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Elements in the print book

You will see the following types of boxes throughout this book.

Glossary
definitions of key terms are provided next to where the key term
first appears in the chapter.

Students are encouraged to conduct research

. online to find and interpret information.
Learning goals

These are descriptions of what the student will

learn throughout the section. Did you know?

These are short facts that contain interesting
information.

Quick check

These provide quick checks for recalling facts and understanding content. These questions are also
available as Word document downloads in the Interactive Textbook.

Advances in science

These are recent developments in the particular area of science being covered. They may also show
how ideas in science have changed over the years through human discovery and inventions.

Section questions

Question sets at the ends of sections are categorised under the following headings: Remembering,
Understanding, Applying, Analysing and Evaluating. Action verbs have been bolded. These questions are
also available as Word document downloads in the Interactive Textbook.

Hands-on activities

Classroom activities help explore concepts that are currently being covered.

Classroom or laboratory activities and investigations help consolidate student understanding. These
activities are also available as Word document downloads in the Interactive Textbook.

© Evan Roberts et al. 2021
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End-of-chapter features

Chapter checklist

You can download this checklist from the Interactive Textbook to complete it.

Success criteria Check

21 | can recall what a force is and how they are measured.

e.g. State the unit of force. SCORCHER

2.1 | can describe the impact of balanced and unbalanced forces on an object.
e.g. If a caris travelling at a constant speed in a straight line down the Hume
Highway, what can you infer about the drag and the force of the engine?

21 I can draw a force diagram to indicate the forces acting on an object.
e.g. lllustrate a force diagram of you running on the athletics track.

2.2,2.3 | can describe the difference between contact and non-contact forces.
e.g. Identify two contact forces and two non-contact forces.

Data questions

Earth’s Moon and the planets in our solar system have different forces of gravity on their surface than Earth because
they have different masses. These forces of gravity on the surface of each are shown with respect to that of Earth in
the graph below.

1
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0.3

Gravity relative to Earth

0.2
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Figure 2.60 Gravity on the Moon and planets relative to that of Earth given their relative masses

Identify which planet in the graph has the lowest mass.

~

Determine which planet has a force of gravity closest to that on Earth.

w

If the acceleration of Earth's gravity is 9.8 m/s?, and Mars’ gravity is 38% of that of Earth, calculate Mars' actual
gravitational force.

STEM activity DESIGNING AND PROTOTYPING A FERRY 99

STEM activity: Designing and prototyping a ferry

Background information payload (set mass) between two points (return trip).
Your team has been assigned the task of designing
and constructing a ferry for riverside communities to
transport people and goods on the water.

As an engineer, you should investigate the science
and technology of boats.

Ferries are used worldwide to connect two or more
points (e.g. Parramatta RiverCat or Sydney Ferries).
They carry passengers, goods, and sometimes
vehicles. Ferries are vital for transport in many
developing countries, since highways are expensive to

build and most waterways come free. Suggested materials

How to use this resource

Chapter checklists help students check that they .
have understood the main concepts and learning ~ \
intentions of the chapter. They come with example

questions. .7 i

Data questions help students apply their s A

understanding, as well as analyse and interpret é .
different forms of data linked to the chapter -
content. These questions are also available as Word -

document downloads in the Interactive Textbook. ~ o

STEM activities encourage students to
collaboratively design and build solutions to P

problems and challenges. L

Ferries float in water as a result of buoyancy. Any
object placed in water will either sink or float: f an
object is denser than water, it will usually sink; and if
itis less dense, it will float. But how can a steel ship,
capable of carrying thousands of passengers and cars,
float in the ocean when a metal ring or coin would
sink in your bathtub?

Itis time to investigate how design can affect the
buoyancy of a ferry!

Figure 2.61 Ferries are part of the public transport system in
many places in the work

Design brief: Design and construct a ferry boat.

Activity instructions

I teams (maximum of three people), you will design
and construct a ferry capable of transporting a

ISBN 978-1-108-99207-7

Photocopying is restricted under law and this material must not be transferred to another party.

ruler and tape measure
scissors

cardboard

bubble wrap

plastic bags

5 x 100 g parcels of sugar/salt (payload)
sticky tape (duct tape or gaffer tape would
be good)

Research and feasibility

1 List the features that would make a useful boat.

2 Research the terms ‘density’ and ‘buoyancy’
and discuss in your group how these factors are
important in boat design

Design

3 Design a ferry that is capable of transporting your
payload between two points and return.

4 Label and include measurements of your ferry.

Create
5 Build your ferry using the materials, checking as
You progress that your ferry is capable of floating.

Evaluate and modify
6 Discuss the challenges you have encountered
throughout this project with at least three of your
peers. List the strategies or actions that allowed
You to overcome it.

Create a list of improvements to your design

that could be applied to this project to refine

its performance.

~
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P { there is a there is an downloaded quizzes can be found at
‘.' A video in the interactive from the be found in the end of
'.' Interactive widget in the Interactive the Interactive each chapter.
a £ Textbook. Interactive Textbook at Textbook for
g . Textbook. the start of every section.
© tion.
L -l f every section
! Overview of the Interactive Textbook (ITB)
-
.2 2 The Interactive Textbook (ITB) is an online HTML version of the print textbook powered by the Edjin
3 2"
} platform. It is included with the print book or available as a separate digital-only product.
- .
e 2 7
~ . . .
o Quizzes contain Worksheets are provided
Definitions pop- .
automarked questions that as downloadable Word
up for key terms )
'Y . enable students to quickly documents.
k" in the text. ] )
check their understanding.
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™
" ‘ B CAMBRIDGE
LN
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Pt Videos summarise,
L4 ity .
P ,:’y o clarify or extend student
: V7] knowled
€, R nowledge.
[
e ST
." everything around you I made up of
[ - ‘matter, whether you can see it or not. Matter s anything that has mass and occupies
‘ space, Al matter either a mixiure or a pure . In scence,
P ‘ the ares where you fird cut more about these substances and mixtures i called
v U bt '
@
L Widgets are accompanied .
u by questions that o e Cx .
of g . substance that 5 made up of just one type of
N encourage independent bl e wedadonanlond
. . substance has unique physical properties such as
learning and observations. S S LR .
understanding of these different physical Figure 4.1 Spaghetsi belogsise saute
Using a spring balance
| Aim
To select the most appropriate spring balance.
R, Practicals are available Materials
* arange of spring balances (e.g. 1 N, 5N, 10N, 50 N)
as a Word document Procedure
- . 1 Copy the results table into your science book.
‘ ’ download, Wlth Sample 2 Determine the force needed to complete the actions in the table.
q.? answers and guides for Results
- ; . . [ em | Forcerequied(\) |
- teaCherS m the Onhne Hold your pencil case
a . . Drag this textbook across the table
» Teachlng Sulte. Remove a piece of sticky tape from your desk
po o Open the lab door
» Drag your stool across the floor
Hold your school bag
. Discussion
1 State whether the forces applied to the items are push or pull forces.
s 2 Name the forces involved when hanging and dragging an item.
3 Sequence the items in order from most to least force required to drag them.
4 4 Explain why the same spring balance could not be used for all of the actions.
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How to use this resource

.
Workspaces enable students A
to enter working and answers CAMBRINGE : -‘" .
online and to save them. Input R e R o . :

is by typing, handwriting and

drawing, or by uploading images

of writing or drawing. RO e o e L 4 " d :
: e X

Self-assessment tools enable ; ey sy : 4 2" »

students to check answers, mark w; = MRLEIE 2 7 -

their own work, and rate their i ‘ L

confidence level in their work. i S o T s b

This helps develop responsibility Ervr 4 I

for learning, and communicates . 1. L

progress and performance to the : oy

teacher. Student accounts can be _ ) i N

linked to the learning management Howaid 1 go? R Ar

system used by the teacher in the ekm,,m, R R G e : 4 >

Online Teaching Suite.

Overview of the Online Teaching Suite (OTS)

The Online Teaching Suite is automatically enabled with a teacher account and is integrated with the

teacher’s copy of the Interactive Textbook. All the assets and resources are in one place for easy access.

The features include:

o The Edjin learning management system with class and student analytics and reports, and
communication tools.

o Teacher’s view of a student’s working and self-assessment.

o Chapter tests and worksheets with answers as PDFs and editable Word documents.

« Editable curriculum grids and teaching programs.

o Teacher notes for Practicals, Try this, Explore! and STEM activities.

Interactive Textbook

This is the portal for you to access all of your
Cambridge Science for NSW Stage 4 content.

- =
School classes My Classes
P Help Search Resources - A -
ISBN 978-1-108-99207-7 © Evan Roberts et al. 2021 © Cambridge University Press 2
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PRE-TEST

You may have heard of certain famous
scientists and studied aspects of science
in primary school, although you might not
have realised it. Science is a field of study
that tries to make sense of the world around
us. In this chapter, you will learn more about

what a scientist does, who they work with, and

the rules and principles that govern their work. It
is important that all scientists have a set of similar
processes that they follow to make sure their findings
are valid. You also learn how to carry out research and
analyse sources of data, how to record and process your
own experimental data, and how to communicate your

scientific findings to the world.
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BEING SCIENTIFIC

Chapter 1

@ What is science?

Learning goals
1 To explain what science is.
2 To describe the different fields of science.

The word for ‘science’ comes from the
Latin word for ‘knowledge’, scientia.

Science is a collection of knowledge

WORKSHEET .

that we have already gathered. Science
ke is also the process of gaining
the understanding of :
i new knowledge. This process
experiment is used every day to answer

a controlled situation where
data is gathered to answer
a question

questions about how things

work, solve problems
data

facts or statistics gathered
to answer a question or for
further analysis

and create new amazing

technologies.

In science, you are constantly asking questions about
the universe, how things work, why they work that way
and what happens if you change things. By collecting
and analysing information about the world around us,

scientists can produce answers about each question asked.

For example, you might be trying to grow broccoli. Your
plants are looking great and then all of a sudden, they
are filled with holes. You wonder why this is happening,
so you watch your plants and observe that white moths
are landing on the leaf. By analysing this data, you realise
that the moths are laying eggs on your plants. These

eggs are hatching into caterpillars that are eating your
plants! You then place a net over your plants to solve the

problem of the moths. This is science in action!

Figure 1.1 Caterpillars eating a broccoli plant

08-99207-7 g Evan Roberts et al. 2021
estricted nder law and

not be transferred to another party.

Scientists often use experiments to collect data in a
controlled way. Data is the term used to group together
anything they observe during an experiment. The data
generated from observations and experiments allows
scientists to draw conclusions, make recommendations

and create models that explain the world around us.

Aboriginal and Torres Strait Islander
perspectives in science

Aboriginal and Torres Strait Islander peoples have been
asking scientific questions and collecting observational
data on the Australian continent for thousands of years.
Their knowledge of Country/Place is extremely helpful
in understanding the unique location that is Australia.

For example, over thousands of years, Aboriginal and
Torres Strait Islander peoples have developed a deep
understanding of:
« the unique seasonal cycles which occur not only in
New South Wales but also across the entire continent
o moon phases, and solar and lunar eclipses
o the use of native Australian plants for food
and medicine
o thelocal Australian ecosystems and how they are
affected by invasive species
« land and water resource management to protect flora
and fauna biodiversity
« the cultural significance of Country/Place, and
the protocol for scientists to respectfully conduct

experiments on traditional lands.

Some of these examples will be presented further
throughout this book, if you would like more
information at any time, you can start a link with your
local Indigenous community by contacting either the
Local Aboriginal Land Council (LALC) or the Local
Aboriginal Education Consultative Group (AECG).

© Cambridge University Press 2021



Fields of science

Just as there are many types of questions, there are
many fields of science. Science groups together different
areas of science depending on what is being studied.
The main areas of science that are covered in Years 7

to 10 Science are biology, chemistry, physics and Earth

and space science.

Biology is the study of all living things. A person that
studies biology is known as a biologist. Within the field
of biology, there are many smaller specialised fields such
as zoology (study of animals), botany (study of plants),
ecology (study of ecosystems), biotechnology (study of
how organisms can be used to create products of value
to society) and anatomy and physiology (study of the
structure and functions of living things).

These are some questions a biologist might ask.

o How do plant roots work?

o How can the number of koalas be increased in
an area?

o What animals eat this plant?

Chemistry is the interaction of substances with each
other and with energy. These substances make up matter
and are called chemicals.

Figure 1.2 Biologists taking samples from the ocean

Section 1.1 WHAT IS SCIENCE?
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Figure 1.3 A chemist in action

A person who studies chemistry is known as a chemist.
Branches of chemistry include organic chemistry (study
of carbon-based chemicals such as those found in

fossil fuels) and medicinal chemistry (the design and
development of medicines).

These are some questions a chemist might ask.

o What will happen if I heat this substance?

o WillI get a new chemical if I mix this one with
that one?

o What are the chemicals in this liquid?




BEING SCIENTIFIC

Chapter 1

Figure 1.4 Physicists working on the Large Hadron Collider
in Geneva

Physics is the study of forces, energy and matter
(excluding the interactions studied in chemistry).
People who become experts in physics are known as
physicists and can specialise in many fields such as
atmospheric physics (study of weather and climate),
atomic physics (study of atoms) and astrophysics
(study of space).

These are some questions a physicist might ask.
o What forces are acting on an aeroplane?

o Does light travel at a constant speed?

o What types of energy are safe to use?

Earth and space science is the study of Earth and space.
These scientists study rocks, stars, volcanoes and the

non-living resources around us. Geology, astronomy and

Figure 1.5 Geologists mapping an area

climatology are just some of the many fields people can

specialise in.

These are some questions an Earth and space scientist
might ask.

o Where does lava come from?

o What are asteroids made of?

o Where is gold likely to be found?

There is often a lot of overlap between different fields

in science. Both physics and chemistry are involved

in the study of matter. Biology and chemistry are both
involved in food science. Biology and Earth and space
science are involved in the study of sending astronauts
into space. And very many different sciences are involved

in agricultural science.

Quick check 1.1

Recall the definition of ‘science’.

B WN =

Identify the field of science that would study:
a an endangered animal

b the distribution and origin of rocks

¢ the composition of a new drug.

State the name given to information gathered in science.
Name the controlled situation used in science to gather data.

5 Describe what you think of when you think of a scientist at work.

6 Imagine that alien life was discovered on Mars. Identify what fields of science might be involved with studying

this alien life.

ISBN 978-1-108-99207-7
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COMMUNICATOR

+ Can talk to big or small
groups of people
confidently

+ Good at explaining
concepts and ideas to
people

- Confident with expressing
themselves

« Able to alert the group to
issues

EXPLORER

» Comes up with questions
that need to be answered

« Looks for better ways to test
things

« Uses their imagination

» Thinks outside the box

» Looks at the big picture
- sometimes misses details

ORGANISER

* Likes organisation and
planning

+ Sets time frames and
deadlines

* Likes to get things done

* Maintains accurate data
records

* Identifies correct
procedures and keeps team
working towards the goal

+ Encourages smooth running
of the team

Section 1.1

WHAT IS SCIENCE?

RESEARCHER

» Provides information from
many sources

+ Good general knowledge

« Enjoys the hunt fornew

ideas

+ Good at using search
engines

+ Likes learning about new
things

« Quick reader

EXPERIMENTER

« Provides explanations for
how things work

« Likes to experiment and try
different ideas

» Good at using equipment

+ Good at analysing patterns

+ Good at making models to
explain things

LEADER

* Keeps team together and
working

» Makes sure team is
productive and cooperative

« Matches tasks to people

« Monitors progress and
keeps track of time lines

+ Sets clear goals

« Good listener

+ Looks after their team
members

Figure 1.6 Roles in groups
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Chapter 1 BEING SCIENTIFIC

Who do scientists work with? « the ability to communicate and resolve problems

o the ability to complete the tasks assigned in a
Scientists can work individually or in groups. They fimel Y P 8
imely manner
may work for themselves or might work for large Y i
o ) o members who listen to each other.
multinational companies. When you conduct

experiments in science class, you will often be working Roles in groups
i . In the real world, th d

1 groups. tn He feat wor . ese grotips are 'rna N ) Figure 1.6 on page 7 shows some descriptions of possible
up of experts from many different fields to bring their les i .
roles in groups. Often people take on multiple roles

strengths together. ) o )

in groups, but it is important that everyone in a group
Working in groups: knows their role, focuses their effort on the things they
« isan important part of life are good at and contributes equally. It is also a good idea
« requires cooperation between team members to try different roles occasionally as you may find that
« requires sharing ideas and resources you have a skill you did not know about.
o means team members need to understand their role

in finding a solution to a problem being investigated, 1t is important to never get stuck in the same role

too many times. Even though you might feel more
A good group has: comfortable in certain roles in groups, you should
« aclear understanding of everybody’s roles always try out new positions and develop skills that you
 equitable participation, with responsibilities shared may not be naturally strong in.

between the members

Quick check 1.2

Name some qualities about yourself that are strengths when you do group work.
Identify what roles you would be good at.
State a role that you do not think you would be good at and explain why.

HWN =

Identify three goals that would allow you to be better at the role you stated in Question 3.

Try this 1.1

Produce a paper tower
You will work in groups. Each person in the group chooses at least one role from Figure 1.6 on page 7. Your
group will act as a team of consultant engineers, working towards finding a solution to a challenge.

First, brainstorm solutions together. Remember these rules.

Rules for brainstorming

Focus on quantity: Come up with as many ideas as you can.

Encourage wild ideas: Don't put down or criticise ideas that are wild. They may lead to innovative designs.
Record all ideas: Have one student be the ‘scribe’ and write everything down.

Combine and build ideas: Discuss and elaborate on the ideas of other students.

Focus: Stay on topic.

Challenge
You are to design and create a newspaper tower that can support this textbook at least 20 cm off a table.

Criteria
1 The tower must not be taped to the table and cannot be supported by any other item.

2 Your teacher will set a time limit for the task.
continued...
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...continued

3 The group can only use these materials:
° two pieces of newspaper
® scissors
e 50 cm sticky tape

Instructions

1 Allocate a role to each person in the group as outlined in Figure 1.6.

2 Brainstorm all possible solutions to the problem, including drawings of your design.
3 Create and test a prototype.

4 Improve your prototype.

5 Discuss the process you followed.

Evaluation

Present your designs with the rest of the class.

1 Explain the process of how you came up with your design.

2 Identify the roles each group member played.

3 Discuss how you would approach the research and design process the next time you conduct a
similar task.

Section 1.1 questions

Remembering

1 State a question that a biologist might ask.
2 Outline what a physicist would study.

3 Outline how scientists collect data. Quiz

Understanding
4 Explain how science has affected your day so far.

Applying
5 Propose the field of science that would study asteroids.

Analysing
6 Compare, using a Venn diagram, the work of a biologist to that of a physicist.

Biologist Physicist

Evaluating
7 Some fields of science can overlap. Suggest what fields of science a biochemical engineer
might study.
ISBN 978-1-108-99207-7 © Evan Roberts et al. 2021 © Cambridge University Press 2021

Photocopying is restricted under law and this material must not be transferred to another party.



10 Chapter 1 BEING SCIENTIFIC

@ Working in a laboratory

Learning goals
1 To explain the safety rules.
2 To identify some common equipment.

Exploring the laboratory
)

Not all scientists work in laboratories,

WORKSHEET | of course! Depending on the area of

science, they may work ‘in the field’

such as out and about in the natural
environment, on land or in the sea, and they can work
in organisations like zoos, private companies or for the
government. However, all scientists have spent at least
some of their time in a ‘lab’. The controlled environment
and access to special equipment makes it an ideal place
for conducting experiments. Now that you are studying
science, you will get to participate in many exciting
scientific experiments in the laboratory.

Lab safety basics

The laboratory can be a fun and safe place if the safety
rules are followed. However, it can be a dangerous place
if you do not follow the safety rules, or if you misuse
the equipment or forget to use safety gear. Throughout
your science career in school, you could get burned,

be exposed to dangerous chemicals or cut yourself on
broken equipment. Therefore, it is extremely important

to know some core rules.

Referring to Figure 1.8, spot the differences between
the students who are ignoring the rules (top image)
and those following the rules (bottom image). The class
in the top image is making seven dangerous mistakes.
Suggest what they might be. (The answers are below.)

Answers to the spot the difference activity: did you find

all the lab safety issues?

o Always wear safety glasses over your eyes (not on
top of your head) when you are handling chemicals

Figure 1.7 It is important to wear appropriate personal protective
equipment at all times when working in a lab environment.

or glassware. Chemicals and broken glass can be
damaging to your eyes.

o Always wear a lab coat that can protect your
school uniform from stains and your skin from
harmful chemicals.

