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Science toolkit 4
Scientists work collaboratively and individually
in the laboratory or the field, to plan or conduct
investigations safely and ethically. Scientists make predictions,
control variables and record their results accurately. Scientists
communicate their results using scientific language.

Particle model

The properties of the different states of matter can be
explained using the particle model. Scientists’ understanding
of matter has developed over thousands of years.

Mixtures

All things are made of materials. Many
materials are mixtures. Some materials

are not mixtures — they consist of

one pure substance. Mixtures contain

a combination of pure substances that

can be separated using a range of techniques.

Forces

Aforceisapush or pull, arising from the interaction
between two objects. Change is caused by
unbalanced forces acting on the object. Earth’s
gravity pulls objects towards the centre of the Earth.

Classification

Living things are called organisms. There are differences
within and between groups of organisms. Classification is a
system that helps organise the diversity of life on Earth. The
system of classification continues to develop and change.

Ecosystems

Organisms interact with one another in their environments.
Scientists use food webs and food chains to represent
these interactions. Humans are part of the food chain, and
human activity can affect the interaction of the organisms.

Earth, Sun and Moon
The position of the Sun, Earth and
Moon in the sky causes change on
Earth, including seasons, tides and eclipses.
Scientists can make predictions based on the
relative positions of the Sun, Earth and Moon.




Introducing Oxford Science 7-10
Australian Curriculum................. vi

Australian Curriculum: Science 7

scope and sequUencCe........cceeeeeeeens X
Acknowledgements.................. xii
CHAPTER 1

11 Science is the study of the
natural and physical world ...... 4

1.2 Scientists use specialised
equUIpPMENt ..o 6

1.3 Scientists take safety
Precautions ..o, 9

1.4 Scientists use observation
and inference to answer
QUESHIONS...veriiieicec e "
1.5 Science relies on measuring
with accuracy ..o 13
1.6 A Bunsen burneris an
essential piece of laboratory
equipment ..o 17
1.7 Afair test is a controlled
EXPEriMENt ..o, 19

1.8 Graphs and tables are used
to show results ... 22

1.9 Scientists analyse claims and
results ..o 26

1.10  Scientific reports communicate
fiNdings..ooooiii 28

111  Science as a human endeavour:
Science skills are used to solve

important problems ............... 30
112  First Nations Australians use

SCIEBNCE v 32
113  Cognitive verbs identify the

tasks in a question ................. 34
Chapter1review............................... 36
CHAPTER 2

PARTICLE MODEL ...40

21 There are three states of
Matter. . 42

2.2 Scientists” understanding of
matter has developed over

thousands of years................ 46
2.3  The particle model

explains matter...........ccocooe.. 48
2.4 The particle model can explain

the properties of matter ........ 50
2.5 Increasing kinetic energy in

matter causes it to expand ....52

2.6 Science as a human endeavour:
Scientists find ways to

communicate ... 54
Chapter 2review......................c........ 56
CHAPTER 3

MIXTURES.............60

3.1 Mixtures are a combination of
two or more substances........ 62

3.2  Asolution is a solute dissolved
inasolvent ... b4

3.3 Mixtures can be separated
according to their properties... 66

3.4  Mixtures can be separated
according to their size and

3.5  The boiling points of liquids
can be used to separate

MIXTUMES oo 70
3.6 Solubility can be used to
separate mixtures.................. 72

3.7 Science as a human endeavour:
Wastewater is a mixture that
can be separated.................... 74

3.8 Science as a human endeavour:
Materials recovery facilities

separate mixtures.................. 76
Chapter 3review..................ccoein. 78
CHAPTER 4

4.1 Aforce is a push, a pull or

A WISt 84
4.2 Anunbalanced force
causes change......cccoeenn, 86

4.3 Forces can be contact or
non-contact..........ccccooeee 88

4.4 Magnetic fields can apply a
force from a distance............ 90

4.5 Electrostatic forces are

non-contact forces................. 92
4.6 Earth’s gravity pulls objects to

the centre of the Earth.......... 94
4.7 Friction slows down moving

ObjectS i 96

4.8  Simple machines decrease
the amount of effort needed

to doWork....ocooiiiiiiii 98
4.9 A pulley changes the size or
direction of a force ............... 102

