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Learning Ladder for NSW Stage 4

Vi

Steps in progression

Learning Ladder

| can analyse
how scientific
advancement
increases
knowledge of
the world.

| can
communicate
the effect
of changing
variables in
arange of
first-hand
investigations.

| can
explain how
observation

can
increase our

understanding

of scientific
phenomena.

| can
describe the
importance of
collaboration
in science.

| can identify
the branches
of science.

Observing
the universe

SC4-0OTU-01

I can
investigate
the impacts
of forces in
real-world

contexts.

| can compare
the role of
different
forces in
real-world
contexts.

| can explain
how forces
are linked to
real-world
phenomena.

| can describe
different types
of forces.

| can identify
multiple
forces.

Forces

SC4-FOR-01

| can
analyse how
classification
and
understanding
of organisms
changes
over time.

| can compare
the structural
features of
organisms
using scientific
conventions.

| can use

scientific
conventions
to explain the
organisation
of organisms

and cells.

| can describe

the structure
of cells and
organisms.

| can identify
features of
cells and
organisms.

Cells and
classification

SC4-CLS-01

| can apply my
understanding
of the
chemical
properties of
substances
to real-world
contexts.

| can compare
the properties
of substances
in different
states.

| can explain
how to use the
properties of
substances to
separate or
understand
mixtures.

| can describe
the properties

| can predict
the impact of
changes to a
living system.

| can compare
features of
different living
systems.

| can explain
the structure
and function
of a living
system.

| can describe
the features

of different of a living
solutions. system.

e oy | can identify a
AETES o living system
solutions. 9%y ’

Solutions and Living

mixtures systems

SC4-SOL-01 SC4-LIV-01

Content

| can
investigate
the use of
elements and
compounds
based on their
properties.

| can explain
how different
elements and
compounds
are used.

| can
compare the
properties of
elements and
compounds,
and relate

them to the
periodic table.

| can describe
the structures
and properties
of an atom, an
element or a
compound.

| can
identify that
everything
is made of

different types

of matter.

Periodic
table and
atomic
structure

SC4-PRT-01

can apply my
knowledge
of chemical
changes to
real-world
contexts.

| can
communicate
the processes
involved in
arange of
changes.

| can explain
the role of
energy in
different types
of changes.

| can describe
a scientific
change.

| can identify
a scientific
change.

Change

SC4-CHG-01

| can create
and evaluate
data-based
models
that explain
scientific
phenomena.

| can explain
how data is

used to make
predictions.

| can
recognise the
relationship
between data
and scientific
phenomena.

| can describe

the relevance
of different

types of data.

| can
differentiate
between
types of data
sources.

Data
science
1

SC4-DA1-01



| 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.

| can make
observations
using my
senses.

Observing

SC4-WS-01

| can formulate

testable
questions and
predictions,
considering
variables and
controls.

| can make
predictions
to explain
observations
or
phenomena.

| can construct
questions to
investigate
scientific
concepts or
problems.

| can select
questions to
investigate
scientific
concepts or
problems.

| can make
predictions
based on prior
knowledge
and
observations.

Questioning
and
predicting

SC4-WS-02

| can construct

an appropriate
plan before
conducting
a first-hand

investigation.

| can develop
appropriate
scientific aims
for arange of
investigations.

| can
distinguish
between
controlled,
dependent
and
independent
variables.

| can describe
ways to
reduce risks
for a range of
investigations.

| can identify
appropriate
materials and
technologies
to conduct
investigations.

Planning
invest-
igations

SC4-WS-03

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

| can collect
accurate
and reliable
data from
first-hand and
second-hand
investigations.

| can
implement
safe practices
when using
scientific
equipment.

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

| can identify
correct
processes for
conducting
investigations.

Conducting
invest-
igations

SC4-WS-04

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

| can collect
and present
data in arange
of appropriate
formats.

| can construct
appropriate
graphs with
headings and

units for data.

| can construct
appropriate
tables with
headings and

units for data.

| can identify
data from
graphs, tables
and digital
sources.

Processing
data and
information

SC4-WS-05

| can evaluate
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.

| can identify

trends within
given data and

information.

Analysing
data and
information

SC4-WS-06

Working scientifically processes

| can evaluate
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 suggest
solutions
to familiar
scientific
problems.

| can identify
scientific
problems.

Problem-
solving

SC4-WS-07

Learning Ladder

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

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

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

| can select
appropriate
ways to
communicate
information.

| can recognise
scientific
information.

Commun-
icating

SC4-WS-08

Steps in progression



Stage 4 syllabus correlation grid

1.0 2.0
FOCUS AREAS Observing the Forces
universe

SC4-0TU-01: Observing the universe

Explains how observations are used by scientists to increase knowledge and \/
understanding of the universe

SC4-FOR-01: Forces /
Describes the effects of forces in everyday contexts

SC4-CLS-01: Cells and classification

Describes the unique features of cells in living things and how structural features
can be used to classify organisms

SC4-SOL-01: Solutions and mixtures
Explains how the properties of substances enable separation in a range of
techniques

SC4-LIV-01: Living systems
Describes the role, structure and function of a range of living systems and their
components

SC4-PRT-01: Periodic table and atomic structure

Explains how uses of elements and compounds are influenced by scientific
understanding and discoveries relating to their properties

SC4-CHG-01: Change
Explains how energy causes geological and chemical change

SC4-DA1-01
Data science 1

Explains how data is used by scientists to model and predict scientific phenomena

Working scientifically processes

SC4-WS-01: Working scientifically: Observing /
Uses scientific tools and instruments for observations

SC4-WS-02: Working scientifically: Questioning and predicting ‘/
Identifies questions and makes predictions to guide scientific investigations

SC4-WS-03: Working scientifically: Planning investigations
Plans safe and valid investigations

SC4-WS-04: Working scientifically: Conducting investigations f
Follows a planned procedure to undertake safe and valid investigations

SC4-WS-05: Working scientifically: Processing data and information
Uses a variety of ways to process and represent data

<

SC4-WS-06: Working scientifically: Analysing data and information
Uses data to identify trends, patterns and relationships and to draw conclusions

<

SC4-WS-07: Working scientifically: Problem-solving w/
Identifies problem-solving strategies and proposes solutions

SC4-WS-08: Working scientifically: Communicating
Communicates scientific concepts and ideas using a range of communication forms

Viii Syllabus correlation grid



3.0
Cells and
classification

4.0
Solutions and
mixtures

5.0
Living
systems

6.0
Periodic table
and atomic
structure

7.0
Change

8.0
Data science 1
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v
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Focus area 1

.0 Observing %
the universe 4

For thousands of years, scientists from different cultures have
been observing the universe and asking big questions: How does
it work? What does it mean? The way that science is understood,
practised and taught is an outcome of culture. This means that
different cultures have different ways of doing science. However,
all scientists try to answer the questions of What? How? and Why?

Learni

Stepsin
progression

advancement increases
knowledge of the world.

| can communicate
the effect of changing
variables in a range of
first-hand investigations.

| can explain how
observation can increase
our understanding of
scientific phenomena.

| can describe the
importance of
collaboration in science.

| can identify the
branches of science.

Observing the universe

2 Good Science NSW Stage 4

adder

can analyse how scientific

i
oL

The Learning Ladder contains the scientific content and processes you
will learn in this chapter. 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 use observations | can conduct first-hand
and measurements to investigations and accurately e
answer questions. record the collected data.

| can collect accurate
| can make inferences based and reliable data from
on my observations. first-hand and second-hand e
investigations.

| can record observations | can implement safe
and measurements practices when using e
accurately. scientific equipment.

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

. | can identify correct
| can make observations .
. processes for conducting
using my senses.

investigations.

Conducting

QAFIRIE investigations

Stepsin
progression

Working scientifically processes
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| Learning intention

At the end of this lesson, | will understand
the different ways science is practised by
Western and First Nations Peoples.

S LD £ 1 A s

Key terms

branch: a type of science, such as biology
or chemistry

collaboration: working cooperatively with
other people to complete a task or solve

a problem

Country: a specific area of a First Nations
People that includes physical, linguistic
and spiritual features

culture: a shared system of customs,
habits, beliefs/spirituality, social
organisation and ways of life that
characterise different groups and
communities

observation: noticing something you can
see, touch, smell, hear or taste, and know
tobetrue

% HEEVRL ) € 1
\“"‘1 ¥

: ancé hun‘mnisfevolved asa spe_cies, peo.ple
¢ | have been making observations of natural
events and using these observations
Investigation 1.1 gf to improve humans’ knowledge

o . s
Comparing observations L and understanding of the universe.
AR NN AR T ST W AP ARl ) T

phenomenon (plural phenomena):
an observable fact or event

LContent group: Nature of science
J

Science is the study of the universe Science can be divided into different areas or
branches: astronomy, biology, chemistry, geology

The word ‘science’ comes from the Latin word scientia, pages 8-9.

which means to know or find out. . . S
Science is an outcome of culture, which is a lens

This links to the purpose of science, which is to build through which we see the world. There are different

knowledge and understanding of the world (Earth) cultures and different ways of practising science.
and the universe (everything: all of time and space and

R Science is a necessary and important human
everythingin it).

activity. By practising science, we increase our

To do this, scientists work through a series of knowledge. This allows us to solve problems, while
processes, which are: enhancing our way of life and how we care for the

observing environment.

questioning and predicting

planning investigations First Nations and Western science

conducting investigations

. . . have similarities
processing data and information

analysing data and information Science has been practised across the Australian
problem-solving continent and adjacent islands for as long as people
communicating findings. have lived here. First Nations science and Western

4 Good Science NSW Stage 4



Figure 1.2: For tens of
thousands of years, First
Nations Peoples have used
fire to care for Country.

s Tk g"ﬂ‘
7

Learning Ladder

Observing the universe

@ Identify the branches of science that could explain
how First Nations Peoples care for Country.

9 Explain how collaboration is related to First Nations
Peoples’ care for Country.

e Propose reasons why making observations can
improve our understanding of natural events.

science are similar in many ways. Regardless of the
science they practise, scientists observe natural
phenomena, come up with explanations of these events,
and conduct experiments to test these ideas.

Observing see page 316

Go outside to complete the following tasks.

0 Use your senses to record observations about the
weather. (Hint: What can you see, hear, feel and

The purpose of science for all scientists is also similar: o
purp smell?) Record these observations in a table.

to increase their understanding of the world.
e Use athermometer to measure the temperature.

First Nations Peoples also use this knowledge to © Record your temperature measurement, and the

care for Country. This role, this sacred responsibility, of measurements of two other students, in a table.
managing the land, water, animals and plants is critical Include the unit of measurement.
to Aboriginal and Torres Strait Islander Peoples’ health @ Use your observations and the temperature data
and wellbeing. to explain what time of year or season it is.

The diverse range of activities involved in caring In context

for Country requires First Nations Peoples to have

a detailed understanding and knowledge of many
branches of science, including those areas related to
fire, animals, plants and the weather. This knowledge
has been developed and passed down from generation

to generation over thousands of years. This is a form of + Icanexplainthe purpose of science for Western
collaboration and First Nations Peoples.

Give examples of how Western and First Nations Peoples
have improved their knowledge of the world by using
a scientific approach oridea.

Success criteria

Observing the universe 5




'2 > The world’'s oldest scientists

Learning intention

At the end of this lesson, | will
understand the practice of

First Nations science and the
communication of this knowledge.

Key terms

Ancestors: the people we are
descended from

Elder: a First Nations person whois a
recognised custodian of knowledge,
who has permission to pass on that
knowledge, and who has specific

Aboriginal and Torres Strait Islander Peoples have lived
on the Australian continent and the adjacent islands

for at least 65 000 years. This means that First Nations
cultures are the oldest continuous cultures in the world.
Since the beginning, Aboriginal and Torres Strait Islander
Peoples have practised science.

First Nations science is practised in the
natural environment

We can understand the practice of First Nations science by looking

responsibilities to young people in

) at the idea of Country. Aboriginal and Torres Strait Islander Peoples’
acommunity

idea of Country includes many different things: the physical

land, the waterways, the sky, the languages spoken on that land,
family, Ancestors, spirits, identity and culture. Country is the

close, interwoven relationship between all these things and more.
None of these elements can be separated or isolated from the others;
they all rely on each other.

spirits: the supernatural beings

that many First Nations Peoples
believe exist; can be associated with
particular places, objects and rituals;
are often connected with Dreaming
stories

Content group: Nature of science

N y The practice of First Nations science is similar across First Nations

cultures. Aboriginal and Torres Strait Islander science practice does not
isolate things (such as animals and plants) and study them away from
their natural surroundings in a laboratory. Observations are made and
experiments are conducted in the natural environment.

Pl Ll ile
Ty
-~
M
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W

Figure 1.3: Aboriginaland »
Torres Strait Islander Peoples’
knowledge can be communicated
through art. This artwork was created
by a Maluyligal and Wuthathi (Torres Strait)
man, Brian Robinson. It shows the star cluster
called Baidam Tithuyil (the Great Shark).
When the shark touches the horizon, it is

said to bring with it thunder and lightning

and ushers in the monsoon season.

© Brian Robinson/Copyright Agency, 2024

6 Good Science NSW Stage 4



V'S
Figure 1.4: In Aboriginal and Torres Strait Islander cultures,
scientific knowledge is often taught through dance.

First Nations scientific knowledge
is communicated verbally
and through art

Unlike the written reports favoured by Western
scientists, the knowledge of First Nations science is
passed on through oral traditions. The comprehensive
scientific knowledge that First Nations Peoples

have built — and continue to build — is passed from
generation to generation through stories, song, dance
and art (see Figure 1.3). Knowledge is often shared

by the Elders.

Learning Ladder

Observing the universe

@ Identify the branches of science that are relevant
to the scientific knowledge depicted in Figure 1.3.

@ Describe why it is important for scientists from
different cultures to work together.

9 Explain how First Nations Peoples’ observation of the
stars increased their understanding of the weather.

Observing see page 316

o Identify three senses that might be used in First
Nations science to make observations of the
environment.

e Identify a piece of scientific equipment you could
use to observe the Baidam Tithuyil star cluster as
part of a first-hand investigation.

9 Describe how you could record your observations
of the Baidam Tithuyil star cluster.

Explain how First Nations artwork can be used to pass
knowledge across generations.

Success criteria

| can describe the practice of First Nations science
and the communication of this knowledge.

Observing the universe 7



3 > The branches of science

( Y\ Western science can be divided into different areas of

Learning intention ) .
At the end ofthis lesson, | will be able to: knowledge. Each area is known as a branch of science.

. describe the different branches of science

- give examples of how the different areas
of scientific knowledge can be used in the

real world.
Key terms
. L - 4
interdisciplinary: combining more than one .
P Y s Figure1.5:
branch of knowledge
Astronomers
transdisciplinary: collaboratively working observe and
across multiple branches to learn or solve conduct
problems investigations
about phenomena
Content group: Nature of science in space, like

this supernova.
Asupernovaisan
explosion of a star.

Western science has five branches

Western science is divided into five branches:

Physics is the science of matter and energy.
Physicists observe and investigate how objects
move and interact. They develop and test theories
using modelling and other research to help solve
problems in areas such as energy technologies
and health care.

Astronomy is the science of space. Astronomers
observe the universe and investigate how things
outside of Earth work. They also solve problems

relating to space objects and travel. For example,
how does the gravity of the Sun affect Earth and Within these main branches of science, there are many
its position in the solar system? sub-branches. For example, ecology is a sub-branch

of biology. Ecologists study how living things interact

Biology is the science of living things. Biologists
with their environments.

observe living things and investigate how they

survive and thrive. They also solve problems Figure 1.6: Physicists use machines like the Large Hadron Collider
relating to developing sustainable living to conduct investigations. This machine allows scientists to
practices. For example, what features does a observe how particles react under different conditions.

polar bear have that help it to survive in a cold
environment?

Chemistry is the science of chemicals and matter.
Chemists observe and investigate how chemicals
and matter are structured and can be used.

They also solve problems relating to energy and
medicine. For example, what chemicals can treat
deadly infectious diseases?

Geology is the science of Earth. Geologists
observe and investigate the structure of Earth.
They also solve problems relating to human
safety during natural disasters. For example,

how can we predict the occurrence and severity
of earthquakes?

8 Good Science NSW Stage 4




Solving some problems
needs scientific knowledge
from different branches

Many scientific problems are interdisciplinary,
which means that more than one branch

of scientific knowledge is needed to solve

the problem. This means that science is
transdisciplinary.

For example, climate change is a worldwide
problem for humans and other living things.
To tackle this problem, scientists from
different branches of science are combining
their knowledge and working together
(see Table1.1).

Table 1.1: The roles of ecologists, meteorologists and
physicists in tackling the problem of climate change

Scientist Role in tackling climate change 4 Figure 1.7: Ecologists use tools
. . . - i like carbon dioxide meters
Ecologist To observe and investigate how rising temperatures are affecting to measure the impact of
ecosystems

climate change in different

Meteorologist To observe and investigate past and current weather patterns, environments.
and to predict future weather patterns

Physicist To design and construct products that produce energy more sustainably

Learning Ladder

Observing the universe @ Describe how scientists could use the Large Hadron
Collider (see Figure 1.6) to improve their observations.

@ (dentify the branch of science that would be used

9 Describe how meteorologists record their observations

to study:

a thefeatures of aninsect. about weather patterns.

b astarinanew galaxy. 0 Look at the picture of the supernovain Figure 1.5.

¢ howtwo chemicals interact. What could you infer or suggest about the supernova

based on your observations?

@ Describe why itisimportant for science to be
transdisciplinary.

e Give examples of observations that canincrease
our understanding of climate change.

Scientists are currently working to solve a range of problems in
medicine. One problem is that some bacteria cannot be killed
by antibiotics. Propose which three types of scientists (from

which three branches of science) could work together to solve

o Describe changes that a geologist might look for that
could indicate an earthquake is going to occur.

@ How might advancements like the Large Hadron Collider this problem. What could each type of scientist contribute to
(see Figure 1.6) help scientists to better understand this investigation?
the world?

Success criteria

Observing see page 316 + lcandescribe the different branches of science.
o a Identify three senses an ecologist might use to observe + | can give examples of how the different branches of
an environment. scientific knowledge can be used in the real world.

b Describe how an ecologist can use each of the senses
you identified in Question 1a to learn about the
environment.

Observing the universe 9



4 » Collaboration in science

-

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

« explain what is involved in scientific
collaboration

- explain why scientific research is
usually collaborative.

Key term

telescope: a device that uses mirrors
or lenses to focus on distant objects

~N

Content group: Nature of science

The purpose of science is to build knowledge and
understanding of the universe. Often, the best way
for scientists to do this is to work together.

Collaboration is about working together

Collaboration is when scientists work together to tackle a task or develop
understanding of a topic. Often, scientists who specialise in different
branches of science work together. Scientists do this — build knowledge
and understanding of the world and the universe — through observation,
investigation and research. Scientific research involves collecting data,
then analysing and interpreting it. Scientists throughout the world

share or publish their results, which allows other scientists to access,

use and build on this information. Working in this way is also a form

of collaboration.

Collaboration is building
our understanding
of the solar system

The knowledge that shaped

our modern understanding of

the solar system started being
developed in ancient Greece

(12th to 1st century BCE). Since those
ancient times, scientists have worked
together and built on each other’s
work to improve our understanding
of the solar system (see Table 1.2).

Teams of scientists are currently
working with the National Aeronautics
and Space Administration (NASA) on
projects relating to space exploration.
One of these is NASA’s Artemis
project, which aims to place a team
of scientists on the Moon to collect
information.

Figure 1.8: This is the James Webb Space
Telescope. Many scientists collaborated
on the development and construction of
this telescope.



Table 1.2: How astronomers have built on each other’s work to
develop our knowledge and understanding of the solar system

Scientist Date Findings

Plato 428-348 BCE Everything in the solar system moves
in circular orbits at a constant speed.

Nicolaus 1473-1543 CE  The Sun is at the centre of the solar system.

Copernicus Earth and the other planets orbit the Sun.

Galileo 1564-1642 Galileo used a telescope to observe the Sun,
Moon, planets and stars. His observations of
the solar system supported the idea that the
Sun is at the centre of the solar system.

Isaac Newton  1642-1727 Newton provided more details about the
moons and planets of the solar system. He did
this with a telescope that used mirrors, which
he developed.

Hubble Space 1977 to the The Hubble Space Telescope allows us

Telescope present to observe the solar system in detail. The

team telescope was built by a team of scientists
from different countries. This telescope was
launched into space in 1990.

James Webb 2004 to the The James Webb Space Telescope takes

Space present high-resolution pictures of the solar system.

Telescope This telescope was launched into space by

team

Learning Ladder

a team of scientists in 2021,

Findings built on

Plato's findings were based on his personal
observations made with the naked eye - such
as how the stars and planets move across the
night sky.

Copernicus's findings built on Plato’s
observations of the movement of the planets.

Galileo took Copernicus’s model of the solar
system and used a telescope to provide
evidence that supported this model.

Newton also built on the model of the solar
system suggested by Copernicus and Galileo.
He developed their ideas about the movement
and locations of the planets.

The team built on telescope and spacecraft
technology developed over the preceding
400 years.

The team built on technology used to
construct the Hubble Space Telescope.

Figure 1.9: Scientists P
have built on each
other’'s work to develop

telescope technology.

Observing the universe

o Identify which scientists (that is, from which branch
of science) specialise in studying space.

@ Name two scientists who built on the work of others
to improve our understanding of the solar system.

e Explain how observation has improved our
understanding of the solar system.

o Discuss how changing the technology used to observe
the solar system affected our ability to view objects
in space.

e Analyse how advancements in scientific equipment
have improved our understanding of the solar system.

Conducting investigations see page 326

o Identify a step needed to investigate the solar system
effectively.

e Describe a piece of scientific equipment that is needed
to conduct an investigation of the solar system.

e Identify one safety practice that is relevant to
gathering data about the solar system. Explain why
thisis needed.

Compare this early
telescope from the
17th century to the
21st-century telescope
in Figure 1.8.

e Explain how data from a first-hand
investigation of the solar system
could be accurately collected.

NASA'’s Artemis project aims to
place ateam of scientists on the
Moon to collect information.
Explain how this would improve
our understanding of the Moon.

Success criteria

« lcanexplain whatisinvolvedin
scientific collaboration.

| can explain why scientific research is usually
collaborative and builds on the work of others.

Observing the universe




5 » Scientific theories and laws

e .. .
Learning intention

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

- explain what a scientific theory is and
what a scientific law is

« describe how scientific theories and
laws are developed through observation
and experimentation.

Key terms

experiment: a repeatable investigation
carried out under controlled conditions
to test a hypothesis

hypothesis: a suggested explanation or
prediction of a scientific problem that
can be tested with an investigation

scientific law: an explanation of a
natural phenomenon that usually uses
amathematical equation

scientific theory: an explanation ofa
natural phenomenon that is supported by
evidence and the results of repeated tests

Content group: Nature of science

V'S

Figure 1.10: This diagram represents

the expansion of the universe from the
big bang to the present. Many scientists’
observations support the big bang theory
as an explanation for how the universe
came into existence.

12 Good Science NSW Stage 4

To increase our knowledge and understanding of the
world and the universe, scientists observe the natural
phenomena around us, form hypotheses and repeatedly
conduct experiments to test these ideas. It is through this
process that scientific theories and laws are developed.

A scientific theory is an accepted explanation

A scientific theory is an accepted explanation of why a natural
phenomenon occurs. Every scientific theory starts as a hypothesis,
which is an untested idea, a suggested explanation for why an eventin
nature occurs. Before it can become a scientific theory, a hypothesis
is tested and tested again. The results from many experiments must
support the hypothesis before scientists consider the ideato be a
scientific theory.

The big bang theory

One scientific theory is the big bang theory, which was first suggested
by Belgian physicist Georges Lemaitre (1894-1966) in the 1920s.
According to this theory, the universe originated about 12 to 15 billion
years ago as a result of a huge explosion. Since that moment, the
universe has been expanding.

Over the past 100 years, many
scientists have conducted repeated
experiments and observations to test
the big bang theory. The data from these
investigations supports Lemaitre’s
theory. For example, numerous scientists
have observed that objects in space are
moving further away from one another.
This means that the whole universe is
expanding, which supports the theory.

Also, scientists have observed
radioactive particles that are left over
from the big bang. Scientists have found
this radiation in the static from radios,
and have seen the radiation in the
universe by using telescopes.

A scientific law is based on maths

A scientific law is an explanation of why an event in nature occurs.
Scientific laws have a mathematical basis. This means that repeated
experiments have shown that, by using a particular mathematical
equation, a natural phenomenon can be accurately predicted.



The law of gravity

One scientific law is the law of gravity. Gravity is the force of attraction between two
objects. This law was developed by the English physicist and mathematician Isaac

Newton (1642-1727).

Many scientists have conducted experiments to test this law. These experiments
have consistently shown that Newton’s law explains how gravity interacts between
objects. This confirms a mathematical relationship for this law that says the force or
weight of an object = the mass of the object x gravity. You will learn more about this

law in Sections 2.6 and 2.7.

An experiment tests a hypothesis

A hypothesis cannot be proven (that is, an explanation of a natural phenomenon
cannot be found to be true) without many scientists conducting repeated experiments
to test the idea. Unless the results of multiple investigations support the hypothesis,
the explanation will not be considered a scientific theory or a scientific law.

Learning Ladder

Observing the universe

o Identify the branch of science that Isaac Newton
specialisedin.

9 Describe how scientists working together and building
on each other’s work has improved our understanding
of how the universe was formed.

e Explain how scientists’ observations of the universe
support the big bang theory.

Conducting investigations

see page 326

o Outline what is required to ensure that the results of
an experiment will be accepted.

9 Describe an example of how a specific piece of
equipment was used to provide supporting evidence
for a scientific theory based on experiments.

4 Figure 1.11:
This NASA astronaut
is demonstrating that
thereisvery little
gravity in space.

Figure 1.12: Gravity
is pulling this apple
towards the ground.
v

e Outline one safety precaution that needs to be
taken when investigating the law of gravity.

o Propose data that would be collected from an
investigation into the law of gravity.

Scientific theories and laws explain natural phenomena.
Discuss how a particular scientific advancement allowed
scientists to provide evidence for a particular theory or law.

Success criteria

| can explain what a scientific theory is and what
a scientific law is.

| can describe how scientific theories and laws
are developed.

Observing the universe 13



‘6> Safety in science

( e . ) Safety is critical in science because all investigations

Learning intention _ . .
Atthe end of this lesson, | will be able carry some degree of risk. Things can go wrong if you

to describe basic safety practices do not plan your procedure and act in a safe manner

that allow investigations to be safely . he lab
conducted in a science laboratory. In the laboratory.

Key terms

Bunsen burner: a piece of scientific

Good safety practices control risk

equipment that produces a single Whenever you step into a laboratory to undertake an investigation,
open gas flame itis important to identify hazards and use good safety practices to
hazard: something that can harm living control the risk of them causing harm. (See ‘Conducting investigations’

things, objects orthe environment and ‘Using scientific equipment’ in the Science how-to section

heating flame: the blue (very hot) on pages 326 and 375, respectively.)

flame of a Bunsen burner (approx.

1500 °C); used for heating substances Itis important to use the safety equipment available in science
risk: the chance that a hazard will laboratories, which includes:

cause harm - safety glasses and face shields to protect your eyes from fumes,
safety flame: the orange (cooler) particles and irritants

flame of a Bunsen burner (approx.
300 °C); used between heating
substances

lab coats and aprons to protect your clothes and body from
chemical spills, flames and other hazards

gloves and hand protectors to protect your hands when

Content group: Practice of science ) handling chemicals, biological materials and sharp objects

fire extinguishers, which use dry chemicals (not water) to put
out the flames if there is a fire

s

Barrel
Air hole
Gas hose
\ : '
S
-~
Base
Collar
% No admmance
You are Biologlcal ; Aulhogls% i
i . requested hazard  @ELEEL
Figure 1.13: Bunsen burngrs are | ﬂSk not 10 smoke e .
used to safely heat materialsin .
alaboratory. 4 Figure 1.14: All laboratories have safety rules that you must follow.
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Get to know Bunsen
burner safety

A Bunsen burner is a common piece

of scientific equipment that is used for
heating things in a laboratory (see Figure
1.13). Learning how to set up and safely use
a Bunsen burner is extremely important.
Misusing this piece of equipment can
resultin severe burns or gas leaks.

eye wash stations, to be used if you

get something in your eye; never rub
your eye

laboratory hoods, to remove gases and
fumes from the air; they are like exhaust
fans in your bathroom or kitchen.

A Bunsen burner has two flames:
The safety flame is an orange
flame that reaches temperatures
of about 300 °C.

The heating flame is a blue flame that reaches
temperatures of about 1500 °C.

Setting up and lighting a Bunsen burner

1

Time for the safety check! If you have long hair,
tie it up. Put on your lab coat and safety glasses.
Make sure you know the location of the fire
extinguisher and fire blanket. Check the gas

hose for any cracks, holes or tears.

Place a heatproof mat on the bench. Place the
Bunsen burner on top of the mat. Connect the
gas hose tightly to the gas tap.

Turn the collar of the Bunsen burner so the air
hole is closed.

Ask your teacher to check the set-up of your
Bunsen burner and provide any feedback.
Lighting a Bunsen burner is best done by two
people. Ask a partner to get ready to turn on

the gas tap.

Light a match or taper before the gas tap is turned
on. Position the match or taper over the top of
the barrel.

Ask your partner to turn on the gas tap.

Your Bunsen burner should now be lit with a yellow
flame. Move away from the burner and extinguish
the match. Turning the collar to open the air hole
creates a blue flame.

Figure 1.15: Wearing
safety glasses, rubber
. glovesandalab coat
reduces riskin the
laboratory.

Learning Ladder

Observing the universe

o Identify the branches of science in which safety
precautions are important.

9 Describe how you can work together to maintain
safety when lighting a Bunsen burner.

e Explain how following the instructions in laboratory
safety signs and labels can help you understand
how to workin alaboratory.

0 Explain how changing the equipment you are using in
an investigation may affect the safety measures you
need to take.

Conducting investigations see page 326

o Identify one safety rule that must be followed when
working in a laboratory.

e Identify a piece of equipment that can help keep you
safe when conducting investigations in a laboratory.

e Explain one safety precaution that needs to be taken
when working with a Bunsen burner.

o What data could you collect when testing the flame
ofaBunsen burner?

Scientists work together in laboratories all over the world.
Discuss how scientists maintain safe practices when
working in unfamiliar laboratories.

Success criteria

| can describe basic safety practices in a laboratory.

Observing the universe 15




'/ » Observations and inferences

Learning intention When cohductlng mvest.lgotlons, scientists mgke
At the end ofthis lesson, | will be able to observations and draw inferences that explain

explain how | can make observations natural phenomenq_
using my senses and how observations

can be used to make inferences.

Scientists observe using their senses
Key term

inference: a conclusion that is based
on evidence and observations

When conducting investigations, scientists can make observations using
any of the five senses:

Sight: Can a change be seen? For example, is a liquid bubbling

Content group: Practice of science i
9 group ) or changing colour?

Touch: Can a change be felt? For example, is a container
warmer or colder?
Smell: Is there a new scent? For example, can you smell
something (like sulfur)?
Hearing: Is there a new noise? For example, can you hear crackling
or bubbling?
Taste: Does a solution taste different? For example, does cake
. . batter taste different before and after adding a specific ingredient?
Figure 1.16: By using your senses,
you can make observations about (Note: Do not taste chemical solutions in science unless you are
what is occurring. explicitly instructed to do so by your teacher.)
v

Inferences are educated guesses

Observations can be used to make inferences.
Inferences are conclusions or educated guesses that
are based on what has been observed that explain
what has happened.

For example, a friend
comes to school on
crutches, soyou
inferthat they have
had an accident.

At lunchtime, your
friend bites into a
sandwich and makes
aface, soyou inferthey
do not like their lunch.

Figure 1.17: Observation »
(What do you see?):
Adrooping plant.
Inference: The plant is getting
too much ortoo little water.

16 Good Science NSW Stage4
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Figure 1.18: Observation (What do you see?):
Ablackened landscape. Inference: There has
been a bushfire inthis area. .

Table 1.3: Asample investigation, with observations and inferences

Investigation set-up

100 mL of cold water
is in a beaker over
the blue flame of

a Bunsen burner.

200 mL of cold water
is in a beaker over
the blue flame of

a Bunsen burner.

300 mL of cold water
is in a beaker over
the blue flame of

a Bunsen burner.

- >

Observation

After a certain amount
of time, the water
starts to bubble and
steam forms.

After a longer amount
of time, the water
starts to bubble and
steam forms.

After an even longer
amount of time, the
water starts to bubble
and steam forms.

Inference

The flame from the Bunsen
burner is causing a change in
the temperature of the water.

The flame from the Bunsen
burner is increasing the
temperature of the water,

but with more water it seems
to takes longer.

\I

The flame from the Bunsen
burner is increasing the
temperature of the water, but as A
the amount of water increases, Figure 1.19: Making observations can allow
so too does the time required us to make inferences about the impact of
for it to heat up and boil. volume on heating time for water.

Learning Ladder

Observing the universe

0 Identify the branches of science that are relevant
to heating water.

e Explain how scientists work together to make
observations during an investigation.

€© a Describe what you observe in Figure 1.19.
b Infer what the flame is doing to the water.

e Observe the the sample investigation in Table 1.3.

Explain the impact of changing the volume of water
before heating it.

Observing see page 316

€ Identify the sense used to make each of the
following observations.
a Asolution bubblesin a beaker.
b Aleafcrackles asitis crushed.
¢ Aglass coolswheniceis added.

e Identify which instrument might improve the accuracy
ofthe observations made about the heat of the water
in Figure 1.19.

6 Look at the sample investigation in Table 1.3. Explain
how you could record your observations during this
investigation.

0 Outline the inference drawn in relation to the water
inthe sample investigation in Table 1.3.

Observe your classroom and ask a question about it.
How could you investigate this question? How could you
use observations to come to a conclusion?

Success criteria

+ | canexplain how | can make observations using my
senses and how observations can be used to make
inferences.

Observing the universe



8 » Using scientific equipment to
make observations

-

Learning intention

Atthe end of this lesson, | will be able to
describe the impact of using scientific
equipment on the accuracy of my
observations.