 Ifyouare given gloves by your teacher, wear them at
all times. These will protect your hands from harmful
substances. Always wash your hands after you have
removed your gloves to be extra safe. Sometimes,
safety glasses, lab coats and gloves are collectively
called personal protective equipment, or PPE for short.

o Always wear enclosed footwear to make sure that
nothing can fall onto your feet and hurt you.

 Use a safety mat/heatproof mat whenever you are
using a Bunsen burner, to prevent damage to the
bench and other equipment.

o Always follow your teacher’s instructions.

o Never eat or drink in a lab.
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Figure 1.8 Good lab safety is essential.
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12 Chapter 1 BEING SCIENTIFIC

It is important to be observant in the lab and be on the
lookout for any potential hazards. Common hazards
in the lab are something that you could trip or slip

on, or cut or burn yourself on. If you see a hazard, it

is important to make your teacher aware of it as soon
as possible, so they will be able to stop anyone from
getting hurt.

Hazard symbols

Each time you conduct an experiment in science, there
are many potential hazards to be aware of.

How do you know what chemicals are dangerous?
When you use chemicals, you will see that there are
often symbols on the label of the bottle (Table 1.2).

Type of hazard Identify

Glass

the lab.

bacterial cultures,

studied in the lab.

Chemical You will use many
chemicals for

experiments.

Table 1.1 Risk assessment table

ISBN 978-1-108-99207-7

There are many pieces
of glass equipment in

Biological material, such
as organs for dissection,

microbes or plants, are

These symbols tell you the possible dangers when

handling any chemical.

Risk assessment

Even if you perform them carefully, all experiments

carry an element of risk. Some can even be dangerous.

Therefore, it is important that you write a risk

assessment to show firstly, that you have considered the

risks associated with the experiment, and secondly, that

you know how to avoid or minimise these risks.

Many risks will be obvious to you: you will already know

the hazards associated with using glassware or electricity

in the lab, but you may not be fully aware of how

dangerous different chemicals are.

Assess
Glass can get hot, form
sharp edges that can
cut if broken and can
also be heavy.

Any living or

dead specimen
could contain
microorganisms that
can make you ill.

Some of these can
be toxic, corrosive or
irritate your skin.

© Evan Roberts et al. 2021

Photocopying is restricted under law and this material must not be transferred to another party.

Control
Always place glassware in
the centre of the bench
on a flat surface.
Allow to cool before
handling.
Inform your teacher of
breakages and avoid any
broken glass.

Make sure you wash your
hands thoroughly.

Wear gloves when your
teacher tells you to.
Dispose of all biological
material in the

correct way.

Make sure you always
wear gloves and safety
glasses, and wash

your hands.

NEVER get any chemicals
in your mouth or eyes.

© Cambridge University Press 2021
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Name of hazard Symbol Meaning Examples
Corrosive Symbol: Corrosion This chemical causes skin Sodium hydroxide
corrosion/burns or eye Sulfuric acid
damage on contact, or is
\UIF Wi corrosive to metals.
.
Health hazard/Hazardous Symbol: Exclamation mark  This chemical will cause Many acids and

to the ozone layer immediate skin, eye or alkalis

respiratory tract irritations.

<

Flammable Symbol: Flame This chemical will catch Ethanol
: fire easily. Propanone
Hazardous to the Symbol: Dead tree and fish ~ The chemical will cause Copper sulfate
environment damage to all living things if it
enters the waterways.
Explosive Symbol: Exploding bomb  This chemical is an explosive ~ Potassium
at risk of exploding, even Lithium

without exposure to air.

Oxidising Symbol: Flame over circle  These chemicals produce Potassium
oxygen, which causes other permanganate
substances to burn more. Nitric acid

Table 1.2 Chemical hazard symbols
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14 Chapter 1 BEING SCIENTIFIC

Name of hazard Symbol Meaning Examples
Acute toxicity Symbol: Skull and crossbones This substance will cause Mercury
severe illness or death if it Lead
enters the body.

<®

Serious health hazard Symbol: Health hazard This chemical can cause Turpentine
serious long term health Petrol
hazards such as damage to

organs, cancer or genetic

defects if it is swallowed or

enters airways.

@

Gas under pressure Symbol: Gas cylinder These gases are stored under  Ammonia
pressure and may leak causing Liquid nitrogen
fire, poisoning, corrosion,

suffocation or ‘ice burns'.

v

Table 1.2 (Continued)

Quick check 1.3

State the first thing you should do if you see a hazard in the science lab.
State when you should wear a lab coat.
Recall the name of the safety equipment that will protect your eyes.

B W N =

Describe how your school labels hazardous chemicals that are being used in an experiment. Ask your teacher
for an example and record how it is labelled.

When writing your risk assessment, you will have to use a safety data sheet (SDS) to provide information about the
risks associated with every chemical you use. This sheet outlines any dangers the chemical presents, how you can
minimise or avoid any risk to yourself when using it and the appropriate action to take should a problem arise.

Hazard Risk Risk management
Broken glass Cuts from handling Move all glassware from the edge of tables. Ensure care is taken when
handling glass equipment. If any glass is broken, inform a teacher.
Do not try to clear it up yourself.
Bunsen burner Burns Ensure appropriate personal protective equipment is worn. Do not
leave the flame unattended. Ensure it is cool before handling. Check
that the gas valve is off when you have finished with it.

Table 1.3 An example of how a risk assessment can be presented
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Section 1.2 WORKING IN A LABORATORY 15

Get to know your equipment

All experiments need to be safe, fair and exact. One of the ways to ensure that this happens is to choose the correct
equipment for each task. This might sound obvious, but there are several pieces of equipment that can be used for
even the simple task of holding a liquid. In Table 1.4 are several pieces of equipment used to hold and work with
liquids, and their purpose.

What it is used for What it looks like How it is drawn
A beaker is a common piece of

equipment found in most labs. It comes
in many sizes and is generally used for
holding, mixing and heating liquids.

A conical flask is similar to a beaker

but the shape of its neck is different to
reduce the likelihood of liquid spilling. It
can be used to swirl liquids and prevent
hot liquids from boiling over.

Test tubes are used for holding small
amounts of liquids. As they do not have

a flat bottom, a test-tube rack is used to
hold them.

C
C
C

A measuring cylinder is used to
accurately measure specific volumes of
liquids. It must not be used to mix or
heat liquids.

Table 1.4 Some common lab equipment
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16 Chapter 1 BEING SCIENTIFIC

What it is used for What it looks like How it is drawn
A Bunsen burner is a common device
used to add a controlled amount of heat
to an object.

A tripod is used to hold an object above
a Bunsen burner flame while it is being
heated. A wire gauze mat usually sits on
top of the tripod.

A retort stand and bosshead clamp
are used to hold objects in place -

while testing.

A funnel can be used to separate
mixtures or make it easier to transfer
liquids from one container to another.

An evaporating dish is used to heat up
and evaporate small amounts of liquid.

-

Table 1.4 (Continued)
You may have noticed that next to each image of the Heating equipment
equipment in Table 1.4, you will see a two-dimensional In many of the experiments you will conduct in your
drawing. Two-dimensional, or 2D, drawings show the science classes, you will need to heat different objects.
dimensions of length and width but do not show depth. This can be done using a water bath, hotplate or
All 2D drawings are made up of shapes. These are called microwave oven but one of the most common heating
scientific drawings and you use these drawings when you  tools in the lab is the Bunsen burner. A Bunsen burner
draw the set-up for an experiment. Use the following is a heating tool that uses gas and a flame of controlled
rules when creating a scientific drawing. intensity. Although not all Bunsen burners look
« Use a sharp pencil. the same, they all have the same parts, as shown in
o Usearuler to draw a straight line (no freehand). Figure 1.9.
o Onlydraw in 2D.
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Section 1.2 WORKING IN A LABORATORY 17

Be careful

* Wiait for all equipment to be cool before handling.
The Bunsen burner

Using a Bunsen burner

Flame (outer cone) E
Flame (inner cone)

Barrel (sometimes called a chimney):
tube-like structure where the gas
and air mix

Collar: a metal covering that can be
adjusted to either cover or open the airhole

Airhole (sometimes called a vent): By opening the
airhole, more oxygen enters the barrel and so the
flame grows hotter

Tubing: a tube that
attaches the Bunsen burner
to the gas tap

Base: a circular piece of metal that stabilises the Bunsen burner

Heatproof mat: protects the bench

Figure 1.9 A Bunsen burner

Controlling the flame

You can control the type of flame and the temperature
of the Bunsen burner by changing the size of the airhole.
The airhole size is adjusted by twisting the collar.

When you first light a Bunsen burner, you must close
the airhole to produce a bright yellow ‘safety flame’.

This yellow flame is not as hot and can be easily seen.
The flame is yellow because the gas does not mix in

the barrel with oxygen from the air when the airhole is
closed. Oxygen is necessary to produce a more intense
flame. When the collar is turned and the airhole is open,
more oxygen can mix with the gas and so this produces a
much more powerful blue flame.

Figure 1.10 Blue flame, or roaring Bunsen
flame, is produced when the airhole is fully
open. It allows oxygen from the air to mix
with the gas in the barrel.
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18 Chapter 1 BEING SCIENTIFIC

Practical 1.1

Using a Bunsen burner

. Be careful
Aim e e

To practise the safe procedure for lighting a Bunsen burner. =

Materials general fire safety.
* Bunsen burner * matches * heatproof mat

Planning

Consider the following questions while doing your risk assessment.

1  Explain why the airhole is closed before turning on the Bunsen burner.
2 Explain why the match is struck away from the body.

Procedure

Attach the Bunsen burner rubber tubing to a gas tap.

Ensure the Bunsen burner hole is closed to give a safety flame.

Strike a match away from your body.

Turn on the gas.

Bring the match up towards the tip of the barrel mouth to light the flame.

Shake out the match and place on the heatproof mat.

When heating anything, twist the collar to open the airhole and produce a blue flame.

0O NO UL A WN =

When the Bunsen bumer is not being used for heating, twist the collar to close the airhole and produce a
safety flame.
9 Ensure the gas is turned off at the end of any Bunsen burner practical.

Practical 1.2

Heating water

. Be careful
Am R L

To identify and use the appropriate equipment for heating water. =T

Materials Ensure appropriate

e 250 mL beaker e Bunsen burner ~ personal protective
e 250 mL measuring cylinder * tripod ~ equipment is used when
* boiling tube (large test tube) * gauze mat handlmg hot equlpment 777777
* evaporating dish * heatproof mat

* stopwatch ° test tube tongs

Planning

Read the procedure below and create a risk assessment for this experiment.

Procedure
The diagrams in Figure 1.11 show how to set up your equipment for each test.

Set-up 1

1 Add 50 mL of water to a beaker.

2 Place the beaker on the gauze mat over the tripod.

3 Light the Bunsen bumner and measure the time taken for the water to reach boiling point.

Set-up 2
4  Fill the evaporating dish with water and pour into the measuring cylinder. Record the volume of water it can hold.

5 Repeat steps 1-3, replacing the beaker with an evaporating dish.
continued...
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..continued
Set-up 1 Set-up 2 Set-up 3

Beaker .
Evaporating

. dish

Gauze mat
A Test tube

I

Tripod

Bunsen
burner

Heatproof
mat

Figure 1.11 Experimental set-ups

Set-up 3

6 Fill the test tube with water and pour into the measuring cylinder. Record the volume of water it can hold.

7 Add 50 mL of water to a large test tube.

8 Hold the test tube over a blue flame using wooden tongs. Point the test tube opening away from yourself

and anyone else and move it in a circular motion above the flame until the water boils.
9 Record the time it takes for the water to boil.

Results
Copy and complete the following results table.

. Maximum volume of Time taken to reach
Container . - .
equipment (mL) boiling point (s)
Beaker

Evaporating dish
Test tube

Discussion

1 Describe any trends or patterns in your results.

2 Identify the best piece of equipment for holding and heating a small sample of substance.
3 Identify the best piece of equipment for removing some of the water.

4 |dentify any limitations in the method.

Section 1.2 questions

Remembering

1 List three pieces of personal protective equipment you might use in the lab.
Understanding

2 Explain the steps involved in safely lighting a Bunsen burner. ——

Applying

3 Organise the lab equipment featured in this chapter into categories: Containers; Heating equipment;
Measuring tools, and Others.

Analysing

4 Compare when you would use a conical flask and a beaker.

Evaluating

5 Billy wanted to test the absorbance of different paper towels. Design a risk assessment and equipment list for a
possible experiment he could conduct.
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20 Chapter 1 BEING SCIENTIFIC

@ What do scientists do?

Learning goals

1 To identify the different types of data that can be collected in an experiment.
2 To state the steps involved in the scientific process.

3 To identify appropriate tools used to gather different types of data.

Science can be thought of as a systematic
Li way of investigating. It involves making

WORKSHEET observations, asking questions, making
. . . . 1 i
predictions, conducting experiments, Observe and ask questions
This is something you can do every
day! You might notice the cactus on the
windowsill is looking unwell. You might

collecting and analysing data and forming

conclusions. However, one

predict

ask yourself some questions based on

to make an estimate about
a possible future event or
outcome

analyse

examine something in order
to find meaning, what it is
made of or a relationship
with other things

hypothesis
a proposed explanation
or prediction of an event

scientist may not be involved in

every step of the process.

For example, the government
might collect some health
data about the population and
task a scientific organisation

the observation. For example, ‘How much
water does a cactus need to survive?' This
would be your research question.

Your conclusion

may lead you to ask
more questions.
For professional
scientists, if their
experiment is
published in a
journal, this will
make the experiment
available for other
scientists to think
about and further
the findings through
asking even more
specific questions.
Can you think of
what else you might
want to find out?

(e.g. an experiment) based
on research and current

knowledge problem. An epidemiologist

observe
use senses and tools to
notice something significant

with finding a solution to the

(a person who tracks

diseases) might come up with

research question

a question that can be
answered practically through
scientific investigation or
through research to evaluate
aclaim

a hypothesis about the cause
of the problem.

A public health advisor might
design a program to test the hypothesis, and a team
of health professionals, such as doctors and exercise

physiologists, might conduct the experiment; for example,

an exercise program. Biomedical research scientists might
observe the experiment, collect the data and analyse it,
while a pathologist might collect blood samples from the
patients and test these. In the end, a nominated person
7 Evaluation
You then evaluate your experiment. You
may talk about how reliable your data is

and suggest improvements if you found
there were any problems.

T~

would gather all the findings and publish the results in a
scientific journal. Science is a team effort!
The scientific method

The process referred to above is known as the

scientific method.

Figure 1.12 The scientific method
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2 Do background research
You might head to the internet to try to
find suggestions to answer your questions.
Professional scientists generally use

peer-reviewed journal articles to see what
/ other scientists in the past have found out and
experiments that have been done. You may find

out that plants can die from too much water!

The scientific method may differ slightly from one area
of science to another, but will start with observing the
world around you. Here is a basic outline of how the

scientific method works.

6 Analyse data
You then analyse the data that you have
gathered to find any trends, patterns or
\ relationships, and then summarise what you
have found, including any problems with your
data. Three of the overwatered cacti looked

pale and shrunken, while all the cacti watered
correctly produced small cacti pups.

ISBN 978-1-108-99207-7
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peer-review

to read, check, and give an
opinion about something
that has been written by
another scientist or expert
working in the same
subject area

trend

pattern in data that shows
the general direction/shape
of the relationship between
the independent and
dependent variables

3 Hypothesis
You then come up with a prediction
that can be tested. For example,
‘Cacti (plural for cactus) that are
watered five times the recommended
amount will not grow well".

4 Test the hypothesis
This involves developing a series of steps that can test the
hypothesis and is called the procedure. You need to formulate
a procedure that is safe, allows the collection of sufficient
data and is carried out in such a way that there is no other
explanation possible for the outcome except the one you are
interested in. You may need to use 10 cactus plants of the
same variety, placed on the same windowsill, and continue
the experiment for one month. You may find a procedure that
you need to modify to suit your own experiment.

5 Processing of data
You then record and present the results.
For example, you may keep track of how
the cacti are doing every day. This can be
quantitative or qualitative. You might want
to record the colour and shape of the cacti
or measure how much the cacti grow each
week. The results can be presented in
tables and graphs.
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22 Chapter 1 BEING SCIENTIFIC

Scientific method Practical method The steps in the scientific method also provide a good
Y framework for how you should report on your findings.
Observe and ) ) Each step in the process can be documented in a
. Aim or research question _
ask questions practical report and allows other people to understand
l J your findings and replicate (repeat) the experiment.
N Observe and ask questions
Do backg rohund Introduction The first step in the process is often based on an observation.
researc o .
Scientists continually observe the world around them to
gather information. These observations come from using
l our senses: sight, hearing, smell, taste and touch.
<
Come up with _ You use some senses for gathering information more
: Hypothesis C L . .
a hypothesis than others. Sight is very important for making
) observations. However, you often use several
l senses together.
<
: What is an observation?
Test the hypothesis Method and . i . '
in an experiment ethod and equipment Observations are statements about information
) gathered from your senses. An observation does not
l include predictions or assumptions about what is
. being observed.
Gather data Results These are some examples of observations.
o The sky is blue.
“ '« The pool water is cold.
l o The food smells spicy.
N
Analysis (summarise What is an inference?
Analyse data D .
data) After a scientist has made an observation, they often
~J make an inference to explain the observation. This is
l like a conclusion or possible explanation they can form
Y based on the observation. Inferences are based on your
Evaluation Evaluation (reliability past experiences and knowledge you have gathered
and improvements) throughout your life.
J
Here are some examples. The first part of the sentence is
. an observation; the second part is an inference.
Conclusion (answer the o Trent beat Lewis in a race; .
i i . . lyi
research question, stating you infer that it is because ~ FPERTA5EN
whether the hypothesis he trains more observation based on past
was Supported or not) ' experiences and known facts
)+ Theice cream melted infer

3 . ; : to link an observation with
Figure 1.13 The scientific method matched to sections of a quickly; you infer that it past knowledge and assign

lab report was a hot day meaning to the observation
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Section 1.3 WHAT DO SCIENTISTS DO? 23

These observations and inferences allow research questions to be asked. These questions should be able to be
investigated scientifically. For example:
o Do more training hours improve race performance?

« What effect does temperature have on the melting time of ice cream?

Quick check 1.4

1 Define the term ‘inference’.

2 State three observations about the room you are in.

3 Sally observed that the plants in her garden that grew the most were closest to the sprinkler. State an
inference that Sally might make based on this observation.

Collecting data: Types of data qualitative

a form of data that is a
descriptive measurement

When something is observed, the information can be split into two types of categories. quantitative

a form of data thatis a

These categories are qualitative and quantitative observations. numerical measurement

Data type Qualitative Quantitative
Definition Quialitative observations are descriptive and  Quantitative observations are numerical values
usually come from our senses.They refer to  or counts that are expressed as numbers and are
a type, which might be represented by a often measured with tools such as thermometers,
name, letter or number code. For instance  measuring cylinders or stopwatches.
the swimmers may be called Ali and Tom,
or A and B, or Lane 1 and Lane 2 etc.

Example Ask who is a better swimmer or ask Record the times of the swimmers in seconds using
observers to rate their swimming style ona  a stopwatch.
scale of Poor / Fair / Excellent.

Accuracy This description could be very detailed This may be a more reliable piece of data as a number
but each person who watched the race is objective (not open to interpretation or opinion).
might give a slightly different description It can be easily compared to other observations, for
and so qualitative descriptions are hard example, the next time they race each other, even if
to compare. They are subjective (open to a different person is collecting the data. Repeated
interpretation or opinion). measurements are also helpful to check that the same

thing happens each time.

Table 1.5 Comparing qualitative and quantitative observations
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24 Chapter 1 BEING SCIENTIFIC

Quick check 1.5

State the kind of observation that is gathered using measurement tools.
State the kind of observation that is descriptive, or a type, and not a numerical value or count.
Describe the possible strengths of using qualitative data.

B W N =

Explain why it is useful to make repeated observations.

Try this 1.2

Quantitative data versus qualitative data
Pair up with someone else in the class. Try to describe your partner both qualitatively and quantitatively. Some
ideas have been suggested in the table below, but you may have your own ideas.

Hair
Height
Eyes
Pets
Siblings

After you have completed the activity, share your findings with the rest of the class.
1 Identify which features were easiest to describe qualitatively.

2 Identify which features were easiest to measure quantitatively.

3 State a reason why a scientist would use qualitative measurements.

Practical 1.3

Vitamin C in fruit juices
. Be careful
Aim

. . . E i i
To develop observations and inferences based on a simple task. nsure appropriate signage

is displayed during and

Research question after hotplate usage.

Do citrus fruits contain a higher concentration of vitamin C than other
types of fruit?

