportant developments that have come from
this centre is green ceramics. Conduct research to
find out what waste is used to create this material.

Success criteria

« |candiscuss some strategies that reduce our use
of resources.

| can discuss some strategies that improve our use
of resources.
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4-13 > How materials are recycled

(Learning intention

Atthe end of this lesson, | will be able
to describe how plastic and aluminium
products are recycled.

Key terms

polymer:along-chain molecule
(usually carbon based) made up
of many small repeating units

recycle: to convert waste into
reusable materials

Content group: Alternative resource
use and recycling
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Recycling not only removes an item from landfill, allowing a
material to be used again, but can also use less energy than
making an item from raw materials. Recycling processes involve
sorting items to ensure there is no contamination, before
processing them into a material that can be used to make new
products. Not all items are straightforward to recycle, and so
innovative processes need to be developed.

Plastic recycling reduces waste and
saves energy

Most plastics are made from polymers — long-chain molecules — and
originate from crude oil.

There are many different types of plastic, and the type depends on
how it can be recycled. You can identify the type of plastic an item is
made of by the plastic identification code stamped on it (Figure 4.40).

The advantages of recycling plastic include:

it reduces plastic waste

it reduces energy use — making a plastic product from recycled

materials uses about three times less energy than making it from
new plastic.

Plastics can be recycled chemically or mechanically. Mechanical
recycling is more common and involves sorting the plastic by type,
washing it, then shredding it into pellets to be melted down and reused.

However, there are limitations to mechanical recycling:

It requires sorting plastic items to avoid impurities.

Plastic loses quality over time because the shredding can shorten the
length of the polymer. This means that the plastic cannot be reused
indefinitely to create the same type of product, but instead will be
down-cycled for use in products that use a lower quality plastic.

Chemical recycling uses chemical reactions to break down the plastic
polymers into monomers that can then be used to make new polymer
chains. The advantage of this process over mechanical recycling is that
the quality of the plastic can be maintained and so in theory the plastic s
infinitely recyclable. Chemical recycling processes are still relatively new
and expensive and use a large amount of energy.

Aluminium is easily recycled

Aluminium is the Earth’s most abundant metal and one of the most
durable and versatile. It is used in drink cans and kitchen foil, in building
materials such as window frames, and in car and aeroplane parts. More
than 75 per cent of the aluminium that has been extracted from Earth

is still in use today because it is so easily recycled. Making an object



mechanical recycling
R P R

s,
from recycled aluminium uses 5 per cent of the
energy required to make it from new aluminium.

Sorting of aluminium waste ensures there is
no contamination before the aluminium items are
crushed into bales. If the aluminium has a coating,
it will be put into a rotary furnace to burn the coating
off. Itis then melted down in a furnace. The molten
aluminium is cast into bricks called ingots for reuse.

Crush and flatten
into hales

cans recycling

Water vapour pressure
High temperature purity

4 Figure 4.43: The aluminium recycling process involves
sorting, crushing, melting and recasting.

Innovative recycling is needed
for complex products

Recycling is straightforward when a product is made
from one material; however, many items that we use
are made up of many different types of materials. We
need to develop more innovative recycling processes
for complex items such as phones and computers.

Figure 4.42: Aluminium is
melted down in furnaces as
part of the recycling process.

Learning Ladder

Environmental sustainability

o Identify if plastic and aluminium are renewable or
non-renewable resources. How do these resources
affect the natural world?

e Describe the process used to recycle
a plastic. b aluminium.

e Explain the advantages of recycling plastic by
chemical processes.

@ Discuss the impact on the environment of not
recycling plastic products.

© Analyse the importance of recycling for the
sustainable use of aluminium.

Problem-solving see page 425

Imagine your school does not have separate bins for
waste and recycling, but the student council wants to
implement recycling bins. They want to make sure they
collect only plastic and aluminium items that can be
recycled and not have any contamination.

o Brainstorm to suggest ways this could be done.

9 Select one of your suggestions and use your
understanding of the recycling process to explain
why it is important to implement.

@ Rankyour suggestions in order of most realistic
to least realistic to implement at school.

0 Assess the pros and cons of your most realistic
suggestions.

In context

Discuss the advantages and disadvantages of using
plastic from soft-drink bottles to make fabric for clothing.