Key terms

accuracy: how close a measured
value is to the true, exact value; how
closely arecorded value matches the
expected outcome of an investigation

data: facts and information collected
for reference or analysis

meniscus: the curve seen at the top
ofaliquidinits container

qualitative data: data with qualities or
characteristics that can be observed
and described

quantitative data: information based
on numbers that can be counted,
measured or represented by numbers

reliable: provides consistent results
when repeated

Investigation 1.8

Using scientific equipment to make
observations

Content group: Practice of science

Making observations is an important part of
investigations. From these observations, scientists
draw inferences that explain natural phenomena.
Observations that are made using only our senses
lack accuracy, whereas observations made using
scientific equipment are more accurate and reliable.

Measuring with equipment improves accuracy

During investigations, scientists make observations using any of the
five senses: sight, touch, smell, sound and taste. They also use a variety
of equipment to take accurate measurements and to collect data,
such as thermometers, digital scales and stopwatches.

Data can be quantitative or qualitative:

Quantitative data relates to quantities (that is, numbers) and can

include the number of something, the volume, the length, time,

or anything that can be measured or counted.

Qualitative data relates to the qualities of something and can

be written descriptions and observations. Qualitative data lacks

accuracy.

In each of the investigations in Table 1.4, using measuring equipment
enabled the scientist to translate the observations they made with their
senses into accurate measurements.

This accuracy improved the scientist’s observations. Accurate
observations are more credible, valid and reliable, and are therefore
more likely to be accepted by other scientists.

_ | 3

Figure 1.21: Scientists use equipment
like microscopes to make observations.

Figure 1.20: By using a thermometer, youcan |
measure the exact temperature of liquids.
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Table 1.4: Making observations using the senses versus using measuring equipment

Investigation Observation using the senses

Heating water over | can see that the water bubbles and produces

a Bunsen burner steam when it gets hot.

Dissolving salt in
cold water

Boiling different
liquids bubbling than other liquids.

Figure 1.22: Athletes P
use equipment like
digital stopwatches and
sensors to accurately
measure their run times.

5

Learning Ladder

Observing the universe

o Outline which scientists (that is, from which branches
of science) need to use accurate measurements in
their investigations.

e Describe how working with others may improve
your ability to collect accurate observations during
investigations.

e Explain how making observations using measuring
equipment can improve our understanding of
phenomena (for example, the boiling points of
different liquids).

0 Describe the effect of changing a variable in the
dissolving salt investigation in Table 1.4.

Observing see page 316

| can see that a small spoonful of salt dissolves.

| can see that a large spoonful of salt does not
completely dissolve. | can see this because there
are salt crystals at the bottom of the beaker.

| can see that some liquids take longer to start

o Identify which senses you use to make observations
about the boiling points of liquids.

Observation using measuring equipment

| can use a thermometer to measure the
temperature of the water. The water starts to bubble
and produce steam when it reaches 100 °C.

| can use a digital scale to weigh accurate quantities
of salt, so | can calculate the exact amount of salt
that can be dissolved in the beaker of cold water.

| can use a thermometer to measure the
temperature of each liquid when it starts to boil.

I can use a stopwatch to measure the exact amount
of time it takes each liquid to start boiling.

Figure 1.23: By usinga »
measuring cylinder, you
can measure solutions
accurately. The base of
the meniscus (curve) is
the amount of solutionin
the cylinder.

e Identify two items of measuring equipment that can
improve your observations of the boiling points of
different liquids.

e a Describe how you could record your observations
of the boiling points of different liquids.
b Explain how you could make sure yourrecord is
accurate.

0 Propose an inference you could make based on your
observations of the boiling points of different liquids.

Explain how a particular item of scientific equipment has
assisted scientists to make improvements in the field of
medicine. Provide examples to support your answer.
Success criteria

- lcanexplain why itis important to use scientific
equipment to make observations during investigations.

Observing the universe 19



9 » Scientific variables

-

Learning intention

At the end of this lesson, | will be able to
identify the independent, dependent
and controlled variables of an
investigation.

Key terms

controlled variable: a thing that needs
to stay the same during an investigation

dependent variable: the thing that is
measured in an investigation

independent variable: the thing that is
deliberately changed in an investigation

Content group: Practice of science

20 Good

ience

To test their ideas, scientists conduct investigations.
To be useful, a good scientific test needs to follow
certain principles. Good scientific investigations have
independent, dependent and controlled variables.

Variables are independent, dependent
or controlled

Variables are the things that can be controlled, changed or measured
during an investigation or experiment (see ‘Questioning and predicting’
in the Science how-to section on page 319).

The three main types of variables are:

independent variables

dependent variables

controlled variables.
The independent variable is the one thing you change in an
investigation.

The dependent variable is what you measure in an investigation.
The dependent variable is altered by the independent variable.
Examples of dependent variables are time in seconds and mass in grams.

The controlled variables are all the things you keep the same in

an investigation. Examples of controlled variables are temperature,
equipment, location and volume.

\




Change the independent
variable and observe the
dependent variable

When conducting your investigations, you will
observe how changing the independent variable
of the investigation can affect the dependent
variable. In any investigation, only one factor

(one independent variable) should be deliberately
changed. All the other factors should be kept the
same to make sure that the independent variable
is responsible for any observed changes in the
dependent variable.

For example, you put three plantsin three
different amounts of sunlight to see which plant
grows the most. You make sure the plants are the
same size, health and species, and only change the
amount of sunlight each plant is getting; this is the
independent variable. The dependent variable is
the plants’ growth (which could be their weight or
their size, which you measure), and the controlled
variables are all the other factors.

4 Figure 1.24: In this investigation, the scientist is

observing how different nutrients in water affect

the growth of garlic bulbs

Independent variable: The nutrients in the water

(the water in each test tube contains different nutrients).
Dependent variable: The growth of the garlic bulbs
(such as the roots and the sprouts)

Controlled variables: The type and size of the test tubes,
the location of the bulbs, the temperature of the room,
and the size of the bulbs at the start of the investigation

4 Figure 1.25: In this
investigationinto a
person’s allergies, the
dependent variable
(the person’s reaction
to different allergens)

is being measured.

Learning Ladder

Observing the universe

o Identify the branch of science relevant to Figure 1.24.

e Describe how using variables when conducting
investigations helps scientists to collaborate.

e Explain how observing an investigation like the one
in Figure 1.24 can help us to understand scientific
phenomena.

0 Look at the investigation in Figure 1.24. Propose
how changing the independent variable affected
the dependent variable.

Observing see page 316

Consider the plant investigation described on this page.

o Using your senses, what observations could you
make about the changes to the plants?

e Identify a piece of equipment you could use to
measure the growth of the plants.

€@ Explain how you could record your observations of
the plants.

O After three weeks, you observe that the plantin full
sunlight has grown by 15 cm and the plant in the dark
has not grown at all. Propose an inference from this
observation.

Imagine you are conducting an investigation to measure
the effect of water levels on plant growth. Identify the
independent and dependent variables. Identify three
controlled variables. Explain why the controlled variables
areimportant.

Success criteria

| canidentify the independent, dependent and
controlled variables of an investigation.

| can explain the impact of each variable on an
investigation.

Observing the universe 21



1 «10 » Tabulating and graphing data

( N\ i i
Learning intention Data needs to be presented in a way that can be ejosn.y
At the end of this lesson, | will be able understood. There are many types of data, and scientists
to construct appropriate tables and can construct different graphs and tables to present
graphs to represent data. . .

the information.
Key terms
primary data: data that you have Scientists collect different types of data

collected from your own investigations ) ) ) o
There are many different types of data, including quantitative and

secondary data: data that has been o ) )
qualitative data (see Section 1.8), and primary and secondary data.

collected by someone else
= Primary data is first-hand data that you collect yourself through

Investigation 1.10 scientific investigation.
Investigating how colour affects = Secondary data is second-hand data that has been gathered
temperature by someone else.
Content group: Practice of science
. J
Figure 1.26:
When you conduct
an investigation,
you collect

primary data.

Data needs to be carefully collected and recorded

To make sure the data they collect is accurate, When measuring and recording quantitative data,
scientists record observations and measurements very use the appropriate units for physical quantities.
carefully. Quantitative data might be recorded in a (See ‘Processing data and information’ in the
logbook or a table. Qualitative data might be recorded Science how-to section on page 329.)
in a journal or workbook. Sometimes data is visual and
can be recorded with a camera. Figure 1.27: This is an example of a good scientific data table.
v
The descriptions are clear. The table has a number and a title.
Table 1: Effect of sunlight on plant growth ]—J
Units are
Plant Initial plant Growth after Growth after Growth after provided at
environment height (mm) 1week (mm) | 2weeks (mm) | 3 weeks— the top of
each column,
HPlant 1: no sunlight]| 181 0 -1 -3
The lines are
Plant 2: indirect sunlight 175 1 2 b4 ruled and the
rows are easy
Plant 3: direct sunlight 178 2 3 5 ™ to follow.
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Data is organised and presented 3 Give your graph a descriptive and useful title.

in tables and graphs 4 a Placethe dependent (measured) variable
on the y-axis (the vertical axis).

Place the independent (changed) variable
on the x-axis (the horizontal axis).

Collecting data is not the end of the process; the data b
needs to be analysed and evaluated. To effectively
evaluate data, the information must be well organised
and clearly presented.

¢ Label the axes. Include the units of
measurement, if appropriate.

Constructing a good scientific data table d Have the numbers or information on each axis

One of the best ways to organise and present go upinan even scale and appropriate range.

scientific dataisin a table (see Figure 1.27). Always 5 Include akey or legend, if it is needed.

construct the table before you start your investigation. This can be useful if your graph includes multiple
Follow these steps to construct a table for lines or sections. You can use different colours to

scientific data: show different lines and use the key to say what

1 Usearulertodraw the lines so your table is clear each colour means.

and easy to read.
2 a Giveyourtable adescriptive and useful title.
b Give your table a number so you can easily refer 1
toitin your investigation report. Leq rn I ng Lq d d e r

3 Include the units of measurement in the column Observing the universe
headings where needed (for example, mm).

o Identify which branch of science Figure 1.27 is
Constructing a good scientific graph relevant to.

9 Explain why using secondary data can be useful in

A graph is an excellent way to visually present and
scientific investigations.

explain data. Follow these steps to construct a graph

for scientific data:

1 Picka graph type that suits the data you are
presenting (scatter plot, line graph or column

graph). (See ‘Processing data and information’
in the Science how-to section on page 329.) Conducting investigations see page 326

e Explain why making observations can be useful when
collecting data.

O Describe where you would place a changed variable
in a scientific data table.

2 Usearulertodraw the lines so the graph is clear @ outlinewhy itis good practice to record data from
and easy to read. afirst-hand investigation in a table.
e Identify the piece of equipment needed to draw

Per(.:entage (%) of cars sold with scientific data tables. Why do we use this implement?
airbags per year, 2018-2024

e a Outline the safety equipment you would need

100 — to use when gathering the data in Figure 1.27.

b Explain why you need to use this equipment to
stay safe during this investigation.

\,
o1
|

0 Describe how you could make sure the data in
Figure 1.28 is accurate.

Tables and graphs are used to present a variety of
scientific data. Propose a technology that could be used
to improve the data collected in Figure 1.27. Construct

0 T T | a new scientific table with headings and units that could

2018 2020 v 2022 2024 be used to represent the improved data.
ear

2 . o . Success criteria
Figure 1.28: This scatter plot is a visual representation of the

percentage of cars sold with airbags over a six-year period. This
visual representation makes it easy to observe trends in the data. - | canconstruct an appropriate scientific graph.

Percentage (%) of cars
sold with airbags
(6]
o
|

| can construct an appropriate scientific table.
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1 11 » Observations of scientific phenomena

-
Learnlng intention
Atthe end of this lesson, | will be able
to explain how making observations of
natural events has allowed scientists to
explain natural phenomena on Earth.

Key terms

axis: areal orimaginary line through
the centre of an object

gravity: the force of attraction
between two objects

orbit: the path of an object around
a star or planet; for example, Earth
around the Sun, or the Moon
around Earth

pendulum: a mass that is attached to
afixed point by a string and can move
backwards and forwards freely

revolve: move in a circular path around
another object

rotate: spin on an axis

tide: the rise and fall of the waters in

the ocean, caused by forces from the
Moon and the Sun

~N

Content group: Practice of science

J

A
Figure 1.29: Scientists’ observations

have explained the phenomenon
of day and night.
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By making observations of the Sun and the Moon,
astronomers have worked out what causes everyday
events on Earth, such as day and night, and the rise
and fall of the water in the ocean.

Earth rotates on its axis

Earth is roughly a sphere, and it spins on its own axis. This was proven
by the French scientist Léon Foucault (1819-1868). Foucault built on
the work of other scientists, who had observed that objects seemed to
move across the horizon. To prove this idea, Foucault built a pendulum.
This device demonstrated that Earth rotates constantly as it revolves
around the Sun in its orbit.

Day and night are due to Earth’s rotation

Afull dayis 24 hours because Earth takes 24 hours to complete one
full rotation on its axis. Viewed from the north pole, Earth rotates in an
anticlockwise direction. This means that the Sun appears to rise in the
east and set in the west. At any time, half of Earth is in daylight and half
is in darkness. The side of Earth facing the Sun has day, and the side of
Earth facing away from the Sun has night (see Figure 1.29).

The Moon revolves around Earth

Moons are small bodies that revolve around planets. Some planets have
more than one moon. Earth has one moon.

The Earth’s Moon takes about 29.5 days to complete one revolution
around Earth. Whenever the Moon passes over the side of Earth that is
in daylight, it can be seen at the same time as the Sun. When the Moon is
on the daylight side of Earth, the other side of Earth has night-time with
no visible Moon.

The Earth’s Moon can be seen with the naked eye. Scientists
have observed the moons of other planets by using equipment such
as telescopes.

Ocean tides are caused by gravity

A natural phenomenon that is commonly observable is the rise and fall of
the water in the ocean. When it is high tide, the ocean reaches its highest
level and the water comes the furthest up the beach. When it is low tide,
the ocean is at its lowest level and the water is lower down the beach.
Scientists’ observations of the movement of the Sun, Moon and Earth
have been used to explain the natural phenomenon of the tides.

Tides are caused by a natural force called gravity. The Earth,
Moon and Sun all exert gravity. This means these bodies pull on
each other. As the Moon pulls on Earth, it makes the oceans move.



4 Figure 1.30:
The ocean’s tides are
caused by the movement
and gravitational pull of
the Moon.

Low tide

Moon's
gravitational
effect

High tide

On the side of Earth that is closest to the Moon,
there is a high tide. At the same time, there is a high
tide on the side of Earth directly opposite the Moon.
In the areas of Earth between these two sides, there
is a low tide (see Figure 1.30).

As Earth rotates on its axis and the Moon moves

around Earth, the tides change. The tides go from high

to low in a 24-hour period, depending on where the
Moon is located in relation to the surface of Earth.

VN
Figure 1.31: Low tide (top) and high tide (bottom) ata beachin
Mexico. The difference in the sea level is about four metres.

Learning Ladder

Observing the universe

o Identify which scientists (that is, from which branch
of science) study the objects of the solar system.

e Outline how Léon Foucault built on the work
of others.

9 Explain how scientists’ observations of Earth’s
rotation relative to the Sun have increased our
understanding of day and night.

e Explain how the location of the Moon, relative to
the Sun and Earth, affects the tides.

e Analyse how the telescope has improved our ability
to understand the natural phenomena occurring
on Earth.

Observing see page 316

o Outline the senses people use to make observations
about the movement of objects across the sky.

@ Identify a scientific tool that has improved our
ability to observe the Sun and the Moon.

e Explain how you could record the different heights
ofthe ocean.

0 Scientists have observed that when the Sun and
Moon are aligned, it affects the height of the tides.
a Outine what these tides are called.
b Explain why these tides occur.

Surfing competitions occur at particular times of year
and at specific times of day. Select a beach that is known
for surfing in Australia. Propose reasons why specific
times of year are selected for surfing competitions.
Provide evidence to justify your reasoning.

Success criteria

| canexplain how making observations has allowed
scientists to explain natural phenomena on Earth.
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1 -1 2 > Models of the solar system

4 . . . ) i
Learning intention The ancient Greek§ were known to make model§ of
Atthe end of this lesson, | will be able to aspects of nature, like the solar system, to explain
compare historical and current models patterns they observed. Over time, these models were

of the solar system to show how
models have been modified or rejected
due to new scientific evidence.

modified or rejected as a result of new scientific evidence.

The geocentric model put Earth at the centre

Key terms
evidence: facts and observations Of the SOIGr SYStem
;rlitezars beusedtosupport oroppose One of the first models of the solar system was the geocentric model

geocentric model: amodel of the solar (see Figure 1.32). The word ‘geocentric’ comes from ‘geo’ (Earth) and

( HP)
system with Earth at the centre centric’ (centred).
heliocentric model: amodel of the According to the geocentric model:
solar system with the Sun at the centre . Earthwas a sphere

model: a physical or mathematical

representation of a scientific idea )
or concept - Earth did not move

Earth was at the centre of the solar system

the Sun and the planets revolved around Earth
Content group: Space science

) - asthe Sunand planets travelled around Earth, they also
simultaneously moved around their own small circular paths.
Figure 1.32: The geocentric model placed Aristotle (384-322 BCE) argued in favour of the geocentric model.
Earth at the centre of the universe with the Aristotle was an ancient Greek philosopher who wrote about astronomy

Sunandthe planets revolving around it and whose observations were made with only the naked eye.

Another early scientist who agreed with the geocentric model was
the Egyptian astronomer Ptolemy (100-170 CE). He agreed that Earth
was at the centre of the solar system, but he suggested that the planets
and the Sun revolved around a point outside Earth.

N

Figure 1.33: Stonehenge is a circle of
standing stones in England, built about
5000 years ago. This monument was
built to align withthe Sun’s movement.
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Aristotle’s and Ptolemy’s observations provided
early scientists with evidence that supported the
hypothesis that Earth was at the centre of the solar
system. However, as time passed and mathematics
and technologies developed, new evidence changed
these initial hypotheses, and modified models of the
solar system were developed.

The heliocentric model put the Sun
at the centre of the solar system

In the 16th century, the heliocentric model replaced
the geocentric model as the accepted model of the
solar system. This model placed the Sun at the centre
of the solar system (see Figure 1.34).

The heliocentric model was created by the Polish
astronomer Nicolaus Copernicus (1473-1543),
who used mathematics to explain the motion of
objects in the heavens. His model proposed that:

the Sun was at the centre of the solar system

Earth and the other planets revolved in their

orbits around the Sun.

Many people did not agree with the heliocentric
model. For example, the early Catholic Church refused
to accept this model of the solar system.

Galileo (1564-1642) was one of the first
astronomers to use a telescope to observe the Sun,
Moon, planets and stars. His observations of the
solar system provided evidence that overwhelmingly
supported the heliocentric model.

Eventually, the heliocentric model was accepted

around the world. However, as telescopes improved,
people noticed that stars did not orbit the Sun.

o
Figure 1.34: The heliocentric model placed the Sun at the
centre of the solar system with the planets revolving around it.

By the early 19th century,
scientists realised that —
although the Sun'is

the centre of our solar
system — the Sunis not
the centre of the universe.

Figure 1.35: By using telescopes »
like this one, early scientists
improved their understanding
ofthe solar system.

Learning deer

Observing the universe

o Identify which branches of science - other than
astronomy - have contributed to our understanding
ofthe universe.

e Describe the contributions towards our current
understanding of the solar system made by:
a Ptolemy.
b Aristotle.
¢ Galileo.

e Explain how Copernicus'’s heliocentric model
improved our understanding of the universe and
ourplaceinit.

0 Explain how changing the perspective of our
observations over time changed our understanding
of the universe.

Observing see page 316

o Identify the senses ancient astronomers used to
make observations of the solar system.

@ Describe how the telescope enhanced our
observations of the location of objects in our solar
system.

€@ Discuss how Copernicus recorded his observations
of the solar system in away that presented evidence
for his heliocentric model.

o Outline the conclusion that Galileo drew from his
observations of the solar system using his telescope.

Research a technology that is currently being used
to observe the universe. Explain how it improves our
understanding of a particular object.

Success criteria

| can explain how historical models of the solar system
changed over time as new evidence was discovered.
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Learning intention

At the end of this lesson, | will be
able to explain that predictable and
observable phenomena on Earth -
including seasons and eclipses -
are caused by the relative positions
of the Sun, Moon and Earth.

Key terms

eclipse: the blocking of the Sun’s light
from Earth

equinox: the two times of the year
when night and day are about the
same length

penumbra: the outer part of the
Moon’s shadow on Earth

solstice: the two times of the year
when night and day are the most
differentin length

umbra: the inner part of the Moon’s
shadow on Earth

Investigation 1.13
Modelling eclipses

5

Content group: Space science

1/:
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asons and eclipse

As Earth spins on its axis, it revolves around the Sun.
This movement, along with the revolution of the Moon
around Earth in its orbit, is responsible for most of the
phenomena we can see. This includes the seasons
and eclipses.

Most places on Earth have four seasons

Australia has four seasons: winter, spring, summer and autumn.

Table 1.5: Earth’s seasons in the northern and southern hemispheres

Season

Winter

Spring

Summer

Autumn

Temperature

Cool to cold

Warming

Warm or hot

Cooling

Time of year

Southern hemisphere
(e.g. Australia)

June, July, August

September, October,
November

December, January,
February

March, April, May

Northern hemisphere
(e.g. the United
Kingdom)

December, January,
February

March, April, May

June, July, August

September, October,
November



Earth’'s tilt causes the seasons

Earth’s seasons are due to the tilt of its axis.
Earth is tilted about 23.5 degrees on its axis as it
travels around the Sun. The seasons are caused
by the intensity of the sunlight: how much the
light spreads on Earth’s surface (see Figure 1.37).
For example, in January, Australia directly faces
the Sun and so the weather is hot.

Most areas of the world experience the same
four separate seasons. These seasons do not
occur at the same time of the year throughout the
world. This is because the seasons in the northern
hemisphere are the opposite of the seasons in the
southern hemisphere (see Table 1.5). The closer a
place is to the north and south poles, the greater
the difference between winter and summer.

¥ Figure 1.37: The tilt of Earth means that different countries
have more or less direct sunlight, depending on where Earth
isin its revolution around the Sun. Earth’s tilt also results in
equinoxes and solstices.

Australian summer
Summer solstice:
December

Equinoxes and solstices: equal and
different lengths of day and night

The equinox is when day and night are the same
length: 12 hours each. Equinoxes happen twice a year,
once in spring and once in autumn. They happen at the
same time around the world. When one hemisphere
has spring equinox, the other hemisphere has autumn
equinox, and vice versa. Equinoxes occur when the
Sun appears directly over the equator. This is when
Earth is tilted so that its axis is side-on to the Sun.

The solstice occurs when one of the poles of Earth
is atits maximum tilt towards the Sun.
On 21 December, the south pole is tilted towards
the Sun, and it is the summer solstice in the
southern hemisphere (longest day and shortest
night) and the winter solstice in the northern
hemisphere (shortest day and longest night).
On 21 June, the north pole is tilted towards the
Sun, and it is the summer solstice in the northern
hemisphere and the winter solstice in the southern
hemisphere.

Australian spring
Spring equinox:
September

Australian winter

Winter solstice:
June

Australian autumn
Autumn equinox:
March
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The Moon blocks the Sun’s light
during a solar eclipse

A solar eclipse occurs when the Moon passes between
the Sun and Earth. The Moon blocks the Sun’s light
and casts a shadow on Earth. The centre of this
shadow is the umbra and the outer ring of shadow

is the penumbra.

There are three types of solar eclipse: total, annular
and partial. They differ in how much light the Moon
blocks, as seen by a viewer on Earth.

A total solar eclipse occurs when the Moon, Sun
and Earth align (see Figures 1.38 and 1.40). People
within the umbra see the Moon block all the Sun’s
light; those within the penumbra see the Moon block
partof the Sun’s light.

An annular solar eclipse occurs when the Moon
is further away from Earth, making it appear smaller
than usual. Because of this, the Moon only covers
the centre of the Sun. During an annular eclipse, we
can see the outer edges of the Sun. This is called an
annulus or ‘ring of fire’.

A partial solar eclipse occurs when the Sun, Moon
and Earth are aligned but they are not positioned in
a perfectly straight line. The Moon only blocks part

Dark shadow (umbra)

Total eclipse seen from here

Partial eclipse seen from here Lighter shadow (penumbra)

Figure 1.39: In atotal lunar
eclipse, the whole Moon is
covered by Earth’s shadow.

Lighter shadow (penumbra)
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of the Sun when this happens. There is no umbra
in a partial solar eclipse; everyone who sees itis in
the penumbra.

When there is a solar eclipse, there is a ‘new Moon’,
which means the Moon can be very difficult to see in
the night sky. This is because the Sun’s light is hitting
the side of the Moon that is opposite to the side
facing Earth.

Earth blocks the Sun'’s light
during a lunar eclipse

A lunar eclipse occurs when Earth passes between
the Sun and the Moon. Earth blocks the Sun’s light
and casts a shadow on the Moon. Depending where
you are on Earth during a lunar eclipse, some or all of
the Sun’s light is blocked.

Lunar eclipses always happen when the Moon is
full, which is when the whole Moon can be seen in
the night sky from Earth. There is a full Moon every
29.5 days, which is the time it takes for the Moon to
complete one revolution around Earth. During most
months, a full Moon occurs when the Moon does not
line up with the Sun and Earth. During a lunar eclipse,
the Sun, Earth and Moon are aligned.

4 Figure 1.38:Inasolar
eclipse, the Moon casts a
shadow over part of Earth.

Dark shadow (umbra)



There are three types of lunar eclipse:
total, partial and penumbral. Each type of
eclipse is named according to how much
light is blocked by Earth, as seen by a
viewer on Earth.

A total lunar eclipse occurs when the
Sun, Earth and Moon are perfectly in line.
The whole Moon is covered by Earth’s
shadow (see Figure 1.39). Total lunar
eclipses are known as ‘blood moons’
because the Moon changes to a striking
red colour.

A partial lunar eclipse occurs when the
Sun, Earth and Moon are not completely
in line. Only part of the Moon is covered
by Earth’s shadow. During a partial lunar
eclipse, you can see the curved shape of
Earth’s shadow on the Moon.

A penumbral lunar eclipse occurs
when the Moon only passes through the
penumbra, which is the outer edge of
Earth’s shadow. These eclipses are often N

not noticed because the Moon appears only Figure 1.40: The Moon is moving between the
slightly dimmer than a regular full Moon. Earth and Sun, causing a total solar eclipse.

Learning Ladder

Observing the universe @ Describe why using a telescope is beneficial when
tracking the movement of the Moon.

o Identify which scientists (that is, from which branch

of science) study the Sun, Moon and Earth 6 Identify one hazard of using a telescope. Propose how

] S ) ) the risk of this hazard causing harm could be reduced.
e Describe how scientists from different countries could

work together to study the Sun’s effect on the seasons.
e Explain how observing the orbits of Earth and the
Moon can improve our understanding of eclipses.

0 Explain the effect that the position of the Moon has
on the type of solar and lunar eclipses that occur.

0 a Outline how you would record data of the type
described in Question 1.
b Identify the unit of measurement you would use.

The seasons are opposites in the northern and southern

Conducting investigations see page 326 hemispheres. Propose a technology that could record
evidence to support this fact.

o Identify which of the following processes is the correct L.
way to collect data about the seasons. Success criteria
A Record monthly average temperatures for one year. + | can explain how the movement and position of
Identify which months are the warmest and the coolest. Earth causes the seasons.
B Record monthly average temperatures for three years.
Identify which months are, on average, the warmest
and the coolest.

| can explain how the positions of the Earth, Moon
and Sun cause solar and lunar eclipses.

C Record daily average temperatures for a year.
Identify which days are hotter. Check for a pattern.
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1 *14 » The Moon and the tides

N Aboriginal and Torres Strait Islander Peoples have long

[ . . .
Learning intention recognised an alignment between what happens in the

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

explain how Aboriginal and Torres Strait sky and what happens on Earth. This knowledge has been
Islander Peoples use observations used for many purposes, including to accurately predict
ofthe phases of the Moon to predict L. . .

tidal changes. the timing and height of the tides.

Key terms

_ s , The Moon moves through eight phases
Dreaming stories: important stories

for First Nations Peoples; these stories The phases of the Moon are its different shapes we see in the night
oitti” CO”E'” important knowledge sky (see Figure 1.41). Over a month, we see a complete lunar cycle of
orthewor eight different shapes, which then repeats. The phases of the Moon

bb: the ph f the tide wh . .
N epnaseorthetiae when are described in Table 1.6.

the water flows towards the ocean
Elder: a First Nations person who is Table 1.6: Phases of the Moon
arecognised custodian of knowledge,
who has permission to pass on that

knowledge, and who has specific New Moon The Moon is not visible in the sky.
responsibilities to young people in

Phase of the Moon What we see

) Waxing crescent A small crescent is illuminated on the left side of the Moon.
acommunity
flow: the phase of the tide when First quarter The left side of the Moon is illuminated.
the water flows towards the land Waxing gibbous Most of the Moon is illuminated. Only a small crescent
waning: when the Moon looks as on the right side of the Moon is dark.
thoughitis getting smaller Full Moon The whole circular face of the Moon is illuminated,
waxing: when the Moon looks as forming a full circle.
thoughitis getting bigger Waning gibbous Most of the Moon is illuminated. Only a small crescent

on the left side of the Moon is dark.

Content group: Aboriginal and
Torres Strait Islander Peoples’ cultural Third quarter The right side of the Moon is illuminated.

knowledges of astronomy : ' A small crescent is illuminated on the right side of the Moon.

Figure 1.41: The phases of the Moon

Waxing * = % AT F o ¥ e s A ' Waning
<" .. . crescent - . i i o S, e, A e \A./aniﬁgj*. s ...~ crescent

o oty - s aptt
¥ . gibbous et 4
B S SRR _V'Thir‘d .

S Lo oquarter
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Western science uses telescopes
to explain the Moon's phases

Western scientists’ explanation of the phases of the
Moon is based on observations made with telescopes.
These observations have shown that the Moon does
not give off light as it orbits the Earth. ‘Moonlight’

is actually the Sun’s light reflected off the Moon’s
surface. As the Moon moves around Earth, the Sun
lights up different parts of the Moon’s surface.
Although it looks as if the Moon is changing shape,
itis actually our view of the Moon that is changing.

The Yolnu story of the Moon'’s
phases tells about Ngalindi

A First Nations account of the phases of the Moon
is captured in the Dreaming story about Ngalindi
(the Moon-man). This story is from the Yolnu People.

This is how part of this story was told by a CSIRO
astronomer, Ray Norris:

‘In the Yolnu story, [the Moon is] called Ngalindiand

he was big and round and fat like the full Moon, and

he was lazy.

His wives and children got so angry because he did
nothing to help, so they chopped off bits of him and he
went from being a round, fat Moon and got thinner and
thinner, which is why you get phases of the Moon.
Eventually he died and stayed dead for three nights
before he came back to life, as a new Moon.

He cursed everyone and said that when he died, he
would come back to life, but when others died, they
would stay dead.’

The phases of the Moon are used
to predict tidal changes

For thousands of years, Aboriginal and Torres Strait
Islander Peoples have observed the positions and
phases of the Moon and how these phenomena
correlate with the rise and fall of the water in the
ocean (which is called the ebb and flow of the tide).

This knowledge is captured in many Dreaming
stories and passed on by Elders, including the Yolnu
story about the Moon-man, Ngalindi. In the story,
Ngalindi gradually fills up with water from the ocean;
when he is full (thatis, when there is a full Moon), it is

high tide. Then, as the water runs out of Ngalindi, the
tides fall.

First Nations Peoples’ knowledge of the cycle of the
Moon’s phases and how these align to the ocean tides
enables accurate predictions of the timing and height
of the tides. This can be seen in the tidal fish traps built
by some First Nations Peoples. These traps consist of
stone walls that create pools or pens. At high tide, the
walls of the fish traps are submerged, allowing fish
to swim into the area. As the tide ebbs and the water
level drops, the stone walls sit above the water level
and trap the fish in the pools.

Learning Ladder

Observing the universe

o Identify which scientists study the movement of
the Moon.

9 Explainwhy it is important to listen to and learn
from the Elders.

© Describe how the Yolnu Peoples’ observations of
the Moon improved their understanding of natural
events that occur on Earth.

0 Construct a diagram of the Moon, Earth and Sun,
showing where the Moon is in its orbit around Earth
when there is a full Moon. You will need to indicate
where a person on Earth is viewing from.

Observing see page 316

o Thousands of years ago, the Yolnu People observed
something about the Moon when the tide was high.
Outline what they observed.

@ Identify a scientific tool that could be used to
observe the Moon.

e Construct an illustration to accompany the Yolnu
story about Ngalindi. In your drawing, show high tide
and low tide and the corresponding phases of the
Moon, as described in the story.

O Propose a conclusion that the Yolnu People may have
come to, based on their observations of the Moon
andthe tide.

Propose ways in which First Nations Peoples’ knowledge
could be applied to modern Australian fishing practices.
Success criteria

| can explain how First Nations Peoples use
their observations of the phases of the Moon to
understand, predict and use the ocean tides.
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Learning intention

At the end of this lesson, | will be able
to explain some of the many ways that
First Nations Peoples use the stars.

Key terms

diffuse: when light becomes
spread out as it passes through the
atmosphere

sky Country: in First Nations
knowledge, the aspects of Country
that are not linked to the land; all the
observable celestial phenomena
and the spirits and lore linked to
these events

songlines or song series:

complex ways that First Nations
Peoples record important information
relating to many different topics;

a body of songs sung sequentially

and which are intended to convey
knowledge
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For thousands of years, Aboriginal and Torres Strait
Islander Peoples have used their observations of the stars
to predict weather, identify when the seasons will change,
predict animal behaviour and identify the best time to
source different foods.

First Nations astronomers know sky Country

The stars are an important part of First Nations Peoples’ knowledge
and understanding of the world. First Nations Peoples have used oral
stories, songs, songlines, dances and art to transmit this knowledge
from generation to generation.

First Nations astronomers

Aboriginal and Torres Strait Islander communities have their own
astronomers. These are individuals who are selected to be trusted
with knowledge of the stars. In the western Torres Strait, each of these
astronomers is called ‘Zugubau Mabaig’, meaning ‘star man’.

Content group: Aboriginal and
Torres Strait Islander Peoples’
cultural knowledges of astronomy

First Nations astronomers are responsible for carefully watching
the sky and noticing the most subtle changes in the position and

34 Good Science NSW Stage 4

properties (brightness, colour) of the stars. These astronomers fuse
their observations with their vast knowledge of the sky Country, and
then advise the community on a range of issues, such as when to harvest
certain foods. This practice is often referred to as ‘reading the stars’.