Materials
* beaker x 2 e jodine
* test tubes — enough to test each variety of juice * water
* pipette * various fruit juices (e.g. orange, lemon, pineapple,
e cornstarch tomato, apple, blueberry, kiwi)
e hotplate
Planning

1 You need to provide some background information to the investigation. Complete some research and write
a brief paragraph to explain the importance of vitamin C in a balanced diet.

2 Explain why you need to leave the equipment to cool after you have used it.

3 Identify the independent variable (the thing that is changed) in this investigation. See section 1.6 for more
information on variables.

4 |dentify the dependent variable (the thing that is tested or measured) in this investigation.

5 Identify the controlled variables (the things that are kept the same) in this investigation. ,
continued...
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...continued

Procedure

Add 1 tablespoon of cornstarch to a beaker.

Mix with enough water to make a paste-like consistency.

Add 250 mL of water to the beaker and bring to the boil on a hotplate. This is your starch solution.

Add 75 mL of distilled water and 10 drops of starch solution to another beaker.

Add drops of iodine to this solution until it turns a dark blue-black. This is now your vitamin C indicator.

Add 5 mL of the indicator solution to a test tube.

You can now add the different fruit juices drop by drop to the indicator solution. The more vitamin C present

NOo b WN =

in the juice, the lighter the colour of the indicator solution. Count the number of drops of each type of juice
that it took to cause a colour change. Record your results in the table shown in the results section.

8 If time permits, repeat each experiment once or twice. Do you get the same results?

9 Now make inferences to explain each observation based on your prior knowledge or experience.

Results

Number of drops taken to cause a colour change

Discussion

1 Plot a column or bar graph of the number of drops vs. type of fruit juice. See section 1.6 for more
information on graphs.

2 Describe any trends in your results. Is there any pattern between the type of fruit (e.g. citrus vs. non-citrus)
and the number of drops needed for a colour change? Or is there another pattern present, such as the
colour of the fruit?

3 Another variation is to add the same volume of juice to each test tube and compare. Using your results from
the drop-wise experiment, predict what you think the results of that experiment would be.

4 Evaluate your method and suggest any improvements that you could make if you were to do it again.

See section 1.6 for more information on methods.

Conclusion
Answer your research question, using data from the experiment to support your statement.

Collecting data: Measuring tools

ISBN 978-1-108-99207-7

When scientists use tools to collect data, it’s important
that the results are accurate. Accuracy is the closeness

of a measurement to the true value and there are many
pieces of equipment available to help increase this. The
choice of equipment will depend on how small or large

the thing is that you want to measure.

Length
You can use rulers to measure the length of a

straight object. You can also use measuring tape

© Evan Roberts et al. 2021
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for a non-straight object accuracy

how close a measurement is

or even a trundle wheel for o e e e

large distances.

It is important to use the most appropriate tool and unit
when measuring. For example, if you are measuring the
size of a snail, you would use a ruler and millimetres. If
you are measuring the size of a person, you would use a
measuring tape and centimetres, and if you are measuring
the length of the school grounds, you would use a trundle
wheel and metres.
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Figure 1.14 (a) A measuring tape, (b) a trundle wheel and (c) a laser distance measure for precise distances. Generally, to measure
the length of an object, you use the units millimetre (mm), centimetre (cm), metre (m) or kilometre (km).

The ruler has smaller markings and greater precision than the trundle wheel.

Some professions use a laser distance measuring tool. This tool precision
. . (referring to measuring
uses a laser to make even more precise distance measurements. el e sk of dhe uis

of measurement that are
capable of being read

on a measuring tool (e.g.
millimetres versus metres)

(In science, the precision of a measuring system may also refer

to reliability - see page 29.)

Volume

Volume is measured in cubic units such as cubic millimetres (mm?), cubic centimetres
(cm?) or cubic metres (m?). Volume of a liquid is measured using different-sized measuring
cylinders in millilitres (mL) and litres (L).

The liquid measurement of 1 mL is the same volume as 1 cm® and 1 L is the same

volume as 1 dm?® (1000 mL?). Analytical scientists who require a high degree of
accuracy and precision in volume measurements could also use a pipette. This piece of
laboratory equipment is commonly used when a very small, but accurate, amount of

liquid is required.

Figure 1.15 (a) A measuring cylinder and (b) a scientist using a pipette for dispensing a volume of liquid
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Figure 1.16 A data logger probe

Temperature

Digital thermometers, liquid in glass thermometers and
data logger probes are used to measure the temperature
of different objects. The unit of degrees Celsius (°C) is
used to measure temperature. Thermometers generally
have a maximum temperature of around 110°C and a
minimum temperature of —10°C; however, it would be
extremely rare that you would conduct an investigation

in school where temperatures exceed these numbers.

Section 1.3 WHAT DO SCIENTISTS DO? 27

Figure 1.17 The

liquid in the glass
thermometer shown
uses the measurement
unit Celsius (°C),

but in some parts of
the world, degrees
Fahrenheit (°F) is
used. What are the
differences? When did
¢ Australia start using
| the Celsius scale?

Time

Stopwatches are an accurate way of gathering data about
time. The units of seconds (s) and milliseconds (ms) are

used most in science; however, minutes, hours and days

could also be recorded for long-term experiments.

Practical 1.4

Reading equipment

Aim

To practise taking readings using specific pieces of equipment.
Materials

Station 1 Station 4

* spring balances 100 g, 500 g, 1 kg, 5 kg * stopwatch
e different masses

Station 2 Station 5

e 3 sugar cubes e ruler

* electronic balance * A4 sheet of paper

Station 3

e 2ice cubes

e 50 mL water
* beaker

e thermometer

Procedure
In groups of three, rotate through the stations, taking individual readings and fill out the results table.
Alternatively, you could work alone and collect results from two other people.

Station 1
1 Place the mass onto each spring balance and measure the mass in grams.

2 Copy and complete the table shown in the results section. ,
continued...
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...continued

Station 2

1

2 Keep the sugar cube on the electronic balance and zero the balance.
3 Add two more sugar cubes and record the mass.

Station 3

1 Place 50 mL of water into a 250 mL beaker.

2 Use the thermometer to measure the initial temperature.

3 Add two ice cubes, wait for 30 seconds and then measure the temperature.
4 Record the results in your table.

Station 4

1 Attempt to stop the stopwatch at exactly 2 seconds.

2 Record the results from three attempts.

Station 5

1 Measure the diagonal length of the A4 sheet of paper.

2 Measure the width of the A4 sheet of paper.

3 Measure the length of the A4 sheet of paper.

4  Record the results from three attempts.

Results

Person 1 reading | Person 2 reading | Person 3 reading m

Discussion

1 Station 1: Decide when each of the spring balances would need to be used in an experiment.

2 Station 2: Explain why it is important to zero the electronic balance before each use.

3 Station 3: Propose a reason why it is important to think about time when measuring temperature.

4 Station 4: Explain why it is important to do multiple trials and average the results (the average is also called
the mean).

5 Station 5: Discuss why millimetres were used for units to measure the paper, rather than metres.

6 If there were differences in the temperatures recorded by different people at station 3, suggest possible

Measure the mass of one sugar cube using the electronic balance.

reasons for the differences.
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Mass

Electronic balances and spring balances are used to
measure mass in science. Electronic balances can

give an extremely precise mass reading. The units of
milligrams (mg), grams (g) and kilograms (kg) are used
to measure mass. Larger masses can be measured in
tonnes (1 tonne = 1000 kg).

Minimising error

Errors are differences between the values we observe
and what is actually true. Errors can cause results that
are inaccurate, or even completely false. Random
errors are unpredictable and are generally made by the
experimenter, such as not timing something correctly.
These will affect the reliability of your investigation.
Systematic errors are consistent and may be caused by
faulty equipment or a problematic method. These will

affect the accuracy of your results.

Meniscus

When you try to measure liquid in a container, you will
notice that the sides of the liquid are curved. As discussed
earlier, it is important to take accurate measurements in
science, so you need to know how to measure the curve of
the top of the liquid in the container. This curve is called
the meniscus and it can go up at the sides of the container,
making a concave shape, or down at the sides of the
container, making a convex shape.

Concave Convex

Take reading
from bottom

| Take reading
from top

Figure 1.18 Reading a meniscus

Concave and convex meniscus

Water and water based fluids such as milk produce a
concave meniscus. This is because the molecules in
the fluid are more attracted to the container than they
are to themselves. A convex meniscus is formed when

Section 1.3 WHAT DO SCIENTISTS DO? 29

fluid molecules are more
attracted to themselves than
the container they’re in. This
happens to mercury when
placed in glass.

It is important to take the
reading of the meniscus from
the lowest part of the curve
when the curve is concave and
the highest part of the curve
when the curve is convex.

If you ensure that your
readings are from the correct
part of the meniscus each
time, you will increase the
accuracy of the data you

are gathering.

Parallax error

random error

an error that is random
and caused by factors that
cannot be easily controlled
by the experimenter

reliability

the degree of consistency
of your experimental
measurements. A test is
reliable if it gives the same
result when it is repeated
under the same conditions.

systematic error

an error that causes
measurements to differ
from the true result by a
consistent amount, often
due to faulty or uncalibrated
equipment

meniscus
the surface of a liquid in
a container

concave
a surface that curves inwards

convex
a surface that curves
outwards

parallax error

an error caused by not
reading liquid measurements
at eye level, which leads to
measurements being too
high or too low

When taking a reading from the meniscus of a liquid,

you can also encounter a problem known as parallax

error. This happens when the measurement is
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different from the true value because of your eye being
positioned at an angle to the measurement markings.

If you are looking at the measuring line from above,

Above X

Parallel v/ B
_____________________ e~

Below —

Figure 1.19 Example of parallax error
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you will not be able to accurately measure the meniscus as you need to be at eye level or parallel with the line

you are measuring. This also happens when you are using other instruments such as thermometers.

Quick check 1.6

Define the term ‘'meniscus’.
Explain why measurements are taken from either the top or the bottom of the meniscus.
Explain how a concave meniscus forms.

B WN =

Describe how you would minimise parallax error.

Section 1.3 questions

TR Remembering
1 Describe how an observation is different from an inference.

2 Define qualitative data and quantitative data.
Quiz

Understanding
3 Classify the following pieces of data as qualitative or quantitative.
a Tami scored 74% on the test, Aidan scored 90% on the test.
b Teachers rated their students’ behaviour for ‘Submits work on time’ as Rarely, Sometimes, Often, Always.
¢ Students mixed two chemicals and recorded what they saw. Aaron wrote down, ‘The mixture went blue’.
Hannah wrote down, ‘The mixture went a dark greenish-blue. The test tube felt warm to the touch. Small
bubbles appeared.’
d  The number of times a gorilla ate in a 24-hour period was recorded.

Applying
4 Look around you. Record one observation and make one inference from this observation.

Analysing
5 A scientist undertook the following experiment.
1: Observed that a pot plant seems to grow better the closer it is to a window.
2: Conducted an experiment where a flowering plant was placed in the window and a cactus was placed in
a dark room. The flowering plant was watered and the cactus was not. The flowering plant was also given
fertiliser but the cactus was not.
3: Collected the data and concluded that plants grow better when they are exposed to more sunlight.
a ldentify the error in the scientist’'s method.
b Describe the effect this has on the findings.

Evaluating

6 For the pot plant experiment detailed in Question 5, propose what the scientist could have done differently to
ensure the experiment was fair.

7 Propose what a meniscus would look like if the molecules of a liquid inside a container were equally attracted to
themselves and the container.
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@ The scientific method: Questioning,
predicting and conducting

Learning goals

1 To understand how to develop a research question.
2 To identify experimental variables.

3 To develop a hypothesis.

4 To write an experimental procedure.

Asking research questions as: ‘Why do people prefer red food

. . DOC
over green food?” or ‘Does listening —

Asking questions is the first step in the scientific to music help students focus in class?’ ¥
process, as there needs to be a question asked before Both of these questions can lead to a WORKSHEET
we can try to find an answer. You probably just google possible experiment.

most questions you have, but the answers you find

online are often the result of a lot of scientific research. Brainstorming can be a great way to draw out all possible
A question to research can be about anything, such questions that might be tested.

Figure 1.20 Brainstorming can help you develop questions.
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Think of a question you would love to know the answer to. The question could be anything at all.
Use the following question starters to help you:

What would What are the
change if ... ? reasons ... ?
What f... 2 What is the

purpose of ... ?

Why does this

happen ...? How does this

work ...?

Figure 1.21 Begin by thinking of a question.

2 Develop specific and relevant questions to answer

AL TeR Questions you could investigate from the inquiry

i question shown in Try this 1.3 are:
1 What is palm oil?
2 Develop questions to answer 2 What is palm oil used for?
i 3 Who farms palm oil?
4 Where is Indonesia?
3 Search for sources of information 5 Why is palm oil farmed in Indonesia?
6 What is the age range of the ‘young people’ we are

Figure 1.22 You can follow these steps when conducting

i ?
background research. focusing on?

7 How can farming in another country affect

1 Identify key words Australia?

A simple technique you can use to break down a research 8 What are the effects of palm oil farming?
question is reading with a pen. See Try this 1.3 for ways 9 How do these effects relate to me?

to do this.

3 Search for sources
Try this 1.3 Often when we have a question, other people have asked
the same question and have conducted some form of
Reading with a pen research to find answers.
While reading about your research question, keep a

pen handy. A primary source of information is one that comes
Underline key words or phrases. from your own findings and —

words or phrases you don’t understand. experiments. A secondary clearly defined or identified
? Put this next to something that raises a question. relevant

. ) ) source is when you search for connected to the topic being
I'Put this next to something that surprises you. , investigated
o . : other people’s research and use
Write important thoughts in the margin or around . . primary source
their findings. a source of information
that comes from your own

findings or experiments

the question.

For example: There are many types of secondary source
inai i finf tion that
How does farmlng in Indonesia affect young resources that you can use to i;gi;cggm'zoor;rgzn'gnels;s
people? living in Australia? gather secondary data. research or findings
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i Library — Internet ™
// - v il \
£ ) News )
. Documentaries
\<\ programs

g RESEEE: Newspapers

\ Parents

\Teachers/

Answers

Figure 1.23 Resources for gathering secondary data

Using the internet

The internet is an amazing tool filled with lots

of information. The problem is,

information that sometimes it can be hard to find

Search technique

Group words together

Search for titles or headings

Search for a file type (see
Table 1.7)
Try different spellings

Try a variety of sources

Table 1.6 Search techniques

Use
Presentations
Images

Documents

L

e

Books

Information is biased if the
writer has let their personal

opinion or their own agenda

exactly what you are looking for. It can also be
hard to decide whether the information you
are reading is actually correct and free of bias.

bias

when a source of information
is influenced by personal
opinion or judgement

influence their judgement. For example, if you

search the website of a coffee company for
information about the effects of caffeine, you are

more likely to get information that is biased in

favour of drinking coffee — there might be less

information about the negative effects of caffeine

and more about the positive effects.

Searching

When searching for information, there are

techniques you can use to help refine your search.

there is so much

How?
Use quotation marks to group search
words together
Type: intitle:'search word’
Type: filetype:abbreviation for file
type’search word’
Sometimes words are spelled differently
on US websites, so try spelling search
words the American way.
Google is not designed to bring the
most scientific pages to the front of
your search, so try other search engines
and databases.

.ppt, .key, .pez

For example, if you were researching the question,
‘What are the effects of palm oil farming?’, you
might use the techniques listed in Table 1.6.

Example

"palm oil farming”

intitle:farming palm oil’

filetype:pdf'palm oil’

colour (on Australian and UK websites) is
spelled color on US websites

Google Scholar
Library search engines
Worldbook

Databases your school subscribes to

File type

Jpeg, .psd, .png, tiff
.pdf, .docx, .pub, .pages

Table 1.7 Common file types and their uses

Referencing

Once we have searched and found enough information
relating to a topic that is being studied, it is important

by creating a reference list. There are many types of
reference list formats but all of them will contain:

to make notes on where that information came from. o atitle
This is so the sources can be fact checked at a later date e an author
or used by readers for more in-depth study. We do this o the date of publication.
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One of the most common reference formats is the Harvard Reference System. If you used the Harvard
format to reference this textbook, it would look like this:

Authors’ names

Publication date Title

Roberts, E., Ditton, M., Gouveia, M., Shaw, V., Humphreys, C. and Dale, G. 2021. Cambridge
Science for New South Wales Curriculum Stage 4. 1st ed. Cambridge University Press.

Figure 1.24 Harvard reference system

It is important to make sure that you use
the correct format for your school and
place your references in an alphabetical list

at the end of any research assignment.

Independent, dependent and
controlled variables

Once an observation has been made and

aresearch question generated, the next
variable step is often to conduct an
a component of an

experiment that changes or
can be changed

experiment. Experiments

are conducted in controlled
independent variable
the variable that is changed
during an experiment

situations that a scientist

creates to test only one thing.
dependent variable

a variable that is tested

or measured during an
experiment (as it responds to
the independent variable)

This allows the scientist

to measure the effect that
changing this one thing will
have. The things that will be

changed are called variables.

controlled variable

the variable or variables that
are kept the same during an
experiment

It is hypothesised that as

Choose

Write
independent
variable here

For example:

increases/decreases, the

Edition Publisher

For example, a boy wants to see if changing the place
where a towel is placed after a shower affects the time it
takes to dry. Will laying it on the ground or hanging it on

a rack decrease the drying time?

In this example, the boy is:

 changing the place where the towel is left. This is the
independent variable.

» measuring the time it takes for the towel to dry. This

is the dependent variable.

Both the independent and dependent variables may need
to be measured in an experiment. In an experiment,

we would predict that a change in the independent
variable causes a change in the dependent variable.

To show that only the position of the towel changes the
time it takes to dry, all other factors must be kept the
same, such as the temperature of the room, amount of
water on the towel and the towel used. These are the
controlled variables.

will increase/decrease.

Choose

Write
dependent
variable here

It is hypothesised that as temperature in the backyard (°C) increases, the time taken for

clothes to dry (seconds) will decrease.

Figure 1.25 Setting out a hypothesis: Example 1
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Designing an experiment

35

Writing a hypothesis It is hypothesised that will the

The variables in an experiment are

used to make a prediction - this

prediction is called the hypothesis. The Insert Insert predicted Insert

h hesis i h b independent effect here dependent
ypothesis 1s a short statement about variable here  (increase or  variable here

the expected effect of the independent decrease)

variable on the dependent variable. You
do not need to give a reason for your
prediction. Two good ways to set out

a hypothesis are shown in Figures 1.25
on page 34 and 1.26.

For example:
It is hypothesised that red foods will increase the level of hunger.

Figure 1.26 Setting out a hypothesis: Example 2

Remember these points when writing a 2

hypothesis. 3

1 A hypothesis is a prediction about the
outcome of the experiment. 4

It must be written as a statement that can be tested.

It must include a prediction about how the independent variable
will affect the dependent variable.

Do not use ‘I think ...”

Quick check 1.7

ISBN 978-1-108-99207-7

1 Sequence these steps in the order in which they should be done.

* Conduct the experiment.
° Record and process the results (data).
* Ask a research question.
* Do background research.
2 Define these terms.
a Independent variable
3 Recall what a hypothesis must contain.

Writing a procedure

When designing an experiment, a procedure is a detailed
description of the process involved in an experiment. It
is a set of step-by-step instructions that will enable the
experiment to be repeated exactly as it was originally
conducted. When you write up your scientific report,
you will rewrite your procedure in the past tense for the
'Method' section of your report.

It is important to be as detailed as possible, as this will
allow you to identify any flaws in your process when you
look at your results.

When you are writing an experimental procedure, think
about how you would write the procedure for making

b Dependent variable

© Evan Roberts et al. 2021
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e Construct a hypothesis.
* Analyse the data.
e Evaluate the data and draw conclusions.

¢ Controlled variables

a cake: the baker needs to know exactly how much
flour, sugar, eggs and butter to add, in which order to
add them, how long to cook the cake for and at what
temperature; otherwise the cake could be a disaster.

Points to remember when writing a procedure:

1 Write the steps in order.

2 Start each step with a verb.

3 Include specific names and sizes of equipment used
and quantities measured.

4 Outline what results will be measured and how this
will be done.

5 Identify how the results will be presented.

6 Include the number of repeats that will be carried out.

7 Write in the third person (do not use 'you'/T/'we’).
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When you are writing your procedure, it is important to test. For example, timing how long a substance

to decide how many trials you will undertake. A reliable takes to melt in the fridge, at room temperature, in
and fair experiment should have at least three trials, so direct sunlight and in a flame uses four different

that the mean (average) can be calculated to minimise levels of ‘temperature’, which is the independent

the uncertainties of measurements in the results. variable. This experiment is therefore said to have four

experimental conditions.
You should also consider how many different levels
or situations of the independent variable you want

Practical 1.5

Writing a procedure to test the strength of shapes

Background

In this experiment, you will be measuring the strength under compression of different shapes of paper. You may
choose any shapes you wish, but they all have to be the same height and made of the same materials (one sheet
of A3 paper).