Success criteria
- |candescribe how plastic products are recycled.

« | can describe how aluminium products are recycled.
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Learning intention

At the end of this lesson, | will be able to
explain how human activity is affecting
the Great Barrier Reef.

Key terms

an ecological
relationship where both parties cannot
survive without the other

algae that live in coral
tissues

Environmental
sustainability in context

4 Figure 4.44: The Great Barrier Reefis
the world’s largest coral reef system.

Figure 4.45: The Great Barrier
Reefis home to thousands of
species that depend on the
coral to survive.

Coral reefs occur in shallow tropical seas and are among the most
diverse ecosystems on Earth. The vast structures built by coral
polyps provide homes to thousands of species, many of which

are important food sources for humans. The Great Barrier Reef

is the world's largest coral reef system. Situated off the coast of
Queensland, it extends more than 2000 km from K'gari/Fraser
Island in the south to the Torres Strait in the north. Over recent
decades, the Great Barrier Reef has experienced significant
damage due to human activity and climate change.

High sea temperatures cause coral bleaching

Coral reefs are calcium carbonate structures built by coral polyps that
liveina with a type of algae called .
The algae photosynthesise, providing the coral with glucose in exchange
for a place to live. They provide the coral with about 90 per cent of

its energy.

Coral bleaching occurs when the coral becomes stressed and expels
the algae, leaving the white skeleton behind. The leading cause of coral
bleaching is sea temperature rise. Corals grow best at sea temperatures
of 23-29 °C, and an increase of about 1°C over approximately 4 weeks
is enough to cause the corals to bleach. If the temperatures quickly
return to normal, the coral can recover, but if temperatures stay high
for 8 weeks or more, the coral will die.

The Great Barrier Reef first experienced coral bleaching due to sea
temperature rise in 1998. It has experienced six bleaching events since —
in 2002, 2016, 2017, 2020, 2022 and 2024.

Continuing high temperatures will cause many coral species to
disappear from the reef. Algae from bleaching coral reefs is toxic for
people who eat fish that have ingested the algae.




Healthy

Algae live inside the
coral.

They depend on each
other to survive.

Algae give the coral
its colour.

Stressed

If the coral gets
stressed by rising
temperatures or
pollution levels, the
algae leave the coral.

Bleached

Without the algae, the
coral does not receive
enough food. It turns
white and is more likely
to get diseases and die.

Acidification of oceans is
harming coral

We saw in Section 4.8 that increased levels of carbon
dioxide dissolving in the water are making the oceans
more acidic. The increased levels of carbon dioxide in
the atmosphere are a result of burning fossil fuels.

4 Figure 4.46:
Coral bleaching occurs
when coral becomes
stressed and expels
its symbiotic algae.

Coral skeletons are made of calcium carbonate.
When carbon dioxide is added to ocean water,
carbonate ions bond with excess hydrogen ions
instead of with calcium ions. This means that less
calcification occurs, and under these conditions
corals cannot make their skeletons. If the water
becomes too acidic, the skeletons will dissolve.
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Cyclones damage reefs

Storm surges damage beaches, dunes and urban
areas. Floodwaters pick up topsoil and transport it
into the oceans.

The intense wind and wave action of a cyclone can
kill organisms and damage habitats both on land and
in the ocean. Corals are damaged by high-energy
waves, and further damage occurs when sediments
from the land are washed into the ocean near the reef.

In 2011, Cyclone Yasi — one of the most powerful
cyclones to affect Australia in recorded history —
caused significant damage to the Great Barrier Reef.
Wind gusts of 290 km h~'were reached and about
300 km of the reef was affected to varying degrees.
When coral reefs are harmed or destroyed, it can have
significant consequences for coastal communities.
They become more vulnerable to storms and even to
the regular force of waves. Recovery can take decades,
and the reef’s long-term survival requires ongoing
scientific monitoring and conservation measures.

Figure4.48: »
When sea levels

rise, corals in deeper
water cannot survive
because they do not
receive sufficient

Current sea levels

sunlight. Corals .
might establish and Light
penetration

grow in shallower
waters, but this may
not happen quickly
enough.
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After Cyclone Yasi
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Figure 4.47: Cyclone Yasi caused extensive damage to
the Great Barrier Reefin 2011.