Stars are used to predict
the weather

Aboriginal and Torres Strait Islander Peoples use
their observations of the colour, brightness, twinkling
and positions of the stars to predict many different
weather patterns.

Twinkling stars

In the eastern Torres Strait — which is off the north
coast of Cape York in Queensland — Meriam Elders
use the stars to predict rainfall and wind.

The Elders know that when they observe twinkling
stars towards the end of the year (in December), this
predicts the start of the northern Australian monsoon
season (also known as the wet season) and the shiftin
the winds from cooler, drier south-easterlies to hotter,
wetter north-westerlies.

This knowledge is preserved in the Meriam song
‘Uier Naskaisreda’ (‘The Twinkling Stars’):

Aipki- em pemut bapiti-e
Nalugem pe-ueir Naskais-reda
Ur Kakaper ise Bapri-eda
Karim nowag-em e

Ziai giru baz-pe aisli
No-wabim MDW em di-kir

Nalu-gem pe-wer Naskais-reda

Why is it so calm tonight?

Why are the stars twinkling like embers?
Me, | thinkit's because of the big wind.
The clouds are coming from the south
And being swept to the north-west.
Why are the stars twinkling like embers?

— ‘Uier Naskaisreda’, song by George Passi

The stars appear to twinkle at this time of year
because the hot, humid and windy conditions interfere
with the light from the stars as it passes through the
atmosphere, increasing how much the light shifts.

Blue, fuzzy stars

By carefully observing the stars and the weather over
generations, Elders know that when the stars look
blue and fuzzy, it will rain soon. The stars look blurry
because higher levels of water in the atmosphere
(which is called humidity) cause the light from the
stars to diffuse.

The Scorpius constellation

The Kamilaroi and Euahlayi peoples know that
when they can see the Scorpius constellation
(see Figure 1.43), there are likely to be whirlwinds.

In the story, the dark patches in the Scorpius
constellation relate to Wilbaarr, the spirit of the
whirlwind. Scorpius is visible from May to August
in the southern hemisphere. This is the windiest
period of the year in the Kamilaroi and Euahlayi
Countries, which are on the east coast of Australia,
and whirlwinds are common at this time.

This same constellation can also be seen during
the dry season, when scorpions are more common.

Figure 1.43: The Scorpius constellation looks like a scorpion
inthe sky, as shown here where an artist has drawn a scorpion

over an image of the constellation.
v
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Stars are used to predict animal When the emu appears to rise in the sky at dusk

behaviour and to identify when (in April and May), this indicates that it is emu
breeding season and it is the best time to collect

to source different foods emu eggs for food.

The rising and setting of particular stars at dusk and When the position of the emu in the sky changes
dawn are closely linked to Aboriginal and Torres (around August or September), collecting emu
Strait Islander Peoples’ stories about the behaviour eggs must stop, for two reasons. First, there needs
of animals (for example, when particular animals to be enough emu hatchlings to maintain an emu
breed, give birth and migrate) and the availability population. Second, the emu chicks have been

of different foods. developing in the fertilised eggs and as embryos are
The Emuin the Sky too developed to be suitable for eating.

constellation

For the people who live in

the Kamilaroi and Euahlayi
Countries, the position of the
Emu in the Sky constellation
indicates different stages in the
emu breeding season.

The shape of an emu can be
seen in the dark patches in the
Milky Way between the Coalsack
Nebula (the emu head), the
constellations of Scorpius and
Sagittarius (the emu body) and
the constellations of Ophiuchus
and Aquila (the emu legs)

(see Figure 1.44).

- . o A Figure 1.44: The shape of an emu can be
seen in the dark bands of the Milky Way.
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The Arcturus star

In Arnhem Land, the Yolnu People harvest
the corms (underground stems) of
spike-rush plants (see Figure 1.45) when
the Arcturus star can be seen in the sky
just before sunrise.

Corms are usually at their biggest after
several weeks of rainfall. Approximately
90 per cent of the annual rainfall in
northern Australia occurs in the wet season
(November to March). So, the optimal time
to harvest spike-rush corms is late November,
which is when the Arcturus star is around 10
degrees above the horizon at sunrise.

The Arcturus star is known as
Marpeankurruk by the Boorong People,
whose Country is near Lake Tyrell in
north-west Victoria. The appearance of
Marpeankurruk in the night sky in August
coincides with the hatching larvae of the
carpenter ant. These larvae can be found
under logs and small rocks. They are high in protein
and can be cooked or eaten raw. This ant’s larvae can
survive harsh droughts, so they are an excellent food
source during dry periods.

e

" Bodtes

Arcturus
» .

4 Figure 1.46: The Arcturus star is the fourth-brightest star
inthe sky. Itis part of the Bodtes constellation.

4 Figure 145:
The spike-rush plant
is an important food
source for First Nations
Peoples who live in
northern Australia.

| _earning Ladder

Observing the universe

o Identify two branches of science relevant to
observing the stars and predicting the weather.

9 Explain why it is important for the Zugubau Mabaig
to share his knowledge with others.

; e Select one example of how First Nations Peoples use
their observations of the stars. Explain this example
in detail.

Q Imagine you live in Far North Queensland and it is
your job to carefully observe the stars. One night, you
observe the stars twinkling. Propose what this means.

6 Discuss how observing the stars and understanding
First Nations astronomy help with sustainable
practices in Australian agriculture processes during
droughts.

Observing see page 316

o Describe the observations that the Kamilaroi and
Euahlayi Peoples use to determine when it is a good
time to collect emu eggs.

@ Describe how First Nations Peoples pass on
knowledge about how observations of the stars
provide information about the weather.

9 Explain how you could accurately record your
observations of the stars.

@) oOutline what you can conclude about emu mating
season when the Emu in the Sky constellation
becomes visible.

9 Discuss how the observations of the Meriam Elders
enabled them to pass down knowledge about
predicting weather patterns.

Explain how we can use First Nations Peoples’
astronomical knowledge to develop Western scientific
knowledge of Australia’s weather patterns.

Success criteria

« | canexplain some of the many ways that First Nations
Peoples use the stars.
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1 16> Predicting seasonal events based
on observations of the stars

Learning intention

At the end of this lesson, | will be able

to describe how Aboriginal and Torres
Strait Islander Peoples predict seasonal
events based on their observations of
the stars.

Key term

brumation: the state of dormancy
(inactivity) reptiles undergo in winter
(similar to hibernation)

Content group: Aboriginal and
Torres Strait Islander Peoples’ cultural
knowledges of astronomy

Figure 1.47: This is a painting of the
Seven Sisters star cluster by Gabriella

Possum Nungurrayi.
v

Gabriella Possum
Nungurrayi,
Anmatyerre People,
Northern Territory,
born Mt Allen, Northern
Territory, 1967.

Seven Sisters,

Milky Way Dreaming
2002, Melbourne.
Synthetic polymer
paint on canvas

115.0 x 204.0 cm.
Santos Fund for
Aboriginal Art 2002
Art Gallery of South
Australia, Adelaide

© Gabriella Possum
Nungurrayi /Aboriginal
Artists Agency
20022P8
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The stars have been important sources of information for
First Nations Peoples for thousands of years. Aboriginal and
Torres Strait Islander Peoples have long predicted seasonal
phenomena based on their observations of the stars.

Stars are used to predict the weather
and animal behaviour

Aboriginal and Torres Strait Islander Peoples use many stars and star
clusters to predict seasonal phenomena, such as weather and animal
behaviour. For example, the Pitjantjatjara People — whose Country is the
Central Australian Desert, near Uluru — use the appearance and position
in the night sky of the Seven Sisters (Pleiades) star cluster to predict the
beginning of the winter frost.

The Pitjantjatjara People know that when the winter frost begins,
many reptiles go into brumation and so these animals cannot be hunted
at this time. The First Nations People of the Central Australian Desert
also know that when the Seven Sisters star cluster rises in the sky at
dawn (in June), dingos begin having their pups. This knowledge affects
decisions about how to manage Country to make sure there are plenty
of small animals for the dingos to hunt to support the nursing dingo
mothers and their newborn pups.




Stars are used to predict
plant cycles

Aboriginal and Torres Strait Islander
Peoples also use celestial observations to
predict the cycles of plants. For example, in
the Torres Strait, the appearance of the Kek
star — also called the yam star and Achernar
by Western astronomers — indicates it is
time to begin harvesting yams.

Ayam is aroot vegetable that grows
underground, which means it is difficult
to predict when yams are ready to be
harvested without digging them up.

The best time to harvest yams is at the
end of the wet season, when they have
had plenty of water to help them grow and before the
conditions of the dry season make them inedible.

The Kek star appears in late March, towards
the end of the wet season. When Aboriginal and
Torres Strait Islander Peoples see it, they know the
dry season is coming.

Figure 1.49: Dingos have pups once a year; June to August
are critical feeding months for newborn pups. The start of this
period corresponds to when the Seven Sisters star cluster first

rises in the sky at dawn.
v

CURSA e

< ERIDANUS

A

Figure 1.48: The Achernar staris the "
brightest starin the Eridanus constellation. oo
This star is also known as the Kek starin the

ACHERNAR

Kalau Lagau Ya language.

Learning Ladder

Observing the universe

@ Identify the branches of science that are relevant
to knowing how to grow yams and when to harvest
them.

e Explain why it is important to share knowledge
about the stars and how they connect to events
that happen on Earth.

e Explain how the Pitjantjatjara People use their
observations of the Seven Sisters star cluster.

Observing see page 316

o Describe the senses that you think the Pitjantjatjara
People use to determine whetheritis the right time
to harvest yams.

e Identify a scientific tool that could enhance
observations about a seasonal event.

9 Describe how you could accurately record your
observations of a seasonal event.

@) Explain what can be inferred by the appearance
ofthe Kek starin the sky in late March.

6 The Seven Sisters star cluster is approximately

442 light years from Earth. How far away are these
stars in kilometres?

Explain how we could use First Nations Peoples’
understandings of astronomy to support ecological
practices in contemporary Australia.

Success criteria ¢

| can describe how Aboriginal and Torres Strait
Islander Peoples predict some seasonal phenomena
based on their observations of the stars. Y
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Learning intention Advancements in technology have made it possible for

At the end of this lesson. | will be able to scientists to increase our knowledge of the world and the
explain how advancements in scientific universe. These advancements include the improvement
technology have enabled scientists to f sci ifi . h | d Kk
increase our knowledge of the world of scientific equipment, such as telescopes and rockets.

and the universe.

Key terms - Figure 1.50: Astronauts took photos
y - : and collected lunar soil samples

alarge system of stars ; R
gesy during the Apollo 11 mission.

an enormous cloud of dust
and gas in space

Content group: Observing the
universe in context

The teleSCOpe Chdnged Hubble’s inferences completely changed our
our view of the universe understanding of the universe.

Until the early 20th century, scientists working in the Rocket technology put humans

field of ast th ht that th ti [
ield of astronomy thoug at the entire universe on the Moon

consisted of a single . They also thought that
all the stars were relatively close to Earth. The Apollo 11 mission

This idea was challenged in the 1920s by the On 16 July 1969, a spacecraft carrying three
American astronomer Edwin Hubble (1889-1953). astronauts — Neil Armstrong, Michael Collins and
Hubble used a 2.5-metre telescope to study a star Edwin ‘Buzz’ Aldrin Jr — was launched into space
in what was then called the Andromeda Nebula. using a rocket. Four days later, the spacecraft,
His observations led him to conclude that: with the men safely inside, landed on the Moon.

Andromeda is not close to Earth

Andromedais nota but a separate galaxy
(now known as the Andromeda Galaxy)

there are billions of galaxies in the universe
each galaxy contains millions of stars.

40 Good Science NSW Stage 4

That same day, 20 July 1969, Armstrong stepped
out of the lunar landing module and onto the
surface of the Moon. This was the first time any
human had walked on the Moon. Since this
historic mission, humans have landed on the
Moon four times.



Landing on the Moon has increased

our knowledge of the universe

During the missions to the Moon, astronauts have
taken photos and collected rock samples from the
Moon’s surface (see Figure 1.50). Astronauts have
collected over 382 kilograms of lunar samples.

Many scientists — such as geologists, who
specialise in studying Earth — have examined these
samples and developed theories about the origin of
the Moon. The lunar samples show that some of the
Moon’s matter comes from Earth, and some comes
from another source.

The current theory of the Moon’s origin is that a
very young Earth was hit by a stray body about half
its size. This collision threw debris out around Earth,
which eventually collected to form the Moon.

Australian astronomers have
made many discoveries

Australian astronomers are collaborating with
scientists from all over the world to improve our
understanding of the universe.

Figure 1.51: The Parkes
Murriyang Telescope in

New South Wales has been
used by astronomers from

all over the world.

Parkes Murriyang Telescope

The Parkes Murriyang Telescope (see Figure 1.51)
is a radio telescope located in Parkes, New South
Wales. For decades, this telescope has been

used by astronomers from Australia and around
the world to make observations and to assist in
scientific endeavours.

Forexample, in July 1969, the Parkes Murriyang
Telescope was one of many telescopes around the
world that assisted scientists at NASA to maintain
contact with the astronauts in the Apollo 11
mission. Without the Parkes Murriyang Telescope,
NASA would have lost communication with their
astronauts when the Moon was on the same side of
Earth as Australia.

Learning Ladder

Observing the universe

0 Identify two types of scientists (that is, from two
branches of science) involved in missions to the
Moon and in studying lunar samples.

e Describe how Australian astronomers have
collaborated with scientists from other countries.

e Explain how Edwin Hubble’s observations improved
our understanding of the universe.

O Explain how changing the way we investigate the
Moon (for example, by using robots) affects our
ability to understand how the Moon is structured.

Observing see page 316

o Describe some observations scientists can
make about the Moon using just their senses.

e Describe how Edwin Hubble used scientific
equipment to enhance his observations of the
universe.

9 Consider the astronaut in Figure 1.50. Explain how
he is making sure his observations are accurately
recorded.

o Identify the inferences Edwin Hubble made based

on his observations of the universe.

Success criteria

| can explain how advancements in scientific
technology have made it possible for scientists
to improve our understanding of the world and
the universe.
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» Observing the universe summary

Nature of science

The purpose of science is to build knowledge
and understanding of the universe.

This is achieved through observation,
experimentation and analysis.

Scientists work together and
build on each other’s work.

Scientific theories

and laws are based on
repeated experiments and
observations that describe or
predict natural phenomena.

Scienceis divided into
different branches
of knowledge.

Practice of science
Allinvestigations have a degree of risk. When practising Scientists make observations and draw inferences from
science, itisimportant to use good safety practices to those observations that explain natural phenomena.

make sure you are not harmed.

Observations made using
measuring equipment are
more accurate and reliable
than observations obtained
using only our senses.

Good scientific
investigations

have independent,
dependentand
controlledvariables.
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Space science

Predictable and observable phenomena on Earth - including The Moon blocks the Sun’s light during
seasons and eclipses - are caused by the relative positions of asolar eclipse.
the Sun, Earth and Moon.

Australian spring
Spring equinox:
September

Australian summer . Australian winter ‘
Summer solstice: Winter solstice:
December . : June

N

#8  Australian autumn
Autumn equinox:

7 g Earth blocks the Sun’s light during a lunar eclipse.

Aboriginal and Torres Strait Islander Peoples’
cultural knowledges of astronomy

Some First Nations Peoples use
their observations of the phases
of the Moon to understand,
predict and use the ocean tides.

Some First Nations Peoples use
their observations of the stars to
predict the weather and animal
behaviour, and to identify when
to source different foods.
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Processes

Steps in progression

Observing
the universe

Observing

Conducting
investigations

Identify scientists from three
branches of science who may

collaborate to learn more about Mars.

While on the Mars research station,
what is one observation scientists
could make using their:
b ears?

a eyes? ¢ hands?

Identify three processes that would
help scientists working on Mars to
conduct investigations where they
are looking at the soil structure and
composition of the planet.

2/

Describe why it is so important for
scientists to work together to learn
about Mars.

Describe how two pieces of scientific
equipment shown in Figure 1.54 could
be used by the scientists to enhance
their observations.

Describe three pieces of scientific
equipment that would be necessary
for scientists to take to Mars. Describe
why each item is needed for scientific
investigations.

Observing the universe: eyes on Mars

In the desert in Utah in the United States, a Mars
research station has been set up. At this station,
scientists can conduct first-hand investigations as
if they were on Mars! For example, researchers only
use the materials they bring with them, and when
they head out to explore the surrounding desert and
collect samples, they do so in special space suits.

In 2019 and 2020, a team of Australian scientists
visited this research station as part of the Expedition
Boomerang missions, to help them understand
what living on Mars would be like. These scientists
continue to look at opportunities to collaborate
with others so that a research facility on Mars can
become a reality.

. 4 Figure1.52:

The Mars desert
research stationis
inadesertin Utah,
United States.




Demonstrate your understanding

Explain how learning more about living
on Mars may help scientists to better
understand our solar system.

Which pieces of equipment do
scientists need to accurately record
measurements when they are
collecting rock samples from the
surface of Mars?

Identify three safety practices that
scientists would need to implement
when working on Mars. Explain why
each practice isimportant.

Figure 1.53: Australian astronomers simulating
conducting a first-hand investigation on Mars
during an Expedition Boomerang mission

v

Identify three investigations scientists
could conduct on Mars. For each,
identify the independent, dependent
and two controlled variables.

Explain what you can infer about the
size and layout of the research station
planned to be built on Mars, based on
the bird’'s-eye view of the station in
Utah in Figure 1.52.

Analyse the processes scientists
would need to use to ensure that the
data they collect on Mars is accurate.

Analyse how three scientific
advancements have contributed
to scientists’ understanding of Mars.

Consider the investigations you
identified in Step 4 of the knowledge
ladder. For each investigation, explain
what questions could be answered
by the data the scientists collect.

Explain in detail three processes you
could implement to improve the
accuracy of your investigations and
data recordings.

Figure 1.54: During the Expedition Boomerang
mission, researchers practise working in

laboratories, as they would on Mars.

N/




Forces are acting all around us. Forces keep Earth moving around
the Sun, protect us from cosmic rays, and provide efficient
transport. Forces are everywhere, all of the time.

Forces are also acting on us all of the time. They bring us back
to the ground after we jump in the air and they make our hair stick
up if we rub it with a balloon. Many different forces push and pull us
in all directions. Our understanding of forces allows us to achieve
incredible things, from constructing the pyramids to landing
spacecraft on distant planets.

o
Figure 2.1: Forces keep planets
and spacecraft in motion.

Learningl

| can investigate
the impacts of
forces in real-world
contexts.

| can compare the
role of different
forces in real-world
contexts.

| can explain how

forces are linked
to real-world
phenomena.

| can describe
different types
of forces.

| can identify
multiple forces.

Forces

Stepsin
progression

er

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

| can make
predictions
to explain
observations
or phenomena.

| can construct
questions to
investigate
scientific concepts
or problems.

| can select
questions to
investigate
scientific concepts
or problems.

| can make
predictions based
on prior knowledge
and observations.

Questioning
and predicting

The Learning Ladder contains the scientific content and processes you
will learn in this chapter. 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 process
and interpret
quantitative and
qualitative data from
a range of sources.

| can collect
and present
data in a range
of appropriate
formats.

| can construct
appropriate graphs
with headings and

units for data.

| can construct
appropriate tables
with headings and

units for data.

| can identify data
from graphs, tables
and digital sources.

Processing
data and
information

| can evaluate 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.

| can identify trends
within given data
and information.

Analysing
data and
information

| can evaluate
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 suggest
solutions to familiar
scientific problems.

| can identify
scientific problems.

Problem-
solving

Stepsin
progression

Working scientifically processes
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Figure 2.2: Forces allow us to ski down slopes and bring us back to the ground.




] » Direct and it

Learning intention

At the end of this lesson, | will be able to
. explain forces as either direct (contact)
orindirect (non-contact).

Key terms

aforcethatactsonan
object in contact with another object;
also known as contact force

an area of space where objects

” are affected by an indirect force

apush or pull on an object

Figure 2.3: Asoccer ball
is setin motion when

| whenitinteracts with another object kicked by a player.
asimplified
diagram of the forces acting on A force is a push, a pull or a twist. Forces occur

an object

when objects interact with each other.
aforce between two surfaces

that are sliding, or trying to slide, across

each other Forces happen when objects interact

aforce thatactsonan

object without the need for physical A ball sitting on the ground will not move until a force is applied to it.

contact; also known as non-contact If you apply a force by kicking the ball, several things happen.
force - The ball changes shape for a moment.
actupon or have an effect on - The ball moves in the direction of the force from the kick.
the unitfor measuring force, - The ball’s speed changes. Initially, the ball is not moving, then it

Slunit N; 1kg on Earthis equivalent

010N moves, hits the ground and stops, rolls or bounces.

a pulling force exerted by Energy is required to apply a force. The person kicking needs energy
each end of an object to kick the ball. The energy is transferred to the ball at the same time
as force is applied to it.

Investigation 2.1
Balloon rockets

Direct forces are in contact

: Adirect force acts on an object thatis in
@ Reaction force contact with another object. For example,
kicking a soccer ball is a direct force

Content group: Forces in action

iiction because there is physical contact between
(®) . the foot and the ball.
Tension
in rope Direct forces are also known as contact
forces and include:
-3 - friction, when two objects slide past
t each other
‘ ‘ - tension, a pulling force exerted by
‘ each end of an object such as a string
or rope.
Figure 2.4: (a) Forces acting on an object
moving down a ramp. (b) Forces acting on —_—
an object suspended by a rope. Weight
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We use free-body diagrams like Figure 2.4

to show the forces acting on an object.

A free-body diagram is a simplified diagram
of the forces acting on an object. The arrows
represent the size and direction of the forces.
Longer arrows represent bigger forces. Force
is measured in units called newtons (N).

Indirect forces are not
in contact

Some objects can exert forces on other
objects even if they are not touching them.
These forces are called indirect forces and act
through a field — an area around the object.

The three main types of indirect forces
are gravitational, magnetic and electrostatic.
For example, Earth exerts a pulling force of -
gravity on the Moon because the Moon is in
Earth’s gravitational field. A magnet exerts
a pulling magnetic force on iron filings in its
magnetic field.

Learning Ladder

Forces

o Identify each action force as a push, pull or twist.
a Opening a door towards you
b Moving your shopping trolley straight ahead
¢ Using akey to unlock a door
d Wringing out water from a wet towel
e Playing tug-of-war
e Identify an example of:
a adirectforce.
b anindirect force.

6 Explain, in terms of forces, what happens when
apaperclip is brought close to a magnet.

Processing data and information

see page 329

0 Create a table like the one below to record your
responses from Question 1above. Include rows for
parts a-ein yourtable.

Action force Push Pull Twist

Opening a door
towards you

9 Investigate the forces required to open doors: push, pull
and twist (turning a door handle). Which force is largest?

Figure 2.5: Planets in our solar system stay in their orbits around the Sun
because they are in the Sun’s gravitational field - the area where the Sun’s
force of gravity acts.

Conduct three trials for each action and measure the
force in newtons (N). Construct a table to record data
for this investigation. (Hint: Include a column for the
average force.)

e Construct a column graph to represent the data
from Question 2. (See the Science how-to section
on page 370 for how to create a column graph.)

0 Construct a pie chart to represent the data from
Question 1. Show the percentage of pushes, pulls and
twists. (See the Science how-to section on page 371 for
how to create a pie chart.)

Asoccer ball has a rubber bladder inside and a synthetic
outer covering to prevent it from becoming waterlogged.
This changes how the ball reacts to the force of a kick.
Identify another piece of sporting equipment that is
designed to optimise the forces applied to it during use,
and explain how it achieves this.

Success criteria
. | candefine forces.

+ | canexplain what direct and indirect forces are,
using examples.

Forces




Learning intention

At the end of this lesson, | will be able to
use force diagrams to model balanced

and unbalanced forces and predict the
net effect acting in everyday situations.

Key terms

the size of a force,
an object or an amount of energy

the resultant force when all
forces acting on an object are added
together and cancelled out

the force that acts from
a surface pushing against an object

Investigation 2.2
Blowball

Content group: Forces in action

@

Normal force

Gravitational
force

Fnormal

Figure 2.6:
(a) Aforce diagram
’ and (b) a free-body
diagram. They show
that the forces
acting on the ball are
equal in magnitude
but opposite in
direction, so they
balance out.

Fgravitational
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An object can be acted on by many forces at once.

If these forces are the same size but acting in opposite
directions, then they are balanced. Objects acted upon by
balanced forces stay at rest or move at a constant speed
in one direction. If the forces acting are not the same size,
then the forces are unbalanced.

The forces on a stationary object
are balanced

Even objects that are stationary (not moving) have forces acting on
them. A ball at rest on the ground is not moving but is interacting with
the ground. The ground applies a force on the ball, which is called

the normal force. The normal force is the same size as the force of
gravity, but it acts in the opposite direction, so the ball does not move.
The forces acting on the ball are balanced, so the ball remains stationary.
When forces are balanced, the overall force acting on the object is zero.

Figure 2.6 shows the forces acting on the ball as both a force diagram
and a free-body diagram. The arrows show that the force of gravity
acts downwards and the the normal force (from the ground) acts
upwards. The arrows are the same length, which means that the two
forces are the same size (magnitude) and the ball is not moving up or
down. In Figure 2.6b, the ball is represented by a point and the arrows
representing the forces start at the centre of the ball.

Forces can become unbalanced

If someone kicks the ball, the forces become unbalanced. This means
the ball will start moving. When the size of the net force is greater than
zero, the result is a change in speed or direction (or both) of the object
(Figure 2.7).

¥ Figure 2.7: Balanced and unbalanced forces on a balll

Unbalanced forces

Two forces are different sizes
and opposite in direction.

They do not cancel each other out.

Balanced forces

Two forces are the same size
but opposite in direction.

They cancel each other out.

10 N

The force pushing the ball to the right is
bigger than the force pushing to the left.
The net force is equal to 5 N to the right.

The net force is equal to 0 N.



Adding or removing a force can unbalance the forces on an object

The forces acting on objects, including humans, can become unbalanced in several ways.
Figures 2.8 and 2.9 show two examples.

4 Figure 2.8:
(a) Askateboarder stands
still on his board - the forces
acting on him are balanced
and he is stationary;
(b) then he pushes off,
adding aforceinthe
direction of his movement.
The forces are no longer
balanced and the
skateboarder moves.

5
I 4

Figure 2.9: (a) Adiver
stands on a board -
the normal force and
gravity are balanced
and he is stationary;
(b) then he jumps off
the board, removing
the normal (upwards)
force opposing the
downwards force

of gravity. The forces are
no longer balanced and
the diver moves down.
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A moving object might also be
affected by balanced forces

When forces on an object are balanced, the object
keeps doing what it has been doing. The object can
be stationary or moving.

When a car moves at a constant speed and
direction, the forces acting on it are balanced.
The thrust force from the car’s engine is balanced by
forces acting in the opposite direction (such as air
resistance and friction). The normal force (pushing
upwards from the ground) is balanced by the force
of gravity (see Figure 2.10).

@ Normal force exerted by
the ground on the car

Resistive forces Thrust force exerted
exerted by the air and by the engine on
friction on the car the car

Gravitational force exerted
by Earth on the car

@ Fnormal

3

Fresistive Fthrust

&
« L

v
Fgravitational

PN

Figure 2.10: (a) Aforce diagram; and (b) a free-body diagram

of the balanced forces acting on a car moving at constant speed
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Forces can be added up
to work out their effect

When many forces act on an object, you can calculate
the direction and size of the overall force (net force)
thatis acting.

Imagine a car that has broken down and two people
are pushing it to the side of the road (see Figure 2.11).
They are applying a force to the car to get it moving,
and they need to have energy to apply the force.

The forces acting on the car become unbalanced,
and it starts to roll forward.

You can work out the direction the car will move
in, and the net force acting on the it, as shown in
Figure 2.11.

The two people apply forces of 275 N and 395 N,
to oppose the resistive forces of 560 N. To calculate
the net force, add the pushing forces and subtract
the resistive forces because they act in the opposite
direction:

(275 +395) - 560 = 670 - 560
=110 N

So the car moves to the right with a net force of 110 N.

Pushing forces
exerted by the
people on the car

560 N

Resistive forces exerted by
air and friction on the car

@ Fresistive Fapplied
560N 275N
_
395N
a

Figure 2.11: (a) The magnitude of forces acting when pushing a
stalled car; and (b) a free-body diagram of forces acting on the car



Learning Ladder

Forces

o Identify the force that:
a stops a person from falling through the ground.
b stops a person from floating off into space.
¢ slows a skateboarder down.

e Identify two ways that unbalanced forces can change an
object’s motion.

e Consider a stationary cyclist.
a Construct a free-body diagram of the forces acting
onthem.
b Describe two ways that the overall forces acting
on them can become unbalanced.
¢ Draw a free-body diagram to show the forces in part b.

Q An object with a force acting on it in the opposite
direction to its motion will slow down. Justify why.

e Identify whether the following objects have
balanced or unbalanced forces acting on them.
a Acarthatis speeding up
b Alaptop resting on a desk
¢ Arolling ball that is slowing down
d An aeroplane travelling at a constant speed

Analysing data and information see page 334

o a Calculate the net force acting on each of the following
objects and state which direction the object will move.

TF:ZOON
F=75N F=50N
<4+— —>
lF:]OON
TF:4ON
F=80N F=45N F=20N F=20N
«— — «— >
lF:4ON

b Identify the forces €
acting on this girl.

Calculate the Ig/

net force acting

on herand state 4 g N

the direction she
will travel.

T =

e Students conducted an experiment where they
increased the mass of a cart and measured the
force required to move the cart across a surface.
Their results are shown in the table below.

Mass (kg) Net force (N)
1 5
3 15
5 25
7 35
10 50

a Describe the trend in the data they have collected.
b Explain the relationship the students found in
the data.

9 Aboxwas pushed across the floor in a straight line for
10 metres. The net force exerted over this distance is
shown in the graph below.

10 —
9 —
8 —
7 —
6 —
5 —
4 —
3 —
2 —
’I —

OF—T—71T T 1T T T T T T 1
o 1 2 3 4 5 6 7 8 9 10

Distance (m)

Force (N)

a ldentify the forces acting on the box as it moved
across the floor.

b What was the greatest net force applied, and between
which distances was it applied?

With the aid of force diagrams, explain the forces acting

on a skydiver during each stage of their motion: jumping out
ofthe aeroplane, falling at a constant speed, opening the
parachute and then finally landing.

Success criteria
« | can explain what balanced and unbalanced forces are.

- | candrawforce diagrams and free-body diagrams to
show balanced and unbalanced forces.
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Learning intention

At the end of this lesson, | will be able to
use the term ‘field’ in describing forces
acting at a distance.

Key terms

aforce that pulls
objects towards each other
anareaarounda
charged particle in which it exerts a
force on other charged particles
anindirect force
between any objects with an electric
charge
aline used to show the
direction of a force within a field
aregion in which
an object with mass can experience
a gravitational force
anindirect force
that attracts physical objects with mass
towards each other
anindirect force that
affects any object made of certain
metals
afield in which the field
lines radiate from a centre

aforce that pushes
objects away from each other

Investigation 2.3
Magnetic shielding

Content group: Forces in action

Indirect forces act through fields. Objects do not
have to be touching each other.

Indirect forces act through fields

Indirect forces can work at a distance, without contact, as long as objects
are in their fields.
Gravitational forces affect objects containing matter.

Magnetic forces affect objects made of certain metals, such as iron,
nickel or cobalt.

Electrostatic forces affect objects that have an electrical charge,
even very weak charges.

We cannot always tell where a field ends.

The strength of a force varies within a field

Magnetic field lines

Ifyou sprinkle iron filings near a bar magnet, most of them arrange
themselves at the ends of the magnet (see Figure 2.12a). This shows that
the strength of the magnetic force is not the same throughout the field.

Figure 2.12b shows the magnetic field lines around the bar magnet.
The field is strongest where the field lines are closer together, at the
ends of the magnet. You can see that the field lines match the pattern
of iron filings in Figure 2.12a.

Figure 2.12: (a) Iron filings gatherin »
the areas around a magnet where the
magnetic field is strongest. Beyond the
limits of the field, the filings are no longer
attracted. (b) Field lines show how the
different non-contact forces operate
within the magnetic field.
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Gravitational field lines

Any object that has mass has a gravitational field around it. This is an area in which
other objects experience a force from the first object. Planets, people, even ants,
all have gravitational fields, but the fields around smaller objects are too small to
affect us. We only witness the effects of gravitational fields for larger objects such
as moons, stars, planets and galaxies. Earth has a gravitational field — any object in
its field experiences a gravitational pull towards Earth.

Figure 2.13 shows the shape of Earth’s gravitational field. It is a radial field -
all the field lines point towards the centre of Earth. The gravitational field gets Figure 2.13:
weaker further from the centre of Earth. The arrows show that an object in the field Thedirection ofthe

. . o forcesin Earth’s
would experience an attractive force because they are pointing towards Earth. gravitational field

The Moon orbits Earth because itis in Earth’s
gravitational field and experiences an attractive force.

Electricfield lines

Learning Ladder

An electric field exists around a charged object.
Forces

The electric field radiates outwards from a
positive charge and radiates inwards to a negative
point charge, as shown in Figure 2.14.

o Outline what an indirect force is. Name three
examples.

e Describe how a named indirect force acts on

Charged particles have a radial field. However,
a specific object.

the electrostatic force within the electric field can be
attractive (pulling) or repulsive (pushing), depending
on the charged object.

e Describe something that reduces the force on
an object and is common between the three
types of indirect forces.

1 < 0 Compare how Earth’s gravitational field and
Figure 2.14: amagnetic field would affect a nail as it moves
Electric fields away from them.
< + v of individual e Outline the evidence that suggests fields generate
charged forces of different sizes in certain areas.
particles .
(point Problem-solving see page 339
v charges) . . . )
Electric field lines of Electric field lines of @ UsingFigure 212 to help you, draw some field lines
a positive point charge point  a negative point charge around a horseshoe magnet.
away from the charge. point towards the charge. @ Predict what would happen to the Moon’s orbit

around Earth if Earth’s gravitational field was weaker.
Suggest what problems, if any, this may cause.

6 Explain why objects eventually fall back towards
Earth when they are thrown upwards.

O Drivers are asked to turn off mobile phones while
putting fuel in their car. Propose a reason why.