Aim

To measure the strength under compression of different shapes of paper

Materials

e 3 A3 sheets of paper

* 1 piece of cardboard

e several 50 g masses

e sticky tape

® scissors

Procedure
1 Define your variables for this experiment and list them in a table.

Independent variable

Dependent variable

Controlled variable

2 Construct a hypothesis for your experiment. Predict how the independent variable will affect the
dependent variable.
3 Design an experiment to test your prediction by writing out the procedure (or steps) you will follow.

il
ta i

Figure 1.27 Some possible shapes to use (shown on left) and one way to test their strength (shown on right)

Results
Record your results in a table, using the following table as a guide. ,
continued...
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...continued

Independent Dependent variable
variable | Trial1 | Trial2 | Tial3 | Mean |

Discussion

1 Identify the strongest shape you tested.

2 Did anyone in the class have a stronger shape?

3 Suggest one more variable you controlled or should have controlled.

4 Explain why you would add more trials and calculate the mean (average) of the results.

Conclusion

Draw a conclusion regarding the strength of different shapes using data to support your statement.

Section 1.4 questions

Remembering e

1 Define the three types of experimental variables.
2 State the purpose of the aim.

3 List three starters you could use to develop a question. Quz

Understanding
4 Explain why variables have to be controlled.

Applying
5 Explain why a procedure that includes quantitative measurements should be carried out as accurately as possible.
6 A student wants to see if writing all homework in his diary every day will increase his homework scores. For
one term, he records all homework in his diary daily. In the next term, he does not record any homework. He
compares his homework scores for each term.
Identify the:
a independent variable in this experiment
b dependent variable in this experiment.

Analysing
7  Contrast a primary source of data with a secondary source of data.

Evaluating

8  Erika says her scientific research satisfies the scientific method, because she performed all the steps of the
method. She carried out the following steps.

She asked a question.

She conducted an experiment.

She recorded her data.

She analysed her data and created some graphs.

She did some background research to explain her data.

She came up with a hypothesis.

She evaluated the data and found that it supported her hypothesis (she drew a conclusion).

0 NOUT A WN =

She published a report to communicate her findings.
Assess Erika’s claim. Do you agree that she has followed the scientific method? Explain your answer.
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Learning goals
1 To display raw data in an appropriate table.

BEING SCIENTIFIC

The scientific method: Processing
and analysing results

2 To choose appropriate graphs to display different types of data.

3 To recognise trends in graphs.

WORKSHEET

As you have already learned, the early
steps of the scientific method involve

asking a question, doing background

research, constructing a hypothesis,
and designing and conducting the experiment to test
the hypothesis.

Hopefully, the experiment will yield some interesting

data. You will need to:

o collect and record the data during the experiment

o process the data by calculating the mean (average),
and then displaying your results in tables and graphs

o analyse the data by looking for patterns.

Displaying data in tables

It is a good idea to construct a table before the

experiment begins, so you can record the data as you go.

All tables have:

o atitle that describes what is in the table (do not use
‘Results table’).

o lines ruled in pencil (if on paper)

o column headings showing the unit that is measured.

outlier

an extreme data value that is
very different from the other
data and could be the result
of faulty procedure

Data for all trials should

be included in the table, as
well as means, differences or
changes (if appropriate to the experiment). Units should
only appear in the column headings.

ISBN 978-1-108-99207-7
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Example of how to set up a table

An example of a table of data is shown in Figure 1.28.
The title of this table is: ‘How the mass of bicarb added
to vinegar affects the height of bubbles produced

over time.’

The values in a table should all be written to the same
number of decimal places. In Figure 1.29, the table on
the left is wrong, because the third value, 139, is not
given to the same number of decimal places as the
other data.

Once you have recorded your data in a table, it is good
practice to write a short sentence summarising what the

table shows.
For example, from the table in Figure 1.29, you could say:

“The results show that as time (s) increases, the volume

of liquid (mL) also increases.’

Evaluating your data

Before you pack away the equipment, check your data
to make sure you do not have any gaps or outliers. An
outlier is a measurement that is very different from the
data gathered in your other trials. If you see an outlier,
perform that trial again, as the outlier could be the result

of faulty procedure.

Photocopying is restricted under law and this material must not be transferred to another party.
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Section 1.5 THE SCIENTIFIC METHOD: PROCESSING AND ANALYSING RESULTS 39

Table How the mass of bicarb added to vinegar affects the height of bubbles produced over time

The dependent variable is placed in the top
row, and results for each trial are shown.

The independent
Yariable is placed Independent Dependent variable: Height of If multiple
in the left-hand | ESAEERIEE VIS bubbles (mm) trials are
| . i
column bicarb (g) Trial1  Trial2  Trial3  Mean <— recorded, then
you should
89 91 90 90 lso includ
also include
There.sh.ould be 105 104 106 105 2 column for
no units in the >
data cells 139 141 140 140 the mean or
162 165 159 162 average value.

Figure 1.28 How to set up a table of data for how the mass of bicarb added
to vinegar affects the height of bubbles produced over time

X v

Time (s) Volume of Time (5) Volume of
liquid (mL) liquid (mL)
1.0 89.1 1.0 89.1
2.0 105.2 2.0 105.2
3.0 139 3.0 139.0
4.0 162.5 4.0 162.5

Figure 1.29 Data values in a column should all have the same number
of decimal places.

Quick check 1.8

1 Identify the mistake in each of the following tables.

Table 1 Table 2
Time seconds  Temperature Distance (km) Time (s)
0 40°C 1 66.6
60 50°C 2 140.00
120 60°C 3 293.45
180 70°C 4 603.32

2 Construct a table to show the following data.
Max is making toffee. He is using a thermometer to measure the temperature of the sugar. He measures the
temperature after 5 minutes and finds that the temperature of the sugar is 100°C. At 10 minutes it is 108°C, at
15 minutes it is 115°C and at 20 minutes it has reached 122°C.

3 Anna places a bottle of water in a freezer set at Time to freeze (hr) Freezer temperature (°C)

different temperatures and measures how long it takes 6 2
the water to freeze at each temperature. She records 4 4
her results in the table opposite. 3 6
Identify the mistake in the table. > .
ISBN 978-1-108-99207-7 © Evan Roberts et al. 2021 © Cambridge University Press 2021
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Try this 1.4

Testing paper planes
In this activity you will test how the size of a paper aeroplane affects the distance it can travel. You will record the

data from multiple trials in an appropriate results table.

Materials
* A4 paper
® scissors

® measuring tape

Instructions

1 Define the following for your experiment: independent variable, dependent variable and controlled variables.
Create a table of results for your experiment.

2 Construct a hypothesis for your experiment. Predict how the independent variable will affect the dependent

variable.

3 Follow the steps shown in Figure 1.30 to produce a paper aeroplane.

4 Choose four different sizes of paper to make different sized paper aeroplanes. Planes made from bigger
pieces of paper will have a bigger mass and a bigger wing span.

5 Throw the first aeroplane and measure the distance travelled until it hits the ground.

6 Record your measurement in your results table.

7 Repeat throwing this plane for two more trials, recording your result each time.

8 Repeat steps 5-7 for each of the four different planes.

9 Calculate the mean for each set of results.

Fold along the dotted lines.
1 2 3

%7

Figure 1.30 How to make the paper aeroplane

continued...
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...continued
Write a short summary of what your data shows.

Evaluation

1 Identify other variables that you should have controlled during the experiment.

2 Identify one variable that you were not able to control, that could have affected your results (one potential

source of error).

3 Suggest two other independent variables that you could change, other than the size of the aeroplane.

4 Explain the reason for conducting multiple trials and calculating the mean of your results.

Displaying your data in graphs

Now that you have raw data from your experiment, it is important to display
the data in a way that shows any possible patterns, trends or relationships

that your experiment has uncovered.

The type of graph that is appropriate depends on the type of data you have
collected. Quantitative data (numbers) is classified as either continuous or
discrete. Qualitative data (descriptions or worded categories) is classified as

either ordinal or nominal.

Quantitative data: Continuous vs. discrete
Quantitative data relates to numbers. Table 1.8 lists the differences between

continuous and discrete quantitative data.

Continuous data

quantitative data
a form of data that is a numerical measurement

continuous data

quantitative (numerical) data points that have a
value within a range; this type of data is usually
measured

discrete data

quantitative (numerical) data points that have
whole numbers; this type of data is usually
counted

qualitative data
data values that are
worded/descriptive/categorical in nature

ordinal data
qualitative (categorical) data where the categories
have an order, e.g. small, medium, large

nominal data
qualitative (categorical) data where the
categories have no order, e.g. male, female

Discrete data

41

Features Usually measured Usually counted
Takes any value within a range, e.g. might have  Usually takes whole-number values
decimal places

Examples Human height Number of plants

If you measured the height (in metres) of If you counted the number of plant seedlings

every person in the classroom, the data might  that grew in an experiment, the data might
look like:
1,0,5,8,17 ...

It is impossible to have 1.39 plants. You can

look like:

1.75,1.77,1.80, 1.83, 1.99 ...

The data can be placed in a definitive order.
Other examples: only have whole numbers. The data can be
time, weight, temperature (measured with a placed in a definitive order.
thermometer or temperature probe) Other examples:

number of siblings, number of crystals formed

after a chemical reaction

Table 1.8 The differences between continuous and discrete quantitative data
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Line graphs generally used with continuous data, as they show how
A scatter plot is a way of displaying how one quantitative ~ the data points continue on from one another.

variable changes in response to another quantitative

line graph variable, by plotting The lines at the side and bottom of a graph are called

ZitSYFS:yog géaszou:gfutoous points. When the points the axes. When you transfer data from a table, place the

23::1:::2? \i/:fri:greeitznt%es are connected, it is called a independent variable on the x-axis (horizontal axis). The

another variable line graph. Line graphs are dependent variable goes on the y-axis (vertical axis).
— Speed (m/s) The speed of a car over a period of time

10

0 0.0 /
2 1.4 8 /
4 2.6 6

Speed (m/s)
N

6 4.4

8 5.6 /

10 6.6 2

12 8.2 o/. ; . . . .
” 0 0 2 4 6 8 10 12 14

Time (s)

Figure 1.31 Note that in the graph representation of this table, very small crosses have been used to mark the data points.

Practical 1.6

Pendulum swing

Background information
In this practical, you will gather continuous data and convert it into a line graph.

Aim

To test the effect of string length on the time it takes a pendulum to complete one swing.
Materials

e retort stand * protractor

* bosshead and clamp * stopwatch

e 120 cm of string e Blu Tack

e weight for pendulum * graph paper or graphing application such as Excel
Planning

1 Define your variables for this experiment and record them using the table below.

Independent variable
Dependent variable
Controlled variables

2 Construct a hypothesis for your experiment. Predict how the independent variable will affect the
dependent variable.
3 Write a risk assessment for this experiment.

continued...
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...continued

Procedure

1 Attach the weight to the bottom of the piece of string.

2 Tie the string to the bosshead and clamp attached to the retort stand, and measure 20 cm from the join of
the bosshead to the base of the weight, as shown in Figure 1.32.

3 Using the protractor, hold the string tight at 45 degrees and release the pendulum.

4 Start the stopwatch as soon as you release the pendulum and count three full swings (across and back), as
shown in Figure 1.32.

5 When the pendulum returns for the third time, stop the stopwatch and divide the time by 3.

6  Record the time for one swing in the results table.

Results
1 Create a results table for your experiment.
2 Use the mean of each of your trials to produce a line graph. Remember the following points when
constructing your graph.
* Plot the independent variable on the x-axis.
e Plot the dependent variable on the y-axis.
e Label each axis with the variable name and the unit of measurement.
* Write a title for the graph.
e Use an even scale (equal spaces between the numbers on the axes).

Blu Tack

Protractor

Bosshead

Retort stand

Table Starting
position

Pendulum ‘
" Halfa
Full swing \—/ swing

Figure 1.32 Experimental set-up. Left: setting up the pendulum. Right: timing the swing of the pendulum
Conclusion

1 Identify any trends you see in your graph.
2 Explain whether your results supported or refuted your hypothesis.

Qualitative data: ordinal vs. nominal

Qualitative data involves categories, scales or descriptions. This type of data is in the form of words (rather than
numbers). The differences between ordinal and nominal data are listed in Table 1.9.
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Ordinal data
Features Categories have a natural order.
Examples A chemical reaction is performed and the amount of

product produced is described as ‘low’, ‘medium’ or
‘high’. Five trials are completed and the data looks like:
low, high, medium, low, low.

These categories make sense if they are displayed in a
certain order.

Other examples:

month of the year, size of the test tube (small, medium,
large), the participant’s response on a scale (strongly
agree, agree, neutral, disagree, strongly disagree)

Table 1.9 Differences between ordinal and nominal qualitative data

Nominal data
Categories do not have a natural order.
A survey is completed for background
research and participants are asked to
choose their favourite colour from a list.
The data might look like: pink, yellow,
green, blue.
The categories could be displayed in
any order.
Other examples:
gender (male, female), blood type (A, B,
O, AB), eye colour (blue, brown, green)

e Bar graphs

Z;ﬁ:ﬁlﬁ?‘;gﬁ:ﬁgytgf a A bar graph (or column graph) is a way of displaying how a quantitative dependent variable
qualitative variable (ategon) (£ example, heart rate) changes in response to a qualitative independent variable (for
fhrieg;r;mt (0, 0) where the example, breed of animal). Categories are listed along the x-axis and numbers along the y-axis.

x-axis and y-axis intercept

Bar graphs have spaces between the bars — the bars are not positioned next to each other. An example is shown in

Figure 1.33.
Animal Heart rafe 800
(beats/min) =
Camel 35 E 600
Horse 41 %
% 400
Human 70 ©
Rabbit 210 § 200
T
Mouse 670 0.
Rat 750 Camel Horse Human Rabbit Mouse Rat
Animal
Figure 1.33 Data table and bar graph showing heart rates of different mammals
Guidelines for drawing graphs « Use the full width of the graph paper (if drawing
o Always use a sharp, dark pencil (if drawing on paper). on paper) and choose a scale that spreads the data
o Usually the independent variable goes on the x-axis points out over most of the grid. If you are measuring
and the dependent variable on the y-axis. However, quantities where 0 does not mean ‘no quantity’ (for
sometimes you may be asked to plot variables on example, temperature), then you do not have to start
specific axes in a way that contradicts this rule. the axes at zero. If the range of values does not go to
o Axes should be labelled with the quantity being zero (for example, 85-115), then don’t start the axes
measured and the units. The units should be in at zero. In this example, you could start the axis at 80
brackets after the quantity name — for example, and continue the numbers to 120. If the quantities on
time (s) or volume (L). both axes go to zero, then the origin (where the axes

meet) should be at (0, 0).
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o The scale needs to increase evenly, preferably with o Data points can be marked with an %', not a dot,
each grid square used to represent multiples of 1, 2, 5 because dots (unless surrounded by a small circle) often
or 10. Do not have breaks in the scale — for example, disappear under a line of best fit. If you are plotting
you can’t show 0 to 20 in intervals of 5 and then skip multiple sets of data on the same graph, use different-
straight to 60. coloured points for each data set and add a legend.

Practical 1.7

Insulation of water

Background information
In this practical, you will gather data in order to produce a bar graph. You will test the effect of foil, paper and
cotton wool as insulating materials, and measure how this affects the cooling rate of water.

Aim

To test the effect of different materials on the cooling rate of water.
Materials

e 4 x 250 mL beakers e cotton wool

o kettle * paper

e thermometers * stopwatch

e foil e elastic band

Planning

1 Complete some background research to write a brief summary on insulation.
2 Define your variables for this experiment and record them using the table below. Also include the type of
data that each variable will yield.

Variable yields what type
of data?

Independent variable
Dependent variable
Controlled variables N/A

3 Construct a hypothesis for your experiment. Predict how the independent variable will affect the

dependent variable.

Procedure

1 Cover the sides of three beakers with either cotton wool, paper or foil, and use elastic bands to secure the
covers in place. Leave one beaker without covering.

2 Place one thermometer in each of the beakers.

w

Boil the kettle and pour 100 mL of boiling water into each of the beakers. Start the stopwatch immediately.

4  Time for 5 minutes using the stopwatch, and then measure and record the temperature of the water in
each beaker.

5 Gather data from two more trials, from other groups in your class. Add these to the results table and

calculate the mean temperature after 5 minutes for each insulating material.

Results
1 Copy and complete the following table to record your results.

continued...
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...continued

. Temperature after 5 minutes (°C)
Cover material - - :
| Talt | Tal2 | Tial3 | Mean
Foil
Paper

Cotton wool

No cover

2 Create a bar graph for the mean data in your results table. Put the independent variable (insulating material)
on the x-axis and the dependent variable (temperature after 5 minutes) on the y-axis.

Discussion
1 Explain whether your results supported or refuted your hypothesis.

2 Suggest a reason for using a beaker with no cover material.

3 Suggest a reason for putting your data into a bar graph, rather than just leaving it in a table.

4 |dentify potential sources of measurement uncertainties or experimental faults in this experiment.

5 Suggest one way you could improve the experimental design if you were to repeat this experiment in the future.
Analysing data 12
Analysing data involves examining the tables and graphs 101 y :
and looking for patterns and relationships. -§ 8 X X

2 6 - : X X

The graph in Figure 1.34 shows a steady increase. You = v % x
would describe this by saying, ‘As the age of the child (in 8 41 X X
years) increases, the size of clothing also increases’. 24« : * »
Describing patterns 0 0 > 4 5 5 10
We refer to patterns in graphs as trends. The following Age of child (years)

graphs show some common trends you might observe Figure 1.34 The effect of child age on clothing size

and describe.

3000
The graph in Figure 1.35 shows a rapid increase that 2
reaches a plateau (flat line) and then remains constant. g 2000 |
You would describe this by saying, ‘Initially during @
the first 60 months or so, as the number of months Hg Plateau
increases, the number of customers increases rapidly g 1000
from 0 to 2000. Then, for the next 100 months, the g
number of customers remains fairly constant at = 0
around 2000°. 0 50 100 150 200

Number of months

Figure 1.35 The total number of customers over months

ISBN 978-1-108-99207-7 © Evan Roberts et al. 2021 © Cambridge University Press 2021
Photocopying is restricted under law and this material must not be transferred to another party.



ISBN 978-1-108-99207-7

Section 1.5 THE SCIENTIFIC METHOD: PROCESSING AND ANALYSING RESULTS

47

Figure 1.36 shows an exponential increase. For the first 10 hours, the number of bacteria increases slowly from 10000

to 30000. After 10 hours, the number of bacteria increases more rapidly.

Figure 1.37 doesn’t show a clear pattern. There are seemingly random fluctuations over time.

100
90
80
70
60
50
40
30

20
10 M

0

0 5 1b 15 20
Time (hours)

Number of bacteria (thousands)

Figure 1.36 The number of bacteria over a period of time

Drawing a line of best fit

Once you have plotted your data, you may see a pattern
(trend) in the results, such as a straight line or a curve.
To highlight this pattern, we can use a curve or line of
best fit. Connecting every data point suggests that there
are absolutely no errors in the data, whereas a line of
best fit approximates the relationship between the two
variables. You can also use the line of best fit to predict
missing measurements. If you make predictions inside
the data set you originally collected, this prediction

is called interpolation. This can be reliable in some
circumstances, but not always. Care should be taken. If
you predict outside the original data set, this prediction

is called extrapolation and is less reliable.

When drawing a line of best fit, make sure that there are as
many points on one side of the line as on the other. You do
not need to join each data point with the line. The line of
best fit is like an ‘average’ that runs smoothly through the
middle of the data points and makes the trend obvious.

A line of best fit:

o should be continuous

o can be straight, curved or any other shape that fits
the data points. Do not try to draw a straight line of
best fit over data that is clearly curved

« should not be forced through a (0, 0) origin if one is
used on the graph

© Evan Roberts et al. 2021
Photocopying is restricted under law and this material must not be transferred to another party.

38.5 1 X
38.0 -
37.5-
37.0 -
36.5 4
36.0 b

Temperature (°C)

Day

Figure 1.37 Temperature fluctuations over a 7-day period

o should not be drawn beyond the range of the
data points. It can, however, be linked back to
the axes with a dotted

. exponential
or dashed line, as shown a population that grows at a

. . rate proportional to its size

in Figure 1.38.

interpolation

using existing data (such as

a line of best fit) within the

original data set to make a

reliable prediction

Figure 1.38 is a scatter plot

with a line of best fit, drawn
extrapolation

using existing data (such as
a line of best fit) outside the
original data set to make a
prediction

in red. Note how the line
runs through the ‘middle’ of

the data, like an average.