Rising sea levels will cause coral
reefs to disappear

Sea levels are important for the distribution of species
and habitats in oceans. Many marine organisms

have adapted to survive at a certain depth. Coral

reefs require shallow water so that enough light can
penetrate for photosynthesis to occur. If sea levels rise
very slowly, corals will grow towards the surface and
the reefs will migrate into shallower water over time.

Since 1991, sea levels have risen about 3 mm
per year on the Great Barrier Reef. Currently, this
small change is not affecting the reefs, as the corals
can grow faster than this. However, sea levels are
predicted to begin to rise much faster and the corals
will not be able to keep up. Many reef communities will
disappear because they will be unable to reestablish
themselves quickly enough.

Future sea levels

Sea-level rise I

 —,
Loss of
deeper




Pollution damages
reefs

A growing human population
along the Queensland coast is
producing more pollution that is
damaging the Great Barrier Reef.
Development along coastlines is
often accompanied by clearing
of forests, including mangrove
habitats. This clearing has
increased the amount of sediment
that runs into the ocean during
large rain events. Sediments
make the water cloudy, blocking
sunlight, and settle on and cover
the coral. Nutrient run-off from
farms encourages algal growth
that can smother coral and
seagrass beds. Rubbish such as
plastic, and fuel from tourists’
boats, are also having an impact
on the reef.

Learning Ladder

Environmental sustainability

o Identify the correct ecological relationship between
coral polyps and zooxanthellae.
A The coralis the predator and the zooxanthellae is
the prey.
B They have a symbiotic relationship.
C The zooxanthellae is a parasite on the coral.

9 Describe why corals live in shallow water.

e Explain the relationship between coral bleaching and
seatemperature.

@ Discuss some of the issues relating to increased
coastal development on the Great Barrier Reef.

e Analyse how increased carbon dioxide in the
atmosphere is affecting coral reefs.

Problem-solving see page 425

0 Marine biologists are undertaking research to develop
corals that have a higher heat tolerance. Brainstorm a
list of pros and cons for the introduction of such corals.

Figure 4.49: Sediment is
carried out of the Burdekin
River south of Townsville
afteraflood eventin 2010.

e Explain what you could expect to happen to the
biodiversity of the Great Barrier Reef if heat-resistant
corals were introduced and if ocean temperatures
continue torise.

e Propose one way that the heat-resistant coral could be
used, while maintaining the existing biodiversity of the
Great Barrier Reef.

o Many establishments in Australia have introduced
paper straws to help reduce water pollution in areas like
the Great Barrier Reef. Assess the effectiveness of this
pollution reduction strategy.

Success criteria

+ |candescribe how increased sea temperature leads
to coral bleaching.

| can describe how sea-level rise will affect the Great
Barrier Reef.

| can describe the impact of pollution on the Great
Barrier Reef.

| can describe the effects of cyclones and ocean
acidification on coral reefs.
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» Environmental sustainability summary

Sustainability
The principles and goals of «  We depend on the natural environment to survive. Our food is sourced from
sustainability are to: plants and animals; aquatic ecosystems provide clean drinking water; and
. promote the responsible and photosynthesis creates oxygen.
ethical use of Earth’s resources - Biodiversity is important for healthy ecosystems. Natural ecosystems are
. protect the environment more biodiverse than those changed by humans.
« ensure a high quality of life for « The United Nations Sustainable Development Goals recognise that actions
present and future generations. taken in one area will affect other areas.

GOOD HEALTH QUALTY
AND WELL-BEING EDUCATION

o

DECENT WORK AND
ECONOMIC GROWTH
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Western views on sustainability:

«  Members of the United Nations have agreed
that sustainability is a priority.

« People are encouraged to work together to
ensure quality of life for current and future
generations.

- Natural and non-renewable (finite) resources
need to be managed carefully.

« Scientific knowledge is used to conserve
ecosystems and preserve biodiversity.

First Nations Peoples’ views on sustainability:

« Caring for Country is a priority and a way of life.

« People have aresponsibility to care for the
future just as much as we care for the present.

« Country needs to be cared for as we would
care for friends, family and our community.