Astronauts on a spacewalk are required to wear special
clothing to protect their bodies. Research and describe
what fields and forces may affect their bodies, and how
the equipment helps to protect them.

Success criteria

5 “Figure 2.15: A black H'ole R e ey of O3S | can identify indirect forces as those that are caused
packed into avery small space. Black holes have such strong by afield.
gravitational fields that nothing - not even light - can escape! - | candescribe the strength of the force within a field.
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Learning intention All mqtter is made up of atoms. At the centre of each

At the end of this lesson, | will be able atom is the nucleus. The nucleus is made up of uncharged

to describe the electrostatic forces particles called neutrons and positive particles called

exerted between charged objects. .
protons. Around the nucleus are one or more negative

Key terms particles called electrons.
a subatomic particle that

orbits the nucleus of an atom; it is

negatively charged Electron

the electric
charge on the surface of an object

a subatomic particle
located in the nucleus of an atom;
itis neutrally charged

the centre of an atom, Nucleus

which contains protons and neutrons
Neutron

a subatomic particle
located in the nucleus of an atom;
itis positively charged

4 Figure 2.16:
Atoms have one or
more protons, one
or more electrons,
and (except for
hydrogen) one or

Proton more neutrons.

Investigation 2.4
Charging balloons

Content group: Forces in action

Charged objects can have a positive

= or negative charge
- Positively charged =
more protons Each proton and electron carries a tiny electric charge. The positive
than electrons charge of a proton is equal but opposite to the negative charge of
an electron. When the number of protons is the same as the number
of electrons, the atom has no overall charge: it is neutral.
+ When an atom has more protons than electrons, it has a positive
+ Neutral = charge. When it has more electrons than protons, the atom has a
+ same number negative charge. This gives an object an overall electrostatic charge
o of electrons and . . .
- protons and it can exert an electrostatic force on other objects, whether they
are charged or uncharged (see Figure 2.17).
- = Like charges repel; opposite charges attract
- Negatively charged = When two objects with the same charge (positive or negative) are
- more electrons brought close together, they experience a repulsive force that pushes
— than protons them apart. When two objects with opposite charges are brought close
- together, they experience an attractive force that pulls them even
closer together. You can see this in the balloons in Figures 2.19-2.21.
A

Figure 2.17: If an object has different Balloons can be given an eIectrosta’gc charge by rubbing them with
numbers of protons and electrons, it has wool or rubber. Charged balloons will attract or repel other charged
apositive or negative electrostatic charge. balloons that are close enough to be in their electrostatic field.
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4 Figure 2.18: AVan de Graaff generatoris a device
that creates a build-up of electric charge. Here it has
transferred electrons to the woman. Each strand of
her hair has the same charge, so they repel each other.
This is why her hairis standing on end.

Learning Ladder

Forces

o Identify the types of charges an object can have.

e Describe how an object can become negatively
charged.

e Explain how electrostatic forces can cause two
charged objects to have an attractive force
between them.

0 Explain why your hair stands on its ends after
you rub it with an inflated balloon.

_ _ e Propose why electrons, and not other types of
= e L - . particles, move from the atoms of one material
[ to another.

+ + Questioning and predicting see page 319

o Hundreds-and-thousands sprinkles often stick to

o~

Figure 2.19: Two balloons with neutral charge hanging close the sides of their plastic container. Predict which two
together won't attract or repel each other, so they hang surfaces are rubbing together to cause this effect.
straight down. e Rub a plastic comb vigorously with some wool, then

,-‘f hold it close to some tiny pieces of paper. You can
/ make an observation about the paper’s behaviour.
3 Which of the following is an appropriate scientific
question to investigate this phenomenon?

A How does the charge of a comb affect the
movement of paper when they are brought
closertogether?

B Does acomb conduct electricity?

o

e The more you rub a comb over paper, the greater
Figure 2.20: Two balloons close together and with the same the attraction between them. Construct a scientific
charge repel each other, so they push away from each other. question for this investigation.
This is because they experience an electrostatic force. If the
charged balloons are moved further apart, and are outside each
other’s electrostatic field, then they will not experience a force.

/
fll The triboelectric series is a list of objects ordered by
¥ how easily they gain or lose charge. Predict which of these
materials would be most and least likely to gain a positive
or negative charge: skin, wool, aluminium, paper, steel,
rubber, plastic. Check your predictions by comparing
your answers to an online triboelectric series.
Success criteria
- « | can explain what it means for an object to

o Construct a hypothesis predicting what will happen
when a comb is moved over paper.

Figure 2.21: Two balloons close together and with opposite be charged.
charges attract each other. The attractive forces pull them + lcandescribe the electrostatic forces exerted
slightly together. between charged objects.
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5 > How charged objects behave

Learning intention

At the end of this lesson, | will be able to
describe how charged objects behave.

Key term

the rapid
movement of charged particles
from one object to another

Content group: Forces in action

Cloth
(equal amounts of positive
and negative charge)

o

%

|-

bt Plastic

(equal amounts of positive
and negative charge)

-y During rubbing,
: some electrons

it move from the
&— = | clothto the plastic.
- y

The plastic has gained
electrons and the cloth
has lost electrons.

4 Figure 2.23: When you rub plastic and
cloth together, an electrostatic charge
is made on both objects.
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Figure 2.22: The opposite
electrostatic charges in the
atmosphere and the top of
the building cause lightning
to strike during a storm.

When two objects with the same charge are brought close
together, the force between them pushes them apart,

or repels them. When two objects with opposite charges
are brought close together, the force between them pulls
them together, or attracts them.

Objects gain and lose electrostatic charge

When electrons move onto or off an object, it becomes charged.

Some materials attract electrons more than other materials do.
When these materials come into contact with a material that does
not attract electrons as strongly, some electrons will move onto the
electron-attracting material. For example, plastic attracts electrons more
strongly than cloth does. So, if plastic and cloth are rubbed together,
some of the electrons within the cloth transfer to the plastic. The plastic
becomes negatively charged because it has more electrons than protons.
The cloth becomes positively charged because it has more protons than
electrons (see Figure 2.23).

Everyday items gain electrostatic charge

You can generate an electrostatic charge by walking around or touching
items together. This is often called ‘static electricity’ and is caused by
friction between certain objects.



An easy way to see this is to blow up a balloon
and rub it on your hair. The material of the balloon
attracts electrons more than your hair does, so
electrons from your hair move into the material
of the balloon, creating a slight negative charge.
At the same time, your hair gains a slight positive
charge because now it has more protons than
electrons.

If the electrostatic charge is large enough, it can

create a spark as the electrons move quickly back
into the positively charged material. For example,
if you take off a woollen jumper on a dry day, you
may see small sparks.

Large-scale electrostatics
can cause lightning

Lightning is an example of this movement of
charge, or electrostatic shock, on a much larger
scale. In a storm, two oppositely charged regions
develop. The two charged areas can be within
the storm clouds or in the clouds and the ground.
These regions are separated by air, which acts as

aninsulator. When enough charge builds up, the air
breaks down and there is a rapid movement of the

charge. This discharge can be seen as lightning.

Figure 2.24: An electrostatic charge on your body may
create a spark as it discharges onto a nearby metal

surface.
v

4

Figure 2.25:
Rubbing balloons
on your hair will
create aslight
positive chargein
your hair, causing
the strands to
repel each other.

Learning Ladder

Forces

o Identify how objects can gain electrostatic charge.

e Construct a diagram to show how you could
positively charge an object. Show the charges on
the object before and after charging it and how
the charge moves.

e Explain why you feel a ‘zap’ or see a small spark
when you touch something that has been statically
charged.

o You and your friend take turns going down a slide
and high-fiving each other. When you go down
the slide, you both get a static shock when you do
a high-five. But when your friend goes down, you
don’t get a shock when you high-five each other.

Propose reasons for the difference.

Questioning and predicting see page 319

o Aninflated balloon is rubbed on a person’s hair.
Predict what will happen to the hair.

e Students want to conduct an investigation on how
strong an electrostatic force needs to be to pick up
small pieces of paper by rubbing a plastic pipe with a
cloth. List the variables in this experiment, identifying
which variables will need to be controlled, so that
they could be used in a scientific question.

0 Construct a scientific question to investigate the
concept in Question 2.

O Construct a hypothesis for the investigation in

Question 2.

List all the times you have seen or felt static shocks.
Identify the materials that were interacting to create

the static charge. Compare your list with those of other
students. Are there any materials in common?

Success criteria

| can describe how charged objects behave.

| can identify some ways that objects gain
electrostatic charge.
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6 > Gravitational
forces |

Figure 2.26: This astronaut
is floating in space, outside
Earth’s gravitational field.

Learning intention

At the end of this lesson, | will be
able to use the concept of forces to
describe the motion of objectsin

a gravitational field.

Key term

an object that orbits a planet;
Earth has a natural satellite (the Moon)
and many purpose-built satellites
(referred to as artificial satellites)

Investigation 2.6
Measuring gravity

Content group: Forces in action
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Gravitational forces act towards the centre of the object
that produces them. That is why, wherever they are, all
objects fall towards Earth’s centre.

Gravity is always an attractive force

All objects with mass make a gravitational field. Within this field, any
other object will have a force generated on it. The size of this force
dependson the:

mass of the object generating the force

distance between the two objects.
The size of gravitational force varies, but the direction does not. Any force
due to gravity will always be an attractive force. This means that it pulls
objects towards the centre of the mass generating the gravitational field.



Wherever you are on Earth, if you drop something,
it falls to the ground. This is because the attractive
force is directed to the centre of Earth’s mass. We are
affected by Earth more than any other object because
itisthe largest and nearest object to us. The Sun
is much larger, but it is so far away that it has little
effect on an object that is dropped, compared
to Earth’s gravity.

You can draw field lines to represent the area
where a gravitational force will be generated on
an object:
Stronger fields are shown by drawing field lines
close together; weaker fields are shown with field
lines further apart.
Gravitational field lines point in the direction that
the force is actingin.

4 Figure 2.27: Earth’s
gravitational forces.
Thefield lines point
towards Earth. The
force of gravity is
stronger the closer
you are to Earth.

In Figure 2.27, you can see that the gravitational
field decreases in strength with increasing distance
from the centre of Earth. The red field lines are
closer together near Earth and further apart away
from Earth.

Gravitational forces change
with distance

On Earth’s surface, gravity is constant because
the distance from the centre of Earth is about the
same everywhere. Further away from Earth, the
gravitational force is smaller and the field lines
are further apart.

Imagine a mattress with a bowling ball placed
in the centre, making a hollow. If you place some
marbles at different points around the mattress,
eventually they will all roll into the hollow made by the
bowling ball. Those at the very edges may roll slowly
at first, but they will roll faster as they get closer to
the bowling ball, where the slope becomes steeper.
This is very similar to the way objects are affected
by Earth’s gravity: the force increases as the objects
move nearer.

Figure 2.28: We can use gravity to have funin many sports,

such as skydiving.
v
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GrGVity holds Objects in orbit Table 2.1: The number of Earth days taken by each of the

planets to orbit the Sun, in order of closest to furthest away
Gravity is the force that holds the planets in orbit

around the Sun and satellites in orbit around Planet Number of Earth days
Earth. The closer a planet s to the Sun, the Mercury 88
stronger the Sun’s gravitational pull on it and the Venus 225
faster the planet moves in its orbit. The further it Earth 365
is from the Sun, the weaker the Sun’s gravitational
pull on it and the slower it moves. Table 2.1 shows b 087
how long each planet takes to orbit the Sun. Jupiter 4331

You might wonder why gravity does not Saturn 10747
cause a planet to crash into the Sun. The Sun’s Uranus 30589
gravitational force constantly pulls the planets Neptune 59800

towards it. However, the planets are travelling
fast enough to balance the gravitational effect.
This delicate balance causes the elliptical orbits
of planets around the Sun, which is the centre of
gravity for our solar system.

Satellites can orbit planets, in the same way that
planets can orbit the Sun. The only difference is the
central object being orbited. Earth is the central
object, and the centre of gravity, for satellites
orbiting our planet. The distance at which the
satellites orbit from the surface of Earth depends

. ) on how fast they travel.
Figure 2.29: The planets of our solar system, showing

the order of distance of their orbits from the Sun
v

Saturn__ h

“_Neptune

Jupiter
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4 Figure 2.30: Many satellites orbit Earth. Satellites have many uses, such as communication, weather
forecasting and navigation. The Starlink satellites are a global network of communication satellites.

Learning Ladder

Forces

0 Identify the force that keeps you on the ground.

e Describe what gravity is and what its strength
depends on.

e Explain the relationship between the speed at which
a planet orbits the Sun and its distance from it.

0 Explain why satellites orbit Earth rather than crashing
into the surface.

e Predict what would happen to the motion of the
planets if the Sun had a stronger gravitational field.
Justify your answer.

Processing data and information see page 329

o Referto Table 2.1.
a How many Earth days does it take for Mars to
orbit the Sun?
b Calculate how many seconds this is.

e One day on Venus lasts approximately 243 Earth days.
Using Table 2.1, construct a new table that shows how
many ‘Venus days' it takes planets to orbit the Sun.
(Hint: Divide the current number of days by 243.)

e Construct a graph to display the information in Table 2.1.
(See the Science how-to section on page 331.)

0 Convert the data from your table in Question 2into
a pie chart that shows the difference in time between
the planets’ orbits around the Sun. (See the Science
how-to section on page 371.)

Does Earth exert a greater gravitational pull on the Moon
than the Moon does on Earth? Explain your answer.

Success criteria

- | can use the concept of forces to describe the motion
of objects in a gravitational field.
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Although people talk about weight in terms of grams

Learning intention ) '
and kilograms, these are actually units of mass.

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

. distinguish between the terms ‘mass’ What is the difference?

and ‘weight’
- calculate the weight of an object. An objectls Welght depends on grqvity
Key terms

An object’s mass is the amount of matter it contains. Mass is
measured in grams and kilograms. A ball contains a specificamount
of matter. Wherever that ball is, even if it is on the Moon, its mass
does not change.

the rate at which speed
changes over time, or the rate at which
you fall due to gravity

the amount of matter that

aphysical body contains An object’s weight is a measurement of how much gravitational
the force of a gravitational force is pulling on the object. Weight is measured in newtons (N).
field onthe mass ofa body Changing the gravitational force acting on an object will change its

weight. The Moon exerts a small gravitational force, which is why
astronauts on the Moon weigh less and can move around with huge
jumps. It is also why astronauts on the International Space Station
float, even though their bodies still have mass.

Content group: Forces in action

Trevor's mass on Earth is 60 kg.
His weight on Earth is almost 600 N.

Trevor's mass on the Moon is
also 60 kg. However, his weight
on the Moon is almost 100 N. ,
- "1 Figure 2.32: Astronaut Eileen Collins,
Figure 2.31: No matter where you are, Brr 2 I { weightless and floating in STS-114 1SS
your mass stays the same. However, your Commander Space Shuttle Mission
weight changes depending on gravity. : V '
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Weight can be calculated with a formula

Your weight depends on where you are within the
gravitational field. The further away you are from the
centre of a mass, the weaker the gravitational field
strength. This means you weigh less further away
from Earth’s surface.

How do you know what your weight is if your mass
is 60 kilograms? We can calculate this by multiplying
your mass (m) by the acceleration due to gravity (g)
of the planet or moon you are on. This can be written
in the following formula, where Fg is your weight
(the force of gravity).

Fg=mg
where:
m =mass (kg)

g = acceleration due to gravity (m/s?)

On Earth’s surface, the acceleration due to gravity (g) is
approximately 9.8 m/s?. So, if you are 60 kilograms on
Earth, then your weight is:

F;=60 kg x9.8m/s?=588 N

Table 2.2: Some bodies of the solar system and their
acceleration due to gravity, mass and the ratio of gravity
on the body and gravity on Earth (g /g-Earth)

B S T
g (m/s?) (kg) g-Earth
Sun 27413 1.99 x 1030 27.95
Mercury 3.59 3.18 x 1028 0.37
Venus 8.87 4,88 x 10%* 0.90
Earth 9.81 5.98 x 102 1.00
Moon 1.62 7.36 x 1022 0.17
Mars 3.77 6.42 x 1023 0.38
Jupiter 25.95 1.90 x 10%7 2.65
Saturn 11.08 5.68 x 102° 113
Uranus 10.67 8.68 x 10%% 1.09
Neptune 14.07 1.03 x 1026 1.43

Note: This table expresses some numbers in scientific notation.
For an explanation of scientific notation, see the Science how-to
section on page 366.

On the Moon, the acceleration due to gravity (g) is

approximately 1.6 m/s?. So, your weight would be:
F;=60kgx1.6m/s?=96 N

You can use the second and third columns of Table 2.2

to calculate your weight on different planets.

Learning Ladder

Forces

o The force on an object due to gravity is also known
as what force? What metric unitis it measured in?

@ Describe the difference between mass and weight.

e Explain how an object’s weight can change even
though its mass remains constant.

o Compare your weight on Earth and on the Moon.

e On the Moon, an object weighs 90 N. Objects weigh
six times more on Earth than they do on the Moon.
Calculate the object’s weight on Earth.

Analysing data and information see page 334

o The final column of Table 2.2 shows the ratio of g
for different bodies in our solar system and gon
Earth. Identify the:

a body in our solar system where you would weigh
the most.

b body in our solar system where you would weigh
the least.

¢ relationship between the mass and radius of
each body in our solar system.

e Describe the relationship between weight and gravity,
based on the weights of Trevor in Figure 2.31.

e Use the information in Table 2.2 to compare your
weight on the Moon and on Neptune.

o Choose three other planets in our solar system,
then use Table 2.2 to calculate your weight on
each of these planets.

Astronauts on a mission in space are often described

as being ‘weightless’. Research and explain what this
term means and how astronauts need to prepare to

live in these conditions.

Success criteria

| canexplain the difference between mass and weight.

- | can calculate the weight of different objects using
Fg=mg.
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Learning intention

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

describe how magnets attract or repel
each other based on their polarity.

I will also be able to draw the magnetic
fields of magnets.

Key terms

magnetic poles that are
the same (both north or both south);
they repel each other

one of the two ends
ofamagnet

magnetic poles that are

different (south-north or north-south);

they attract each other

Investigation 2.8
Magnetic accelerator

Content group:
Magnets in everyday life

Figure 2.33: The direction of the magnetic
field ina bar magnetisinaloop fromthe

north pole to the south pole.
v

Figure 2.34: Acompass can be usedto »
show the direction of magnetic field lines.
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A magnet is made of a material that has two magnetic
poles, north and south. The direction of the magnetic
force in a magnet is from the north pole to the south pole.
When poles are brought near each other, they either

pull together or push apart. Magnetic forces only exist

in objects that contain certain metals, such as iron.

Magnetic field lines show the direction
of magnetic forces

The field lines around a magnet show the magnetic forces of the
magnet’s poles. These lines also show the direction of the magnetic
force and how that affects objects within the magnetic field.

One way to examine the field lines around a magnetistouse a
compass. When you put a compass in a magnetic field, the compass
needle lines up with the direction of the field lines around the magnet
(see Figure 2.34). The needle will always point from the magnet’s north
pole toits south pole. This shows that the direction of a magnetic force
around a magnet is from north to south.

In a magnetic field:
the distance between field lines represents the strength of a field
inany given area
field lines can never cross one another
field lines continue through the magnets.



Like poles repel each other

When the north poles of two magnets are brought
close together, a repulsive force is made that pushes
them away from each other. This is because the field
from one north pole cannot enter or cross the field

of the other north pole. Instead, the fields move away
from each other and the field lines become more
tightly packed (see Figure 2.35).

4 Figure 2.35:
When two like poles
are brought together,
the repulsive force
can be strong
enough to cause one
magnet to hover over
the other.

Although the fields between two north poles have
been squeezed into a smaller area, the distance
between field lines still shows the strength of the
field. The force pushing the two poles apart becomes
stronger. A repulsive force also happens between the
south poles of two magnets. This means we can say
that, for all magnets, like poles repel.

Unlike poles attract each other

When the opposite poles of two magnets are
brought close together, an attractive force is made.
This is because the field lines from the north pole
of one magnet can flow easily into the south pole of
the other magnet (see Figure 2.36). In other words,
unlike poles attract.

When two magnets contact one another, they act
as one big magnet rather than two joined magnets.

4 Figure 2.36:
When two unlike
poles are brought
together, the
forces pull the
poles together.

Learning Ladder

Forces

o Describe what happens when the like poles of
two magnets are pushed closer together.

e Describe the poles of a magnet, using examples.

e Explain, using a field line diagram, how a magnet
is attracted to another magnet.

e Compare the density of the magnetic field lines in
Figures 2.33 and 2.36. Suggest what they may mean
interms of their strength.

e Propose what the impact would be if Earth
did not have its own magnetic field.

Processing data and information see page 329

o In the photo of iron filings around a bar magnet, the
ironfilings are not evenly distributed. Choose the
most appropriate explanation for this observation.

A Thefield lines are further apart at the poles,
which is where the magnetic force is weakest.

B Thefield lines are closer together at the poles,
which is where the magnetic force is strongest.

e Some students were investigating if a magnet's size
affects its strength. They collected four magnets
of different sizes made of the same material. Then
they used the magnets to pick up steel paperclips to
form paperclip chains. The students found that:
« a2cmmagnet made a chain of 3 paperclips
- a4 cmmagnet made a chain of 6 paperclips
« a6 .cmmagnet made a chain of 10 paperclips
- an 8 cm magnet made a chain of 14 paperclips.
Construct a table, with appropriate units and
headings, to present the data.

e Construct a graph to record the data in Question 2.

Maglev trains use magnets to move very quickly.
The train levitates (hovers) above the guide way.
Propose how magnets could make this happen.
Success criteria

| can describe how magnets attract or repel each
other based on their polarity.

| can draw the magnetic fields of magnets.
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°9 > Uses of magnets and electromagnets

Learning intention

At the end of this lesson, | will be
able to investigate how magnets and
electromagnets are used in some
everyday devices.

Key terms

electromagnet: adevice that uses
electricity to make a magnetic field

polarity: the direction of a force,
such as a magnetic force

Investigation 2.9
Building an electric motor

Content group:
Magnets in everyday life

Figure 2.37: The magnetic field around
an electromagnet has a north and south
pole, like a bar magnet.

Figure 2.38: )
Electromagnets are
used in scrapyards
to lift scrap metal.
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Magnets are very useful. Electromagnets are particularly
useful because the strength and direction of their field
can be easily changed. Electromagnets are in devices
such as speakers, electric motors, medical equipment
and computers.

Magnets can hold objects together

Ordinary magnets are sometimes called permanent magnets because
they constantly have magnetic force. The most common use of magnets
is to hold objects together. The constant attractive force acts on certain
metals or on the opposite pole of another magnet. For example, some
screwdrivers have a magnetic head that allows screws to ‘stick’ to the
tool without needing to be held. Other everyday uses of magnets are

as fridge magnets, and in building and construction toys, compasses,
jewellery and machinery.

Electromagnets use electricity to make
a magnetic field

Awire that has an electric current flowing through it produces a
magnetic field. If the wire is coiled into a spiral, as shown in Figure 2.37,
the field around the wire builds into one large field that is like the field
around a bar magnet.

The field in the spiral can be strengthened by:

placing an iron core in the middle

increasing the amount of electricity

making the electricity flow faster

increasing the number of coils in the spiral.




Electromagnets have many uses

Electromagnets are used in many devices and
technologies. They are useful because we can change
the strength of their magnetic field very precisely.
We can also change the direction, or polarity, of

their magnetic field.

When a speaker is connected to a powered device
playing music, the electricity changes the coil in the
speaker into an electromagnet. The direction of the
electromagnet’s field can rapidly flip back and forth.
This attracts and then repels a permanent magnet
inside the speaker cone. The permanent magnet
moves back and forth, pushing the speaker cone back
and forth, making sound waves or vibrations in the air.

Permanent magnet
Coil (electromagnet)

Sound

Wires from wave

source
of sound
(e.g. stereo)

Cone

F S

Figure 2.39: The coil inside a speaker is an electromagnet.
It pulls closer or pushes further away from the permanent
magnet, producing sound waves by moving the cone.

Very sensitive electromagnets are used in computer

hard drives to read information stored on metallic strips.

Electromagnets are also used in medical equipment.
Magnetic resonance imaging (MRI) scanners generate
magnetic fields that can be used to create images of the
inside of the human body (see Figure 2.40).

Figure 2.40: Medical magnetic resonance
imaging (MRI) is used in radiography to
create images of the inside of the body.

Learning Ladder

Forces

o Identify the two ways a magnetic field can exist.

e Describe how the strength of an electromagnet
can beincreased.

e Explain the purpose of three magnets that you
canfind in your home or the classroom.

0 Compare the use of an electromagnet in
a scrap yard with that of a magnet used in
a construction toy.

Questioning and predicting see page 319

Astudent is investigating the strength of an electro-
magnet. The electromagnet is made of wire wrapped
around a nail. The student measures the number

of staples the electromagnet can pick up. They test
different nails that are different widths. All other
variables are kept the same.

o Predict what will happen as the nail gets wider.

e Identify a question for this investigation.

A Does changing the width of a nail inan
electromagnet affect how many staples it can
hold up?

B Does changing the number of coils of an
electromagnet affect how many staples it can
pickup?

e Construct a scientific question to use if you change
the type of metal in the electromagnet, rather than
the width of the nail.

o Propose a scientific hypothesis for the expected
outcome of the investigation into nail width.
Include the dependent and independent variables.
(Hint: Can you reword the prediction you made in
Question 1?)

In context

Acommon use of electromagnets is as transformers in
electrical devices. Research what a transformer is and
give some examples of how transformers are used.
Success criteria

| can describe how magnets are used in everyday life.

| can describe what an electromagnet is and how
electromagnets are used in everyday life.
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Learning intention

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

« identify some simple machines, such
as levers, pulleys, gears and inclined
planes

- describe how simple machines
reduce the amount of work needed
to conduct everyday tasks.

Key terms

the pin, post or rod that a wheel
can spin around to transfer force

the force applied to a simple
machine to move another object

the point on which a lever
turns when moving an object

atilted flat surface;
also called aramp

a baracted upon at different
points by two forces

an object that is moved or lifted
by a simple machine

the force from the object
that is being moved

awheel with a grooved rim for
carrying a cable

Investigation 2.10A
Making a catapult

Investigation 2.10B

Modelling a seesaw

Investigation 2.10C

Pulley investigation

Investigation 2.10D

Using ramps

Content group: Simple machinesin
everyday life

Inclined plane Lever

Pulley
Wheel and axle Wedge I
Screw

4 Figure 2.41: Simple machines
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Machines help make work easier by changing the
strength or direction of a force.

Wheels can make simple machines
to lift objects off the ground

A wheel with a post (axle) fixed to its centre can be used to move or
roll things. Examples are steering wheels and doorknobs.

A pulley is a wheel with a rope threaded around it. A pulley changes
the direction of the force applied to one end of the rope. The applied
force is called the effort. When you pull the rope, you can lift a load
attached to the other end. If you add more wheels to the pulley
system, you can reduce how much effort force you need to lift the
load. But you need to move the rope further to lift the load to the
same height.

Levers reduce the force needed to
move objects

Levers help us to lift objects with less effort. A lever consists of a rigid
bar that pivots on a support called a fulcrum. When a force is applied
to one end of a lever, the other end lifts. A seesaw is a lever with the
fulcrum in the middle between the end where the effort force is
applied and the load force on the other end.

There are three classes of levers, depending on the positions of
the effort, fulcrum and load. First-class, second-class and third-class
levers are summarised in Figure 2.43. A seesaw is a first-class lever.

Inclined planes help to lift and keep
objects still

Aninclined plane reduces the effort force needed to raise an object.
Instead of lifting the object straight up, the object is moved up the
sloping surface over a longer distance. Ramps and slides are inclined
planes. A screw is a modified inclined plane. In the screw, the inclined
plane is wrapped around a cylinder in a spiral pattern. It moves by
twisting, usually with a screwdriver. A lot of force is used to overcome
the friction between the screw and the item it is being screwed into.
However, this means that the screw will hold the item in place!

A wedge is made of two inclined planes meeting at a point.
This can be used to hold something in place or to cut something.
You often see wedges holding doors open; they cause friction
between the wedge and the base of the door.



Simple machines combine to
make complex machines

A complex machine is made of two or more simple
machines working together. A wheelbarrow is
acombination of a wheel, an axle and a lever.

The combined simple machines work together

to help you lift and move a load.

-
First-class levers

Load force A/
Effort

Load

\N

\ Load force

Fulcrum Load force
Fulcrum

Second-class levers
Load

Load force

?

Effort Fulcrum

Load force  Fulcrum Load force

Third-class levers
Figure 2.43: Asummary of

gy
/ the different classes of levers.
Load )
1 T Effort Except for first-class levers,
- the effortis in the opposite
/ direction to the load force.

Fulcrum

Load force

4 Figure 2.42: Much less
force is required to push
awheelchairup aninclined
plane (the ramp) than to lift it.

Learning Ladder

Forces

o Draw a diagram of a pulley, labelling all the forces
acting on the load.

@ Describe how awheel and axle can transfer a force
to a different point.

e Explain how the location of an applied force on
alever can affect the motion of the other side.

0 Pulleys and ramps can both be used to lift aload to
a height. Compare scenarios where an inclined plane
or a pulley would be the most appropriate simple
machine to use.

e You want to lift some heavy objects and will need to
use pulleys. Every pulley added will halve the force
required to lift the objects. If you need two pulleys to
lift one object, how many pulleys will you need to lift
an object that is twice as heavy?

Problem-solving see page 339

0 Propose why turning a tap on or off without its handle
is nearly impossible.

e Aheavy goods vehicle parks in a loading bay. Propose
amethod for the goods to be loaded into the vehicle.

e Afarmer sells tomatoes at the local market. However,
getting to the market involves a long walk down
amountain and across a river. Design a simple
machine to move the tomatoes without squashing
them. Explain why your design would be effective.

In context

Ascrew can be described as ‘an inclined plane wrapped
around a nail’. Explain why a screw can be considered
stronger at holding than a nail, and why it takes longer
toinsertthan a nail.
Success criteria

| can identify the different types of simple machines.

« | can describe how simple machines reduce the work
needed for different tasks.
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Learning intention

At the end of this lesson, | will be able
to outline the main features of arange
of tools and give examples of how they
can be used by Aboriginal and Torres
Strait Islander Peoples.

Key terms

the action of rubbing objects
together to break up materials into
smaller particles
the action of applying force
to a specific type of rock to create a
sharp shard
the action of alever

turning around as if on an axis

Content group: Simple machinesin
everyday life

Figure2.44: »
Awoomerais used to
improve spear-throwing
distance and accuracy.
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Aboriginal and Torres Strait Islander Peoples apply their
knowledge of forces to create and use tools. Tools are
used in food hunting and harvesting, in ceremonies and
as items for trade.

Friction can be used to make useful items

Coastal and islander communities can access many shells to use as
raw materials. Using friction, and applying forces such as pushing and
rotation, people grind the shells carefully to make fishhooks, tools for
cutting and scraping, and parts for ceremonial attire. Many coastal
communities traded tools to peoples further inland who did not have
this kind of raw material in their communities.

The grinding process to create a single fishhook requires enormous
skill and patience, and takes significant time. The shell’s outer surface
is ground on a flat stone to make the shape, then it is fine-polished
and sharpened.

Woomeras are simple machines

The woomera is a simple machine that uses leverage to help throw
spears up to three times further. Awoomera is a lever made of wood.
One end is a handle attached to a paddle-shaped tool and the end
usually has a bound piece of wood or stone that holds the spear securely
in the launch mode. The woomera acts to increase the length of the
thrower’s arm, and therefore increases the launch speed of the spear.




Load force

A well-constructed woomera allows the spear
motion to stay constant and accurate. If an unstable
force is applied to a spear by the spear-thrower, this
can create unbalanced forces that cause the spear
to wobble and slow down, reducing the distance it

can travel.

Knapping uses force to create

sharp tools

First Nations Peoples have used many stone tools for
thousands of years. Acommon method of creating
cutting tools requires the special skill of knapping.
Knapping is where force is applied to a specific type
of rock to create a sharp shard. The original rock is
called a core, and the piece that is removed is a flake.
Flakes can be very sharp and can cut into wood or

even flesh.

Figure 2.46:
Stone knapping

Effort force

Fulcrum
(pivot point)

4 Figure 2.45: Awoomerais a
first-class lever. The wrist of
the spear-thrower acts as
the fulcrum, the effort force
is delivered through the hand
and the load is the spear.

Spear

Learning ladder

Forces

o Identify the kind of simple machine that a woomera
spear thrower is.

9 Describe the force that grinding requires when used
to shape shell hooks.

e Explain how a woomera improves spear-throwing.

O Compare the forces acting on a spear thrown by

hand and by awoomera. How does this affect the
distance the spear travels?

Questioning and predicting see page 319

o Describe some possible uses for awoomera other
than hunting.

@ Identify which of these two questions would be an
appropriate scientific question to find out how a
woomera works.

A How does the use of awoomera change how far
aspear can be thrown?

B How many years of experience does a person
need before they are able to use awoomera?

e Describe how you could edit the question you
selected in Question 2 so thatitisin an appropriate
scientific format.

0 Based on the information from this section,
construct a hypothesis that you could test about
how a woomera works.

e Propose a scientific question that would allow you to
test the efficiency of awoomera. Specify all relevant
variables within your question.

Summarise ways that First Nations Peoples’ application
of forces to tools inspired and supported contemporary

Figure 2.47: Abasalt )
technologies.

Aboriginal axe head.
These large rock flake
pieces are often made
into axe or spear
heads, or sharpened
by grinding into
various other tools.

Success criteria

- lunderstand the principles of using force to create
arange of tools.

« | canuse questions and predictions to understand
how First Nations Peoples have made and used tools.
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Learning intention

At the end of this lesson, | will be able
to describe how forces are used in
different everyday contexts.

Key terms

amachine that
amplifies the effect of an effort
appliedin atask
amachine that
increases the speed of a task

Content group: Forces in context

4 Figure 2.48: Abicycle is a complex
machine made up of several simple
machines.

( Levitation

Like poles

repel and

push the train g
upwards Y

Propulsion

Like poles repel Opposite poles
and push the attract and pull
train forwards the train forwards
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Forces are used in all aspects of our lives, from riding

a bike to school, getting the train into the city or playing
sports with our friends. Our knowledge of forces is
continually improving the technologies we use and

how we complete everyday tasks.