Predicting in here = interpolation
A
r B

60 -

% Line of best fit

v

Actual data points
 from experiment

Time for reaction to start (s)

30
Predicting in
i dotted regions
= extrapolation
] e
0 . . . - >
0 1 2 3

Concentration of acid (M)

Figure 1.38 The effect of acid concentration on the time taken
for a reaction to start
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The dotted regions are where the line has been 120
continued past the original data set. If you use the line 100 %
in these regions (for example, to predict the reaction )
time for 0.1 M acid), then it is extrapolation and is less °© 80
reliable. 2 60
5 X
£ 40 ¥g
The line of best fit is not always a straight line. The G o —
graph in Figure 1.39 shows how 100 mL of water cools 20
over 100 minutes. As you can see, a straight line would 0
not fit the dots very well. In this case, the line of best fit 0 20 40 60 80 100 120
is a curved line. Time (min)

Figure 1.39 Cooling of 100 mL of water over time

Practical 1.8

Balloon popping

Background information
. . : , Be careful
In this practical, you will gather data that can be turned into a scatter graph. == _-7ooromcoooooooioioio oo

Aim for this practical.
To test the effect of number of breaths on the circumference of a balloon.

Materials
e balloon e ruler
* string e safety glasses

° permanent marker

Procedure

1 Do this activity in groups of two. Lay the balloon as flat as possible on the workbench. Using the string,
measure the circumference at the widest part of the balloon. Use the ruler to measure the string.

2 Using a permanent marker, draw a line on the balloon to indicate where you took the first measurement.

3 Use one breath to inflate the balloon. Without tying the balloon, measure the circumference along the line
you have already drawn. (First measure the circumference using the string, and then measure the length of
the string using the ruler.)

4 Repeat step 3, adding more volume to the balloon by one breath at a time, recording your results until the
balloon pops.

5 Use your results to draw a line graph.

Results
1 Create a results table for this experiment.
2 Draw a line graph. Number of breaths should be on the x-axis and balloon circumference is on the y-axis.

Discussion

1 Identify one trend that you observed in your graph.

2 Suggest possible experimental uncertainties and faults in this experiment.

3 Suggest one way to improve the experimental design if you were to conduct this experiment again in the future.

Conclusion
Draw a conclusion from this experiment. Justify your answer with data.
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Section 1.5 questions

Remembering

1 State where units of measurement go, in a results table.
2 List four features of a correctly drawn results table.

3 Recall the term used when a measurement is repeated. Quiz
Understanding
4 Explain what to look for when evaluating your data.
5 Describe where the independent and dependent variables should be placed, in a table.
6 Describe where the independent and dependent variables should be placed, on a graph.
Applying
7 Compare qualitative and quantitative data.
8 Compare continuous and discrete data.
Analysing
9 Identify two things wrong with the following table.
Height Bounce height (cm)
dropped Trial 1 Trial 2 Trial 3 Average
Tm 20 20 20 20
2m 40.5 41 40 40.5
3m 80 90 85 85

Evaluating

10 Martin had a bag of lollies of different colours. He found that, when he offered them to friends, he was always
left with black lollies. He decided to conduct an experiment to test people’s favourite lolly colours. He shared
a bag that had 20 of each colour and recorded what was left at the end. From this he worked out how many of
each colour had been eaten. The results are shown in the table.

Lolly colour Number of lollies eaten
Black 4
Green 13
Yellow 18
Red 20

a Suggest the type of graph that should be used to represent this data.
b Identify which column would be used as the dependent variable.
¢ Identify the independent variable in this experiment.
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The scientific method: Evaluating
and communicating

Learning goals
1 Evaluate the reliability, validity and accuracy of an experiment.
2 Draw conclusions based on the data gathered from an experiment.

experiment, recorded the data in a table

After you have conducted an Evaluation
ij

and presented the data in a graph, it is The evaluation section of your scientific report is

WORKSHEET where you outline any problems you faced during the

time to explain what the data is showing.

. . . . . experiment and offer suggestions for improvements or
This is done in the analysis and conclusion sections of P &8 b

a scientific report. The reliability of your experiment is extensions to the method,

considered in the evaluation section. . .
Any suggested improvements should include the

following information:

Analysis o abrief description of the problem encountered

Once you have presented your data in a graph, you will » adescription of how the problem affected the results

need to analyse and interpret it. You need to state if thereis ¢ a description of how you could improve the

any pattern, trend or relationship between the independent experimental method (e.g. use different equipment

and dependent variable. This should be applicable to your or change the order of the steps)

research question. You can also include some scientific  an explanation of how this would improve

validity theory that you found out the reliability, validity and accuracy of the

3 measure of nggfg‘;iﬁgent during your initial research to measurements. The Table 1.10 provides more detail

reflect what they should explain your results. on the difference between reliability and validity.
Reliability Validity

What does it ~ The extent to which the results can be The extent to which the results really measure

tell you? reproduced when the research is repeated what they are supposed to measure.

under the same conditions.

How is it By checking the consistency of results across By checking how well the results correspond to
assessed? time, across different observers, and across established theories and other measures of the
parts of the test itself. same concept.

How do they A reliable measurement is not always valid: the A valid measurement is generally reliable: if a
relate? results might be reproducible, but they're not  test produces accurate results, they should be
necessarily correct. reproducible.

Table 1.10 The difference between reliability and validity
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Figure 1.40 Does salt affect the boilting point of water?

Here is an example.

Some students conducted an investigation into the
effect of salt on the boiling point of water. They used
a thermometer to measure the temperature at boiling
point after salt had been added.

Description of the problem

The thermometer did not allow accurate readings,
because the boiling point is found when the temperature
stays the same for a period of time even though more
heat is added. Depending on the type of thermometer
and the size of the gradations, it may be difficult to see

changes on a thermometer.
How the problem affected the results

It was unclear whether the temperature was staying the
same, so the students had to make a judgement about
when this occurred. This judgement could vary from

person to person.
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How it could be improved

Using a temperature probe, a data logger or an
electronic thermometer could allow more accurate

measurements.

Explanation of how this would improve accuracy,
reliability and validity.

The data collected would be digital and more accurate,
as there would be fewer measurement uncertainties.

Writing a conclusion

A conclusion is a short paragraph in a scientific report,

and should always include three key ideas:

« what claim can be made from the experiment
regarding the independent and dependent variables

o the evidence from your data that supports this claim

« an explanation of whether the data supports or
disproves the hypothesis.

Remember, a hypothesis is never right or wrong. It is
only supported or not supported which leads to more
questions that need to be answered.

Here is an example.
Stuart conducts an experiment to see if taking his dog
Jimmy for more walks reduces the number of socks

Jimmy destroys.

Stuart’s hypothesis is: ‘It is hypothesised that the more
walks Jimmy has per day, the fewer socks he will destroy.’

Stuart put his results into a graph and produced a line of
best fit, shown in Figure 1.41.
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Number of socks chewed
w

0 1 2 3 4 5
Number of walks per day

[OR
~

Figure 1.41 The effect of walks on the number of
socks chewed

From the graph, Stuart developed the following conclusion:

‘This experiment suggests that there is a relationship between the number of walks Jimmy has per day and
the number of socks he destroys. The data shows that as the number of walks per day increased, there was a
decreasing trend in the number of socks chewed, with five socks being chewed with one walk and no socks being

chewed when there were six walks. This supports the hypothesis.’

Try this 1.5

Gen conducted an experiment to see if the distance from a window would affect the growth of her potted plants.
Gen's hypothesis was: ‘It is hypothesised that, as distance from the window increases, the growth of the plants
will decrease.’
Gen measured her plants before the experiment, placed them at different distances from the window and
measured them two months later. She then graphed her results and obtained a line of best fit.
1 Develop a conclusion based on Gen'’s results.
2 Suggest three controlled variables that Gen would have used, to make this a fair test.
3 Propose two possible causes for the increase in plant height for the plant that was placed 6 m from
the window.

16

A\

14

12 N\
ol N\

Plant height growth (mm)
00}
X

o N & O
/|
N

0 1 2 3 4 5 6 7
Distance from window (m)

Figure 1.42 How the distance from a window affects
plant height growth
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Section 1.6 questions

Remembering
1 Name the part of a scientific report that states whether the hypothesis was supported.
2 Name the part of a scientific report where you can talk about problems you faced and changes

you would make. Quiz
Understanding
3 Explain how to draw a line of best fit.
4 Explain why graphs are used in a scientific report.
Applying
5 Compare the use of a scientific report with that of a scientific poster.
Analysing
6 ldentify the general trend shown in the graph in Figure 1.43.
1000
900 .
800
c 700 %
2 600
©
g 500
S 400 %
300
200 .
x
100 T XX XN XN
O T T T T T 1
1750 1800 1850 1900 1950 2000 2050
Year
Figure 1.43
7 ldentify the general trend in the graph shown in Figure 1.44.
/
L0 :
o i
£ i
z |
£ !
e i
(] 1
= i
Time (s) 5
Figure 1.44
Evaluating
8 Use this table of data to answer the Temperature (°C)
i Time (s
questions below. 2 Trial 1 Trial 2 Trial 3 Average
a Calculéte the average for the 60 80 83 82
results in the table. = o v s
b Identify the outlier in the results.
Draw an appropriate graph for the 160 S =2 L2
average data presented above.
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Chapter checklist

You can download this checklist from the Interactive Textbook to complete it.

Success criteria Check
@ 1.1 | can name different fields of science and what is studied in them.
SCORCHER e.g. Name the study of living things.

1.2 | can name the type of equipment that should be used to gather data for
an experiment.
e.g. Name the equipment that can be used to measure a short amount of time.

1.2 | can identify hazards in the laboratory and control them.
e.g. Describe what could be done to prevent slipping.

1.3l understand how to read a meniscus.
e.g. Describe how to read a meniscus.

1.3 | can describe each stage in the scientific process.
e.g. Observation and questions, background research, hypothesis, .
process data, analyse data, , conclusion

1.4 | can identify the different types of variables in an experiment.

e.g. Distinguish between the independent and dependent variables.

1.5 | can distinguish between quantitative and qualitative data.
e.g. List two examples each of qualitative and quantitative data.

1.5 | can select the most appropriate type of graph for a set of results.
e.g. Name the graph that should be used for showing changes in temperature
over time.

1.5 I can interpret trends in graphs.

e.g. Name the word used to describe a flattening out of data.

1.6 | can write a conclusion for the experiment.
e.g. Describe how the results from the experiment support or do not support
the hypothesis.

Reflections

1 What connections come to mind when you think about being scientific and your everyday life?
2 What new concepts have extended your thinking about being scientific?
3 What information did you find challenging or confusing?
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Data questions

Chapter 1 CHAPTER REVIEW

You can measure 100 mL of water in a measuring cylinder by filling the glassware to the 100 mL line

and making sure that the water level is read correctly from the bottom of the meniscus. Some Year 7

students measured out 100 mL of water in a measuring cylinder and weighed the amount of water on

an electronic balance. They repeated this experiment 10 times and the results are shown in Table 1.11.

Measuring cylinder Mass of water (g)
1 100.0
2 96.5
3 100.0
4 100.0
5 99.7
6 100.8
7 100.3
8 99.9
9 99.7
10 104.2

Table 1.11 Mass of 100 mL of water measured in a measuring cylinder and
weighed on an electronic balance

1 1 mL of water has a mass of 1 g. Use this information to determine
what should be the accurate value for the mass of 100 mL of water.

2 Identify two results which are considered furthest away from the
accurate value.

3 Use the data in Table 1.11 to describe the differences in the
collected results.

4 Deduce whether the differences in results identified in Question 3
could be from the measuring cylinder or the electronic balance
or both.

5 Infer why there might be considerable differences in the
collected data.

6 If the students were to repeat this experiment 10 more times, predict
whether the results would change.

ISBN 978-1-108-99207-7 © Evan Roberts et al. 2021

© Cambridge University Press 2021

Photocopying is restricted under law and this material must not be transferred to another party.

55




56

A
/‘ .
Chapter 2
Forces

Inquiry questions

Com—
Why do forces cause objects to move?
How can objects respond to forces?

PRE-TEST

How do non-contact forces work?

Chapter introduction

When you travel to school, you might use
a train, car, bus, bicycle or even walk, all
of which use forces. At school, you open
doors, use a pen to write, open your lunch
box, carry your bag and play sport, all of
which involve forces. Even if you are just sitting
still, the chair you are using provides a force
to support your weight, which stops you falling
down. In this chapter, you will learn how to identify,
measure and classify forces. You will also see how two
or more forces may be combined to make a stronger

force or to cancel each other out completely. In the final

part of the chapter, you will learn about gravity and how its

effects can be felt on Earth and in space.
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Chapter map

A force is a push,
pull or twist

There can be more than
Types of forces ; .
one force acting at a time

\

Contact Non-contact Equal a.nd Unequal and
opposite opposite forces

% £ \ 8

A\ A

Applied Gravity Balanced forces Unbalanced forces
Impact Magnetic

Friction Electrostatic

Tension

Elasti
S:r?nlg No change
Buoyancy iIn motion l

Y

Net force

Change in motion
(speed and/

or direction)
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@ Applying forces on objects

Learning goals

1 To identify forces, how they are measured and how they are represented in diagrams.

2 To be able to discuss the effects forces have on objects.

WORKSHEET

A force is being applied whenever
something is given a push or a pull, or
is rotated or twisted. Forces are part

of our everyday life. They are found in

sport, music, transport, at home and in the work place.

For example, when you push your pen across the paper
to write, strum guitar strings or slam dunk a basketball

... those are all forces! In
nature, the forces from the
flap of a bird’s wings allows
it to soar in the air, and the
push in a grasshopper’s legs

lets it jump.

force
a push, pull or twist in a
specific direction

push
to exert a force away from
something

pull
to exert a force towards
something

twist
to turn something

Try this 2.1

The following picture demonstrates forces in action. Make a list of all the pushing and pulling forces you can see
in the following image, and if you can, describe what it is in each case that is doing the pushing or pulling.

N

y S
3
-~
A O
& a
&~ =
§ S
S
=

Figure 2.1 Having fun in the park means many forces are in action.
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Section 2.1

Table 2.1 gives a summary of some of the forces and associated terms.

Contact or Type of
non-contact force
Contact forces  Pushing
Pulling
Impact
Friction
Non-contact Gravity
forces (acting
at a distance)  Magnetic

Electrostatic

Description

One object moves or tries to move another that it is
touching, away from it

One object moves or tries to move an object which
it is attached to, towards it

The force of one object hitting another

The force between two things rubbing together
that makes them (or tries to make them) slow down
relative to each other

The apparent force of attraction when one thing
moves near something that has mass

The attraction or repulsion of magnetically
charged objects

The attraction or repulsion of objects that have an
electric charge

CES ON OBJECTS

Example

Pushing a trolley

Pulling on a lead to move
an animal

Action of a bat on a ball
Brake pads rubbing on the
wheel of a bike

The force that keeps you
on the ground

A magnet picking up bits
of iron

Attraction of pieces of
paper to a rubbed balloon

ISBN 978-1-108-99207-7

Table 2.1 Forces summary
How are forces measured?

Forces are measured using a unit called the newton (N).
One newton is approximately the force you need to keep
a large apple from falling.

Springs are usually used to measure forces because a
spring will stretch when a pulling force acts on it, and will
be squashed or compressed when a pushing force acts

on it. In your classroom, you may use something called

a spring balance or newton meter, which can measure
pulls. At home, you may use kitchen or bathroom scales
to measure the force of a push. The bigger the force you

are measuring, the stronger the spring will need to be.

You may wonder why you are using scales and spring
balances to measure forces, when in homes and stores
they measure weight. But mass and weight are not the
same thing in science, though in daily life the terms
are used interchangeably. An object’s mass is related
to the amount of material that it contains, measured in
grams or kilograms, and it is the same everywhere in
the universe. Its weight, on the other hand, depends on
its mass and the strength of gravity at its location. The
weight of an object is the force with which gravity pulls
it towards the centre of the Earth, whether it is falling
or pressing down on the surface that it is resting on.

So, scales and balances really measure a force — weight

© Evan Roberts et al. 2021
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- even though they may be
labelled in units of mass such

as kilogram or grams.

On Earth’s surface, an object

with a mass of 1 kilogram has

a weight of about 9.8 newtons

(N). So, if a spring balance
is labelled in N, it can

also be used to measure
mass in kilograms (kg),
approximately, with

a conversion rate of

1 N =0.102 kg. Your
kitchen or bathroom
scales can measure forces
(approximately) if you use a
conversion of 1 kg =9.8 N.

Figure 2.2 A spring balance or
newton meter can be used to
measure a pulling force such as
the weight of an object hanging
from it. For some scales,

you would need to convert
kilograms to newtons to obtain
the weight.

newton

the unit of force; one newton
is roughly equal to the force
you need to keep a 102 g
apple from falling

weight

the force of gravity on an
object; it is measured in

newtons and changes in

space

mass

the amount of substance
in an object; mass never
changes, even in space

© Cambridge University Press 2021
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Practical 2.1

Using a spring balance

Aim
To select the most appropriate spring balance.

Materials
* arange of spring balances (e.g. TN, 5N, 10 N, 50 N)

Procedure
1 Copy the results table into your science book.
2 Determine the force needed to complete the actions in the table.

Results

| fem Force required (N)

Hold your pencil case

Drag this textbook across the table

Remove a piece of sticky tape from your desk
Open the lab door

Drag your stool across the floor

Hold your school bag

Discussion

1 State whether the forces applied to the items are push or pull forces.

2 Name the forces involved when hanging and dragging an item.

3 Sequence the items in order from most to least force required to drag them.
4 Explain why the same spring balance could not be used for all of the actions.

Advances in science 2.1

A new device to measure the force of a bird’s wings while flying
In 2015, research came out about a new device that

is going to help scientists understand the forces birds
generate while flying. You know that a bird flaps it wings
to fly, but determining how a bird generates lift has
been a problem for scientists. The device is called an
aerodynamic force platform, and it works like the force
platforms that have allowed bioengineers to study the
forces that humans exert to walk or run. Essentially, it

is a box the size and shape of a large birdcage, with
supersensitive force sensors attached to the bottom of
the box. As the bird flies, each beat of its wings pushes

against the air, which in turn pushes against the bottom

Figure 2.3 Identifying how a bird generates lift has been
precise measurement for each stroke of the bird’s wings. an issue for scientists.

of the box. These forces are recorded to produce a

ISBN 978-1-108-99207-7 © Evan Roberts et al. 2021 © Cambridge University Press 2021
Photocopying is restricted under law and this material must not be transferred to another party.



ISBN 978-1-108-99207-7

Section 2.1

How do you draw forces?

When you want to indicate the forces acting on an
object, you draw a force diagram. This diagram uses
arrows to show both the direction and size of the force.
For example, look at the image of a hanging plant held
by a hook in Figure 2.4. The plant is being pulled down

’7 due to gravity, and the

é length of the arrow on

the diagram represents
the size of this force.
What stops the plant
from falling is a force
called tension, which
comes from the chain.
The size of the tension
force must be the same as
that of gravity, and work
in the opposite direction,
to hold the plant in place.
In other words, the forces
of gravity and tension
are equal and opposite,
so they are balanced. On

the diagram, the arrow

for the tension force is

Figure 2.4 The tension in the
chain pulling up (red) balances
the pull down (blue) of the
plant due to gravity.

drawn with the same size
as the arrow for gravity,

but pointing up.

In Figure 2.5, there are three plants and you can draw
a force of gravity arrow for each one, with length
proportional (corresponding) to their weight. The
size of the tension force to hold the three plants up
must equal the total of all their gravity forces. So on
the diagram, the tension arrow is drawn as long as the
three gravity arrows added together.

Interactions of forces

Forces can either work together or against each other.
For example, in a tug of war, the two teams apply forces
in opposite directions. If the forces are equal in size,
there will be no change in the movement (in this case,
because there is no movement then there will continue

© Evan Roberts et al. 2021
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Figure 2.5 The tension in the chain pulling up (red) is equal to
the sum of the pull down (blue) of the three plant baskets due
to gravity.

to be no movement). Equal and opposite forces are said
to be balanced.