« Caring for Country includes sharing knowledge
and practices to care for Country and
thereby conserve ecosystems and preserve
biodiversity.
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Climate science

The difference between climate Climate zones Po!ar climates

and weather is a matter of time. areregions
« Weather is what is happening with a specific
in the atmosphere at a specific climate.

place over a short period.

- Climate is average weather
patterns at a specific location
or region over a long period.

Polar climates

- Theatmosphere s a layer of gas 600 km thick Some of the.Sun'’s * Some infrared radiation passes
that ds Earth. Iti d £f | radiation is-reflected through the atmosphere. Some is
atsurrounds Eartn. Itis made up ortour layers by Earth and the released by greenhouse gases and

and protects our planet from harmful radiation. atmosphere. g ré-emitted in all directions by the
. atmosphere. This warms Earth's
surface and the lower atmosphere.

« Theatmosphere is made up of about 78 per cent
nitrogen, 21 per cent oxygen, 0.93 per cent argon,
0.048 per cent carbon dioxide and very small
amounts of other gases, including water vapour.

Atmosphere

« Greenhouse gases, such as carbon dioxide,
water vapour and methane, trap radiation energy W
, Some radiation
produced by the Sun to keep Earth’s surface is absorbed by "

warm. This is called the greenhouse effect. Earth's surface,
warming it.

} Infrared radiation .
is emitted by,

Thermosphere

Atmospheric CO; levels (ppm)
w
~
o
1

Mesosphere 350
330
Stratosphere .
!
S-——7T—7T7T T T T T T T T T

Ozone layer

1965 19756 1985 1995 2005 2015 2025

Year
Troposphere

« Human activity that adds additional greenhouse gases
into the atmosphere, such as by the burning of fossil
fuels, has enhanced the greenhouse effect, resulting
in an increase in atmospheric temperatures.

- Datafromice cores and atmospheric sampling
shows that the concentration of carbon dioxide in the
atmosphere is rapidly increasing compared to the past.
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Climate science

. Strategies to reduce greenhouse gas emissions include: - Challenges in reducing greenhouse gas emissions
- generating electricity from renewable sources include:
- switching to more energy-efficient appliances - Fossil fuels are the cheapest form of energy.
- switching to hybrid or electric vehicles - The mining of fossil fuels contributes considerable

- changing agricultural practices to reduce methane amounts of money to the economy.
production by livestock. - New technologies are expensive.
- Processes for building new technologies can damage

the environment.

Impacts of present-day climate change

« Theglobal climate is changing,
driven by anincrease in
atmospheric temperature.

+ Long-term data shows that
Earth’s average temperature
hasincreased since 1880.

I| | « Thisisinfluencing weather

1951-80 average)
o o o
o N [&)
T ¢ 2

Global temperature anomaly
(°C compared to the

-0.25+ patterns, sea levels, ocean
050 | ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ temperatures, and the
1880 1900 1920 1940 1960 1980 2000 2020 presence ofice atthe poles,

Year

Effects of climate change include:

-+ increased evaporation and
precipitation

- increased acidification of the oceans,
resulting in bleaching of coral reefs

« more frequent heatwaves and bushfires

« reduced presence of ice at the poles,
contributing to rising sea levels

« theloss of habitats (e.g. from reduced
snow cover) of seaice in the Arctic,
and reduced biodiversity.
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Alternative resource use and recycling

Environmental pollution is the addition of any
substance or form of energy to the environment at a
rate faster than it can be dispersed, decomposed or
recycled.

Pollution is a significant issue in ecosystems because it
disrupts natural habitats and processes

When plastics enter the oceans, they can be mistaken
for prey by birds, turtles and other marine animals.

The build-up of excess nutrients, such as nitrogen and
phosphorus, in waterways can lead to eutrophication.

First Nations Peoples’ sustainable harvesting and land-
management practices include:
- taking only what is needed, to ensure future supply
- usingfire to reduce tree coverage
- constructing stone weirs to keep water in the
environment for longer, for better absorption
by the soil

- practising sustainable aquaculture to ensure future
supply.

We need to use resources sustainably, so they are

available for future generations. Some strategies

include:

- reducing the amount of the resource that is used,
so there will be more for future generations

- reducing support of the fast fashion industry, which
contributes to large amounts of textiles going to
landfill

- reusing or mending an item to extend its useful life
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