Bicycles are made of simple machines

A bicycle is a complex machine made up of several simple machines.
The pedal arms are levers attached to a large gear. Applying force on
the pedal causes the gear to turn.

Gears are wheels with teeth around their rims. When two gears are
arranged so that their teeth interlock, the rotation of one gear causes
the other gear to turn. The first gear is called the driving (or drive) gear.
The second gear is called the driven gear. A set of gears connected
together is called a gear train.

The gears help the chain to move. The chain acts as a pulley attached
to gears or cogs at the axle, causing the rear wheel to turn. Moving
the chain from a smaller rear cog to a larger one means less effort is
required to achieve the same effect. The load force is the combined
weight of the cyclist and the bicycle.

Wheels and gears can be used as a force multiplier or as a speed
multiplier.

Magnetism is important for transport

Maglev (magnetic levitation) trains use magnetism to levitate above
the tracks on which they travel. This reduces friction, so the trains can
go faster and be more efficient.

Superconducting magnets suspend the train car above a guideway.
These magnets repel one another when like poles face each other
(see Figure 2.49).

Three types of loops are set into the guideway at specific intervals
to do three important tasks. One type of loop creates a field that makes
the train hover about 13 centimetres above the guideway. A second
type of loop keeps the train stable horizontally. Both these loops use
magnetic repulsion to keep the train car in the best position. The third
type of loop is a propulsion system created by an electromagnet, where
both magnetic attraction and repulsion are used to move the train car
along the guideway.

4 Figure 2.49: The operation of a maglev train



Sports scientists use knowledge
of forces to help athletes gain
an edge

In sport, a slight advantage could mean the difference
between winning and losing. For this reason, sports
scientists apply scientific ideas and techniques to
improve the performance of athletes.

For example, sports scientists apply their
knowledge of forces to:
help athletes reduce friction in the air or water,
such as by wearing streamlined helmets when
cycling or swimming with an efficient stroke
that minimises splashing
develop a method to throw a cricket ball or
baseball with a desired curve or spin
help athletes keep their centre of gravity low so
they stay balanced when performing gymnastics,
pole vaulting or high jumping.
Understanding the mechanical forces on the human
body (biomechanics) helps to prevent injuries and
to know the best way to recover from injuries.

Sometimes this knowledge can accidentally
create an unfair advantage for athletes. For example,
swimwear made from polyurethane has been banned
in swimming events. The material does not let water
soak through, so air gets trapped inside the suit,
making the swimmer more buoyant. This allows the
swimmer to swim closer to the surface, reducing water
resistance and friction, and giving them an advantage
over their competitors.

V'S
Figure 2.50: An athlete performing a pole vault

Learning Ladder

Forces

o Identify the type of simple machine a wheel is.
e Describe how a gear is different from a wheel.
e Explain how wheels and gears can make a task easier.

O Compare how magnets are used to repel and attract
in maglev trains.

© Discuss how forces could have negative effects
on athletes.

Problem-solving see page 339

o a Identify ways in which forces may hinder
an athlete’s performance.
b Outline ways in which forces may improve
an athlete’s performance.

e Most trains have metal wheels, run on metal tracks
and use diesel fuel. Identify a problem with these
types of trains.

9 Propose a better type of train than the one described
in Question 2, and justify your answer.

@ When bowlinga cricket ball, a student found that
the ball was often moving to the left of the stumps.
Explain how they could overcome this problem by
applying their understanding of the forces on
the ball.

Success criteria

| can describe how forces are used in different
everyday contexts.
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» Forces summary

Forces in action
« Aforcecanbeapush,apulloratwist. « Balanced forces cause an object to continue what
- Forces can be direct (objects are in itis doing, such as staying still.
contact) or indirect (objects are not « Unbalanced forces cause an object to accelerate,
in contact). like a skateboarder pushing off a walkway.
« Forces occur when objects interact
with each other. Balanced forces Unbalanced forces

Two forces are the same size Two forces are different sizes

( ' ,~ i but opposite in direction. and opposite in direction.
. 8. They cancel each other out. They do not cancel each other out.
5N 5N
— | _
l : ; The net force is equal to O N. The force pushing the ball to

the right is bigger than the force
pushing to the left. The net force
is equal to 5 N to the right.

« Force diagrams show the size of
forces acting on an object and can
be used to determine whether it is
stationary or moving.

- Electrostatic forces are forces of
attraction between positive and
negative charges.

« Lightning strikes occur because
of electrostatic forces.

Gravitational force is a force of attraction

between objects with mass. The more mass
the object has, the bigger its gravitational force.

«  TheSun’s gravity pulls on moving planets,
which keeps them in their orbits.

«  Themass of an object is the same no matter

where itisin the solar system.
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Forces in action

« Anobject’s weight is its mass multiplied by
the acceleration due to gravity: Fy = mg

«  Weightis measured in newtons.

Trevor's mass Trevor's mass

on Earth on the Moon
is 60 kg. is also 60 kg.
His weight However,
on Earth is his weight
almost on the Moon is
600 N. almost 100 N.

«  Simple machines reduce the
amount of energy we use to carry
out tasks.

«  Wheels, levers and inclined planes
are simple machines.

+ Awheelbarrow uses a wheel and
a lever to help move loads with

less force.
Inclined plane Lever
Wheel and axle Wedge
Pulley Screw

Magnets in everyday life

«  Amagnet has a positive and a negative pole.
Like poles repel; opposite poles attract.

« Magnetic fields exist around magnets.

Aboriginal and Torres
Strait Islander Peoples
make and use a variety
of tools or machines,
including the woomera,
which actsasalever.
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Masterclass

Steps in progression

Content

Questioning and
predicting

Processes

Analysing data
and information

Problem-solving

Processing data
and information

Identify two forces that help to
increase the speed of maglev trains.

Predict the impact of changing the
shape of the front of a maglev train
to make it look more like a truck.

Identify two proposed maglev routes
from the data in Figure 2.52.

Identify a trend in the graph you
constructed in Step 3 of the
‘Processing data and information’ row.

Identify a problem with having a
maglev train system in Australia.
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Describe how each of the forces you
identified in Step 1works to increase
the speed of a maglev train.

Which question could be used to

investigate electromagnet strength?

A How does changing the metal in an
electromagnet affect the strength
of its magnetic field?

B How does changing the size and
shape of an electromagnet affect
the strength of its magnetic field?

a Whatisthe average speed
amaglev train would travel
between Newcastle and Sydney
(see Figure 2.52)?

b Usethe average speedto
construct a table showing the time
it would take to travel between
each set of destinationsin
Figure 2.52.

Consider the trend you identified in
Step 1. Describe what this trend tells
you about travelling between cities
on maglev trains.

Describe one problem that maglev
trains could solve in relation to
travelling in Australia.




Demonstrate your understanding

Explain how the force of gravity
is linked to the movement of
maglev trains.

Construct a question that could be
used to investigate the relationship
between the material a train is made
from and the fastest speed the train
can travel at.

Convert the data in your table
from Step 2 into a digital graph.

Explain the relationship between the
information in Figure 2.52 and the
data you compiled in Step 2 of the

‘Processing data and information’ row.

Explain the link between magnetic
force and train speed.

Compare the roles of friction, gravity,
magnetic force and drag in relation to
starting and stopping a maglev train.

Construct a scientific hypothesis
that states the expected result of
the investigation in Step 3.

Convert the data in your table from
Step 2 into another digital format that
shows the difference in the time it
would take to travel each of the routes
on amaglev train.

Draw a conclusion about which
route in Figure 2.52 would take
the longest on a maglev train.
Justify your reasoning with data.

Suggest a solution to the problem of
the large cost of implementing maglev
trains in Australia. Consider which
materials could be used and where
they could be sourced from.

Maglev trains set to glide into Australia

Maglev trains can travel more than 500 kilometres per hour.
‘Maglev’ is short for ‘magnetic levitation’, which explains
how these trains work: they glide above magnetic tracks.

Maglev trains have a streamlined design and smooth outer
shell. Both of these factors minimise drag, which helps to

increase the train’s speed.

In Australia, scientists are exploring what would be
involved in setting up maglev train routes between Brisbane,
Newcastle, Sydney and Melbourne. Imagine a trip from Sydney

to Newcastle taking only 25 minutes instead of two hours!

New South
Wales

New South
Wales

Analyse the impact of reducing

the strength of an electrical current
supporting an electromagnet

on a maglev track.

a ldentify the independent,
dependent and controlled
variables of the investigation
in Step 3.

b Areall the variables included in
your question and hypothesis?
Make any improvements based
on the identified variables.

Consider Figure 2.51.

a Whatis one interpretation
you can draw from this image?

b Does this interpretation
strengthen your confidence in
the data you compiled in Step 2?
Explain your answer.

Assess the data you compiled in Step 2
of the ‘Processing data and information
row to determine if the information is
accurate, reliable and valid.

’

Assess the strategies you used to
come up with a solution in Step 4.
How effective were they?

Intercity routes

Newcastle to Sydney:
approx. 160 km (25 minutes)

Sunshine Coast to the
Gold Coast (via Brisbane):
approx. 200 km

. l\éewcast\e
ydney

¥ Sunshine Coast

8 via Brisbane

‘Gold Coast

Adelaide to Melbourne:
approx. 653 km

Melbourne to Sydney
(via Canberra): approx. 713 km

Australia

g Sydney
2 ia Canberra
Melbourne Melbourne

4 Figure 2.52: Potential maglev train routes in Australia
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Focus area 3

3.0 Cells and

classification

Every living thing — including every animal and plant —

is made up of cells. Humans are made up of 30—40 trillion
cells! There is a wide variety of cells and a wide variety of
living things. To order and organise the diversity of life on
Earth, scientists use classification, where they group things

that are similar in some way.

-adder

| can analyse how
classification and
understanding of
organisms changes
over time.

| can compare the

structural features

of organisms using
scientific conventions.

| can use scientific
conventions to explain
the organisation of
organisms and cells.

| can describe the
structure of cells
and organisms.

| can identify features of
cells and organisms.

Cells and
classification

Stepsin
progression

| 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.

| can make observations
using my senses.

Observing

| can conduct first-

hand investigations
and accurately record

the collected data.

| can collect accurate
data from first-
hand and second-hand
investigations.

| can implement safe
practices when using
scientific equipment.

| can use scientific
equipment to conduct

investigations and
gather first-hand data

and information.

| can identify
correct processes

for conducting

investigations.

Conducting
investigations

e A

The Learning Ladder contains the scientific content and processes you
will learn in this chapter. 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 present scientific
findings using
appropriate conventions
for specific audiences.

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

| can use digital

technologies to
organise and present
information and data.

| can select appropriate
ways to communicate
information.

| can recognise
scientific information.

Communicating

Stepsin
progression

Working scientifically processes
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] » Characteristics of living things

Learning intention

At the end of this lesson, | will be able
to describe the characteristics all living
things share.

Key terms

carbon dioxide: a colourless and odourless
gas containing carbon and oxygen that is
produced during respiration

living thing: an organism that displays
specific characteristics of being alive

mass: the amount of matter that a physical
body contains

organism: an individual animal, plant or other
living thing

respiration: a chemical reaction that
converts glucose to energy

stimuli: changes in the environment
that cause responses in living things

Content group: Classification of living things

Figure 3.2: Frogs develop from tadpoles.

82 Good Science NSW Stage 4

There are millions of different organisms on Earth.
How do scientists classify things as living or non-living?

Living things share three key
characteristics

All living things:
are made of cells
are made of molecules containing carbon

have biological characteristics in common, such as being able
to grow, move, reproduce and respond to stimuli.

Living things have many other characteristics and some organisms
have the same features. Living things can also be very different from
one another, such as dogs and octopuses!

Living things share biological
characteristics

There are seven biological characteristics or features that organisms
must have to be considered ‘living’ by scientists. These are:
= Growth: The organism gets bigger and develops over time.
For example, frogs hatch from eggs as tadpoles and develop
as they grow, and many plants grow from seeds.
Movement: The organism can move part or all of itself.
For example, humans can walk, and plants can move their
leaves to face the sun.
Nutrition: The organism takes in nutrients. For example, a bird
eats insects, and plants absorb minerals from the soil.
Reproduction: The organism can produce new offspring.
This happens in many ways. Some organisms make identical
copies of themselves, while others (like humans) require a mate.
Response to stimuli: The organism can respond to changes in
the environment. For example, kangaroos stay in shaded areas
throughout the hottest parts of the day.
Respiration: The organism can convert nutrients into energy.
This happens in the organism’s cells.
Waste removal: The organism can get rid of waste products.
In humans, this includes breathing out carbon dioxide gas and
getting rid of urine and faeces.

If something does not have all seven of these characteristics,
scientists will not classify it as living. For example, even though fire
requires fuel to burn and spreads, it does not respond to stimuli in
the environment, so fire is classified as non-living.



We use scientific equipment
to see the characteristics
of living things

Some of the characteristics of living things
can be hard to see. To see them, scientists use
special equipment, such as:
Microscopes: This technology allows
scientists to see magnified images of
different objects, including living things.
This means that they can see the cells that
make up living things.
Digital scales: Scientists use digital scales
to measure the mass of living things.
Increasing mass means the organism is

growing! a
Figure 3.4: Scientists can use microscopes
to see the characteristics of living things.

Carbon dioxide probes: These special
probes measure the level of carbon
dioxide in the air. If there is an increase

in carbon dioxide in the air of an enclosed
environment containing an animal,

it proves that the animal is respiring.

Learning Ladder

Cells and classification

o Identify two characteristics shared by all living things.

e Outline an example of each of the characteristics

Figure 3.3: Both bees and flowers have the you identified in Question1.

seven biological characteristics of living things.
e Imagine something that grows over time but does not get rid of

waste. Would scientists classify this thing as living or non-living?
Explain your choice.

o Compare the bee and the flower in Figure 3.3. Identify
two characteristics that they both have.

Observing see page 316

o Describe how you could observe a characteristic of a living
thing using just your senses.

9 Identify a piece of scientific equipment that scientists use
to improve their observations of living things.

6 You are using digital scales to measure the growth of a
living thing over time. Explain how you would record your
measurements.

O What could you infer about an object in an enclosed space
if a carbon dioxide probe registered no change in the carbon
dioxide levels over time? Explain why you made this inference.

Select a living thing from your school playground. Outline how
it shows the seven biological characteristics of living things.

Success criteria

| can describe the characteristics shared by all living things.

Cells and classification 83



Learning intention Classmcc.tlo.n is th'e process of sort.lng things into
Atthe end of this lesson, | will be able to groups. Similar objects are placed in the same group.
explain what classification is and why Classification plays an important role in ordering and

lassifyingliving things is useful. . . . .
classilyingliving things s usetu organising the diversity of life on Earth.
Key terms

classification: the process of sorting Classification means sorting things into groups

things into groups or classes

species: asingle, specific type of Things can be classified for many different reasons, depending on who

living thing is doing the arranging, sorting or grouping.
taxonomy: the science of classifying Different classification systems exist in many areas in your daily life:
organisms

In your school library, books are classified
according to the Dewey Decimal
Classification system, which is useful

for finding both subjects and authors.

Investigation 3.2
Classifying items

Content group:
Classification of living things

We can sort items that can be recycled
into paper, glass and plastic.

Animals can be classified into two groups:
carnivores (which only eat meat) and
herbivores (which only eat plants).

All scientists use classification

Biologists are scientists who study living things.
The science of classifying organisms (sorting
and arranging living things into groups) is
called taxonomy. A biologist who specialises in
classifying living things is called a taxonomist.

However, many scientists use classification:
Chemists classify substances by their
physical properties and their chemical
reactions with other substances.

Geologists classify rocks according to

how they were formed and their mineral
content, such as sedimentary, igheous

and metamorphic.

Astronomers classify objects in the universe
by observing properties such as size, density
and whether they give off light.
Meteorologists classify different sections of
the atmosphere surrounding Earth according
to their temperature and how they affect
the weather.

o
Figure 3.5: Butterflies are classified by
their colours and the shapes of their wings.
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ClQSSiﬁCGtiOn iS importq nt ¥ Figure 3.7: In our homes, we classify recyclable waste

into different categories.
Classifying living things is important for many

reasons: L Sy
Classification helps biologists work out ¢ "
whether different living things (for example, _“‘,,:a 2 Q
different species) are connected and the .
relationship between different organisms.
Classification helps biologists identify newly @
discovered organisms. New plants, insects, g 1 1

fish and bacteria are discovered every year.
Using a classification system allows biologists
from different countries to communicate their .
work. An Australian scientist may use different L g L dd
names for trees and plants than a Chinese, eqrnln q er
French or Indonesian scientist. However, if Cells and classification

they use the same classification system, they
can all easily identify an organism.

o Identify two features you can use to group living things.

e Classify the following organisms by size: alpaca, beetle,

Biologists can use classification to determine echidna, horse, iguana, leopard, platypus, wasp, zebra.

how ies have evolved. ) ) ) ) .
OWSpecies have evolve e Explain how taxonomists classify organisms into groups.

Without classification, none of these processes o Explain how classification can help us identify which

are possible. T species are closely related.

Conducting investigations see page 326

Astudent collected the following objects: scissors,
five coloured pencils, a lead pencil, a red pen, a blue pen,
a glue stick, an eraser, a pencil sharpenerand aruler.

o Identify which of the following steps should be included

in the process of classifying these objects.

A Collect three of each object to compare them.

B Examine all the objects before beginning to
classify them.

C Remove two of the objects because they are too hard
to work with.

e Describe an item of scientific equipment you could use to
make observations of the objects listed above. How would
you use this piece of equipment?

9 Explain how you can make sure you are safe while
classifying these objects.

Q a Outline the data you would collect from the process

of classifying these objects.
b Explain how you would make sure the data is accurate.

e Propose a table or other layout to collect and display
this data.

In context

Identify five organisms that you can put into a group.
Describe a feature that the five organisms share.

Figure 3.6: Is a cat closely related to a lion? They have

similarities but are also very different. Classification helps

biologists identify how these two animals are related. « |lcandescribe what classification is and explain why it
is useful.

Success criteria
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3 » The Linnaean classification system

- - - : N .. . .
Leqrnlng intention Itis |n.1po.r’Fant tf.'\(]t SCIentISl.ZS use the same system to
At the end of this lesson, I will classify living things, so their findings can be compared,
understand and be able to use the and they can share information and collaborate.
Linnaean system of classification.
Key terms Scientists use the Linnaean system to
collaboration: working cooperatively CIQSSify Species
with other people to complete a task
orsolve a problem A system for grouping living things was first proposed by Swedish
naturalist: someone who studies naturalist Carolus Linnaeus in 1753. It is known as the Linnaean
nature and its history classification system and has been used by scientists to classify
Content group: Classification of species since the 18th century.

\Iivingthings

-~ The Linnaean system has eight levels

Linnaeus’s system classifies organisms by levels called taxa, and each
taxa is divided into groups. These groups are based mainly on cell
and structural characteristics, and on how the organisms behave and
reproduce.

At the highest level, these groups are huge: one group contains
all the plant life on Earth. As we go down the levels, the groups
become more specific.

At the top of the system, the most general classifications are domains

Figure 3.8: The Linnaean classification and kingdoms. The characteristics used to separate these groups are

system has six kingdoms. These

kingdoms of life are broad classification based on cell structure. At the bottom of the system are genus and
levels for all living things. species. This is where we can identify individual types of organisms.
v
Animals ificati
Clasiegcglatlon Classification for brush-tailed rock wallaby
Domain Eukaryota (organisms with specialised cells)
[
Kingdom g Animalia (animals)
)
>
Phylum E Chordata (animals with a cord along their back)
Class Mammalia (mammals)
(animals with hair and live young)
Order Marsupialia (marsupials) (animals with a pouch)
Macropodidae (macropods)
Family o (animals with large hind legs and long tails,
% e.g. wallabies, kangaroos, pademelons)
-
Genus > Petrogale (rock wallabies)
Figure 3.9: The classification of the P o
brush-tailed rock wallaby, according > . .
! Species penicillata (brush-tailed rock wallaby)

to the Linnaean classification system.
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Learning Ladder L

Cells and classification

o Identify three features of the brush-tailed rock
wallaby that can help you to classify it.

9 Describe how the different levels of
classification help us to better understand
living things.

e Classify the domestic dog from the least to the
most specific:

« Phylum: Chordata

+ Class: Mammalia

+ Kingdom: Animalia

+ Genus: Canis

« Family: Canidae

+ Order: Carnivora

« Domain: Eukaryota

« Species: Canis familiaris e

@ Compare the structural features of the plant

Figure 3.10: The brush-tailed rock wallaby’s scientific name and fungi illustrations in Figure 3.8.

is Petrogale penicillata.
e Discuss how you could improve the Linnaean

See Figure 3.9 for how the brush-tailed rock wallaby classification system. Provide reasons for the

h t.
is classified according to the Linnaean system. changes you suges
Communicating see page 343
Every species has a two-word name o Identify the level of classification that is one step

All rock wallabies are part of the Petrogale genus, and the broader than class.

brush-tailed rock wallaby’s species name is penicillata. This @ write the scientific name for the great white

. . . . . hark.
means that its full scientific name is Petrogale penicillata. S
galep + Genus: Carcharodon

This naming is another important part of the Linnaean . Species: carcharias
system: every species is given a two-word scientific name. € Create aflowchart to show how a short-beaked
These names are developed according to strict rules: echidnaiis classified from domain to species.

The first word is the genus name and begins with @ Design a poster that explains how to classify

a capital letter. a specific animal from the least to the most

The second word is the species name and begins specific.

with a lowercase letter. In context

The name is shown in italics (or underlined Classifying living things can reduce the risk of them

when written by hand). harming humans. Using common and scientific
The words in these names are usually Latin or ancient names, create an infographic that classifies five
Greek. Because these languages are no longer commonly Australian snakes according to how venomous
used, they do not change over time as modern languages they are.
do. This is useful because the meanings stay the same. Success criteria
Even if scientists do not speak Latin, they can look up . lunderstand and can use the Linnaean system
the words and find the same meaning each time. of classification.

Cells and classification 87




-4 » Classification keys

( . . )
Learnlng intention
At the end of this lesson, | will be able
to use classification keys to categorise
living things.

Key terms

classification key: atool to help
classify an organism by identifying
important characteristics such as its
features and behaviours

dichotomous: divided into two parts

Investigation 3.4
Classifying supermarket items

Content group: Classification of

living things
(. J

¥ Figure 3.11: An example of a branching
key that classifies the bird, earthworm,
lizard and cat

Bird, earthworm, lizard, cat
No bones

Bones

Bird, lizard, cat Earthworm

Feathers No feathers
Bird Lizard, cat
Fur No fur
Cat Lizard

NSW Stage 4

Scientists use classification keys to help them categorise
and identify living things. Classification keys may use pictures,
words, numbers and instructions. There are different types
of keys, including branching and dichotomous keys.

Some classification keys divide groups
using branches

A common type of classification key is a branching key, which has two
or more branches at each level to separate groups. As we move down
the branches, we can identify characteristics until we determine the
right organism. Consider a small group of animals: a bird, an earthworm,
alizard and a cat. You can use the branching key in Figure 3.11 to
identify each of these organisms.

Dichotomous keys use questions or

statements

Another type of key is a dichotomous key. ‘Dichotomous’ means ‘divided
into two parts’. This classification key uses statements or questions

with only two choices at each step. We can follow the directions until

we identify the organism.

For example, a dichotomous key for identifying a bird, an earthworm,
a lizard and a cat might look like Figure 3.12.

¥ Figure 3.12: Adichotomous key that classifies the earthworm, bird, lizard and cat

O]
@
®

a
b
a
b
a
b

Skeleton of bone

Does not contain bones
Covered in feathers

Not covered in feathers
Covered with dry scales

Covered with fur

Gotostep 2
Earthworm
Bird

Go to step 3
Lizard

Cat

When using a dichotomous key, we do not always go to the next
numbered step (see Figure 3.13).

¥ Figure 3.13: Adichotomous key that classifies the spider, scorpion, fly and dragonfly

Ol
@
®

4 pairs of legs

3 pairs of legs

Fangs to inject venom

Barbed stinger to inject venom
1 pair of wings

2 pairs of wings

Go to step 2
Go to step 3
Spider
Scorpion
Fly
Dragonfly



Classification keys identify important characteristics

The most important part of Table 3.1: The five classes of arthropod
designing a classification key is

Class Characteristics Example(s
deciding which characteristics ple(s)
to include to identify organisms. Insects = 3 body parts (head, thorax, abdomen) __ Fly, mosquito,
« 6 legs (3 pairs) < dragonfly -

The features chosen for a key
depend on the organisms to
be classified.

= 0, 1o0r 2 pairs of wings

= 1pair of antennae % *
\

It makes sense for the first steps Crustaceans « 3 body parts (head, thorax, abdomen) Crab, lobster,
. . i rawn
of a key to be easily observable 10 qus (5 pairs) ; _ o P
features; for example, whether an + No Vf”ng‘: - a 3 “%5
organism has a backbone. When the * 2pairs ofantennae 5;_i_" -
classification becomes more specific Arachnids « 2 body parts (cephalot ") Spider, tick,
- such as classifying different « 8legs (4 pairs) scorpion
species of an animal — the key needs « No wings
more detail; for example, whether an + Noantennae
insect has spots on its wings. Centipedes - Many body se¢ Centipede

The largest group of animals on « 1pair of legs on eac.
Earth is the arthropods. ‘Arthropoda’ - Flat body cross-section
means ‘jointed feet’, and all » No wings
arthropods have legs with joints - 1pair of antennae
as well as an exoskeleton, which Milipedes - Many body segments Millipede
is outside their bodies. Table 3.1 . 2 pairs of legs on each segment
shows the five classes (subgroups) . Rounded body cross-section
of arthropod, and the physical . No wings
characteristics by which they « 1 pair of antennae

are grouped.

Learning Ladder

Cells and classification Communicating see page 343

@ (dentify two features of an Australian funnel @ Identify five terms that could be used to classify
web spider. different types of insects.

e Describe some structural features of humans that 9 Design a simple classification key to identify organisms
might be used to classify them. in alocal habitat of your choice.

6 You have discovered a new species of arthropod. e Brainstorm 10 dog breeds. Construct a digital
Ithas 10 spiky legs, a head, a thorax and an abdomen, dichotomous key to identify the breeds.
and it cannot fly. Which of the five classes of o Create a branching key to classify the shoes your
arthropod does your new species belong to? Explain classmates are wearing.
your choice.

@ scientists recently discovered a fossil of an

arthropod that is 350 million years old. It had eight Scientists classify new species as they discover them.

legs, three body parts, and contained silk glands but Explain how a classification key may change if new species
no spinneret (an organ that arthropods use to spin need to be added.

silky thread). Identify which modern-day arthropod
is the most similar to this ancient arthropod. Success criteria

| can use a simple classification key to categorise
living things.

Cells and classification 89
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Learning intention
At the end of this lesson, | will be able

" to explain the difference between
. avertebrate and an invertebrate.

Key terms

. invertebrate: an organism without
a backbone or spinal cord

Figure 3.14: Blue whales are the largest vertebrates |
in the world: they weigh up to 140 tonnes! Awhale’s
skeleton could not support its weight on land.

[ ] L g% e N0

vertebrate: an organism with a
backbone or spinal cord

Investigation 3.5

From the largest whale to the smallest insect, there
Investigating features of marine animals

are more than 800 000 different animal species in the
lg:gnte:tgroup: Classification of kingdom Animalia. The first question to consider when
iving things . . A

classifying animals is whether they have backbones.

Vertebrates are animals with backbones

Some animals — such as humans — have a (all vertebrates have a nerve cord inside their
backbone or spine, which is made up of oddly backbone), which sends and receives information
shaped bones called vertebrae. Animals with between body parts.

backbones are called vertebrates. In the Linnaean Fossils show that vertebrates have existed for at
classification system, vertebrates are members least 518 million years. Over time, more and more
of the phylum Chordata. All the animals in this vertebrate species have evolved. Today, thereis a
group have a flexible cord along their back diverse range of animals with backbones.

Table 3.2: The five classes of the phylum Chordata

Class Body covering Temperature Reproduction Structure for Example
control movement
Fish Slimy scales Gains heat from Lays eggs Fins to move through Salmon
surroundings water
Amphibians Naked skin Gains heat from Lays eggs in water Young (tadpoles) have Frog
surroundings fins; adults have legs
Reptiles Dry scales Gains heat from Lays leathery eggs Legs for walking on land  Crocodile
surroundings (except snakes)
Birds Feathers and Produces own Lays hard-shelled eggs Legs for walking on land  Kookaburra
scales (on feet) heat and wings for flying
Mammals Hair or fur Produces own Lays eggs Legs with different Echidna
heat . . h f Iking,
ea Gives birth to underdeveloped young zwaiige;inos; (\;vraﬂylir:]g Human
Gives birth to fully developed young Dog
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Invertebrates are animals
without backbones

The prefix ‘in-> means ‘not’, so invertebrate
means ‘not a vertebrate’. These animals do not
have backbones or any bones at all.

There are many different phyla (groups) of
invertebrates. They can be grouped by structural
features. Most invertebrates have an exoskeleton,
which is a skeleton outside the body that is not
made of bone. This supports the animal as it moves.
Some invertebrates — such as worms — do not
have an exoskeleton; these animals have inside
structures that support them.

Table 3.3: Some of the many phyla (groups) of invertebrates

Phylum Characteristics Example(s)
(group)
Cnidarians Soft body with Anemone,
one opening coral,
jellyfish
Annelids Segmented worm, Earthworm
round cross-section,
lives on land
Platyhelminths Segmented worm, flat Tapeworm,

cross-section, freshwater planarian

or in another organism worm
Nematodes Unsegmented worm, Round
round cross-section, worm,
often lives in another heartworm
organism
Poriferans Collection of cells, some  Sponge
with hair-like structures,
one opening
Molluscs Shelled animal Snail, clam,
oyster
Echinoderms Body parts arranged Sea star,
around a central point, sea urchin,
has many ‘feet’ brittle star
Arthropods Jointed legs, hard Insect,
exoskeleton, spider,
segmented body prawn

There are more species of
invertebrates than vertebrates

Invertebrates account for around 95 per cent of all
the species in the animal kingdom. There isalso a
large range of invertebrate species. These diverse
animals can be sorted into many different groups.

Figure 3.15: Allinsects are
invertebrates: they do not
have backbones. Most have
exoskeletons instead.

Learning Ladder

Cells and classification

o Identify the main difference between an invertebrate
and avertebrate.

e Classify the following animals into their phylum (group).
Use Table 3.3 to help you.
a Earthworm b Snail
¢ Mussel (a shelled animal) d Lobster

e Explain how you can tell that an organism is a vertebrate
oraninvertebrate just by looking at it.

o Many vertebrates contain other similar bone structures,
despite being completely different classes and species.
Explain these similarities.

Observing see page 316

o Outline one observation you can make about the
insects in Figure 3.15 that shows why they might be
grouped together.

@ Consider the information in Investigation 3.5. Identify
some scientific tools that are useful when making
observations during a dissection. Explain why these
tools are useful.

e Discuss how you could accurately record your
observations from a dissection.

e Summarise your observations about the insects
in Figure 3.15 that tell you how they survive in their
environments.

e Over time, changes might be made to the classification
of invertebrates. Explain why this is.

What categories can vertebrates be classified into? Classify
three Australian vertebrates into more specific categories.

Success criteria

« | can explain the difference between a vertebrate
and aninvertebrate.

+ lcangive atleast two examples of vertebrates
and invertebrates.
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Learning intention

Atthe end of this lesson, | will be able
to classify a variety of plants based on
some of their features.

Key terms

angiosperm: a plant that produces
seeds in fruit or flowers

bryophyte: a plant that does not
contain vascular tissue

gymnosperm: a plant that produces
seedsin cones

spore: atiny part of some plants that
is used to reproduce

structure: the construction and
arrangement of tissues, parts or organs
tissue: a group of cells with a similar
structure and function

tracheophyte: a plant that contains
vascular tissue

vascular tissue: tissue that transports
fluid and nutrients throughout a plant

Content group: Classification of
living things
_

Figure 3.17: This Australian
native plant, the kangaroo paw,
is an angiosperm because it
produces seeds in its flowers.

92 Good Science NSW Stage 4

Figure 3.16: Ferns are bryophytes, »

which reproduce using spores.
AR

R
-ag'

There are almost 400000 plant species in the kingdom
Plantae. The incredible variety of plants includes ferns,
mosses and flowering plants. Like other organisms, plants
can be classified by their structure.

Plants can be classified by their tissue

Plants can be grouped according to their type of tissue:
Vascular plants (tracheophytes) have vascular tissue.
Non-vascular plants (bryophytes) do not have vascular tissue.

Vascular tissue transports sugars, water and minerals through tiny
tubes in the plant. It also supports the plant structurally. Vascular tissue
works in a similar way to the bones and blood vessels of humans and
other mammals.

Tracheophytes (vascular plants)

Most plants are tracheophytes (vascular plants), which are supported
from inside and can grow very tall. Water moves from the soil into the
roots, the stem and then the leaves. Glucose is made in the leaves, and
it travels to the rest of the plant to be used for energy or converted to
starch and stored.

Most vascular plants reproduce using seeds. Seeds are small grains
with hard outer coatings that contain the material plants need to
reproduce.

Bryophytes (non-vascular plants)

Examples of bryophytes (non-vascular plants) are mosses and liverworts.
Non-vascular plants do not have support inside them, so they cannot
grow very tall. Instead, they appear as soft coverings on surfaces such

as rocks and soil. Non-vascular plants do not have true roots or leaves.
Bryophytes grow in areas where water is freely available, such as next to
rivers or waterfalls, or in rainforests.



Non-vascular plants reproduce using spores.
These are small, round spheres on the underside of
leaves. Spores fall to the ground and grow into heart-
shaped plants that produce male and female cells.
Spores need water for fertilisation.

Seeds, fruits and flowers can
be used to classify plants

Plants can also be grouped into those that produce
seeds and those that do not. For example, ferns do
not have seeds (they have spores), whereas flowering
plants do have seeds.

Plants that produce seeds can be divided into
those that produce seeds in:

cones

flowers and fruits.

Gymnosperms produce naked seeds that develop in
cones. These plants have needle-like or thin leaves,
and often grow into tall trees with woody trunks.
Because they have large root systems, they can collect
water from underground supplies and can grow in
many different environments. Pines, firs, cycads and
ginkgos are all gymnosperms.