Forces can also be unbalanced, meaning that one
force is bigger than another. For example, if you
have a tug-of-war with all the people having the
same strength, and one side has more people,
then that side will pull with a greater force, so
the forces are said to be

gravity

a non-contact force

describing the pull of any
object with mass

unbalanced, and the stronger
team will move the other
team (Figure 2.6 on page 62).  tension

the force in a wire, cable or

Unbalanced forces cause a string when being stretched

change in movement. This elbreed] forees
forces of the same size
but that act in opposite
directions

change in movement can be

seen by something slowing
unbalanced forces

a combination of one or
more forces that has an
overall effect, and which
changes an object’s motion

down, speeding up, changing
direction, changing shape

or rotating.
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Figure 2.6 Unbalanced forces exist when there are not equal-sized forces pulling in opposite directions, which causes change in movement.

(@) Quick check 2.1
1

Define the following key terms in s

WIDGET =L
Fly a your own words: force, newton, T
helicopter v ;

balanced, unbalanced. ;
2 Identify which of the following .
activities use a push force and
which use a pull force.
a catching a fish on a
fishing rod
b dragging your toboggan
behind you in the snow
¢ cutting up salad vegetables
for lunch
writing in your exercise book

typing on your computer

lifting a heavy school bag Figure 2.7 A hiker carrying a backpack
hitting a hockey ball

SQau o o

putting on your slippers at night.
3 Explain how a spring can be useful in measuring force.
4 Match each force to its approximate value.

Weight of an apple 700 N
Weight of a car 1N
Weight of an adult 100 N
Weight of a dog 7000 N

5 The hiker in Figure 2.7 exerts an upward force on her bag when she carries it, while the
downward force is gravity.
a Decide if these forces are acting together or working against each other.
b Communicate where and what size the arrows should be on the image.
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Section 2.1

What are the results of applying
a force?

You may have noticed that a force can be applied to
change the motion of an object, but this is not always the
result. There are four main changes that can occur due
to a force acting on an object, and it depends on whether
the forces are balanced or unbalanced.

1 A force can balance another force so there is no

change in its motion.

APPLYING FORCES ON OBJECTS 63

2 A force can change an object’s

speed to make it go faster or slower,

VIDEO
How do you
know a force

is acting on an
object?

including starting from rest when its
speed was zero.
3 A force can make an object rotate or

change its direction of motion.

4 A force can change an

rotate
to turn or spin on an axis

object’s shape by moulding,
bending, stretching or

breaking it.

Try this 2.2

Observing forces

Use the materials listed to perform the tasks in the table below.

* rubber band * paperclip
* lump of modelling clay e inflated balloon
* tennis ball e plastic counter

e bar magnet

Draw the table in your book and record your observations.

"
as
Change in motion or shape | Force that caused the change

Stretch a rubber band
Squash a lump of modelling clay
Drop a tennis ball and catch it when it bounces

Bring a bar magnet close to a paperclip

Use your hands to compress an inflated
balloon (be careful not to pop it)

Rub an inflated balloon against your head and
then hold it near your hair

Use your fingers to flick a plastic counter
across a table

1 A force can balance another force.

You saw earlier that two forces that are equal in size and
are applied in opposite directions balance each other
out and so have no overall effect on the movement of
an object. When forces are balanced, a stationary object
remains stationary. If an object is moving, it keeps

moving at the same speed and in the same direction.

© Evan Roberts et al. 2021
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Let’s have a look at just a few examples. What forces act
on a book when it is resting on a surface such as a shelf?
The weight of a book is balanced by the shelf pushing
up on it. This force is equal and opposite to the weight,
so they are balanced. If the pull of gravity on the book
was bigger than the push up of the shelf, the book would
fall through the shelf. What would happen if the shelf
pushed up more than the book is pulled down?
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Just because a force is buoyaney force
the force experienced by an

balanced, does not mean object that is partially or fully

A there is no movement going submerged in a fluid, e.g.
water or air
on. Look at the example of air resistance
the car in Figure 2.10. There the frictional force of the air
f f . h friction
)i\ our forces acting on the car. a contact force opposing
/‘—E = . motion due to the
/\“—\ ' /\ The thrust from the engine interaction between two
/ k pushes the car forward, S
A \ while air resistance and a net force :
Epa— e N the sum of all forces acting
’ force called friction (the @11 1 Elaflast
o .
+ force of the road against the
v e wheels) slow it. The weight of the car pulls it down
and the road surface pushes it back up. If these forces
Figure 2.8 The weight of the book (blue) is pulling down are balanced the net force acting on the car is zero,

towards Earth due to gravity. This is balanced by the force of

the other books pushing back at it (red). therefore it will continue to move at a constant speed.

If the car starts to speed up or slow down, then there
An object floating in water, like the ball in Figure 2.9, is an unbalanced force applied to the car. This causes
has an upwards buoyancy force that balances the pull the net force to change from zero.
of gravity on the ball down (its weight). Consider what
would happen if the pull of gravity was larger than the

buoyancy force.

Support force

Figure 2.9 The weight of the ball (blue) is balanced by the Figure 2.10 The forces on the car are balanced and the car
buoyancy force of the water (red). travels at a constant speed.

Try this 2.3

These rocks at Stonehenge in England have been

exerting forces on each other for around 5000 years.
Begin by identifying where the forces are acting. Then
explain whether they are balanced or unbalanced.
What is the evidence that allowed you to come to

this conclusion?

Figure 2.11 Stonehenge is one of
the wonders of the world.
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Quick check 2.2

1 A painting is hanging on a wall from a nail. Decide if the forces on it are balanced or unbalanced.

2 Adrone is hovering in the sky. Its weight is pulling it downwards and the force of its rotors is pulling it
upwards. Decide if these two forces are balanced.

3 A swimmer is racing from one end of the pool to the other at a constant speed. Explain what must be true of
the forces on the swimmer.

4 Draw a truck that is changing its speed and going faster as it travels along a highway. Add force arrows to
your drawing, showing how the forces are acting on the truck change.

2 A force can change an object’s speed. Objects changing speed can impact force

Sports are great activities to look for unbalanced forces. get slower as well. Brakes on a ?ocrzgﬁrztefsogfwelytraitts for
Can you think of some examples in sports of when bicycle and car apply forces to ?oiié’fcﬂ;”fgé’ Eilgffiit
something has sped up due to a force? A golf club reduce the speed in this way. peed

hitting a golf ball is a very sudden and quick change in You may have noticed if you ;lgicr;gt:a::cr:akes an object
the speed of the ball, and for this reason is classed as an stop pedalling your bicycle on  s@rtersioprorting
impact force. Many ball sports involve impact forces, a flat road, even if the wind is

because the ball is hit by a tennis racquet, hockey stick or ~ minimal, you will slow down and eventually stop. This
cricket bat. is because friction has been working in the opposite

direction of your travel the entire time. When you stop
applying force via pedalling, friction is now the larger
force and will slow you until you stop.

3 A force can make an object rotate or
change its direction.

As well as changing the speed of an object, unbalanced
forces can make objects rotate, change direction or spin.
Think of all the vehicles that use force to turn their wheels,
and you will realise that rotating forces are very common.

Turning forces are not just found in transport, but also

Figure 2.12 The force of the golf club changes the speed of the bathroom taps, door handles and even doors themselves,

golf ball from zero to extremely fast in a matter of milliseconds. which turn when a force is applied to open them.

Figure 2.13 In the bathroom, the force of your  Figure 2.14 In the workshop, screwdrivers and drills  Figure 2.15 In the kitchen, a food mixer
hand results in the top of the tap rotating. require a force to make them turn. uses turning forces.
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o— — — O

Before impact During impact After impact

Figure 2.16 What about changing the direction of an object using force? When a ball directly hits a wall, the direction of the
rebound will be in the opposite direction to how it was thrown. The green arrows indicate the direction of the ball, and the red
arrow represents the force of the wall on the ball.

Quick check 2.3

Name some sports where a force can change the speed of an object or a person.

Name some sports where a force can change the direction of an object or a person.

Name some sports where a force can change the rotation (spin) of an object or a person.

Explain if it is possible for an object to speed up or change direction without a net force.

Decide if two forces that speed up, slow down, or change the direction of an object are called balanced or
unbalanced. Explain your answer.

ugua b W N =

4 A force can change an object'’s shape Potters use forces to mould clay spinning on a wheel

by moulding, bending, stretching or to create bowls. In these examples, the material is soft

breaking it. and is easily moulded into a new shape. Plasticine and

When bread is made by hand, a baker uses forces to mix Play-Doh are examples of materials that children enjoy
mouldable the ingredients and to mould moulding. A material that can be moulded easily is
softenoughtobeshaped  the dough into a new shape. called mouldable.

Figure 2.17 Dough is moulded by forces into a new shape. Figure 2.18 Potters use a wheel to spin the clay as they shape
it to form a bowl.
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Figure 2.19 Glass can shatter if a large impact is applied. Figure 2.20 Once the clay has been fired in a kiln, pottery
becomes very brittle.

Elastic materials, such as rubber bands and springs,
change shape while a force is being applied but return to
their original shape once the force is removed. However,
not all substances can change their shape easily when
subjected to a force. Substances that tend to break
instead of bending are called brittle. Two examples are
glass and pottery, which break

brittle

a material that is likely to into pieces if they are subjected
break or snap when subject

to a big enough force toa large enough force.

Figure 2.21 The spring on this park ride will allow the
tortoise to move around while staying upright.

Practical 2.2

Investigating forces

Aim
To measure some everyday forces.
Materials

* arange of spring balances (e.g. 1 N, 5N, 10 N, 50 N)
* aselection of masses (e.g. 10 g, 20 g, 50 g, 100 g, 1 kg, 2 kg)

Planning

1 Identify the independent variable.

2 Identify the dependent variable.

3 Develop a hypothesis by predicting how a change in the mass will affect the dependent variable.
4 |dentify the controlled variables and describe how these will be managed.

continued...
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...continued

Procedure

1 Copy the results table into your science book.

2 Record the masses you have selected in the first column.

3 Hook each mass onto an appropriately scaled spring balance and measure the force required to hang
(suspend) it against gravity. Record the measurement in your results table.

4 Place each mass on a bench, attach a spring balance near the base, and record the force required to get
it moving.

5 Then drag the mass steadily at constant speed (drag each mass at roughly the same speed) along the
laboratory bench. Record the force reading when it is moving at a steady rate. Write it in your results table.

Results

Force required to suspend | Force required to get the Force required to drag

Mass (g)

the mass (N) mass moving (N) mass at constant speed (N)

1 Plot a graph showing the relationship between mass and the force required to suspend it. Draw a single
straight line so that it best fits through the average line of all the data points.

2 Plot another graph showing the relationship between mass and the force required to drag the mass at a
constant speed. Again, draw a line of best fit for the data points you have.

Discussion

1 Identify the relationship between the mass and the force required to suspend it.

2 Identify the trend in your second graph.

3 Identify any outlier results in your second graph.

4  Extrapolate your second graph to find out how much force would be required to drag a 4 kg mass at the
same constant speed you used previously.

5 If you had any outlier results, explain how these may have been caused.

Conclusion

1 Propose a valid conclusion that can be drawn from these results.
2 Justify this conclusion using data from your results.

3 State whether your hypothesis is supported or not.

Quick check 2.4

Match each word to its correct description.

1 Brittle A Can be stretched but always returns to its original shape when the force
is removed.
2 Elastic B Can be made into a new shape.
3 Mouldable C Breaks into pieces when a force is applied.
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Section 2.1 questions

Remembering e
State the units for mass and weight.
Recall five contact forces.

Recall the name given to two forces that cancel each other's effect. Quiz

NOGah~h WON -

Identify four examples of impact forces.

List the different things that forces can do to an object.

Describe the features of balanced and unbalanced forces. Include an example where possible.
Define the term 'net force'.

Understanding

8

10

1"

12
13

Name an everyday example of each of the following results caused by forces.

Result of the force Everyday example
No change in motion
Speeding up of object
Slowing down of object
Rotating of object
Changing direction of object
Changing shape of object

If a boat is travelling at a constant speed in a straight line on the water, what can you infer about the drag and
the force of the engine?

Provide an example from everyday life for each of the following types of force.

a A force that changes the motion of an object

b A force that changes the shape of something

¢ A force that stretches or bends something.

Provide examples of materials that are:

a able to be moulded

b brittle

c elastic.

Can water exert a force? Explain your answer.

There are many forces between the parts of Sydney Harbour Bridge. Are all the forces between the parts
balanced or unbalanced? Explain your answer.

Figure 2.22 The Sydney Harbour Bridge

o= o |
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14 Identify the pair of equal and opposite forces on each of the Moroccan tree-climbing goats in Figure 2.23.

Figure 2.23 Moroccan tree-climbing goats only climb argan trees.

15 Explain how a spring balance can be used to measure force.

Applying

16 You push a door, and find it is locked and will not open. Apply your knowledge of forces to decide if you still
exerted a force even though the door did not move.

17 If you hold a carton of milk at arm’s length in front of you,
determine whether you are still exerting a force on it if the
milk carton is not moving.

18 You are sitting on the couch at home after a big day at
swimming sports. Sketch yourself and draw arrows to
represent the forces acting on you (alternatively, you can just
describe it). Examine whether the forces balanced.

19 In Figure 2.24, the weight (force of gravity) of the gymnast is
balanced by the tension in the ropes. Draw a sketch of the
gymnast and include arrows to represent the forces acting
on him (alternatively, you can just describe where the arrows
would be and what direction they point).

Analysing Figure 2.24 A gymnast

20 Analyse Figure 2.25 and describe or draw the forces on
the cyclist. Assume they are moving at constant speed in a
straight line.

21 You know force is measured in newtons. How could you
explain to a friend in a different class how big a 30 N force is?

Evaluating

22 Three cycling triplets are identical in every way, including
their size, mass and clothing, and they have identical bikes.
They start a sprint race side by side at the same time. After
10 seconds, Albert has gone 200 m, Ben has gone 160 m and
Charlie has gone 120 m. Was the average force each exerted
on the pedals the same during the 10 seconds, or different?

Who exerted the highest force, and who exerted the lowest?
Was it a fair comparison? Justify your reasoning. Figure 2.25 A cyclist

ISBN 978-1-108-99207-7 © Evan Roberts et al. 2021 © Cambridge University Press 2021
Photocopying is restricted under law and this material must not be transferred to another party.



Section 2.2 TYPES OF FORCES: CONTACT 71

@ Types of forces: Contact

Learning goals
1 To identify and describe types of contact forces.
2 To describe the effects of friction.

3 To be able to discuss how the effects of everyday forces can be reduced.

You have learned that forces can have a number of object it is in contact with, like
different effects. Using the definition that a force is a trying to move an armchair across @
push, pull, twist or rotation, you will now learn that the floor. Friction always acts in the WORKSHEET
there are many types of forces and you will learn how to opposite direction of relative motion
classify the forces you encounter at school and at home. and so it either slows down or stops

moving objects.
Contact forces are pushes, pulls and rotations which
require the objects to be in contact with each other. A Imagine life without friction. Walking VIGD“,EeO
contact force that is part of everyday life is friction. You would be difficult because your shoes o ig‘nﬁf;
will look at this and some of the other contact forces would have no grip on the floor. forces
caused by ropes, chains, levers, pulleys, motors and Normally you push your foot backwards
human muscles. against the ground and the ground pushes back on you

(note: the friction is pushing you forward here), but

Friction forces if there were no friction, it would feel like everything
was covered in a thin film of slippery soap. This type of
Friction is a force that is part of everyday life. Friction o ) i PP ry i P P
] friction is called traction. Without friction, car brakes

is a contact force and occurs whenever surfaces rub ] ]

o would not work and without the grip of the tyres on the
together, or when a liquid or gas flows over a surface. : .
road, cars would not be able to move in any direction;

It happens when one object tries to move over another
backwards, forwards, nor around corners.

Try this 2.4

Push and pull

In groups, take a few moments to think of different pushes or pulls (i.e. forces) you have experienced in the last
few days. (Leave aside twists and rotations for the time being as they tend to be trickier.) You may like to choose
one from a sport, and one from playing a musical instrument, from home or at school, or even on public transport
— are there any forces involved? When all the groups have finished, create a list for your class and, if you can,

try to give the forces names and to classify them into groups. How did you go? There are lots of possible forces
that you could have included in your list, so keep your list handy and now you will start looking at some of the
categories of forces that exist in our world.
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Practical 2.3

Surfaces and friction

Aim

To observe the effect of various surface types on the frictional force on a moving object.
Materials

e large block of wood with hook attached

* spring balances (10 N, 20 N and 100 N)

e avariety of different surfaces (e.g. vinyl floor, carpet, concrete, polished concrete, sandpaper, grass or
bitumen in a safe area).

Procedure

1 Copy the results table into your science book. Ensure the independent variable is in the left-hand column
and the dependent variable trials and mean sit at the right of the table. Don't forget units in the headers.

2 Place the block of wood on the first surface and attach the appropriate spring balance. (Hint: Which spring
balance would be the best for each surface? How would this be determined?)

3 Pull the block of wood at a constant speed across the surface and read the force on the spring balance. The
force on the spring balance will be equal to the force of friction. Record this reading in your results table.

4  Repeat the measurement four more times and record in your table.

5 Repeat steps 1-4 on three other different surfaces.

Results
Friction force
Surface
Trial 1 (N) Trial 2 (N) Trial 3 (N) Mean (N)
Discussion

1 Why was it necessary to measure the friction of each surface three times? Find the mean.
2 List your surfaces in order of lowest to greatest friction force.
3 Explain why some surfaces create more friction than others.

Friction between surfaces

As you would have found completing the practical activity, So, you have seen that friction can be a very useful

friction depends on the surfaces that are rubbing together.
Rough surfaces tend to produce more friction than smooth
ones. Friction also depends on the weight of an object.
Think about the earlier example of trying to move an

armchair across the floor. If the chair is extremely heavy,

there will be more friction opposing the push you are giving.

Friction also depends on the speed at which an object is
moving. It increases as the speed increases. This is why it is

important to use the same constant speed in an experiment.

ISBN 978-1-108-99207-7
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force, but it can also have an unwanted consequence.
When two surfaces rub against each other the
friction force can transfer energy which increases the
temperature. On a cold day you may have rubbed
your hands together to make them warm, or maybe
you have rubbed sticks together at high speed to start
a fire. However, higher temperature is not always
welcome because it can represent wasted energy or
be dangerous.
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Figure 2.26 Petrol engines need oil to lower the friction inside.

Minimising friction between surfaces

One way to reduce friction between two surfaces is to
polish them or to use lubrication such as oil or graphite.
This allows the surfaces to move over each other with
less friction and thus generate less wasted energy. In
Figure 2.26, clean oil is put into an engine to lower the
friction between the moving parts. If there is no more
oil, the extra frictional forces will destroy the engine

because the metal expands as the temperature increases.

Another way friction can be reduced, especially when
moving heavy loads from one place to another, is to use
a wheel and axle (Figure 2.27). This is one of the earliest
and most widely used inventions ever made.

Figure 2.27 The wheel and axle allows objects to be moved
over a surface with very little friction.

By using a wheel and axle, trains, cars, trucks and even
aircraft taking off and landing can all move with little
friction. Wheels are used all over the world. The only
exception is on snow and ice, where surfaces have low
friction and it is better to use skis or sledges on runners.
Skis and runners do not sink into the snow and get
stuck like a wheel would. Additionally, being long and
thin, they tend to run straight where wheels would

slide sideways.

Wheels also do not work well if the ground is very

rough, so trains need tracks and cars work best on roads.

Wheels do not work on water, so seaplanes designed to
land on water use long thin hollow floats or pontoons,

Figure 2.28 Seaplanes use floats instead of wheels to land
shaped like closed canoes, in place of wheels. on water.
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Try this 2.5

Use a spring balance to measure the force required

to pull a wooden block across your bench. Next,
lay out pencils or pens that are perfectly round and
about the same thickness next to each other and
measure the force required to pull the block on top
of them. How does the force required differ? Can
you explain your observations?

Friction in gases and liquids

In this section, you will learn about friction between
solid surfaces and gases or liquids, which is also called
drag. However, friction can also occur between liquids
and gases, or even within liquids and gases. In the

air, drag is also called air
drag
the frictional force of a liquid
or gas

resistance. Friction in liquids

and gases is very similar and
streamlined

designed to minimise air
resistance or drag

the two are often treated

together as fluid friction.

As an arrow moves through the air, air resistance will act
to slow it down, but because arrows are streamlined, the

force slowing the arrow is small.

Fish have a streamlined shape that helps them move
through water easily. The same shapes are used by the
designers of boats and submarines to reduce drag and to

enable them to travel at high speed in water. Figure 2.30 Trains have become more streamlined as their
speeds have increased.

Figure 2.29 The friction force on an arrow as it flies through the air is small.
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In the air, birds have a streamlined shape, which lets
them fly with as low an air resistance as possible. Air
resistance is a major consideration for the designers of
cars, trains and aircraft. Have a look at the three trains in
the images in Figure 2.30: their design has become more
streamlined to allow them to go faster.