Table 3.4: Some features used to classify plants

Class Contains Produces Method of Examples
vascular seeds?  producing
tissue? seeds
Bryophytes No No — Mosses,
liverworts
Ferns Yes No — Ferns
Gymnosperms Yes Yes Cones Pine tree

" Angiosperms  Yes Flowers Orange
: and fruits  tree

b NN, N
Figure 3.19: Norfolk Island pines are gymnosperms,
which produce seeds in cones.

’, « |canclassify a variety of plants based on some
oftheir features.

Angiosperms produce seeds in flowers or fruits.
There are many different types of flowering plants, and
this is the largest group of plants on Earth. Wattles,
roses, grass, wheat and eucalypts are all angiospermes.

Figure 3.18: Mosses are bryophytes. These plants do not

have inside support and grow outwards rather than up.
v .

Learning Ladde

Cells and classification

o Identify some features used to classify plants.
e Describe the distinguishing features of ferns.

e Is a cherry tree a gymnosperm or an angiosperm?
Explain your answer.

o Explain the difference between bryophytes and
tracheophytes.

Communicating see page 343

o Identify an example of a:

a tracheophyte.
b bryophyte.

e Aplantis about 20 centimetres tall and has a pink
flower blooming from a single stem. Which one of the
following groups would you classify this plant into?
Explain your choice.

A Ferns
B Gymnosperms
C Angiosperms
9 a Inyourlocal area, identify a fern, a gymnosperm
and an angiosperm.
b Construct a digital table that shows how each
plantis classified based on its features.

o Select one of the plants from Question 3.
Create a poster containing information about
its classification. See page 349 of the Science how-to
section for help with constructing your poster.

Species are becoming extinct at an alarming rate.
Write a persuasive article justifying why preserving plant
species is as important as preserving animal species.

Success criteria
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"/ » Structural, physiological
and behavioural adaptqtio_ns
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Learning intention
At the end of this lesson, | will be able to:
- describe the different types of adaptations

- explain how adaptations help organisms
tosurvive.

Key terms

adaptation: afeature that an organism

is born with that helps it to survive inits K ' 2 A

environment 2 e S DR Figure 3.20: Wombats
. ‘ ; . L ‘ have behavioural
adaptations that help
them to survive in their
Australian habitat.

ecosystem: a community of living and
non-living things interacting with one another
and with the environment in which they live

habitat: the place where an animal or a plant
naturally lives

The characteristics that make organisms able to
Investigating structural adaptations survive in their environments are called adaptations.
Adaptations can be structural, physiological

Investigation 3.7

Content group: Classification of living things .
: _ or behavioural.

Behavioural adaptations are something
animals do

A behavioural adaptation is any behaviour that organisms exhibit that
helps them to survive in their habitat. For example, a single organism
collecting specific objects to build a habitat is a behavioural adaptation.
A group of organisms choosing to live together is also a behavioural
adaptation that helps them to survive.

In the Australian environment, many organisms display behavioural
adaptations. For example, when a wombat is being chased, it runs towards
its burrow and then stops suddenly. The predator runs into its back end,
damaging its jaw on the wombat’s reinforced tailbone.

Physiological adaptations are processes
in the body

Physiological adaptations are processes and functions that help
organisms to survive. They are triggered in response to the environment.

For example, pregnant female kangaroos can ‘pause’ the development
of their joey if food is scarce. When food is plentiful again, the pregnancy

Figure 3.21: The digestive systems

. . o . . of koalas allow them to eat the waxy,
continues. This reaction is controlled by hormones, and is not a conscious toxic leaves of eucalyptus trees

choice of the kangaroo, but it does improve the survival rates of joeys. without getting sick.
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Structural adaptations
are physical features
of an organism

A structural adaptation is any physical
feature of an organism that helps

it to survive in its environment.
Physical features include tissue,
organs, and any visible features like
tails, bodies and claws.

For example, the thick, brown fur
that covers most of a platypus’s body
is waterproof and insulates against
the cold, which allows these animals
to hunt for food in cold rivers.

N

-

Figure 3.22: Platypuses have
a structural adaptation -
their thick, waterproof fur —
that helps these animals

to survive in cold water.

Table 3.5: Examples of how Australian organisms are adapted to their environments

Australian organisms Organism
are adapted to tEucalyptus
. . ree

their environments
Adaptations can be seen clearly in
many Australian ecosystems, such Koala
as bushland areas (see Table 3.5).
Musk
lorikeet

Learning Ladder

Cells and classification

o Identify one structural adaptation that a platypus
has that helps it to survive in its Australian habitat.

e Describe how the structural adaptation you identified
in Question 1helps a platypus to survive inits
Australian habitat.

@ Identify three features of a wombat that would help
you to classify it.

o Look at Figures 3.21and 3.22. Compare the feet of
the koala and the platypus.

Observing see page 316

o Outline some observations of eucalyptus leaves
you could make using just your senses.

e Identify a piece of scientific equipment that could
improve your observations of the physiological
adaptation of female kangaroos.

Adaptation

Leaves are coated in a
waxy substance, which
keeps moisture in

the leaves

Digestive systems
allow them to eat waxy,
poisonous eucalyptus
leaves without

getting sick

Nests in eucalyptus trees

Type

Structural

Physiological

Behavioural

Benefit

Helps the tree survive
during droughts and in
environments with little
water

Provides a food source
that other living things
are not competing for

Provides a safe place
to produce and raise
their young

e Draw a diagram of an Australian bush environment.
Include examples of behavioural, physiological
and structural adaptations of three organisms.
Label the adaptations.

0 Propose an inference about a platypus’s diet and
habitat, based on the photo of this animal in Figure 3.22.

In context

Humans also have behavioural, physiological and structural
adaptations. Propose two features or characteristics
of humans that fall into each category. Justify each

classification.

Success criteria

| can describe the different types of adaptations.

| can explain how adaptations help organisms to
survive in an environment.
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8 > Aboriginal and Torres Strait Islander
Peoples’ systems of classification

( . . . \ . . . e .
Learning intention First N(].tIOI"IS. cIosmﬂchon systerT\s are complex
Atthe end of this lesson, | will be able to explain webs with criss-crossing connections. These systems
some of the ways Aboriginal and Torres Strait are based on Aboriginal and Torres Strait Islander
Islander Peoples classify pl d animals. ) .
slanderPeoples classify plants andanimals Peoples’ deep understanding and vast knowledge
Key terms of living things.
Ancestors: the people we are descended
from First Nations classification systems

spirits: the supernatural beings that many
First Nations Peoples believe exist; can be
associated with particular places, objects and
rituals; are often connected with Dreaming
stories

are complex

The systems of classification used by Aboriginal and Torres Strait
Islander Peoples are complex and sophisticated. Many factors are

taken into consideration when grouping objects and organisms
\Content group: Classification of living things ) (see Table 3.6).

Table 3.6: Some of the factors used to classify objects and

living things by Aboriginal and Torres Strait Islander Peoples : £ 13 R igl Figure 3.23: Canoe
¥ ¥ trees like this one

Living or non-living Edible or non-edible % Ay : _ all have large trunks
The organism'sage  The organism's size and thick bark.
Venomous or The organism'’s sex
non-venomous
Status of the The object or organism'’s
organism observable features

(e.g. within its herd)

Where the organism  Which stage of its breeding
lives (e.g. coastal or cycle the organism is in

inland)

The value of the Use of the organism when alive
object or the and when dead (e.g. as food,
organism to a medicine, tools, clothing)

First Nations

community

Plants and animals are sorted
by their use

One of the many ways that Aboriginal and Torres
Strait Islander Peoples group living things is by
how the organisms are used. For example, some
trees (including swamp she-oaks, stringybarks
and mulga trees) are classified as ‘canoe

trees’ because First Nations Peoples made
canoes by removing the bark from these trees
(see Figure 3.23).
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The Dhuwa and Yirritja
classification system divides
the universe into two halves

The Dhuwa and Yirritja classification system is
fundamental to the culture of the Yolnu People,

Dhuwa

Kingfisher Water goanna

Black

Stringybark tree cockatoo

who live in north-east Arnhem Land. In this system,
everythingin the universe is classified as either
Dhuwa or Yirritja: the seasons, individuals, animals,
plants, areas of land, waterways, clouds, spirits,
Ancestors, winds.

Yirritja

Stingray

Red-winged
parrot

Cycad palm White cockatoo

4 Figure 3.24: The Yolnu People classify everything as either Dhuwa or Yirritja.

Learning Ladder

Cells and classification

o Identify the names of the two groups in the Yolnu
classification system.

@ Describe how canoe trees are structurally similar.

e Explain why swamp she-oaks, stringybarks and mulga
trees are placed in the same group in a First Nations
classification system.

o Compare the Linnaean classification system to
First Nations classification systems.

Communicating see page 343

0 Examine Figure 3.24. Identify and describe two
organisms that are:
a Dhuwa. b Yirritja.

e Describe how you could explain the differences between
the Linnaean classification system and First Nations
classification systems.

9 Create a digital presentation of the organisms you
identified in Question 1.

Research the classification system used by First Nations
People in your area or nearby.

Success criteria

« | can explain some of the ways Aboriginal and Torres Strait
Islander Peoples classify plants and animals.
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-9 > What are cells?

Learning intention

At the end of this lesson, | will be able
to explain what a cell is and outline the
components of cell theory.

Key terms

cell: the smallest functional unit of
an organism

hypothesis: a suggested explanation
or prediction of a scientific problem
that can be tested with an investigation

scientific theory: an explanation

of a natural phenomenon that is
supported by evidence and the results
of repeated tests

Investigation 3.9

Examining cells under a microscope

Content group: Cells

Liver cells
' Muscle cells
|
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Cells of the human body

Cells are the smallest structural and functional units of
living things. This means that a cell is the smallest part of a
living thing that can carry out the functions needed for life,
on its own. All living things are made of cells.

All living things are made of one or more cells,
which come from other cells

Cells were first identified in 1665 by English scientist Robert Hooke.
He was using a simple microscope to study the bark of a cork tree.
The tiny structures he could see through the microscope reminded
him of the tiny rooms that monks sleep in, which are called cells.

Even after cells had been discovered, scientists were not sure whether
all organisms were made of them. Then, in 1839, scientists developed
a hypothesis about cells. All the evidence and discoveries made since
then have confirmed this 19th-century idea, which is now recognised
as a scientific theory called cell theory.

There are three parts to the theory of cells:

All living things are made of one or more cells.
Cells are the basic building blocks of life.
Cells come from cells that already exist.

Cells are the building
blocks of life

Cells are the basic building blocks of
all living things. Sometimes a single
cellisa complete — but very simple —
organism (for example, a bacterium).
More complex organisms (such

as humans) are made up of many
cells that work together to perform
different functions (see Figure 3.25).

The human body is made up
of trillions of cells. They provide
structure, take in nutrients from
food, change those nutrients into
energy, and carry out other functions.
Our cells contain our genetic material
and can make copies of themselves.
This allows us to grow new cells,
such as for hair and fingernails.

4 Figure 3.25: The human
body contains many types
of specialised cells, which
all have different roles.



o

Figure 3.26: An onion is made of many cells.
The cells in a thin layer of onion membrane
can be seen under a light microscope.

Microscopes allow us to see
and identify cells

Cell size can vary a lot. The largest cells are
ostrich eggs: a single unfertilised egg cell is
about 15 centimetres wide and weighs more
than one kilogram! Red blood cells are only
0.008 millimetres wide; a line of 125 red blood
cellsis only one millimetre long. Most cells are
about this size, which is far too small for us to
see with the naked eye.

Scientists use microsopes to see cells.
The word comes from two ancient Greek terms:
micro, which means ‘small’, and scope, which
means ‘to see’. A microscope is a tool for
looking at small things.

The most common type of microscope in
science laboratories is a light microscope.
It allows scientists to study cells by shining a
bright light through an extremely thin slice of
tissue (usually 0.01 millimetres thick) from an
organism (see Figure 3.26).

Learning Ladder

Cells and classification

o Complete this sentence: ‘Cells come from ..
9 Approximately how many cells are there in the human body?
e Explain why cells are described as ‘the building blocks of life’.

0 Interms of cells, outline how humans are different from
bacteria.

e Analyse how cell theory changed scientists’ understanding
of living things.

Conducting investigations see page 326

o Outline how thin a slice of tissue has to be in order to
be viewed under a light microscope.

9 Construct a step-by-step description of how you would
use a microscope to view cells.

e Identify one safety practice that you should implement
when using a light microscope.

o Explain how you can make sure that the information you
collect when viewing tissue under a microscope is accurate.

‘All living things are made from one or more cells.’ Propose how
using technology allowed scientists like Robert Hooke to support
this hypothesis with evidence. Present your information as an

article on the history of cells.

Success criteria

| can explain what a cell is and outline the components
of cell theory.
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3 1 O > Cell structures

(Learning intention

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

« describe the common parts of plant
and animal cells

- identify the similarities and
differences in the structures
(organelles) of plant, animal, fungus
and bacteria cells.

Key terms

cellmembrane: a thin layer around
a cell that controls which substances
enter and leave the cell

cell wall: a stiff layer around a plant cell
that supports it

chloroplast: a small organelle in a plant
cell that makes food for the plant

cytoplasm: ajelly-like fluid inside a cell

DNA: the genetic information inside
abody’s cells

nucleus: the control centre of a cell;
contains DNA

organelle: a structure within a cell

Investigation 3.10
Examining cell structures

Content group: Cells

Cytoplasm /

Nucleus /

Cell membrane

V'S
Figure 3.27: A group of typical animal
cells, as seen under a microscope
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Cells are made up of different parts, and different cells
have different roles.

Cells have different parts called organelles

Each cell has many different parts. Each part has a particular job
that helps keep the cell healthy. However, not every cell has the
same parts. For example, a plant cell has more parts than an animal
cell. Scientists call the parts of a cell organelles.

Animal, plant and fungus cells have a nucleus,
cytoplasm and cell membrane

The cells of all animals, plants and fungi (for example, mushrooms

and moulds) have three organelles in common:
Anucleus: Thisis the central part of a cell. It controls all the cell’s
activity. DNA, the genetic material, is located inside the nucleus.
Cytoplasm: This is a jelly-like fluid in which cell organelles sit.
Many of the chemical reactions in a cell happen in the cytoplasm.
A cell membrane: This is a flexible, thin layer around a cell (like an
envelope surrounding a letter). It controls substances coming in
and out of a cell.

Cell wall

o~

o—— Cell'membrane

\ Nucleus

&———— Cytoplasm

V'S
Figure 3.28: A group of typical plant cells,
as seen under a microscope



Plant cells have a cell wall
and chloroplasts

There are many obvious differences between plants
and animals. No-one is likely to confuse a cat with
a cactus, or a shark with seaweed!

However, some differences are not obvious,
such as the organelles inside plant and animal
cells. Like animal cells, plant cells have a nucleus,
cytoplasm and cell membrane. However, they also
have two structures that animal cells do not:
A cell wall: This is a stiff layer around a plant cell,
outside the cell membrane. It helps to protect and
support the cell.
One or more chloroplasts: Chloroplasts are
organelles that act as energy producers. They are
where plants make sugar using the Sun’s energy.

Animal cells do not have these organelles because they
do not need them. Animals have a skeleton to provide
support and they can move around to get food.

Bacteria cells are simpler than
animal, plant and fungus cells

Bacteria are different from plants, animals and fungi,
which are all made of complex eukaryotic cells.
Bacteria are made of simpler cells, called prokaryotic
cells. These cells cannot join to form a bigger organism.
Bacteria cells have DNA, but they do not have a
nucleusto hold it in place. The DNA floats freely in

Figure 3.29:

The structure of

(a) prokaryotic cells and
(b) eukaryotic cells

the cytoplasm. However, there are some similarities
between the different cells (see Figure 3.29).

Staining shows the organelles
of cells

Scientists use chemicals called stains to artificially
colour some of the parts of cells. Staining makes them
easier to see under a microscope. In Figure 3.28,

a purple stain has been used to colour some of the
cell parts.

Most cell structures are too small to be seen under
a microscope. Parts of a cell that can be seen under a
light microscope include the nucleus, cell membrane,
cell wall and chloroplast. The cytoplasm cannot
really be seen in Figure 3.28, but you can see floating
substances: they look like a grainy background inside
the cell membrane.

Learning Ladder

Cells and classification

o Identify an organelle that is unique to plant cells.

9 Describe two organelles of plant cells.

e Recall the names of three organelles in fungi cells.

0 Identify an organelle that is found in an animal
cell that is not found in a bacteria cell. Outline the
purpose of this organelle.

Observing see page 316

0 Can you use your senses to make observations
about cell organelles? Explain your answer.

e Identify which scientific equipment you could use
to make observations of cells. Why would using this
item improve your observations?

e Outline how you could record your observations
of cells.

Draw diagrams of a bacteria cell, a plant celland an
animal cell. Label the diagrams by identifying the
similarities and differences between the three cells.

Success criteria

| can describe the common organelles of plant and
animal cells.

| canidentify the similarities and differences in the
cell organelles of animals, plants, fungi and bacteria.
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Learning intention

At the end of this lesson, | will be
able to explain the processes of
photosynthesis and respiration.

Key terms

aerobic respiration: the process of
turning glucose into energy where
the cells take in oxygen and release
carbon dioxide

anaerobic respiration: how living
things produce energy without oxygen

chlorophyll: the green pigmentin
plant cells; this pigment absorbs
sunlight and enables photosynthesis

glucose: atype of sugar thatis the
energy source for cells

mitochondria: the organelles where
respiration happens

photosynthesis: the chemical
reaction, powered by sunlight, in plants
that converts carbon dioxide and
water into sugar and oxygen

respiration: a chemical reaction that
converts glucose to energy

stomata: pores on the surface of a
leaf; the site of gas exchange in plants

Investigation 3.11A

Investigating respiration

Investigation 3.11B

Energy from food

Content group: Cells

102 Good Science NSW Stage 4

Animals and plants have many cells that carry out various
functions to help the organism survive. To perform

these functions, cells need a constant supply of energy.
Animal cells get their energy from food, and plant cells
make their food using sunlight.

All cells need energy to survive

S
Without a continuous supply of energy, cells cannot Figure 3.30:
perform important functions and will die. The only type Plant cells get
of energy that cells can use is chemical energy. Chemical ggsﬂifom

energy comes from glucose, which is a type of sugar.
Plant cells convert energy from the Sun into glucose.
Animal cells get most of their energy from food.

Photosynthesis is how plants make food

Plants rely on a chemical reaction called photosynthesis to make their
food. Chlorophyll (a green pigment) in plant cells absorbs sunlight and
uses it to change carbon dioxide and water into glucose and oxygen.
The process of photosynthesis is summarised in Figure 3.31and
shown in Figure 3.32.

LIGHT ENERGY

carbon dioxide + water - glucose + oxygen
CHLOROPHYLL

-~
Figure 3.31: The process of photosynthesis

The glucose produced from this reaction is either used in respiration
or stored for later use. The oxygen moves into the environment through
special pores (openings) in the leaves called stomata, or is used during
respiration.

Without photosynthesis, humans would not have the oxygen or
glucose we need to survive. We breathe in oxygen released by plants,
and consume glucose made in leaves. If plants did not exist, humans
would not exist either!

Respiration is how cells make energy

Respiration is a chemical reaction that converts glucose to carbon
dioxide and produces energy. Respiration occurs in all cells. There are
two forms of respiration:

= aerobic respiration, which uses oxygen

= anaerobic respiration, which happens without oxygen.
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Figure 3.32: Photosynthesis happens in the leaves of plants.

Aerobic respiration provides animals and plants with
most of their energy.

In animals, the process of aerobic respiration
involves the organism taking in glucose (from food)
and oxygen (from the environment via lungs or gills).
When the glucose and oxygen combine, they react
and form carbon dioxide, water and energy. Carbon
dioxide and water are the waste products.

The chemical energy produced during respiration
is transported to the cells that need it, while the
carbon dioxide and water are removed from the cell.
The process of aerobic respiration is summarised in
Figure 3.33.

Learning Ladder

Cells and classification

o Identify one feature of a cell that allows it to conduct
respiration.

9 Summarise what mitochondria are.

e Explain why stomata are located on the underside
of leaves.

o Compare how animals and plants take in oxygen.

Conducting investigations see page 326

Read the aim, materials and method of Investigation 3.11B
on page 412, then answer the following questions.

o Identify the correct way to secure the test tube.

glucose + oxygen —> carbon dioxide + water + energy

4. Figure 3.33: The process of aerobic respiration

Respiration happens
in mitochondria

Respiration happens in organelles (cell structures)
called mitochondria, in both plant and animal cells.
Mitochondria are called the ‘powerhouse’ of cells
because they take in nutrients, break them down, and
change them into energy that cells can use. Animals
and plants do not respire in the same way, and they
gain energy from different nutrients, but mitochondria
have the same purpose in all living things.

Mitochondria are very small. Some cells have
several thousand mitochondria because they need
lots of energy; for example, muscle cells in animals.
Other cells have lower energy needs, so they have
few or no mitochondria.

Oxygen Carbon dioxide

—> Energy

N

Water

o

Glucose

PN

Figure 3.34: Mitochondria are the organelles responsible for
respiration. Because their folded structure provides a lot of
surface area, many reactions can occur at the same time.

e Describe how you would use athermometer to
collect data.

€ Identify two hazards associated with this investigation.
Outline how you could minimise the risk of harm
occurring.

0 Propose ways that you could make sure that the data
you collect from this investigation is accurate.

Discuss the differences between respiration and breathing.

Success criteria

| can explain the processes of photosynthesis and
respiration.
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' Learning intention

At the end of this lesson, | will be able
to examine the relationships between
cells, tissues and organs in living things.

Key terms

differentiate: to change to have
a particular function

multicellular: consisting of many
specialised cells that form tissues
and organs, which together make

one functional organism

organ: a structure made up of two
of more tissues that has a specific
function

unicellular: consisting of one cell that
carries out all the functions itself

[ Content group: Cells
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et

. Figure3.35: This tissueisin

b the human brain; it is called
neuroglia (‘nerve glue).

Some organisms are unicellular (such as bacteria).
Other organisms are multicellular and have many
different types of specialised cells.

Specialised cells perform specific tasks

A multicellular organism starts as a single cell. This one cell divides into
many cells that are joined together. As the organism grows and more cells
form, the cells differentiate so they perform different functions to help
the organism work effectively.

Some of the specialised cells in plants and animals are listed in
Table 3.7.

Table 3.7: Some of the specialised cells in plants and animals

Organism Specialised cell Function
Human Epidermal cell Forms a protective outer layer (skin)
Nerve cell Transmits messages around the body
Red blood cell Transports oxygen and nutrients around
the body
Plant Palisade cell Contains chlorophyll to carry out
photosynthesis
Xylem cell Transports water from the roots to
the stem and leaves
Phloem cell Transports sugar around the plant

-




Specialised cells can form tissues
and organs

Cells that specialise in the same function can group
together to form tissues and organs. These structures
are larger and more complex than individual cells.

Tissues and organs are structured in specific ways
to help organisms function efficiently.

The following flowchart summarises the levels of
organisation in organisms.

organelle - specialised cell > tissue >
organ —> organsystem - organism

G (et
HCEREee

Cardiac muscle cells

Cardiac tissue

—_—

Myocardium
(a layer of
muscle tissue
in the heart)

4 Figure 3.36: The heartis an organ that has a muscular layer
oftissue called the myocardium. The myocardium is made of
cardiac tissue, which in turn is made of cardiac muscle cells.

A microscope is needed to
view specialised cells

Cells are too small to be seen by the naked eye,
so scientists use microscopes to view and make
observations about cells.

Light microscopes can be used to view the overall
size and shape of cells, and to see some of their larger
organelles, such as the cell wall and the nucleus.

Electron microscopes have much higher
magnifications than light microscopes. These
microscopes can be used to look at the organelles in
different cells, allowing scientists to see the differences
between specialised cells. These differences can include
which organelles are present, and how many there are.

~d

Figure 3.37:
Scientists
need to use
microscopes
tosee
specialised
cells.

Learning Ladder

Cells and classification

o Identify a specialised cell found in:
a humans. b plants.

e Forthe cells you identified in Question 1a, describe
their structure and function.

e Explain how specialised cells form the basis of more
complex structures in multicellular organisms.

0 Compare the complexity of a cell organelle to an
organ in a human body.

Observing see page 316

o Outline the observations you can make about the
specialised structures of plants by just using your
senses.

e Describe how a microscope would assist you to
make detailed observations of the structure of
the specialised cells in humans.

6 a Research a specific specialised cell.

b Construct a digital flowchart that shows how this
specialised cell fits in the structure of a functional
organism. (Hint: What tissue and organ is it
part of?)

o Create an infographic about the heart as an organ.
Include information about the specialised cells and
tissues that combine to allow the heart to function.

Research how improving our understanding of
specialised cells could assist doctors to conduct organ
transplants.

Success criteria

| can describe the structures and functions of many
specialised cells.

| can explain how specialised cells form larger
functional networks in living things.
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°13 > Cells and
classification
in context

Figure 3.38:

The scientific name
of the quokkaiis
Setonix brachyurus.

Learning intention

At the end of this lesson, | will
understand the classification
of the quokka.

Key term

active during the night

Content group: Cells and classification

| incontext

The quokka is a

Australian animal. We can
examine quokkas to understand how they are classified.

Why is a quokka classified as a living thing?

There are seven biological characteristics that organisms must have to

be considered ‘living’ by scientists. The quokka has all seven of these

features (see Table 3.8).

Table 3.8: Characteristics of quokkas that classify them as living things

Biological characteristic

Growth

Movement

Nutrition

Reproduction

Response to stimuli

Respiration

Waste removal

Description

The organism gets bigger
and develops over time.

The organism can move part
or all of itself.

The organism takes in
nutrients.

The organism can produce
offspring.

The organism can respond to
changes in the environment.

The organism can convert
nutrients into energy.

The organism can get rid
of waste products.
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Quokka behaviours and features

A baby quokka is the size of a bean and weighs around 35 grams;
adult quokkas weigh between 2.5 and 5 kilograms and their
bodies are around 40-54 centimetres long.

Quokkas run and hop along the ground using their large hind legs
and long tails.

Quokkas take in nutrients by eating plants, such as native
grasses, leaves and berries.

Quokkas give birth to live young.

Quokkas shelter in dense vegetation when it is hot during the day,
and are active at night when it is cooler.

Quokkas are made of cells; cells use respiration to transform
into energy the nutrients in the plants that quokkas eat.

Quokkas get rid of both urine and faeces.



Figure 3.39: The quokkaisa »
herbivore, which means it eats plants
to obtain nutrients such as glucose.

How do we classify
the quokka?

The species of the quokka
can be classified using

the Linnaean system of
classification (see Table 3.9).

Table 3.9: The classification of the
quokka in the Linnaean system
Quokka

Classification Description

level classification

Domain Eukaryota Organisms with
specialised cells

Kingdom Animalia Animals

Phylum Chordata Animals with a cord
along their back

Class Mammalia Mammals: have hair
and live young

Order Diprotodontia =~ Marsupials:
have a pouch

Family Macropodidae = Macropods: have large
hind legs and long tails

Genus Setonix Specific to the

) quokka only
Species brachyurus

What else can we classify?

The criteria for classifying living things and the
Linnaean system of classification can be applied
to anything you see or know of. Try applying these
systems to organisms in your local area.

Rottnesl
Island

4 Figure 3.40:
About 10000 quokkas
live on Rottnest Island
in Western Australia.

12220 UEIPY;

Where
. quokkas
live

lives on the mainland.

Asmall population also

Learning Ladder

Cells and classification

o Summarise the seven biological characteristics
ofall living things.

9 Identify two physical features of macropods.

e Quokkas are closely related to kangaroos and
wallabies. Explain why this is the case, using the
terms in the Linnaean system of classification.

0 Look at the photos of the quokka. Identify a similar
organism and justify your answer.

e The quokka was first described by Western
Europeans as ‘a kind of rat as big asa common
cat’. Does this match the current classification of
the quokka? Discuss what has changed since this

statement was made.

Communicating see page 343

o Explain what respirationis.

e Describe a way you could communicate information
about the diet of the quokka.

e Construct a digital flowchart that shows the
classification of the quokka.

o Create a poster that shows information about
the quokka. Highlight the features that justify
its classification as a living thing.

e Select a plant or an animal from your local area.
Use the Linnaean system to classify it, from

domain to species.
Success criteria

- lunderstand the classification of the quokka.
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» Cells and classification summary

Classification of living things

Allliving things are made of e fa

cells and share biological level
characteristics: they can grow,
move, reproduce, respond Domain

to stimuli, take in nutrients,

convert nutrients to energy, Kingdom
and excrete waste.
First Nations Peoples use Phylum
complex classification systems,
which can include many factors Class
such as the age, location and
value of living things to specific
communities. Order
"~ Animals
Family
Genus
Species

Animals have many adaptations, including
structural features, that can help in classifying
them into groups. These features also help them to
survive, like the water-resistant fur of the platypus.
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Very general

Very specific

In biology, taxonomists use the
Linnaean system of classification to
sort living things from domain (broad)
to species (specific).

Classification for brush-tailed rock wallaby

Eukaryota (organisms with specialised cells)
Animalia (animals)
Chordata (animals with a cord along their back)

Mammalia (mammals)
(animals with hair and live young)

Marsupialia (marsupials) (animals with a pouch)

Macropodidae (macropods)
(animals with large hind legs and long tails,
e.g. wallabies, kangaroos, pademelons)

Petrogale (rock wallabies)

penicillata (brush-tailed rock wallaby)

Classification keys - including
dichotomous and branching keys —
can be used to sort organisms by their
specific features.




Celltheory tells us about how living things are made:
+ Allliving things are made of cells.

« Cells are the basic building blocks of life.

« Allcells come from cells that already exist.

Cells contain structures called organelles that allow
them to function; organelles carry out specific roles.

Mitochondria enable cells to complete cellular
respiration (a chemical reaction that converts
glucose to energy that can be used by organisms).

Sunlight

Glucose
(sugar)

Photosynthesis occurs in chloroplasts.
Photosynthesis is the chemical reaction powered
by sunlight that converts carbon dioxide and water
into glucose and oxygen.

Cells and
classification
in context

Our understanding of
cells and classification
can be applied to all living
things so that we can
better understand them.

® ’. Brain cells

\/
Liver cells
' Muscle cells ; =

Cell membrane

Animal, plant and fungus cells all contain a nucleus,
cytoplasm, ribosomes and a cellmembrane. Only
plant cells also contain a cell wall and chloroplasts.

1;_{9 Ce||S Of
%' the human
body

R Blood cells

M
Int-estinalgells ‘
Q@

D ‘}‘

Cells can specialise to perform specific roles in
multicellular organisms. Specialised cells form
more complex structures in the multicellular
organism.

organelle —> specialised cell —> tissue —>
organ —» organsystem —> organism
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Masterclass

Steps in progression

Cells and
classification

Content

Observing

Conducting
investigations

Processes

Communicating

Figure3.41: In 2024, scientists confirmed they had found .
“two new species of the delicate mouseiinAustralia. )

1

Identify three features of the mouse in
Figure 3.41.

What are two observations that
scientists could make about
these mice with their senses when
conducting field studies?

Identify a process that scientists
could use to ensure they are correctly
classifying the species of mice they
see inthe Australian desert.

Identify two pieces of scientific
information about the delicate
mouse.

2

Describe the features of the delicate
mouse in Figure 3.41.

Describe a scientific tool that
has been used to enhance our
observations of these mice species.

Describe how a scientist could use a:
digital scale
digital camera

to gather first-hand data about the
delicate mouse.

Describe a way you could
communicate information about the
delicate mouse to other scientists.

4 Figure 3.42: Scientists conduct field work to

help them find and classify new species of
many organisms, like the delicate mouse.
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Demonstrate your understanding

© ) (5~

Explain how classification Compare the features of the delicate Analyse how using technologies
conventions can be used to distinctly mouse to the features of another has allowed scientists to change
categorise the three species of the named organism that lives in the the classification of these species
delicate mouse. Australian desert. How could these of mice.

features assist the mice to survive?

Explain how scientists could What is an inference that Australian How did scientists use more

accurately record their observations scientists have made based on their advanced technologies to improve

of the mice species while working in initial observations of the delicate their observations of the delicate

the field. mouse? mouse and change theirinitial
inferences?

Explain three safety practices Suggest a way that scientists could Analyse the processes scientists

required when conducting field work ensure they collect reliable data need to use to ensure that the data

in the desert to observe the delicate about the delicate mouse, such as: they record about the delicate mouse

mouse. . its habitat is accurate.

« the population sizes.

Explain how you would present data Use secondary source information Edit your posterinto a written

about the genetics of the different to construct a scientific poster on presentation that could be shown to

species of the delicate mouse using a the delicate mouse that shows its agroup of Year 7 students to teach

named digital technology. habitat, distribution and the distinct them about the marsupials of the
characteristics of each species. Australian desert.

—4é ‘ New Australian mice scamper
around Australian deserts

In February 2024, Australian scientists
confirmed they had found two new species of
native mice in the Australian desert. These mice
are types of the ‘delicate mouse’. While it has
previously been thought there was only one
species of this Australian marsupial, scientists
have now confirmed that there are at least
three distinct species that inhabit different
parts of the Australian desert: Pseudomys
delicatulus, Pseudomys pilbarensis and
Pseudomys mimulus.

Scientists have used specific tools and
technology to make these new classifications,
including mapping the genes of the mice to
see how similar they are. What they found is
amazing: although they look similar, these mice

A Figure 3.43: Many special laboratory technologies allow scientists to are quite different. They could not reproduce
study and map the genetics of animals, which helps to classify them. with mice from the other species!
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Focus area 4

4.0 Soluti

and mixtures

10ONS

All substances can be classified according to what they are made up of.

A substance that contains only one type of particle is called a pure substance.
A substance that contains different particles is a mixture. Mixtures can be separated.

A solution is a special kind of mixture made up of a solvent and a solute.
Solutes dissolve in a solvent to make a solution. In addition, substances can be

o

Figure 4.1:
Magnets allow
you to separate
metallic materials
from non-metallic
materials.

classified according to their states of matter: solid, liquid or gas. For example,
water can be solid ice, liquid water or gaseous water vapour.

Ladder

| can apply my
understanding of the
chemical properties of
substances to real-
world contexts.

| can compare

the properties
of substances in
different states.

| can explain how to
use the properties of
substances to separate

| can describe
the properties of
different solutions.

| can identify a range
of solutions.