1 Explain what friction is and how it works.

2 Describe two features of a car that are designed
to minimise friction for better fuel economy.

3 Describe two features of a car that are designed
to maximise friction for safety.

4 Define the key terms ‘air resistance’, ‘drag’ and
‘streamlined’.

5 Explain why a shark’s body is streamlined,
Figure 2.31 The streamlined shape of a kingfisher is useful to

minimise drag during a dive.

Practical 2.4

Stretching springs
Aim

To observe the relationship between force and extension for a spring.

whereas a koala’s is not.

Materials

* spring e set of slotted weights
e retort stand, bosshead and clamp e ruler

Procedure

1 Using a retort stand, hang a spring on a bar and place an empty weight holder on the end of the spring.

2 Tape a ruler to the vertical bar of the retort stand. Use the scale of the ruler to record the initial position of
the bottom of the weight holder.

3 Add masses to the weight holder. Each time a new mass is added, record the new position of the bottom of
the weight holder. Be careful not to overstretch the spring.

Results

Mass (g) Force (N)

1 Calculate the force applied to the spring by dividing the mass in grams by 1000 and multiplying by 9.8.
2 Draw a graph of how force affects the extension of the spring.

continued...
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...continued

Discussion
1 Identify the trend in your graph.
2 Identify any outlier results in your graph.

Conclusion

through observing

3 Can you use your graph to make predictions about other masses?

From this activity we can claim that the extension of a spring depends on

. This is supported

Elastic/spring forces

Forces in metal springs
Springs can be pulled, pushed or bent sideways. In each

. case they will exert a force in
elastic

elastic materials bend,
stretch or compress when
a force is exerted on them;
they exert elastic forces
when this happens

the opposite direction to the
force applied: this is called a
spring or elastic force.

Forces in elastic materials

Solid pieces of elastic or rubber can also be stretched,
pulled sideways, and compressed. But a rubber band
or strand of elastic cannot be compressed lengthwise,

because of its shape.

Rubber and other elastic materials can be compressed
when they are formed into a short, fat shape: they

are used in this way to absorb bumps and shocks in
doorstops, in vehicles and machines.

Long pieces of wood, plastic or metal can also exert an
elastic force when they are bent. They spring back to
their original position when the force is removed, as
long as the force is not large enough to break or deform
them permanently. Tree branches are an example of this
as they can bend in the wind. If they become rotten and

unable to bend, they will break in a storm.

Elastic
force Pull force
>

When a spring fixed at
both ends is pulled
sideways, the spring force
pulls back sideways.

Elastic force

Push force

When a spring is
compressed, the
spring force
pushes back.

When a spring is
stretched, the
spring force
pulls back.

Elastic force

Pull force

Figure 2.32 Three ways to apply a force to a spring

Elastic

P <«—— ) —> Pull force
orce

Elastic T

force A rubber band or

strand of elastic cannot
be compressed easily
because of its shape.

A stretched piece of elastic
or rubber fixed at both ends
gives an elastic force
when pulled sideways.

Pull force

Figure 2.33 Two ways to apply a force to a rubber band
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.“

Figure 2.34 The diver makes use of the elastic Figure 2.35 A pole vaulter uses the elastic forces in a pole to reach the
forces in a springboard. top of the vault.

Elastic forces are used by divers on a springboard to gain Buoyancy forces

extra height when they dive. The force exerted by a bow

on an arrow is another example of an elastic force. Some The buoyancy force is the upward push that occurs

of the force comes from the stretching of the string; when an object is partially or fully submerged in fluid

however, most of the force comnes from bending the such as water or air. If an object placed in water sinks,

wood or plastic of the bow. the buoyancy force acting upwards is smaller than the

Quick check 2.6

1 What is an elastic force?

weight of the object. If it floats, the buoyancy force is
equal to the object’s weight.

There is also an upwards buoyancy force on an object

. . in a gas, but it is much smaller, and can only be seen in
2 Compare elastic forces on a spring and a

rubber band.
3 Can you think of other sports or activities that

an object that is very light compared to its size, such as a
helium balloon. The air’s upwards buoyancy force on a

have not been mentioned that use elastic or helium balloon can be greater than the balloon’s weight

spring forces? (when it will rise) or equal to its weight (when it will

float at a constant height).

Figure 2.36 Buoyancy forces allow heavy container vessels Figure 2.37 In these glasses of lemonade, the lemon floats and
to float. bubbles of gas rise to the surface due to buoyancy forces.
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Figure 2.38 The buoyancy force on the baby is approximately
equal to the baby’s weight.

Did you know? 2.1

Buoyancy forces are everywhere!

Hot magma inside Earth is lighter than cooler
magma, and buoyancy forces cause giant bubbles
of hot magma to move towards the Earth’s surface.
These create volcanoes and earthquakes when they
reach the crust. So, from tiny bubbles in a glass of
lemonade to destructive volcanoes, you can find
buoyancy forces everywhere.

ISBN 978-1-108-99207-7

You will have experienced a buoyancy force if you

have been swimming: it is the force that makes you feel
weightless in the water. Whether you are swimming

on the surface or underwater as in Figure 2.38, the
buoyancy force (blue) is approximately equal to the force

of gravity (orange).

Impact forces

The contact forces you exert or experience in daily life,
such as moving an object or opening a door, are called
applied forces. When objects collide, they typically
exert or experience a force that lasts just a fraction of a
second. This is called an impact force, and it is a push
that (usually) fast-moving objects or particles exert for
the very short time that they are in contact with another
object. These forces are increased if the moving objects
are heavier or faster. Examples include ten-pin bowling

skittles being hit by a bowling

applied force

force that is applied to an
object by another object
or person

ball or a hammer hitting a nail.
Can you name some other
examples of impact forces?

Keep in mind that impact forces can be useful as well as
dangerous. A pressure cleaner emits a jet of water at a
high speed, and when the water hits its target, its speed
changes quickly, causing the water to exert a force on the
ground that can be used to clean a surface.

In car accidents, impact forces can cause serious injuries,
but these can be reduced by using seat belts, crumple
zones and air bags. These safety measures spread the
impact force over a larger area (thus decreasing the
pressure at any point) and spread the change in speed

over a longer time (thus decreasing the force).
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Advances in science 2.2

Bike helmets

Australia has a proud record of leading the way
when it comes to road safety. The origin of road
safety legislation has its roots in evidence collected
by doctors stating that road accident victims often
had injuries that were preventable. The head is
especially vulnerable to injury and for this reason
both motorcyclists and cyclists are required to
wear a helmet in Australia. The main function

of the helmet is to protect the skull by stopping
penetrating injuries, and to spread the force over a
larger area, and to make the change in speed of the

head take a longer time as the head sinks into the
Figure 2.39 Luke Bell of Australia wearing a helmet that

foam thus reducing the force on the head. Similarly, ; > _ neimettat -
protects his head and is also designed to minimise air friction.

occupants of cars wear a seatbelt to absorb the
energy by spreading the impact forces over the chest and preventing the head from hitting the windscreen in an
accident. The forces involved in the sudden changes of speed that can happen in a collision are very large, and
so injuries can be prevented if these forces can be reduced by spreading the change in speed over a longer time,
and the pressure reduced by spreading the force over a larger area, so the body is protected.

A major study presented in 2016 looked at the use of bike helmets around the world. Based on more than
64 000 cyclists, the study found helmets reduce the risks for a serious head injury by nearly 70%, face injury by
33% and fatal head injury by 65%. So, regardless of whether they are compulsory, wearing head protection is
highly recommended!

Footwear design

Shoes and boots these days are used
for walking, running, playing sports,
work boots and as formal wear. They
are used to protect your feet from
injury but also must provide support
and comfort. Every time you walk

or run, your foot is under pressure

as forces are applied. Nowadays,
footwear includes design features

that help reduce the impact of these
forces. These features include extra
cushioning in the sole of the shoe.
The cushioning is very flexible as it has
elastic properties (as discussed earlier).

Air pockets within the sole can also

Figure 2.40 Stability, elasticity and density are among the properties
considered for sports shoes.

help reduce impact forces.
Conduct some research to find out
the types of materials that are used in shoe soles. Describe how each of these materials helps reduce the impact
force on the wearer's feet. Make sure you look at formal shoes as well as sport shoes.
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Car safety features
Car manufacturers are continually adding safety features to car design to help reduce the impact of the forces
on the occupants during a collision. When a car collides with an object, the occupants continue to move forward
even though the car has stopped. They will continue to move forward until they are stopped.
Research the following car safety features and answer the questions in the table:

seatbelts

airbags

crumple zones.

Who invented this safety
feature and when was it

) ) ) Describe how this safety feature
Briefly explain how this )

reduces the stopping force on
safety feature works.

introduced into cars?

occupants when in a collision.
Seatbelts
Airbags

Crumple zones

A\

Figure 2.41 Safety features of a car include seatbelts, airbags and crumple zones.

Quick check 2.7

1 Name the two forces acting on you when you are lying on an inflatable mattress in a swimming pool.

2 Define the term ‘impact force’ and provide three examples.

3 Explain why Australians are required to wear seat belts in cars and bike helmets when riding, in the context of
impact forces.
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Section 2.2 questions

Remembering e
1 Recall four types of contact force.

2 Identify which contact force can be easily used to warm up a small object or surface.
Quiz

3 Identify the common name for friction on an object moving through a liquid or gas.

4 State if an object can change direction without a force.

Understanding

5 Animpact force is a force that acts for a short time. Describe three examples of impact forces from sport.

6 The wheels of a car and some bikes are attached with springs. Explain using forces how the springs help give a
smooth ride even on a bumpy road.

7 If an object is travelling horizontally in a straight line at a constant speed, explain if it needs a force to keep it moving.

Applying
8 Compare the two cars in Figure 2.42 and decide which one is designed to go faster. Explain your answer.

Figure 2.42 Which car will go faster?

Analysing

9 Propose whether a glass or plastic bottle is a better choice to carry water in a backpack.

10 The foot in Figure 2.43 belongs to a swan. Use your knowledge of forces to analyse the structure of the foot and
explain how it is adapted to be used in water.

Figure 2.43 The foot of a swan
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11 On snow and ice, wheels with tyres are often replaced by skis and tracks on vehicles. Examine and contrast the
skis and the tyre below and describe how their shape and friction forces relate to their use.

Figure 2.44 Skis versus tyres

12 Use your answer to the question above and knowledge of forces to explain how a snowmobile works and justify
why it is preferred for snow compared to a normal motorcycle.

track

Figure 2.45 Snowmobiles use skis and a track instead of wheels.

Evaluating

13 Earthquakes are dangerous, and buildings in earthquake-prone places must be specially designed to withstand
the shock of an earthquake. There are three types of building materials that could be used in an earthquake
zone. Use your knowledge of forces to recommend how you would use or modify each material to cope with
earthquakes. Justify your reasons and examples.

* Brittle
e Elastic
e Bendable
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@ Types of forces: Non-contact

Learning goals

1 To identify and describe non-contact forces.

2 To identify the usefulness of non-contact forces.

3 To identify the problems caused by non-contact forces.

Non-contact forces are forces that act at a distance, of Earth. There is a force of attraction
through all states of matter, and outer space. They do between you and Earth. The effects of E]
not require physical contact for the force to act. Did you gravity near Earth’s surface are familiar WORKSHEET
have any non-contact forces in your list? but Earth’s gravity also extends into

space. It holds the Moon in orbit, and

There are three key non-contact forces you will keeps communication and weather

investigate: satellites in orbit. But can you believe

o gravity that the force of attraction between you

o magnetic and Earth goes both ways? You also pull Give

« electrostatic. Earth towards you, but because Earth is examples of

non-contact

so much bigger than you, the effect of forces

GraVIty your force exerted on Earth cannot be

Gravity is the name that we give to a force that exists noticed. Gravity is also the force that maintains all the

when something changes its motion due to being near planets in our solar system in orbit around the Sun.
a body that has mass. If each body has mass, then each

hat f i falli j h k?
will change the motion of the other. You experience What forces are acting on a falling object such as a boo

. It is moving towards the ground and speeding up as it
gravity as the force that pulls you towards the centre o
falls, so you know that an unbalanced force is acting on
it. As you have noted previously, the force pulling the
book to the ground is due to gravity and is called weight.
However, there is also a force pushing the book up. This
force is called ‘air resistance’, which you can feel on your
hand when you wave it quickly. But this force is much
smaller than the weight of the book, so the book falls
faster and faster (unless the book falls more than a few
hundred metres, in which case the air resistance can be

enough to limit the speed the book can reach).

Although the force of Earth’s gravity gets weaker

in space, the weight of an object is almost the same
everywhere on Earth’s surface. Remember, force is
Figure 2.46 A book falls due to the force of gravity (blue measured in newtons, so Weight, which is a force, is
arrow), which is opposed by the smaller force of air resistance
(red arrow). The forces are unbalanced and there is a net
force downwards.

measured in newtons, not kilograms.
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Fields
You may not be able to see gravity but it is always there. Earth’s gravity creates a field (an example of a force
field) around it.
Find out and summarise what it means to say that Earth’s gravity creates a field around it.
Find a diagram of Earth’s gravitational field and describe what happens to the strength of this field as you
move closer to Earth. Describe the direction of the gravitational force as well.

Different gravitational pulls cars on the Sun, and it would require a lot of effort just
The pull of gravity is different in various locations of the to move. Neutron stars are extremely dense objects
universe. The Sun has the strongest gravity in the solar which are left behind when some stars explode. They
system, about 28 times the gravity on Earth. Do not go are so dense that 1 cm of human hair on a neutron star
for a holiday to the Sun. The would weigh more than all the water in an Olympic size
;ii:;ion inspace inwhichan  average person would weigh swimming pool on Earth! Black holes have such strong

objectis affected byaforce 3 hout the equivalent of two gravity that not even light can escape from them.

Try this 2.6

Jumping on planets: Mass vs. weight

Use a metre ruler and sticky tape to calculate how high you could jump on different planets.
Tape the ruler to a table leg or wall so that it is vertical.

Get a partner to kneel down so their eyes are level with the ruler.

Jump as high as you can while your partner records the height you achieved.

Repeat the jump two more times.

Swap roles so you are now recording the jump height of your partner. Repeat steps 2-4.

oA WN =

Copy the table below into your book and calculate the mean jump height.

Jump height (m)
| Studentname | Jump1 | Jump2 |  Jump3 |  Mean |

7 Calculate how high you could jump on each planet, plus the Sun and the Moon. Divide your mean height
by the surface gravity of each celestial body in the table below. For example, if you jumped a mean height
of 0.65 m and wanted to calculate how high you could jump on Venus, you would divide 0.65 by 0.91. This

would tell you that you could jump 0.71 m if you were standing on the surface of Venus.

Ratio of the surface gravity of each The height | could jump at
Member of the solar system . . .
location to Earth’s surface gravity each location (m)

Sun 27.90
Mercury 0.38
Venus 0.91
Mars 0.38
Jupiter 2.36
Saturn 0.92
Uranus 0.89
Neptune 1.12
Pluto 0.06
Earth’s moon 0.16
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Quick check 2.8

1
2

Define these key terms: gravity, mass, weight.
Describe the relationship between the force of gravity, mass and weight.

w

You go to the butcher’s shop to buy some sausages for a school fundraiser and the butcher says your sausages
weigh 2.5 kg. Compare the meaning of the word 'weight' for the butcher in this situation versus what it
actually means.

Air resistance
Do all objects of the same weight fall at the same rate? If they do, then identical pieces of paper, no matter how they

are folded or not folded, should fall at the same rate. See whether this is the case or not in the following activity.

Practical 2.5

Surface area vs. air resistance

Aim

To determine how surface area and mass affect air resistance.
Materials

* one piece of A4 paper * metre ruler
* one piece of A4 card * stopwatch
Procedure

1 Copy the results table into you science book.

Take the A4 paper and measure its length and width to calculate its surface area. Record this in your table.
Drop the paper from a height of 1.5 m and record the time it takes to reach the ground. Repeat two more times.
Fold the paper in half and then repeat steps 2 and 3. Continue doing this until you have folded the paper
four times.

A WN

5 Repeat using the piece of card.

Results

Time taken to drop paper (s)
Number of folds | Surface area of paper (cm?) | _ Trial1 | Trial2 | Trial3 | Mean _

0

H~ w N -

Time taken to drop card (s)
Number of folds | Surface area of card (cm?) | Trial1 | Trial2 | Trial3 | Mean |

0
1
2
3
4
continued...
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...continued

mean time it takes to drop.

Discussion

Plot both sets of results onto the same graph to compare them. Plot the surface area of each item against the

Identify any trends, patterns or relationships in your results.

The experiment in Practical 2.5 demonstrates that the
reason different objects hit the ground at different times
is due to the interaction of the object with air: the air
resistance of the object. When the flat piece of paper was
used, the air resistance is much greater because it has to
push more air out of the way. This is related to the area
of the paper that pushes against the air. The face of the
paper is a very big area, so it falls much more slowly than
the folded piece of paper where a smaller area pushes the

air out of the way.

If these experiments were repeated without air (in a
vacuum), then all the objects released from the same
height at the same time, regardless of their mass, would

hit the ground at the same time.

In fact, without air resistance, objects of different
weights would also fall at the same rate. It has been
shown that when dropped in a vacuum, a feather and a
bowling ball hit the ground at the same time.

Figure 2.47 In a vacuum (without air resistance), these two
objects fall at the same rate if dropped from the same location.

When air resistance is equal to the force of gravity,
you will fall at a constant speed. The speed at which air
resistance equals weight for a falling object is called the

terminal velocity.

Parachutes are a practical application for air resistance.
You can fall through the air safely if you have a
parachute because the parachute increases your air
resistance to the point where it overwhelms your

weight, thus enabling you to slow down.

As speed increases

... until air resistance

ay ‘.‘/ . .
- ‘u so does air resistance ... equals weight
Accelerating Air resistance f Air resistance T
downwards rw
Weight No acceleration i
l Weightl Terminal velocity lWelght
Still falling, n No acceleration, H
but there the ground exerts
is sudden Air a force to
deceleration - . balance weight
when the resistance '
parachute ] l
opens
¢Weight

Figure 2.48 The way a parachutist falls depends on the size of the pull of gravity and the air resistance from the parachute.
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Try this 2.7

Drop time of a parachute

Materials

e plastic freezer bags
® scissors

* modelling dough

e stopwatch

® cotton or string

* metre ruler

Instructions

In small groups, use the materials listed to design and build a parachute. Compare your group'’s design to other
groups’ designs to explore the effect of one of the following variables on the drop time of a parachute:

® mass of the sky diver

e surface area of the parachute

* shape of the parachute

* length of the connecting string.

Quick check 2.9

1 Explain the meaning of the terms ‘air resistance’ and ‘terminal velocity’.
2 Describe the relationship between the speed an object falls at, the pull of gravity and air resistance.
3 Look at Figure 2.49.

a ldentify the forces acting on the capsule.

b Describe how these forces change before and after the parachute is opened.

Figure 2.49 When astronauts return to Earth from space, the air resistance of their parachute provides an
upwards force equal to the weight of the capsule they are safely enclosed within.
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Magnetic forces

Magnetic force, like gravity, is a non-contact force.
Remember, this means objects do not have to be
touching to have an action. Magnetic forces are always
strongest at the ends of a magnet, which are called
poles. There are two types of

magnetic force

a non-contact force between
a magnet and another
magnet or magnetic metal

magnetic poles, north and
south, and they always occur

repel as a pair. Even if you break a

to force back or apart

alloy
a substance composed of
two or more metals

a north and south pole at the
ends of each of the pieces.

In the Try this 2.8 activity, if you use real magnets, you
will find that north and south poles attract each other,
but two like poles repel.

Unlike poles attract

Like poles repel

Figure 2.50 Forces between magnets

Some magnets always retain their ability to be magnetic
and so they are called permanent magnets. An example
would be a fridge magnet: they are always magnetic. On
the other hand, metals like soft iron become magnets
only when they are near a permanent magnet; they

can become a temporary or induced magnet. Try
hanging a paperclip from a magnet. While it is there,

it will behave like a magnet and can be used to attract
other paperclips.

In addition to each other, magnets also attract iron,

cobalt, nickel and their alloys, such as steel (an alloy
of iron).

ISBN 978-1-108-99207-7
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Try this 2.8

1 Which of the situations below display interactions

between like poles?
2 Which situations display interactions between
unlike poles?

Try this 2.9

Collect the following items: bar magnet, pencil, pen,
paper, plastic straw, coins, paperclips, iron nail, metal
spoon, aluminium foil, copper wire.

1 Hold the magnet close to each of the items and
record whether they are attracted to the magnet.
What do the objects attracted to the magnet
have in common?

2 Using the bar magnet, carefully pick up
paperclips one at a time, forming a chain of

paperclips. How are you able to do this?
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Figure 2.51
Magnetic fields
around a magnet
form a particular
pattern.

The way that magnets exert their force is through
magnetic fields, that is, the space around a magnet
where the magnetic force acts. The magnetic field is

a force field, like the gravitational field, although the

two forces are different in most other respects. Look

at Figure 2.51. You can see the iron filings are strongly
attracted to the south pole of the magnet and, amazingly,

they are lining up in a certain way. Your job in the

magnetic field
the space around
a magnet where
the magnetic
force acts

following activity is to investigate and explore what the

shape of this magnetic field is and how it changes with

different shapes of magnets.

Practical 2.6

Magnetic field lines

Aim

To visualise the shape of the magnetic field of different magnets.
Materials

e 2 bar magnets

* horseshoe magnet

e jron filings

* piece of A4 paper

* compass

Procedure

1  Place the bar magnet on a table and cover it with a piece of paper.

2 Sprinkle iron filings on the paper and look at the pattern formed.

3 Hold the compass at different points around the magnet. The direction that the compass points in indicates
the direction of the magnetic field lines.

4  Repeat steps 1-3 with the horseshoe magnet.

Results
Draw a sketch of the pattern formed by the iron filings.

Discussion

1 Using your diagram, determine where the magnet's poles are.

2 Identify where the magnetic field appears to be the strongest.

3 Investigate different patterns formed with two or more magnets placed near each other.

Quick check 2.10

1 Explain why magnetism is considered a non-contact force.

2 Complete the following sentence: Opposite poles each other while poles that are the same
each other.
3 Explain the difference between a permanent and a temporary magnet.
4 Describe a magnetic field. Draw a picture of the field around a bar magnet and indicate the direction of the
magnetic field lines.
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Earth is a giant magnet with magnetic poles near the points geographically north, because of its attraction to
geographic poles. What is called the North Magnetic the south pole of the internal Earth magnet. This is a
Pole is actually the south pole of Earth’s magnetic property of natural magnets or lodestones and has been
field. A suspended magnet will turn until its north pole used by navigators for thousands of years.

Spin

Geographic

axis
i North Pole

North
Magnetic Pole

Figure 2.52 This diagram shows Earth’s
internal magnet. You can see that the south
pole is equivalent to what geographers call
the magnetic North Pole of Earth, which is
close to the geographic North Pole. You
know this because a compass always points
north, and opposites attract, so the north
of a compass is attracted to the south pole
of Earth’s magnetic field.

Alaska International . — Arctic circle

date line

Position of north
magnetic pole in 2020

1831 1984 2007

Canada 29948 ° 3001 A Siberia Russia
orth pole .
= Figure 2.53 The North Magnetic Pole
Arctic Ocean is rarely stationary, it is always slowly
wandering or moving around. Recently,
however, it has started wandering more
Greenland 9

quickly than usual. It is now moving

about 55 km per year away from Canada
Norway ' towards Siberia in Russia. This is a problem

because navigation relies on knowing

where the North Magnetic Pole is.

Try this 2.10

Making a compass

Use a steel nail, a strong magnet, a piece of cork (or polystyrene foam) and a bucket of water to make a compass.

Follow these instructions.

1 Stroke the steel nail with the strong magnet in one direction. After each stroke, be sure to lift the magnet away
from the nail before your next stroke. Repeat this process about 50 times.

2 Test your nail to see if it has become magnetised by holding it near some paperclips.

3 Place the cork or polystyrene in the bucket of water. Then place the nail on top.
Identify which end of the nail is the north pole. How did you know this?
Check the accuracy of the homemade compass with an ordinary compass. Discuss the accuracy of the
homemade compass. State one way in which the accuracy of the homemade compass could be improved.
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Did you know? 2.2

Sea turtles use Earth’s magnetic field
to find home

Female sea turtles always return to the
beach where they were born to lay

their own eggs. Sometimes this means
swimming thousands of kilometres, and
the way they do this is by relying on Earth’s
magnetic field. Scientists are unsure how
turtles detect the magnetic field, but it is
possible that tiny magnetic particles in their
brains help the turtles navigate.

Figure 2.54 The sea turtle is guided along
the coast by Earth’s magnetic field.

Magnetism and electricity along the wire, and a magnetic G ETRE T
Magnetism and electricity are closely related; wires field is created. When the current ;;Q;ﬁ;e;g";jggy

carrying electricity create a magnetic field around them. stops, the magnetic field ceases. through a coil of wire
Magnets called electromagnets are made by coiling a The strength of the field can be increased
wire. When a battery is connected, the current flows by wrapping the coil around a piece of iron.

Figure 2.55 How to make a simple electromagnet
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Practical 2.7

Making a simple electromagnet

Aim
To investigate how changing the number of coils on an electromagnetic will affect its strength.

Research question
How do the number of coils on an electromagnet affect its strength? Be careful

Materials e

e 9Vbattery or powerpack o So T
| 1

©oongna it will get hot.

° compass

* 2 insulated wires with alligator clips (one short wire, one long wire)

* switch
* paperclips
Planning

1 You need to provide some background information to the investigation. Research electromagnets. Write a
brief paragraph to explain how electromagnets work and the factors that can affect their strength.

2 Identify the independent variable in this investigation.

3 Identify the dependent variable in this investigation.

4  Develop a hypothesis by predicting how the independent variable will affect the dependent variable.
5 Identify the controlled variables in this investigation.

6 Create a risk assessment for this investigation.

Procedure

1 Draw the table shown in the results section into your science book.

2 Setthe DC powerpack to 6 V and make sure the switch is OFF.

3 Carefully wrap the long wire around the nail 10 times, ensuring to only wind in one direction and avoiding
any overlap of wires.

4  Connect the powerpack both ends of the long wire using the insulated wires with alligator clips.

5 Turn the powerpack ON.

6 Test your electromagnet by seeing how many paperclips it picks up. Record this number in the results table.

7 Retest the electromagnet two more times and record.

8 Repeat steps 2-7, increasing the number of coils each time, according to the results table.

3V 6V 9V 12V

continued...
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...continued

Results

idependent variabl:
i s
10
20
30
40

Use a spreadsheet application, such as Excel or Google sheets, to create a digital graph that displays the mean
for each group. Label each axis appropriately and add an appropriate title.

Peer review

1 Swap graphs with a peer. Give each other feedback on how easily the graph can be used. Feedback should
identify if the graph displays only the mean results, has appropriate labels, units and title, and any other
features that could be improved to enhance how well the experimental results are communicated, such as
scale or formatting.

2 After receiving feedback, make alterations to the graph to address the identified issues.

Discussion

1 Identify the trend in your graph.

2 Identify any outlier results in your graph.

3 Extrapolate your graph to find out how many paperclips could be picked up if there were 80 coils.

4 If you had any outlier results (ones that were much different from the others), explain how these may have
been caused.

5 Describe how the investigation could be improved if you had the chance to do it again.

Conclusion

1 Propose a valid conclusion that can be drawn from these results.
2 Justify this conclusion using data from your results.

3 State whether your hypothesis is supported or not.

Uses of magnets
You may not realise it, but electromagnets and permanent magnets are used everywhere and every day. Electric
motors, door bells, computer hard drives, MRI machines, phone speakers and microphones, drills, hair dryers,
bank cards and credit cards!

Research any two of these examples and write a short report on each. Include a picture and details of how an
electromagnet or permanent magnet is involved in how the object functions.

Quick check 2.11

Discuss the reasons why we think that Earth acts like a big magnet.
Explain how an electromagnet is different from a bar magnet.
Name some examples of electromagnets used every day.

B WN =

Describe the advantages of an electromagnet over a permanent magnet.
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Electrostatic forces

Try this 2.11

Take a piece of paper and rip it up into small pieces
on your table. Rub a plastic pen against woollen
material or a jumper. Bring the pen near the pieces
of paper. What happens? Can you explain what

you observe?

e fuwe The third non-contact force

a non-contact force between
positive and negative
charges, opposite charges
attract, like charges repel

you need to know about is
electrostatic force. This is
that pesky force that can give

static electricity

a build-up of electric charge you a small electric shock

when you close a car door or drag your feet on carpet.

It can be used to pick up pieces of paper with a balloon
after rubbing it on your hair or clothes. On a much
larger scale, electrostatic charges cause lightning to flash

during a storm!

Like magnets, electrical charges attract and repel each
other. There are two types of charge: positive (+) and
negative (—). Opposite charges attract each other and
like charges repel.

Like gravity and magnetism, objects with an electric
charge also create a field around them. The electrostatic
field is the region in which charged particles will feel the
electrostatic force.

Like charges repel

Figure 2.56 Forces between charges

ISBN 978-1-108-99207-7
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Look at Figure 2.57. The machine the girl is touching

is called a Van de Graaff generator, and essentially it
separates positive and negative charges. The negative
charges go down to the ground; meanwhile the positive
charges in the metal dome stay in place. Because the girl

is touching the dome, the negative charges from her hair
flow to the dome, making her hair positively charged.
Remember, like charges repel, so with all her hair turning
positively charged, they all try to get away from each other!

So why do you get these small electric shocks after
dragging your feet on the carpet? When electrical
charges build up, like they do in the Van de Graaff
generator, it is called static electricity. Usually this
charge leaks away, but when it builds up a lot, the charge
can jump to an object that conducts electricity like a
metal door handle or stair railing. So dragging your

feet on the carpet moves negative electric charges onto
you; if they do not leak away they can jump to the door
handle and this is the shock you feel.

Figure 2.57 Electrostatic forces can make your hair stand
on end.
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Try this 2.12

Observing static electricity

Materials

e 2 balloons

® string

* ametre ruler
e woollen cloth

Instructions

1 Rub the inflated balloon with the woollen cloth and
place it against a wall. Record your observations.

2 Suspend the balloon from the metre ruler using
the string.

3 Suspend the second balloon so it is close to, but
not touching, the first balloon.

4 Rub both balloons with the woollen cloth on the sides that are facing each other.

5 Record any observations of any movement in the balloons.

Evaluation

Discuss the following questions with your classmates.

1 What is the purpose of rubbing a balloon with a woollen cloth?

2 Did the balloon stick to the wall? Propose reasons as to why or why not.

3 Describe the movement of the two balloons when hung next to each other.

4 Does the movement indicate that the balloons had like or unlike charges? How do you know?

Lightning formation
Lightning is a natural phenomenon. It is a
sudden discharge of electrostatic charges that
have formed in a cloud.
Research lightning to answer the
following questions.
Describe how clouds become
electrically charged.
Explain why the electrical discharge that
causes lightning happens.
Are there any ways that the build-up

of electrostatic charges in clouds can
be avoided? Figure 2.58 Fear of lightning and thunder is known as astraphobia.

1 Define the key terms ‘electrostatic force’ and ‘static electricity’.
2 Complete the following sentence: Opposite charges and like charges
3 Explain how a Van de Graaff generator works.
4 Explain why you sometimes get a small electric shock even though you have not touched a supply
of electricity.
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Section 2.3 questions

Remembering

[eee ]
Identify which forces are acting on a dropped book that falls to the floor.
Recall the force which a magnet exerts.
Quiz Identify some objects which use electromagnets.

Recall three magnetic materials.
Define the term ‘magnetic field’ and illustrate with a picture.

oA WN =

Identify the two types of electric charge.

Understanding

7  Afalling object is pulled down by Earth. Earth is pulled up toward the object. Explain why the movement of
Earth cannot be detected.

8 State whether the mass of an object changes as it moves around the universe.

9 If you travelled to the Moon, state whether your weight would increase, decrease or stay the same.

10 State what your weight would be in deep space.

11 State which ball will hit the ground first: a wood ball, a plastic ball or a metal ball, if air resistance is ignored.

12 The north pole of a magnet points north if it is free to move. Clarify what magnetic pole must be near the
North Pole.

13 Distinguish which types of forces have a force field.

Applying

14 Calculate the weight of a 5 kg cat on Earth (g = 9.8 N/kg) and on Mars (g = 3.7 N/kg).

15 Which would take longer to fall, a rock dropped from 1 metre on the Moon (gravity is about one-sixth of Earth'’s)
or a rock dropped from 1 m on Mars (gravity is a little over one-third of Earth’s)? Explain your answer. You can
ignore air resistance on both planets.

16 Describe three situations where air resistance is useful and one situation where it is not useful.

17 Summarise how you can visualise the magnetic fields that surround a bar magnet.

18 Two balloons are hanging loosely near each other. One balloon is given a negative charge and the balloons start
to move away from each other. Explain what is happening and what the charge on the other balloon must be.

19 Describe how charged objects and magnets are similar.

Analysing

20 Would a hammer and a feather hit the ground together if dropped from the same height at the same time on the
planet Mercury where there is no atmosphere? Justify your answer.

21 Examine how a compass works. Why is it useful?

22 Parachutes have large pieces of material. Explain what the purpose of it is and distinguish between how it makes
an object speed up or slow down.

23 Figure 2.59 shows a scientist inspecting seagrass. Around his waist
he is wearing a heavy belt made of metal. Apply your knowledge of
forces to explain the function of this belt.

24 Metal recycling takes place in most cities, and aluminium, copper
and steel are the most common metals that are recycled. After
collection, the first step is to flatten the metal and then cut it into
small pieces. The second step is to separate the iron and steel from
the aluminium and copper before finally melting the metals ready to

be used again. Identify a way that could be used to easily carry out
the second step. Figure 2.59 Diver wearing a weight belt

Evaluating
25 Evaluate the effects of living in a low gravity environment for a long time.
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Chapter checklist

97

You can download this checklist from the Interactive Textbook to complete it.

Success criteria Check
2.1 | can recall what a force is and how forces are measured. @
e.g. State the unit of force. SCORCHER
21 | can describe the impact of balanced and unbalanced forces on an object.
e.g. If a car is travelling at a constant speed in a straight line down the Hume
Highway, what can you infer about the drag and the force of the engine?
2.1 | can draw a force diagram to indicate the forces acting on an object.
e.g. lllustrate a force diagram of you running on the athletics track.
2.2, 2.3 | can describe the difference between contact and non-contact forces.
e.g. Identify two contact forces and two non-contact forces.
Reflections
1 What connections come to mind when you think about forces and your everyday life?
2 What new concepts have extended your thinking about forces?
3 What information did you find challenging or confusing?
07-7 © Evan Roberts et al. 2021 © Cambridge University Press 2021
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Data questions

Earth’s Moon and the planets in our solar system have different forces of gravity on their surface than Earth because
they have different masses. These forces of gravity on the surface of each are shown with respect to that of Earth in
the graph below.

! Earth—,

0.9 @
Venus

0.8

0.7

0.6
05 Mercury

0.4 ¢

0.3

Mars

Gravity relative to Earth

0.2

0.1

0

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Mass relative to Earth

Figure 2.60 Gravity on the Moon and planets relative to that of Earth given their relative masses

1 Identify which planet in the graph has the lowest mass.

N

Determine which planet has a force of gravity closest to that on Earth.

w

If the acceleration of Earth’s gravity is 9.8 m/s?, and Mars' gravity is 38% of that of Earth, calculate Mars’ actual
gravitational force.

Identify the general relationship between the mass of a planet and the force of gravity.

Use the data presented in the graph to contrast the gravitational force of Earth and Mercury.

Deduce why the Moon orbits Earth, instead of Earth orbiting the Moon.

The mass of Jupiter is approximately 318 times that of Earth. Predict whether the gravitational force on Jupiter

N o~ g~

would be greater or less than that of Earth.

8 Among the planets shown, two of them are such that a person standing on their surface would weigh about the
same. Infer which two planets they are.

9 Pluto has a relative force of gravity of 0.06 to that of Earth. Use the relationship identified in Question 4,
to justify that Pluto will have a mass less than that of Earth’s moon.
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STEM activity DESIGNING AND PROTOTYPING A FERRY

Background information

Ferries are used worldwide to connect two or more
points (e.g. Parramatta RiverCat or Sydney Ferries).
They carry passengers, goods, and sometimes
vehicles. Ferries are vital for transport in many
developing countries, since highways are expensive to
build and most waterways come free.

Ferries float in water as a result of buoyancy. Any
object placed in water will either sink or float: if an
object is denser than water, it will usually sink; and if
it is less dense, it will float. But how can a steel ship,
capable of carrying thousands of passengers and cars,
float in the ocean when a metal ring or coin would
sink in your bathtub?

It is time to investigate how design can affect the
buoyancy of a ferry!

Figure 2.61 Ferries are part of the public transport system in
many places in the world.

Design brief: Design and construct a ferry boat.

Activity instructions

In teams (maximum of three people), you will design

and construct a ferry capable of transporting a

STEM activity: Designing and prototyping a ferry

© Evan Hbberts et al. 2021
[l this material must notiibe transferred to a@other party.

payload (set mass) between two points (return trip).
Your team has been assigned the task of designing
and constructing a ferry for riverside communities to
transport people and goods on the water.

As an engineer, you should investigate the science
and technology of boats.

Suggested materials

e ruler and tape measure

® scissors

e cardboard

e bubble wrap

e plastic bags

e 5 x 100 g parcels of sugar/salt (payload)

e sticky tape (duct tape or gaffer tape would
be good)

Research and feasibility

1 List the features that would make a useful boat.

2 Research the terms ‘density’ and ‘buoyancy’
and discuss in your group how these factors are
important in boat design.

Design

3 Design a ferry that is capable of transporting your
payload between two points and return.

4 Llabel and include measurements of your ferry.

Create
5 Build your ferry using the materials, checking as
you progress that your ferry is capable of floating.

Evaluate and modify

6 Discuss the challenges you have encountered
throughout this project with at least three of your
peers. List the strategies or actions that allowed
you to overcome it.

7 Create a list of improvements to your design
that could be applied to this project to refine
its performance.
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Chapter 3
Energy

Inquiry questions

Where does energy come from?

How is energy changed from one form o
to a more useful form?
How is energy made useful to meet

PRE-TEST

our needs?

Chapter introduction

This chapter provides an introduction to the
different forms of energy that we encounter
in our everyday lives. Your senses can detect
several types of energy — your eyes detect
light, your ears detect sound, and your skin
can feel hot and cold. You use your muscles to
move, gaining kinetic energy, or to lift things,
giving them gravitational potential energy. The
food you eat contains chemical energy, which
allows you to move and keep warm.
Our homes are full of machines that use energy
for lighting, cooking, cleaning, heating, cooling and
entertainment. You will learn about how energy can be

converted from one form to another, always leaving the total

amount of energy the same.
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‘N;‘ C apter map

There are various types of energy.

!

Fundamental
forms of
energy

Kinetic Potential
energy (KE) energy (PE)

|

Types of energy that are forms of kinetic energy,
potential energy or a mixture of the two

Thermal energy Gravitational PE

Wave energy Electrical PE Electricity
Sound energy Chemical PE

Light energy Elastic PE

Kinetic transfer

Energy transfer

——— Thermal energy transfer

Energy is
conserved

> Energy transformation l

Conduction

Convection
Radiation

Energy efficiency

_ Applications of energy include:
e Efficiency in housing
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102 Chapter 3 ENERGY

@ What is energy?

Learning goals
1 To define energy and its units.
2 To identify the different types of energy.

Energy is the ability to do work or make Potential energy
: ,
i things happen. It can’t be created or

destroyed; that s, the amount of energy Some objects can store energy until it is ready to be

WORKSHEET | . . . used. This stored energy is called potential energy,
in our universe is always the same.

because it has the potential to do work or make things
However, energy can change form, be

transferred from one object to another, happen. For example, a stretched rubber band has stored

or it can be stored for later use. For all elastic potential energy. The energy is not being used at

E Jﬁuu . . . .
[=] ¢ 5k the different types of energy, the unit of that point, but it has the potential to make something

VIDEO . . happen. Some forms of stored energy are summarised
Types of measurement is the joule (J). pp 8y
stored energy in Table 3.1.
energy There are just two
the capacity to do work; the . f
et i fundamental forms of energy: Form of potential Description
conserved in any process kinetic energy and potential energy
joule . .
the unit of energy orwork done  €nergy. All the other forms Gravitational Energy stored when an object
kinetic energy are one or other of these, or a potential energy is lifted off the ground; energy
th f i tt . .
© Snergy ot moving matter mixture of the two. (GPE or U) released when the object falls
potential energy g
the energy storedin - Electrical energy  Energy stored in electrostatic
something because of its Kinetic ener
heié;ht above the gro;lng, ay situations (e.g. thunderclouds,
or because it is stretche . .
or compressed, or in chemical The encrgy an Ob]eCt has capautors); energy released when
form, etc. when it is moving is called current flows (includes sparks like
kinetic energy (KE or K). The amount of energy depends lightning)

on the mass 