Solutions and
mixtures

Stepsin
progression

or understand mixtures.

| can construct an
appropriate plan
before conducting a
first-hand investigation.

| 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.

| can identify
appropriate materials
and technologies to
conduct investigations.

Planning
investigations

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

| can collect accurate

and reliable data from

first-hand and second-
hand investigations.

| can implement safe
practices when using
scientific equipment.

| can use scientific
equipment to conduct

investigations and
gather first-hand data

and information.

| can identify
correct processes
for conducting
investigations.

Conducting
investigations

The Learning Ladder contains the scientific content and processes you
will learn in this chapter. Each area has five levels of progress. 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 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 suggest
solutions to familiar
scientific problems.

| can identify
scientific problems.

Problem-solving

Stepsin
progression

Working scientifically processes
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Figure 4.3: Wateras S
asolid and a liquid

Learning intention

At the end of this lesson, | will be able

to describe the behaviour of matterin
terms of particles that are continuously
moving and interacting.

Key terms

compress: squash somethinginto
asmaller shape

condense: change state from gas
toliquid

matter: any substance that has mass
and takes up space

particle: a very small amount of matter

volume: the amount of space an
object takes up

Investigation 4.1
Compressing liquids and gases

Content group: Properties of matter

—-‘hr——-rv—w_..".—,—-.‘—-—ﬂ-—.‘v—., L g——
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Matter is anything that takes up space and has mass.
Substances on Earth can exist in three different states

of matter: as solids, liquids or gases. Water is the only
substance on Earth that is found naturally in all three states.
This is critical to the survival of all living things. Solid water
isice. If you heat ice, it melts to become liquid water. If you
keep heating it, the water boils and becomes water vapour.
This is because water is made up of particles. As you add
heat, you increase how much the particles move, which will
eventually change the water's state of matter.

The particles in a solid are packed
closely together

Solids are materials such as wood, metal or plastic. The particles in solids
are packed closely together, like bricks in a wall. However, the particles
are not still; they are constantly vibrating.

A solid has a fixed shape and a fixed volume. Because the particles
in a solid are highly attracted to each other, the solid keeps its shape
and does not spread out or flow. A solid cannot be compressed easily,
because there is no space between its particles for them to squeeze
closer together. Water exists in its solid state as ice. This occurs at
temperatures below O °C. In this state, water molecules are arranged
inarigid, crystalline structure.

4 Figure 4.4: The particles in a solid are packed closely together,

like bricks in awall. They vibrate in their positions.



The particles in a liquid can
move past each other

The particles in liquids are not as

close together as they are in solids.
The particles are still strongly attracted
to each other, but they have room to
move past each other.

Aliquid has a fixed volume but not a
fixed shape. A liquid takes on the shape of its container
because the attraction between the particles is not
strong enough to stop them from spreading out.
Aliquid cannot be compressed very much because
there is not enough space between its particles for
them to squeeze closer together. The liquid state
of water is its most common form on Earth.

The particles in a gas have
large spaces between them

The particles in a gas are weakly attracted to each
other, so they can move around a lot. The particles have
large spaces between them, and they are constantly
moving in all directions. Some common gases on Earth
are oxygen and carbon dioxide. The air we breathe

is a mixture of gases, including oxygen, nitrogen and
carbon dioxide.

A gas has neither a fixed shape nor a fixed volume.
Gases spread out to fill the container they are in.
A gas can be compressed because there is space
between the particles. In a smaller volume, the gas
particles just have less room to move around.

Liquid water becomes a gas, known as water vapour,
when it is heated. When temperatures rise above
100 °C, the water particles gain enough energy to break
free from the liquid state. Water vapour is present in
our atmosphere. It can condense to form clouds and
eventually fall back to Earth as rain or snow.

4 Figure 4.6: The particles inagas are
weakly attracted to each other. They

can be squashed into a smaller space.

4 Figure 4.5:
The particles
ina liquid can
move past each
other. They take
onthe shape of
their container.

Learning Ladder

Solutions and mixtures

o List three solids, three liquids and three gases you
have come into contact with today.

e Describe the properties of gas particles that make
gases different from solids and liquids.

e Explain why solids and liquids cannot be compressed
but gases can. Refer to particles in your answer.

o Compare the particle arrangement, energy level and
movement of solids and liquids.

Planning investigations see page 323

Your teacher showed you an experiment called
‘Crushing can’ by heating some waterin a canovera
Bunsen burner. When the water started evaporating
from the can, your teacher used metal tongs to flip the
can upside down into a container of cold water. The can
was crushed and made a loud sound.

o Identify what was being investigated in the
experiment.

e Describe how the properties of the water particles
may have caused the result you saw.

e The gases inside the can were hot and had mostly
expanded before it entered the water. Explain the link
between the hot gas particles and the cold water that
led to the final shape of the can.

e Garbage takes up a lot of space in landfill. Discuss
how this demonstration could be applied to provide
a solution to this real-world problem.

Plasma is sometimes called the fourth state of matter.
Use the internet to research plasma and to understand
how it differs from the other three states of matter.
Success criteria

| can state the three main states of matter.

| can describe the behaviour and arrangement of
particles in each state.
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«2 > Particle theory and water

-
Learnlng intention

At the end of this lesson, | will be able
to compare the properties of solids,
liquids and gases in terms of their
particle arrangement and movement.

Key terms

atom: a particle that makes up
all matter; made up of protons,
neutrons and electrons

condense: change state from gas
toliquid

deposition: changing state from gas
to solid

evaporate: change state from liquid
togas

freeze: change state from liquid

to solid

melt: change state from solid to liquid

molecule: a unit made up of two or
more atoms chemically bonded to
each other

particle theory: amodel used to
describe the properties of solids,
liquids and gases

sublimation: changing state from
solidto gas

Investigation 4.2
Changing states of water

Content group: Properties of matter

_~

Figure 4.7: The spaces between the
joints in a bridge allow the metal to
expand in hot weather without causing
the bridge to buckle.
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Particle theory says that all matter is made of tiny
particles. The particles are individual atoms, or groups

of atoms called molecules, and they are too small to see.
Atoms cannot easily be divided any further. There is empty
space between the particles, which are constantly moving.

Adding heat energy causes particles
to move apart

When heat energy is added to matter, the energy is transferred to its
particles. This causes the particles to vibrate and move more, which can
resultin the substance changing states. As the particles move more,
they can overcome the forces holding them together.

We can see this when we add energy to ice (solid water). The ice
melts and becomes liquid. If we continue to add energy, the liquid
water will evaporate into a gas when the water boils at 100 °C.

Removing heat energy causes particles
to move together

When matter loses heat energy, the particles lose energy and start

to move less. The particles also become closer together because they
no longer have enough energy to overcome the forces of attraction
between them.

We can see this process with water. When we place a cold glass of
water on a table, gaseous water from the surrounding air condenses on
the side of the glass as liquid. If we put that same glass into the freezer,
at below 0 °C, then the water freezes back into ice.

Table 4.1 shows how the particles of solids, liquids and gases behave.

Table 4.1: The arrangement of particles in the three states of matter

State of Particle arrangement  Diagram Forces

matter

Solid Closely packed; Strong forces hold
vibrate in place the particles together

Moderate forces hold the
particles near each other

Liquid Loosely packed;
can slide over one

another

Gas Moving freely around ) Weak forces between the
the available volume; particles allow them to
always moving and 0 3 move around
colliding o ¢



Solids can become gases and
gases can become solids

At room temperature, we exhale carbon dioxide gas
into the air around us. At very low temperatures,
carbon dioxide becomes a solid called dry ice.

To stay solid, dry ice needs to be stored at =79 °C.
When it is brought back up to room temperature,
the solid turns directly into a gas without going
through the liquid state. It produces a white ‘fog’

4 Figure 4.8: Dry ice
(solid) sublimes at
room temperature,
turning into a gas

straight away.

Learning Ladder

Solutions and mixtures

o Identify what happens to the particles in a substance
when heat energy is:
a added.
b removed or when particles lose heat energy.

e Describe how the particles of a solid substance
would change if it was heated past its boiling point.

e Explain, using scientific language, how water can
change from a solid to a gas and then back to a solid.
Use the words in Figure 4.9 to help you.

0 Compare the properties of solids, liquids and
gases with reference to particle theory.

Problem-solving see page 339

Imagine you are going to conduct an investigation
to observe water changing between the three states
of matter, from a solid to a liquid to a gas. Plan an

(see Figure 4.8). This process of changing from a solid investigation using the following instructions.

to a gasis called sublimation. The process of changing
from a gas to a solid without going through the liquid
state is called deposition.

o Identify a piece of scientific equipment you could
use to add heat to the solid and liquid water.

@ Identify arisk associated with this piece of
equipment. Describe two ways to manage the risk.

9 Describe three factors you would need to keep
the same throughout this investigation, so you can
compare your results to another group's.

Sublimation

O Construct an appropriate aim for this investigation.

@ Melting *

Solid Bridges have expansion joints to prevent buckling in hot
weather, as shown in Figure 4.7. How else do engineers
protect against thermal expansion when building other

| Freezing . — structures? Research and discuss two other strategies
Liquid —

eL> that can be used, with reference to the particles of

A Condensation & \; the materials.
Deposition Gas Success criteria
- « |candescribe how the particles are arranged in solids,
Figure 4.9: Adding heat energy to water causes it to change from liquids and gases.
asolid to a liquid to a gas. Removing heat energy has the opposite + lcanexplain how energy affects how the particles of

effect: the gas changes to become liquid and then a solid. solids, liquids and gases move.
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»3 > Physical properties of water
S P — _— ; |

Figure 4.10: How is
a heavy warship able
to float on water?

Learning intention

Atthe end of this lesson, | will be able
to explain other physical properties of
= water, such as density, buoyancy and
= surface tension.

Key terms
buoyancy: the upward force that What determines whether an object floats in water?
opposes the downward force of gravity The mass of the object is important but there must be

onanobjectina liquid or gas

density: o more to it. Extremely heavy icebergs float, whereas much
ensity: how heavy something is for

its size; mass divided by volume lighter coins sink. The answer has to do with a property
mass: the amount of matterthat a of matter called density.

physical body contains . . . . .
surface tension: where the molecules Water has unique and incredible physical properties.

at the surface of a liquid are more Buoyancy, density and surface tension allow small insects

attracted to each other than to the air

o to walk on water's surface and large icebergs and ships
above the liquid

to stay afloat.

Investigation 4.3

Exploring density Density is how heavy an object is for its size
Content group: Physical properties You can calculate the density of an object by dividing its mass by its
\ofwater ) volume. In other words, density is a measure of how heavy an object

is compared to its size.

Solids usually have higher densities than gases and
liquids because their particles can pack more closely
together. A coin may be lighter than a log, but a coin-sized
piece of the log would be lighter than the coin because
metals are denser than wood. So, when comparing
two objects of the same size, the heavier one has a
greater density.

Density can be explained by
particle theory
In terms of particle theory, density is related to two things:

Higher density Lower density the amount of space between particles and the mass of
the particles (see Figure 4.11):

V'S

The more tightly packed its particles are, the denser

Figure 4.11: The particles on the left are more closely . .
an object is.

packed than the particles on the right. A substance with
particles that are closely packed has a high density. - The heavier its particles are, the denser the object is.
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Imagine a bike with an aluminium frame and

an identical bike made of steel (iron metal).
Although the bikes are the same size, the steel bike
is heavier because iron atoms have more mass than
aluminium atoms.

Liquids and gases with lower
density float on those with
higher density

Liquids and gases with a lower density float on top
of substances with a higher density (see Figure 4.12).

Have you ever heard that ‘hot air rises’? This is
because hot air is less dense than cool air. The spaces
between the particles in the hot air are larger than the
spaces between the particles in the cool air. This is
what keeps a hot air balloon in the sky.

The warship in Figure 4.10 floats on water, so it
must have a lower density than water. Even though
the ship is made of metal, most of the inside of a
warship is air. The air takes up a lot of volume but has
very little mass, and so overall the ship has a lower
density than water.

4 Figure 4.12: Liquids
of different densities
in a container will
arrange so that
the liquid with the
highest density is at
the bottom and the
liquid with the lowest
density is at the top.

The different states of water
have different densities

Water is a very unusual substance because its particles
move further apart when it freezes. This means that
ice is less dense than water and can float on water
(see Figures 413 and 4.14). Water is in its most
compact arrangement and at its most dense as a liquid
at 4 °C. At lower temperatures, the water particles
spread out and the water becomes less dense.

Figure 4.13:Iceis
~ lessdensethan

water, which is

why icebergs float.
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As water at the surface reaches 0 °C, it freezes.
The water below the ice is at 4 °C and sinks because
it has a higher density. This creates a pocket of air
between the two layers. The air acts as an insulator,
which is crucial for the survival of aquatic life during
winter months.

Water vapour is the gaseous state of water,
formed when liquid water evaporates into the
atmosphere. Water vapour is much less dense than
liquid water and ice. Water vapour is also less dense
than air, which is why it rises in the atmosphere. This
property is very important in the water cycle, as water
vapour condenses to form clouds and eventually
precipitates as rain or snow.

Buoyancy makes objects
stay afloat

When an object is placed in water, it is pulled down
by gravity. Buoyancy is the upward force that
opposes the downward force of gravity on an object
in aliquid or gas. This force counteracts the weight
of the object, causing it to float or rise. If an object
in water is less dense than water, then the upthrust
is greater than the weight and the object floats
(see Figure 4.15). If the object is more dense than
water, then the upthrust is less than the weight
and the object sinks. If an object floats, we say that
itis buoyant.
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Figure 4.14:

How ice can float
onwater. Wateris an
unusual substance
because its solid
form (ice) is less
dense thanits liquid
form. The molecules
inice are arranged
inan orderly lattice
patternand are
further apart than
the moleculesin
liquid water.

Buoyancy is particularly important for aquatic life
forms, from fish, octopuses and whales to seahorses.
It allows them to stay afloat and move efficiently in
their environments. Ocean water has more buoyancy
than fresh water. Buoyancy is what allows mega ships
to move very heavy cargo across oceans from one part
of the world to the other.

Buoyancy

a
Figure 4.15: An object in water is pulled down by gravity
and pushed up by buoyancy.



Surface tension holds water
particles together

Surface tension is the reason a water
strider, even though denser than water,
can walk on the surface of water. Surface
tension is a property of a liquid that
allows it to resist external forces or resist
the surface particles breaking apart.

The reason water particles stick together
is because of strong cohesive (bonding)
forces. This strong force creates a ‘skin-like’
layer or film at the surface, causing
surface tension.

Surface tension explains why water can
flow against gravity through narrow spaces,
such as a straw in a drink. This is known
as capillary action. This occurs in plants,
as water from roots moves against gravity
towards leaves in narrow plant vessels,
which is necessary for photosynthesis.

Detergents and soaps are used to
reduce the surface tension of water by
causing the water particles to break apart.
This helps to remove dirt and oil, and allows
water to clean different surfaces.

Learning Ladder

Solutions and mixtures

o Identify which object has a greater density: a wooden
log or a metal bar.

e Describe the property of water that allows insects like
a water strider to walk across it.

e Explain why two objects can have different masses,
even though they are the same size.

0 Compare the arrangement of particles in liquid and solid
water and explain how this causes a change in density.

Planning investigations see page 323

Imagine you are going to conduct an investigation to observe
how adding salt to liquid water and ice affects the density of
water. Plan an investigation using the following instructions.

o Identify a piece of scientific equipment you could use to
add salt to the solid and liquid water.

Figure 4.16: Surface
tensionisthe reason a
water strider can walk
on water.

e Describe away that you could reduce one risk in this
investigation.

e Describe three factors you would need to keep the same
throughout this investigation, so you can compare your
results to another group’'s.

0 Construct an appropriate aim for this investigation.
In context

Atype of star known as a neutron star contains some of the
most dense material in the universe. Research the materials
found inside a neutron star and suggest why they might be
sodense.

Success criteria

« | can explain what density, buoyancy and surface tension
are and relate these properties to water.

| can draw a diagram showing high-density and
low-density particle arrangements.
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4 » Calculating density

e .. .
Learning intention

Atthe end of this lesson, | will be able
to determine the volume and mass of
regular-shaped and irregular-shaped
objects and calculate their density

m
using the formula p = v

Key term

density formula: p = n—‘; (unit: g/cm3)

Investigation 4.4
Calculating density

Content group: Physical properties
of water

High density

V'S
Figure 4.17: The densities of two
objects with the same volumes
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Low density

Density is a measure of how much matter packs into

a space. This affects whether a substance floats or
sinks in water. Materials such as wood, feathers, rubber
and Styrofoam float, whereas rocks, glass and metal
sink. To calculate density, you need to know the volume
and mass of objects.

Density is the amount of matter in
a certain volume

Density is a physical property that measures how much matter packs

into a specific volume. The volume is measured in millilitres (mL) or cubic
centimetres (cm3) and mass is measured in grams (g). One kilogram of
cotton weighs the same as 1 kilogram of rocks. However, their densities
are different because their volumes are different. The particles in cotton
are more spaced out than the particles in the rocks, so the cotton has

a higher volume and a lower density.

Therefore, density is the amount of mass per unit volume,
In Figure 4.17, the object with lower density has fewer particles, so
it has less mass, whereas the object with higher density has more
particles, so it has more mass.

If an object is less dense than water, then it will float. If the object
is denser than water, then it will sink.

( A
Plastic is denser than
water but the toy duck

J floats because it is
High \jllled with air. H/
. Rock N4
._Q%densﬂy ~ Aluminium 25 g/cm3 N
' . 2.7 g/cm?3 . 3
- ﬂ »  Steel 1 Zlaj':rc]:e, é_\__—_‘é?
‘\ T | 78g/em® 9
Cotton
11 g/cm?®
Styrofoam Water
01g/cm?3 10 g/cm?
bl
Wood \
Low ' 0.5 g/cm?® d
density ; . ;
\ J

o
Figure 4.18: Density is a measure of how much mass is in a given volume of a material.



Density equals mass divided
by volume

Density is measured in grams per cubic centimetre
(g/cm?). This means that the units for volume and
mass determine the units for density. The massin
grams determines the amount of the substance,
and the volume determines the space taken up.

In the laboratory, mass can be measured using
electronic balances and volume can be measured
using a measuring cylinder.

Density is independent of quantity and shape.

This means that regular-shaped and irregular-shaped
objects could have the same density even though their
masses and volumes are different. For example, a steel

cube that weighs 7.8 grams and has a volume of

1 cubic centimetre has a density of 7.8 g/cm?. A steel
nail could have the same density when its volume is
1.6 cubic centimetres and its mass is 12.5 grams.

Density can be calculated
by using a formula

We can use the density formula to calculate density:
-m
P=v

where p = density (g/cm?)

m=mass (g)

V=volume (cm3ormL)
(If mass is given in kilograms and volume is given
in litres, then convert to grams and millilitres by
multiplying by 1000.)
Example:
Calculate the density of a cube with mass 5 g
and volume 10 cm?.

p=

Blo <I3

=0.5g/cm?3
For more information on calculating density,
see page 373 of the Science how-to section.

Steel cube - Steel nail “
Volume = 1.0 cm? Volume = 1.6 cm?®
Mass =789 Mass =12.5¢g
Density = 7.8 g/cm? “ Density = 7.8 g/cm?® |

V'S
Figure 4.19: This steel cube and steel nail have the same density.

Learning Ladder

Solutions and mixtures

o Identify which object has a greater density by using
m

pP=-
v
A Awooden log with mass 500 g and volume
2000cm?
B Ametal barwith mass 1.5 kg and volume of 500 cm®

e Suggest whether the log and metal bar
from Question 1would float or sink in water.
(Hint: The density of wateris 1g/cm?3.)

e Explain why it is easier to float in seawater (density
1.03 g/cm?3) than in fresh water (density 1g/cm?®).

0 Compare the densities of a regular cube with volume
1cmS3and mass 4 g and an irregular rock with volume
12 cm® and mass 3 g. Explain your answer.

Planning investigations see page 323

Imagine you are going to investigate the density
of regular-shaped and irregular-shaped objects.
Plan your investigation using the following instructions.

o Identify a piece of scientific equipment that could
be used to measure the volumes and masses of the
regular-shaped and irregular-shaped objects.

e Describe how you could reduce one risk in this
investigation.

e Identify the:
a independentvariable.
b dependentvariable.
¢ controlled variable.

o Construct an appropriate aim for this investigation.

In 1912, the Titanic sank after hitting an iceberg.
Research why icebergs can be dangerous for ships.
Link your reasoning to density.

Success criteria

| can explain the relationship between mass, volume
and density.

m
| can apply the formula p = v © solve problems
relating to the density of substances.
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5 » Solute, solvent, solution

e .. .
Learning intention

At the end of this lesson, | will be able
to describe mixtures in terms of solute,
solvent and solution.

Key terms

concentration: the amount ofa
dissolved solute in a defined amount
of solvent

dissolve: particles separating and
spreading out, so that they seem

to disappear, when added to another
substance

insoluble: does not dissolve
mixture: two or more substances
combined that can be physically
separated

soluble: able to dissolve

solute: a substance that is dissolved
by a solvent

solution: a mixture made up of
asolventand a solute

solvent: a substance that a solute
dissolvesin

Investigation 4.5
Solutes and solvents

Content group: Solutions

o

Figure 4.20: Cordial
dissolves in waterto
make a sweet drink.
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Mixtures are made up of two or more substances that
can be physically separated. A solution is a type of
mixture that is made up of a solute and a solvent.

Solutes dissolve in other substances

A solute is any substance that can dissolve in another substance (the
solvent). Solutes can begin as any of the three main states of matter:
Solid: For example, sugar, salt and instant coffee are all solutes

that can dissolve in water.

Liquid: For example, cordial can dissolve in water to make

a sweet drink.

Gas: For example, carbon dioxide can dissolve in soft drinks,
which makes them fizzy.

Substances that dissolve are said to be soluble. Substances that
do not dissolve are insoluble.

Solvents dissolve solutes

A solventis any substance, usually a liquid, that can dissolve another
substance (the solute). A soft drink is made up of cordial (a liquid),
sugar (a solid) and carbon dioxide (a gas) dissolved in water (a liquid).

Some solutes dissolve in some solvents and not in others.

For example, oily or greasy substances do not dissolve in water but
do dissolve in alcohol-based solvents. Therefore, they are soluble
in non-water-based solvents.

One way to determine if a mixture is a solution is to see if light passes
easily through it. If you can see through the mixture (it is transparent),
thenitis a solution. For example, when copper sulfate solid dissolves in
water, you get a blue, see-through solution.

Some solutions are clear and colourless. For example, hydrochloric
acid is a clear solution. Therefore, solutions can be coloured or colourless
and are always transparent.

Figure 4.21: Asolutionis a
Solute A solute dissolved in a solvent.
(e.g. sugar) v

= _

f\
\

e———— Sugar begins
to dissolve in
water to form
a solution

Solvent ———e
(e.g. water)



A solution is a solute in a solvent Example 2:
What is the concentration (%v/v) of a solution that
contains 5 mL of cordial dissolved in 495 mL of water?

A solution is a mixture of one or more solutes dissolved
in a solvent. For example, a cup of black coffee

is a solution made up of: 0.5L %1000 =500 mL
solute(s): powdered coffee (and maybe sugar) %v/V = volume Ofso'”,te (mb) x 100
volume of solution (mL)
a solvent: water. 5
= % x 100
We can calculate the - 1%
concentration of a solution The concentration of this cordial solution is 1%.

We can calculate the concentration of a solution by
dividing the mass of the solute by the volume of the
solvent. Scientists usually record concentration in
grams per litre (g/L).

Learning Ladder

Solutions and mixtures

o In each of these solutions, identify the solute and
the solvent.
a Acup of sweet, blacktea
b Aglass of orange juice made from powdered
concentrate
c Seawater d Aglass of soda water

where: C=concentration (g/L)
m=mass (g)
V=volume (L)

9 Describe how water can be used as a solvent to
produce a variety of drinks.

e Explain a property that can be used to determine
if aliquid is a solution.

Concentration | Volume

C x 4
(g/L) | (L) Planning investigations see page 323
| Refer to Investigation 4.5 on page 421to answer
Figure 4.22: The formula triangle for calculating concentration, the following questions.
mass and volume. Cover up the value you are trying to work out. o Identify a reason for using a measuring cylinder to

If the remaining two values are next to each other (e.g. Cand V),
multiply them. If one is on top of the other, divide the top one by
the bottom one to get the answer.

measure and add the solvents to the test tubes.

e Glassware can pose a risk during practical investigations.
Describe two ways you can minimise the risk of breaking

If the solvent is a liquid, we can calculate the glassware during a practical investigation.
concentration of a solution as the percentage © Inthis investigation, what s the:

volume per volume (%v/v): a independentvariable?
b dependent variable?

volume of solute (mL)

- x 100 O Was the aim of this investigation appropriate?
volume of solution (mL)

Give areason for your choice.

%V/v =

Example 1:

What is the concentration (g/L) of a solution that
contains 560 g of sugar dissolved in 2 L of water?

Solutions are used all around the house for different
purposes, including tasks like cooking and cleaning.
m=560g Suggest two solutions that could be used for each of
cooking and cleaning. Explain why you have classified

V=2L .
m them as solutions.
C=— o .
% Success criteria
- 560 | can describe the terms ‘soluble’, ‘insoluble’, ‘solute’,
2 ‘solvent’ and ‘solution’.
=280¢g/L ) ) )
| can identify substances that are soluble in water
The concentration of the solution is 280 g/L. and substances that are insoluble in water.
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6 > Water as a solvent

( . .
Learning intention

At the end of this lesson, | will be able to
describe the importance of wateras a
solvent in daily life, industries and the
environment.

Key terms
aqueous: containing water

solubility: the amount of solute that
will dissolve in a solvent

universal solvent: a solvent that
dissolves most substances

Investigation 4.6 A

Water as a solvent

Investigation 4.6B
Solubility and temperature

Content group: Solutions

Figure 4.23: Waterisa
solvent forimportant
minerals in our bodies.
When we exercise intensely,
we lose water and minerals

dissolved in our sweat.
v
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Water is vital for life on Earth: without water we could not
survive. Our bodies need water, and so do the plants that
we eat. We also need water for daily activities such as
cooking and washing.

We use water to extract minerals from underground
and to make medicines. Water is known as the universal
solvent because it dissolves more substances than
any other liquid.

Water is a solvent in daily life

Water can dissolve many other substances: solids, liquids and gases.
When these substances dissolve, they are called solutes. Any solution
that has water as a solvent is called an aqueous solution.
Water acts as a solvent in daily life in many ways:
Human survival: Water is an essential solvent for humans. Blood is
mostly water, and it carries dissolved nutrients and oxygen around
our bodies.
Preparing meals: Water dissolves spices, flavours and other
ingredients as food cooks.
Washing away dirt: Water acts as a solvent for soaps and detergents
when cleaning dishes, clothes and ourselves.

Figure 4.24: Water is often the solvent used to make medicines.
v



Water is used as a solvent
in industry

Industries such as mining use water as a solvent to
extract different minerals and elements. The element
uranium is found in rocks deep underground. Uranium
is used as a fuel in the reactors of nuclear power plants
and to power nuclear submarines.

In Australia, some uranium mines use water as a
solvent to remove the uranium from the rocks. Instead
of digging up the rocks to remove the uranium, acids
are dissolved into water that is then pumped into the
rocks containing the uranium. The acidic solution
dissolves the uranium, and the acidic water is then
pumped back to the surface where it is processed
to access the uranium.

Water is used as a solvent in
the environment

Many essential elements, such asiron, zinc and
calcium, are needed by plants and animals. They are
found as minerals in rocks and soil. Water can dissolve
many of these minerals, so plants can absorb them
from groundwater. Animals eat the plants, receive
these essential nutrients and are able to survive.

The water in rivers, lakes and oceans contains
dissolved oxygen that is vital to fish and other animals.
Similarly, water contains dissolved carbon dioxide,
which marine plants need in order to photosynthesise.

The temperature of water affects
how much solute dissolves

The properties of water change as the temperature
changes. As heat is added, water molecules absorb
more energy and can move more. This means that they
become better at dissolving solutes: the warmer the
water, the more solute it can dissolve. The solubility

of the solute increases. Sometimes, solutes that do
not dissolve in cold water will start to dissolve in
warmer water.

Learning Ladder

Solutions and mixtures

@ List three uses of water as a solvent in daily life.

e Describe how water can be used as a solvent in
mining.

e Explain why dissolved oxygen and carbon dioxide
in water are important solutes.

0 Compare two ways that water is used in our
daily lives.

Conducting investigations see page 326

Refer to Investigation 4.6A on page 422 to answer the
following questions. Read the aim, materials and method.

@ Explain why it is necessary to use the electronic
balance accurately. How did you achieve this?

e Describe how you would make sure that you are
correctly measuring 50 mL of waterina 100 mL
measuring cylinder.

e Investigation 4.6A is relatively safe, but you should be
able to identify three potential hazards. Suggest ways
to minimise the risks of these hazards.

O Propose ways to ensure that you accurately recorded
your data while conducting this investigation.

In context

Water is often referred to as the ‘universal solvent’.
Discuss why it would be given this name, based on the
information you have been given about solutes, solvents
and solutions.
Success criteria

| can describe a solvent.

| can state how water is used as a solvent in daily life,
industry and the environment.
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» / > Properties of solutions

e .. .
Learning intention

At the end of this lesson, | will be able
to describe how the concentration
of solutions can be modelled.

Key terms

concentrated: when a solution has
a large amount of solute in a certain
volume

dilute: when a solution has a small
amount of solute in a certain volume

saturated: a solution that cannot
dissolve any more solute

saturation point: the point at which
a solution has dissolved the maximum
amount of solute

supersaturated: when a solution
contains more than the maximum
amount of solute it can normally
dissolve

Investigation 4.7A

Calculating the concentrations
of solutions

Investigation 4.7B
Preparing dilutions

Content group: Solutions

PN

Figure 4.26: Potassium permanganate
forms a purple solution in water.

The more concentrated the solution,
the darker the colour.
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Solutions are present all around us. The tea and coffee
that we drink and the salt water that we swim in at the
beach are all solutions! The particles of solutions interact
in specific ways, meaning that they have determined
properties. One of these is concentration.

Solutions can be concentrated or dilute

A concentrated solution contains a lot of solute. The solute particles
are close together within the solvent. For example, dissolving

20 tablespoons of cordial in a glass of water makes a concentrated
(and unpleasantly sweet) solution.

A dilute solution contains a very small amount of solute. The solute
particles are widely spaced out within the solvent. For example,
dissolving a quarter of a teaspoon of cordial in a glass of water
makes a dilute (and not sweet enough) solution.

<L Y
Solute 1 —“V“ ) o
VS o P 9
Solute 2——000 o Ue 9 vo 4 Figure 4.25:
‘0 D) o The same volume

Solvent ——— 9 @ VO ovo © of the concentrated
solution has more
solute particles than

Concentrated solution Dilute solution the dilute solution.

Saturated solutions contain the maximum
amount of solute that can dissolve

A solvent can only hold a certain amount of solute. This means that at a
certain point, no more solute can dissolve into the solution. At this point,
the resulting solution is said to be saturated. In a saturated solution,
there are many dissolved solute particles within the solvent. The point at
which a solution can hold no more solute is called the saturation point.

Heating a saturated solution can make
a supersaturated solution

If we heat a saturated solution, we can dissolve more solute in it.
Then, if we slowly cool the solution back to room temperature, the
solute sometimes stays in solution, even at the lower temperature.
So the cooled solution holds more solute that it would if it had been
made at room temperature.



V'S

Figure 4.27: Honey is a supersaturated solution because it
contains more sugar particles than can usually dissolve in
water at room temperature.

These solutions are called supersaturated
solutions because they contain more solute than the
solution could otherwise hold if it were made at room
temperature (see Figure 4.28).

Saturated Saturated Supersaturated
.“U
Heat | "« .  Cool
sO|ute<_‘,:-v —> B - ol > AN
molecules = .v | ;'..“!:z_ oy )
Room More solute Room
temperature will dissolve temperature

V'S
Figure 4.28: A supersaturated solution has the maximum
amount of solute dissolved.

Honey is a supersaturated solution (see Figure 4.27).
In making honey, the bees fan the honeycomb with
their wings, which helps evaporate water from the
honey. So, honey contains more sugars than could
usually dissolve at room temperature. You might have
noticed that after the honey has been stored for a while,
the sugars crystallise out.

Learning Ladder

Solutions and mixtures

o Identify an example of a supersaturated solution
that you might find in your home.

e Describe how the particles of a glass of dilute cordial
would be arranged.

e Explain how understanding the saturation point of
a solution could help us to calculate its maximum
concentration.

0 Compare the particle arrangement of dilute,
saturated and supersaturated solutions. Construct
amodel of how the particles are arranged as part
of your response.

e Analyse the properties of dilute and
concentrated solutions.

Conducting investigations see page 326

Imagine you are going to conduct an investigation to
make a supersaturated solution of sugar in water, after
determining the maximum amount that needs to be
added to a 20 mL sample. Plan an investigation using the
following instructions.

o Identify a piece of equipment that would allow you to
correctly measure the amount of sugar being added
to the solution.

e Suggest a piece of equipment that would allow you
to make the supersaturated solution from the 20 mL
of water. (Hint: What do you need to add to allow
more sugar particles to dissolve in the same amount
of water?)

9 Explain a safety measure you would take to reduce
the risk of using the piece of equipment you
suggested in Question 2.

e To obtain accurate data, you need to use precise
quantities of materials. How could you ensure that
you are obtaining precise measurements of sugar
and water?

In many local pools, chlorine is dissolved in water to form
a solution. This helps to reduce the numbers of harmful
germs in the water. Discuss why it would be important to
maintain accurate levels of dissolved chlorine in pools.

Success criteria

- | candescribe the spacing of particles of dilute,
concentrated, saturated and supersaturated
solutions.

+ | can construct diagrams to model how these
particles are spaced.
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-8 > Atoms, elements, compounds
and mixtures

At the end of this lesson, | will be able to
distinguish between atoms, mixtures
and compounds and classify them
based on their properties by using
particle theory and composition.

Key terms

chemical bond: aforce that holds
atoms together

colloid: a mixture made of tiny
insoluble particles

compound: a substance containing
atoms of two or more elements;

the atoms are chemically bonded
together and are presentin the
compound in a fixed ratio

element: a substance made of

only one type of atom
heterogeneous: a mixture with an
uneven (non-uniform) composition
homogeneous: a mixture with an even
(uniform) composition

lattice: a three-dimensional shape
made of a repeating pattern of atoms

suspension: a mixture made of large
insoluble particles

Investigation 4.8A

Classifying substances

Investigation 4.8B
The Tyndall effect

Content group: Separating mixtures
&
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Figure 4.29: Gold is one
of the few substances
that exists in its elemental
form in nature.

Substances can be elements, compounds or mixtures.
Elements, compounds and mixtures are made up of
atoms. Elements are made up of one type of atom.
Compounds are made up of more than one type of atom,
bonded together. The atoms in compounds can be in
molecules or arranged in a lattice.

A mixture can contain many types of particles,
but the parts of the mixture are not bonded together.

Matter can be divided into pure substances
and impure substances

Matter can be divided into pure substances and impure substances
(see Figure 4.30).

A pure substance is composed of only one type of particle.
Pure substances include elements (made up of one type of atom)
and compounds. Compounds are made of two or more types
of elements chemically joined together into particles that cannot
be physically separated.

An impure substance is made up of two or more substances that
can be separated. Impure substances include mixtures, which can be
physically separated into their different components. Air, milk and salt
water are all mixtures.



Matter

4 Figure 4.30:
Matter can be divided
into pure substances

and impure substances

Pure substance

Element

Compound

An element contains only one

type of atom

An element is a pure substance that is made up of
only one type of atom. Gold is an element because it
consists only of gold atoms. Likewise, aluminium is
made only of aluminium atoms, and hydrogen gas is
made of only hydrogen atoms. Elements cannot be
broken down further by ordinary chemical means.

Figure 4.31: Pure gold (Au)
is made of only gold atoms.

Figure 4.32: b

Compounds are usually
molecules like water (H,0)
orlattices like salt (sodium

chloride (NaCl)).

| (mixtures).

Impure substance
(mixture)

Homogeneous

Heterogeneous
mixture mixture

A compound is made of different
elements bonded together

A compound is a substance made up of more than one
type of atom chemically bonded together in a fixed
ratio. Compounds can be broken down into simpler
substances through chemical reactions.

Water is a compound: it is made up of water
molecules, which each consist of one oxygen
atom chemically bonded to two hydrogen atoms
(see Figure 4.32).

Other compounds form a lattice, where the atoms
are bonded togetherin a repeating three-dimensional
pattern. Sodium chloride (table salt) is an example of a
compound that exists as a lattice in which the sodium
and chlorine atoms are in a 1:1 ratio (see Figure 4.32).

Water (H,0)

Sodium chloride (NaCl)
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A mixture is made up of different
substances that are not bonded
together

Impure substances are essentially mixtures
because they consist of more than one type of
particle. A mixture contains two or more elements
and/or compounds that are not bonded together
and can be easily separated. Although a compound
contains atoms of different elements, these
cannot be easily separated because they are
bonded together.

Seawater is a mixture of salt and water. If you
boil seawater, the water escapes as a gas, leaving
the salt behind. The hydrogen and oxygen atoms in
water cannot be separated by boiling it, and the salt
compound is not separated either.

Mixtures are given different
names based on their
compositions

When substances combine to form a mixture,

they can be classified as either homogeneous or
heterogeneous (see Figure 4.30). A homogeneous
mixture has the same composition throughout.

Itis usually made up of a solvent, with one or more
dissolved solutes. As the solutes dissolve, they
become evenly distributed throughout the mixture.
An example of a homogeneous mixture is salt water.

In a heterogeneous mixture, the substances are
unevenly distributed. This is usually because one
or more substances of the mixture are insoluble
(do not dissolve). This means that different parts
of the mixture have different compositions. For
example, if a beaker contains a mixture of sand,
water and pebbles, the sand and pebbles will settle
to the bottom rather than dissolving evenly through
the water. The mixture separates into layers (see
Figure 4.33). So, different parts of the mixture have
different compositions of sand, pebbles and water.

Suspensions and colloids
are mixtures

Two other types of mixtures are suspensions and
colloids. Their particles behave differently from
the particles in solutions.
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4

Figure 4.33:
This mixture

of sand, water
and pebbles
has separated
into layers.

The particles
are not bonded
together.

A suspension is a mixture made up of large
insoluble particles. At first, the particles are spread
out evenly but eventually they settle to the bottom
of the container. The mixture in a snow globe

is asuspension: itis made up of plastic ‘snow’
particles mixed in water (see Figure 4.34).

A colloid is a mixture made up of tiny insoluble
particles. The particles are spread out evenly

and never settle to the bottom of the container.
Milk is a colloid: it is tiny droplets of fat mixed

in water.




4 Figure 4.34:
The mixture in
asnow globeis
a suspension of
plastic particles
in water.

There are three different types of suspensions,
depending on whether they are made up of solids,
liquids or gases. They are summarised in Table 4.2.

Table 4.2: The three types of suspensions

Suspension Example Description
type

Solid in liqguid = Sand in The sand particles are too
water heavy and eventually settle
to the bottom.

Solid in gas Sandin air = Sand on the beach is blown
by air but eventually drops
when the wind stops.

Liquid in Cough Cough syrup medicine is a

liquid syrup suspension of a liquid such
as alcohol in another liquid
such as water.

You can tell whether a mixture is a solution, a colloid
or a suspension by shining a light at it. Colloids and
suspensions look cloudy because they scatter the light
beam, whereas a solution does not. This is known as
the Tyndall effect.

Figure 4.35: The Tyndall
effectinvolves light
scattering by particles in

a colloid or suspension.
Here, alaser beam is being
shone on a glass of water
containing red dye and
another glass containing
milk (a colloid).

Learning Ladder

Solutions and mixtures

o Categorise these substances as elements,
compounds or mixtures.
a Gold
b Carbon dioxide
c Milky tea
d Soil
e Oxygen
f Water

e Describe the difference between homogeneous
mixtures and heterogeneous mixtures.

9 Explain how you could tell ifa substance is
acompound or a mixture.

o Compare how the particles of an element,
acompound and a mixture are arranged.
Give an example of each type of material.

e Asubstance is added to a beaker of water.
Initially the substance makes the water blue
and cloudy. The substance then settles on the
bottom of the beaker. What type of mixture is this?
Provide a reason.

Problem-solving see page 339

o Propose reasons why it is difficult to classify some
mixtures, such as blood, based on their composition.

e Outline one way you could determine if a solution
is an element or a heterogeneous mixture, just by
looking at it.

e If compounds such as salt and sugar are mixed in
water, what new solution do they form? Explain how
this relates to particle theory.

0 Use particle theory to draw a diagram for Question 3,
in order to classify the type of mixture formed.

The airin Earth’s atmosphere is a mixture of
elements and compounds. Research to find out the
percentage of each of the elements and compounds
in air. Present this data in a suitable graph. For more
information on constructing graphs, see ‘Graphing’in
the Science how-to section on page 368.

Success criteria

+ | candistinguish between atoms, mixtures and
compounds and explain their properties using
particle theory.

« | can classify matterinto pure substances and impure
substances based on their particle composition.
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*Q » separating mixtures: centrifugation
and paper chromatography

- N . . e
Learning intention Mixtures can be sepqrated into their |nd|Y|duoI .
At the end of this lesson, I will be components by physical means. The choice of separation
able to explain how the physical method depends on the physical properties of the

properties of substances are used

to separate the components of components and the desired purity of the separated

mixtures by centrifugation and substances.
paper chromatography.
Key terms Mixtures can be physically separated

centrifugation: a technique for
separating the components of
a mixture on the basis of their

In science, a mixture is two or more substances mixed together that
can be physically separated. Mixtures are all around us: concrete,

different densities air, mayonnaise, muddy water and seawater are all mixtures.
paper chromatography: atechnique Some things are not mixtures. Oxygen, pure water and gold
that separates the components of are not mixtures; they are pure substances. Mixtures can contain:
a mixture based on their solubilities ) I .

soluble substances, which will dissolve, such as salt in water
Investigation 4.9 - insoluble substances, which will not dissolve, such as sand.
Separating colours in dyes by paper Some substances partly dissolve, meaning that some, but not all,
chromatography of the substance dissolves into the solvent.

Scientists use information about solubility to help decide which
/ technique to use to separate a mixture.

Content group: Separating mixtures

Centrifugation separates the components
of a mixture by density

Centrifugation is a technique that uses centrifugal force to separate

components of a mixture on the basis of their densities. The mixture is
Figure 4.36: Centrifugation of blood spun at high speedsina centmfuge,. causing the denser components
separates it into red blood cells, plasma, to move to the bottom of the container. For example, we can use

and white blood cells and platelets centrifugation to separate blood into its different components.
v

Plasma (55%)

White blood cells
and platelets (4%)

Red blood cells (41%)
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Wood or Start Finish

plastic —e ° °

A — —— ——

Beaker ————e Colour ————e

separation
Paper —gs=y—e of ink -
or dye
Spot of '
ink or ————o@®

dye f .
Solvent

(water)

Paper chromatography separates

dyes based on solubility

Paper chromatography is used to separate the
components of mixtures of soluble substances on
the basis of their solubility. The components are

4 Figure 4.37: Chromatography on paper
separates the black ink into its coloured
components. The yellow spot moves
up the furthest. The green component
moves the least distance because it is
the least soluble.

Learning Ladder

Solutions and mixtures

o Identify which mixture could be separated
by centrifugation.
A Alcohol and water
B Blood
C Sugar and water
D Muddy water

often coloured, such as inks or dyes (see Figure 4.37).
A mixture is dissolved in a liquid to make a solution.

A drop of the solution is placed at one end of a piece
of chromatography paper, which is then placed in a

9 Describe the physical properties of substances
that allow them to be separated by:
a centrifugation.
b chromatography.

solvent (for example, water). The solvent moves up
the paper, carrying the dissolved substances with
it. The most soluble substances move the furthest.
Other substances are less soluble so do not move
as far. In this way, the components of the mixture

e Explain how using paper chromatography can help
us to understand the different colours presentin
penink.

0 Compare the properties of blood cells that allow
them to be separated by centrifugation.

are separated.

Problem-solving see page 329

Chromatography is used in industry to analyse
substances found in oils and gases and to identify
pollutants in the environment. In the pharmaceutical
industry, chromatography can be used to test the
effectiveness of medicinal substances that originated
from animals and plants.

o Summarise reasons why it is difficult to classify some
mixtures based on their composition, such as salt
water or a sugar solution.

e Propose away you could use a separation technique
to determine who had written a particular note in pen.

9 Explain the link between the solubility of

substances and their ability to move along paper
in chromatography.

Figure 4.38: Forensic scientists can use chromatography to
match pen and ink samples, or to compare dyes in fibre samples.

Blood is a homogeneous mixture made up of many
parts (fractions) such as red blood cells, platelets,
plasma and white blood cells. White blood cells can be
separated by centrifugation. Research and explain why
this process can be useful to society.

Success criteria

| can describe the physical properties of substances.

| can distinguish between the separation techniques
of centrifugation and paper chromatography.

| can explain how centrifugation and paper
chromatography can be used to separate a mixture.
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41 O » separating mixtures: filtration
and decantation

e .. .
Learning intention

At the end of this lesson, | will be able
to explain how the physical properties
of substances are used to separate the
components of mixtures by filtration
and decantation.

Key terms

decant: to carefully pour off the liquid
from a mixture, leaving the sediment
behind

filtrate: the liquid that passes through
afilter onfiltration

filtration: the process of separating a
mixture of solid particles from a liquid
by using afilter

immiscible: cannot be mixed
residue: the solid that does not pass
through afilter on filtration

sediment: the solid that settles to the
bottom of a liquid in a mixture

Investigation 4.10
Purifying muddy water

Content group: Separating mixtures

Filter
paper

Funnel —\u //

N\

Flask ——

£
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\ Chalk

\ in water
Residue (chalk)

Imagine you are stranded in the bush and the only source
of water is a muddy puddle. You scoop some water out
with a container, and you notice how dirty it is. After
a while, the mud sinks to the bottom of the mixture.
You place a cloth over another container and, without
disturbing the mud, carefully pour the liquid part of the
mixture into the second container.

You have used decantation and filtration to separate
the water and mud. You survive!

Filtration separates liquids from solids

Filtration is used to separate insoluble substances from liquids.
The filter is a sieve: small holes allow the liquid to pass through
but trap larger particles. So, filtration separates substances on the
basis of particle size.

To make a cup of tea, we can use a strainer to filter the tea leaves.
We can also use a tea bag where the tea leaves are inside the filter.
Water can pass through, but the tea leaves cannot.

Figure 4.39 shows how to use filter paper to separate a mixture of
chalk and water. The solid chalk particles get trapped in the filter paper
but the liquid water passes through it. The chalk left in the filter paper is
called the residue and the liquid that passes through the filter paper is
called the filtrate.

Decanting separates sediments
from liquids

Decantation can also be used to separate mixtures
of insoluble solids from liquids. After an insoluble
solid in a mixture settles to the bottom of a

particles container, the liquid can be poured out carefully,
leaving the solid behind (see Figure 4.40).

Think back to the scenario at the start of this
unit. The solid mud from the puddle water settled
to the bottom of the container as a sediment.
When the water was poured out from the top,
the mud was left behind.

Filtrate (water)

4 Figure 4.39: Chalk particles can be
separated from water by filtering
the mixture through filter paper.



4 Figure 4.40: After the solid sediment has settled, the liquid
component of a mixture can be carefully decanted off the
top. The glass rod assists when decanting by reducing spills
and spattering.

Mixture M
Ui and Learning Ladder
.. &——— sediment)
Solutions and mixtures

@ You usefiltration to separate a mixture of sand

Glass rod and water. Identify the:
o a residue. b filtrate.
Liquid ) )
C (separated from e Describe a property of a chalk and water mixture
sediment) that makes it suitable for separation by filtration.
e Use words and a diagram to explain filtration.
e Compare the physical properties that allow filtration

Decanting is used in the process of making cheese. and decantation to work.

As the cheese forms, the remaining milk ‘floats’ to the © suggest ways that filtration and decantation could be
top and is skimmed off. used in the real world.

If two liquids are immiscible (cannot be Conducting investigations see page 326
mlxe.d), the;l/ can .alslo be Separated by delclantlng. Refer to Investigation 4.10 on page 431to answer the
Two immiscible liquids of different densities following questions. Read the aim, materials and method.
(forexample, oil and water) will form two o Identify which of the following statements is correct

layers. The lighter liquid can be ‘skimmed’ off. when undertaking the process of decanting.
The property that causes this separation is density. A Stirthe mixture before pouring it into another

Another way to separate the immiscible liquids is beaker.

by using a separating funnel (see Figure 4.41). B Pourthe mixture between the beakers as quickly
as you can.

C Allow the mixture to sit before decanting,
so that the sediment can settle to the bottom
ofthe beaker.

Y.
e Describe how you would use one piece of scientific

)L[ equipment while conducting this investigation.

' \ -— Qil

How would it help you to separate the mixture?

Water e Investigation 4.10 is relatively safe, but you should be
able to identify three potential hazards. Propose ways
to minimise the risk of the three hazards.

i
. wso O Identify whether the data collected is qualitative or
' quantitative. Describe how you could ensure that
you accurately recorded your data while conducting
this investigation.

®

Flask LifeStraw™ is a brand of straw filter marketed for people

going hiking or camping so they can safely drink water
from contaminated sources. Explain why filtration would

be animportant part of the LifeStraw design.
e

———
V'S
Figure 4.41: Two immiscible liquids, such as oil and water, can be
putinto a separating funnel and left to settle into layers. When - | cansuggest ways to separate mixtures by filtration
the tap is opened, the liquid at the bottom runs into the flask. and decantation.

Success criteria

- | candescribefiltration and decantation.
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4-11 > Separating mixtures: evaporation,
crystallisation and distillation

Learning intention

At the end of this lesson, | will be

able to explain how the physical
properties of substances are used to
separate the components of mixtures
by evaporation, crystallisation and
distillation.

Key terms

condensation: the cooling of a gas
to become aliquid

condenser: a glass tube cooled by
water that cools a gas to become
aliquid

crystallisation: the separation of

a solution by evaporating the solvent,
leaving behind solute crystals

distillation: the separation of liquids
with different boiling points by heating
evaporation: the separation of a solid

from a solution by heating to remove
the liquid

Investigation 4.11A

Evaporating a solution
Investigation 4.11B

Growing crystals

Investigation 4.11C

Demonstrating distillation

Content group: Separating mixtures

Figure 4.42: Salt evaporation ponds
are shallow artificial ponds designed
to extract salt from seawater. Natural
salt ponds are geological formations

that form when water evaporates and

leaves behind a salt flat.
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Australia experiences frequent droughts and water
shortages. Although we are surrounded by oceans, we (like
other living things) can't survive on salt water. But we can
separate the salt from the water. Desalination is a process
that uses the separation techniques of evaporation,
crystallisation and distillation to purify salt water.

Solids can be crystallised out of solutions

To separate a salt from water, we can allow the water to evaporate off
as a gas. This happens slowly at room temperature. Evaporation can
be sped up by heating the solution in an open container such as an
evaporating basin.

When most of the liquid has evaporated, the salt will start to form
crystals; this is called crystallisation. Smaller crystals form if the liquid
evaporates quickly, and larger crystals form if it evaporates slowly.

Crystallisation is used on a large scale to separate sea salt from
seawater. The water is evaporated off to leave behind crystals of sea
salt (see Figure 4.42). The salt crystals can then be used in cooking, in
products such as body scrubs, or as a preservative so that food can be
stored for longer periods of time without spoiling.

Distillation can purify water

Salt water can also be separated by distillation. First, the salt water is
heated in a glass flask and the water evaporates off. The water vapour

is captured and cooled in a tube called a condenser, which has cool
water flowing around it. This causes the gas to change back to a liquid.
This change is called condensation. The condensed liquid (the distillate)
is collected in a different container, while the salt crystals remain in

the flask.




You can see the equipment used in distillations
in Figure 4.43.

Distillation can also be used to separate two liquids,
such as water and alcohol. The physical property that
allows these substances to be separated is boiling
point. Every substance has a different boiling point
and the substance with the lower boiling point boils
off first.

Some everyday items contain solutions produced
by distillation. Cars run on refined oil, which must
be distilled as part of its purification process. Many
perfume scents are collected through the process of
distillation.

Learning
Ladder

Solutions and mixtures

o Identify the physical property of a substance
thatis used to separate mixtures in distillation.

e Describe the relationship between evaporation
and crystallisation. Give an example of a
mixture that can be separated by evaporation
and crystallisation.

9 Explain how you would try to produce large
crystals when separating a mixture by
evaporation and crystallisation.

0 Compare the properties of liquids and solids
that allow liquids to be separated by distillation.

Thermometer 4 Figure 4.43:
The distillation
equipment used
in a laboratory

Conducting investigations  seepage 326

Imagine you are going to conduct an investigation
to separate a mixture of salt water and alcohol. Plan
an investigation using the following instructions.

o Identify the correct separation techniques you
would use in this investigation.

=L a—a g - / Condensed A Distillation, evaporation and crystallisation
|I‘Q}J|q ' B Distillation only
N (distillate’) C Evaporation only

Water

4 outlet
i ~ Solution
Water inlet /
Flask

Bunsen burner

D Decantation and filtration

e Describe how you would need a specific piece
of scientific equipment to separate the alcohol
from the salt water.

9 Identify a risk associated with this piece of
equipment. Describe two ways that the risk
can be managed.

@ What data would you collect from this
investigation? Explain how you could ensure
thatitis accurate.

In context

At desalination plants, distillation is used in the
separation process. Explain what a desalination
plantis. Explain why distillation is an important step
in separating out the desired components from
amixture.

Success criteria

| candescribe the difference between
evaporation, crystallisation and distillation.

| can give examples of situations in which
each technique could be used to separate
substances.
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41 2 > First Nations Peoples’ separation
techniques

(Learning intention

At the end of this lesson, | will be able

to understand the different ways that
mixtures have been separated by First
Nations Peoples for thousands of years.

Key terms

coolamon: a shallow dish traditionally
used by First Nations Peoples to carry
water and food and for winnowing
seeds

hand picking: a simple method of
separating a mixture of objects

leach: to remove soluble substances
by the action of water passing through
the material

sieving: using a sieve to separate larger
particles from smaller particles

toxin: a poisonous substance
produced by a living thing

winnowing: separating a mixture of
seeds and husks by blowing air through
the mixture

yandying: separating less dense
particles from denser ones

Content group: Separating mixtures

g t\ . .~.
SRR YR R

4 Figure 4.44: Thiswomanis using a
coolamon to winnow seeds from other
material. Acoolamon is a traditional
wooden object used for carrying
various things.
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In Australia, First Nations Peoples have used ecology,
agriculture, aquaculture and animal husbandry to care
for Country and to grow foods that are easy to cultivate
and prepare for eating.

First Nations Peoples have used their knowledge
of science and specific techniques to separate edible
parts from inedible — and sometimes toxic — parts.

Hand picking is a simple method of
separating objects

First Nations Peoples have used eucalyptus leaves for thousands

of years to ease coughs and colds. Some species are considered to
have antifungal, antibacterial and mosquito-repellent properties.
When brewing a gum leaf tea for medicine, the desired leaves are
usually a lighter green and smaller than the older leaves. The leaves
can be easily separated by hand picking.

Sieving separates particles of different sizes

Sieving is a common process of using a sieve or another object to
separate larger particles from smaller particles. First Nations Peoples
sometimes use sieving to catch small freshwater fish and yabbies in
creeks and rivers. They hold vegetation and foliage while walking in a
line across a creek to sieve the water. The water passes through the
vegetation, and the fish and yabbies are caught in the vegetation.

Winnowing separates objects of different
masses and densities

This separation technique is especially effective when there are two or
more objects that have different masses and densities. Winnowing has
been commonly used by First Nations Peoples to separate the heavier
edible seeds of native grasses from their lighter and inedible husks.

The tool used is a coolamon. The seeds and husks are thrown into the air.
The wind blows away the husks, and the heavier seeds fall back into the
container (see Figure 4.44).

Winnowing has been a key part of the process for First Nations
Peoples to make flour and bake bread.



Yandying separates objects of
different masses and densities

Yandying also relies on objects having different
masses and densities. It involves moving a
coolamon in particular ways to separate the objects.
The coolamon is held with one corner raised

up. Itis then gently shaken to force the smaller

and denser particles to collect at the bottom.

The larger and less dense particles stay higher up.

Some First Nations People use yandying (such as
the people of the Pilbara region of Western Australia).
A coolamon can be modified to separate particles of
tin from sail.

Leaching uses running water
to remove toxins

Leaching is a less common separation technique for
making food sources safe to eat by removing soluble
toxins. For example, across the northern parts of
Australia, some First Nations Peoples eat the seeds
from the cycad plant. The seeds must be treated to
remove toxic substances before being eaten.

A common way of treating the seeds is to leach out
the toxins in running water. The seeds are placed into
slow-moving water. Over time, the toxins leach from
the seeds and dissolve in the water. The toxins are
washed away in the
moving water and
the seeds can be
cooked and eaten.

4 Figure 4.46:
Cycad seedsonthetree
ready for harvesting.
The seeds contain toxic
substances that can be
removed by leaching.

4 Figure 4.45: This coolamon is being used to yandy seeds and
chaff (seed coverings) through movement. Their different
densities mean that they will form two groups with the
movement and be easier to separate.

Learning Ladder

Solutions and mixtures

o In Figure 4.44 (winnowing), identify the objects
in the mixture being separated.

e Describe a common use of hand picking
for separation.

e Explain the properties a mixture must have for
winnowing to be a successful separation technique.

o Describe the process used to prepare many seeds
to be separated. What are the edible parts of the
seeds typically being separated from?

e Consider products you use every day that need to be
separated. Identify two that could be separated by
each of the following techniques.

a Hand picking b Sieving
¢ Winnowing d Yandying
e Leaching

Problem-solving see page 339

0 Identify one scientific process used to support
separation. How does this help to make the
separation process more effective?

@ Identify two important features of leaching that
make it an effective method of removing toxins
from cycad seeds.

e Explain why winnowing has been an important
process to enable the baking of bread by First
Nations Peoples in Australia.

o Describe some important properties of objects
that enable them to be separated by winnowing
and yandying.

e You have been given a container with a mixture of soil
and rocks of different sizes and densities. What would
be the best way or ways to separate the mixture?

How can knowledge of First Nations Peoples’ ways of
separating objects help other Australians consume
native foods and medicines?

Success criteria

- |canunderstand the different techniques of First
Nations Peoples for separating mixtures.

| can consider the differences between the separating
processes and why different processes are used with
different mixtures.
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413 > Industrial separation techniques

e .. .
Learning intention

At the end of this lesson, | will be able
toinvestigate an industrial separation
technique.

Key terms

disinfection: a method of destroying
bacteria, often using special light or
chlorine

sewage: semi-liquid human waste

sewerage: a system of pipes that
carry sewage

Content group: Separating mixtures

Figure 4.47: Awater treatment plant has
many different sections for the different
stages, such as chemical treatment
and aeration.
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o 5 Chemical

a!\i o treatment

Many separation techniques are used on a large scale by
industry. This means large quantities of materials can be
separated at one time. These separation techniques are
often applied to water, in order to purify contaminated
water sources, so that the water is able to be reused.

Purification makes water safe to drink

Before water is safe for us to drink, it must be purified. This involves
killing bacteria and removing harmful substances. In Australia, there are
six main steps in water purification (see Table 4.3). When the water is
safe to drink, it is distributed through pipes to homes, schools, hospitals,
businesses and many other locations.

Table 4.3: The steps involved in water purification

Step Description

1 Screening Water passes through mesh screens to remove objects such

as twigs and leaves.

2 Flocculation A chemical called alum is added to the cloudy water to make
the small floating particles clump together. These clumps
are called floc.

3 Sedimentation The floc is heavy and settles to the bottom of the tank to
form a sediment. This sediment is collected as sludge.

4 Filtration The water flows through tightly packed beds of different-sized

pebbles, sand and crushed coal to trap and remove the floc.
Chemicals are added to the water, such as:

fluoride to help prevent tooth decay

chlorine to kill harmful organisms such as bacteria

other chemicals to reduce the acidity of the water.

Oxygen is added to improve the smell and colour.




Sewage is processed to reduce
harm to the environment

Sewage is semi-liquid human waste. When we flush
a toilet, the sewage goes into a sewerage system and
is treated.

Some countries do not have proper sewerage
systems (see Figure 4.48). Untreated sewage is
harmful to human health and the natural environment,
so in more economically developed countries such as
Australia, it is processed before release. In Australia,
there are six main steps in sewage treatment
(see Table 4.4).

4 Figure 4.48: In some less economically developed countries,
human waste goes into open sewers and is not treated.

Table 4.4: The steps involved in treating sewage

Step Description

1 Sewerage A network of pipes moves sewage
from homes and businesses to sewage

treatment plants.

Screens at the plant act as a sieve and
catch large objects, which are physically
removed.

2 Screening

3 Aeration Air is pumped into tanks that hold the
sewage. This feeds bacteria, which break

down the sewage.

Other chemicals are added that cause the
bacteria and solids to settle to the bottom
of the tank as thick sludge. This sludge is
removed and is used in soil and fertiliser
products.

4 Settling

5 Filtration The sewage passes through a filter made
of pebbles. This traps more solids, which

are removed.

6 Disinfection = Ultraviolet light or chlorine is used to Kkill

harmful bacteria in the sewage.

After the final disinfection stage, the water is
considered to be ‘safe’. This water then moves
from the catchment areas through pipes to homes
and businesses, and so becomes part of the
drinking supply.

Learning Ladder

Solutions and mixtures

o Identify the solutes, solution and solvent in the
treatment of water.

e Describe the properties of floc.

e Explain how the first step of water purification
is a separation technique. How does it help the
purification process?

O Compare the processes of screening and settling
in sewage treatment. How do they help separate
components of sewage that have different
properties?

e Analyse how the treatment and purification of water
are important processes and critical to a healthy
environment.

Problem-solving see page 339

o Identify problems that could occur if:
a flocculation is not completed effectively during
water purification.
b the aeration process is ineffective during sewage
treatment.

9 Propose solutions to the problems you identified
in Question 1.

e Explain why the process of filtration helps the
purification of water, based on the particles in
the solution.

As global temperatures rise, there is a constant change
in the weather patterns, which brings drought and
reduced rainfall to parts of some countries like Australia.
This affects the amount of water available for plants,
animals and humans. Explain how processes such as
sewage treatment could help to manage drought.

Success criteria

« | candescribe water purification and its importance
as an industrial technique.

| can describe sewage treatment and its importance
as an industrial technique.

Solutions and mixtures 143




4-14 > Solutions and mixtures in context

( .. .
Learning intention
At the end of this lesson, | will be able to
apply my understanding of separation
techniques to purify contaminated
water.

Key terms

crude oil: oil that has not been
separated into usable petroleum
products

oil slick: athin layer of oil on the
surface of water

Investigation 4.14
Purifying oily water

Content group: Solutions and
mixtures in context

Figure 4.49: Floating booms are used
to contain oil spills on the surface of
water. The oil can then be skimmed
from the surface.

Good Science NSW Stage-4 2

Oil is one of the most important materials used today.
When refined, it fuels the engines of vehicles, powers
factories to produce electricity and is an ingredient in
the manufacture of plastics. However, its extraction,
transport and use have an impact on the environment.
The accidental release of crude oil into the environment
is called an oil spill. Oil spills in the ocean are very harmful
to ecosystems. Understanding the properties of oil and
how it mixes with water and other chemicals has allowed
scientists to work out methods to clean up oil spills. This
ensures that we do not contaminate water sources in the
environment for extended periods of time.

Oil spills can be caused by different incidents

Oil spills in the marine environment can have different causes.

Crude oil is extracted by drilling it from reservoirs underground. Often
this is done from oil rigs in the oceans. If an accident happens during the
drilling or pumping process, crude oil can be released into the ocean.

Ships use oil as fuel. If a ship breaks down, runs aground, collides with
another ship or has its tanks damaged, the oil can leak into the water.

QOil is transported by massive ships called oil tankers. If these ships
are damaged, the oil they are carrying can spill into the environment.




Oil spills can damage

the environment Sorbent booms are a special type of boom that

work in a similar way to a disposable nappy, but they

When oil is spilled into the ocean, it forms a thin layer only absorb oil. The booms can then be removed and
on the surface known as an . Over time, the oil disposed of.
slick spreads out to cover a large area. If it reaches the Oil on the shoreline can be difficult to clean up.
shoreline, the oil will stick to and mix in with sediments.  gne way to clean oil from the shoreline is to wash
The oil on the surface of the ocean stops oxygen and the oil back into the water so that it can be easily
carbon dioxide gas in the atmosphere from dissolving skimmed off the top. Another way is to remove the
into the water. If the levels decrease enough, this can contaminated sediment. This is either disposed of in
kill marine plants and animals. landfill or processed in factories to separate the oil

from the sediment.

Oil spills can be contained
and filtered

Qil slicks float on top of water because oil is less
dense and so does not mix with the water. There are
several ways that oil slicks can be cleaned up by taking
advantage of these properties.

Learning Ladder

Solutions and mixtures

o Identify whether crude oil is a pure substance or
a mixture. Provide a reason.

Floating booms are used to contain oil slicks.
Devices called skimmers are then used to scoop or suck
oil from the surface of the water within the enclosed
areas. This oil can then be processed in a factory to
remove any seawater that was also collected.

e Describe the properties of water and oil that make
them unable to mix.

e Explain how oil spills can be contained and cleaned.

0 Compare the properties of oil and water that allow
them to be separated.

Figure 4.50: Birds caught in oil spills can lose their ability to fly,
swim and float. They can also be poisoned by the oil when they
try to clean themselves.

Planning investigations see page 323

Refer to the contaminated water sample in
Investigation 4.14 on page 437 to answer the following
questions.

o Identify one material you could use to assist you
when attempting to purify the water sample.

e Describe arisk that could be present during the
purification process, and how you would reduce
the likelihood of it occurring.

9 Suggest the independent variable in this
investigation. What is its effect on the dependent
variable?

e Construct an appropriate aim for this investigation
that you could write on your investigation scaffold.

9 What steps would you need to follow to completely
purify the water sample? Write down these steps
as your initial investigation plan.

Success criteria

| can describe how a body of water can become
polluted.

| can describe how these pollutants such as oil spills
can be removed.
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» Solutions and mixtures summary

Properties of matter

Matter is the particles that make up everything. There
are three states of matter: solid, liquid and gas. Matter
changes state as heat energy is added or removed.

. Sublimation
Melting l
é ;i ] @ Evaporation
Solid

| Freezing Liquid
iqui

A Condensation

Deposition

Physical properties of water

« Water has many physical properties, including
buoyancy and surface tension.

- Density is how heavy something is for its size;
this can be calculated by dividing an object’s
mass by its volume. Different objects have
different densities.

Gravity

Density of boat e <
Density of water

Buoyancy
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Solutions

A solution is made when one material (solute) is
dissolved into a liquid such as water (solvent).
Materials that cannot be dissolved are called
insoluble.

« Thehigher the temperature of a solution, the more
solute it can hold.

« Solutions can be dilute (contain low amounts of
solute in a large volume) or concentrated (contain
high amounts of solute in a smaller volume).
Saturated solutions have dissolved the maximum
possible amount of solute at a given temperature.
Supersaturated solutions are heated and then slowly
cooled, so the solution contains more solute than it
could typically hold.

« Theconcentration of solutions can be calculated
in several different ways.

Sugar begins

Solte——s o s
water
e.g. sugar .
(e.g. sugar) a solution
e—— Solvent
(e.g. water)
Super-
Saturated Saturated saturated
Room More solute Room
temperature will dissolve. temperature
]
-
= I. @ . ‘
Heat | _eeo | Cool |_ 3
[*] w v Y ' 3
riindl Ind
] 9 | e
UV S e "
Solute
molecules



Separating mixtures

- Elements are pure substances made of one type of atom. « Aboriginal and Torres Strait Islander
. Compounds are pure substances containing atoms of two Peoples use techniques such as
or more elements. The atoms are chemically bonded together winnowing, yandying and sieving to
and cannot be physically separated. Atoms are presentina separate materials based on their sizes.
compound in a fixed ratio. - Filtering stream distillation can detoxify
.+ Mixtures are impure substances, made of a combination of foods such as the cycad seed.

elements and compounds that are not chemically joined, and can
be physically separated.

Matter

Impure substance

Pure substance

(mixture)
Homogeneous Heterogeneous
Element Compound A A
mixture mixture
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