410 There are different types of
machines.........coccccoveii. 104

iv OXFORD SCIENCE 7 AUSTRALIAN CURRICULUM

411  Science as a human endeavour:
The forces in flight................ 106
412 Science as a human
endeavour: Forces are
involved in sport ... 108
Chapter4review.............................. 110
CHAPTER 5
5.1 Classification organises
our world ..o 116
5.2 Living organisms have
characteristics in common.. 118
5.3 Classification keys are visual
t00LS i 120
5.4  The classification system
continues to change ............. 122
5.5 Kingdoms can be used to
classify organisms .............. 124
5.6 Animals that have no skeleton
are called invertebrates....... 126
5.7  Vertebrates can be organised
into five classes.......ccoceee. 128
5.8 Plants can be classified
according to their
characteristics......ccoocooinn. 130
5.9 The first Australian scientists
classified their environment.. 132
5.10 Science as a human endeavour:
Taxonomists classify new
SPECIES oot 134
Chapter5review........................ 136
CHAPTER 6
6.1 All organisms are
interdependent ... 142
6.2 All organisms have a role in
an ecosystem ..o 144
6.3 Energy flows through an
€COSYSTeM .o 148
6.4  Population size depends on
abiotic and biotic factors...... 150
6.5 Introducing a new species may
disrupt a food web................ 154
6.6 Ecosystems can be
disrupted ..o 158
6.7 Science as a human endeavour:
Human management of
ecosystems continues to
change ..o 162
Chapter 6review....................coo. 166

OXFORD UNIVERSITY PRESS



CHAPTER 7
EARTH, SUN AND
MOON .................. 170

71 The Earth, Sun and Moon interact

with one another................. 172
7.2 The Moon reflects the

Sun’'s light..coooiiiii 174
7.3  The Moon’'s gravity causes tidal

movements ..o 176

7.4  Seasons are caused by the tilt of
the Earth .o 178

7.5 Science as a human
endeavour: Astronomers

explore space.......cccoecvennee 182
Chapter 7review.......................... 184
CHAPTER 8
EXPERIMENTS.... 188
STEAM projects .....cccceeeunnnnes 252
GloSSary.cccovviieeeeeeeeeeeee 260
[T L= G 266
OXFORD UNIVERSITY PRESS

CONTENTS



including:

AUSTRALIAN CURRICULUM

CHAPTER

INTRODUCING OXFORD SCIENCE 7-10

Chapter openers Concept statements

* Everychapter * Every topic begins with a concept
begins with a statement that summarises the key —6.1
clear learning concept of the topic in one sentence. [
pathway for
students.

Learning intentions
e Learning intentions are clearly

Oxford Science Australian Curriculum has been developed to meet the requirements of the
Australian Curriculum: Science across Years 7—10. Taking a concept development approach, each
double-page spread of Oxford Science represents one concept, one topic and one lesson. This
new edition ensures students build science skills and cross-curriculum capabilities, paving a
pathway for science success in the senior secondary years.

The series offers a completely integrated suite of print and digital resources to meet your needs,

> Student Book > Student obook pro > Teacher obook pro.

Key featu res > This Student Book combines complete curriculum coverage with clear
Of this and engaging design.
> Each print Student Book comes with complete access to all the digital
StUdent BOOk resources available on Student obook pro.

Focus on concept development

Chapterchecklist - RefleCt

e Students are
encouraged to self-
assess their learning
against a set of
success criteria in
the Chapter checklist
tables at the end
of each chapter. If
students do not feel
confident about their
learning, they are
directed back to the
relevant topic.

All organisms are
interdependent

stated for every topic.

Key ideas
* Keyideas are summarised for each topic in
succinct dot points.

Integrated links to engaging digital

resources

* Where relevant, digital icons flag engaging
resources that can be accessed via Student
obook pro. These resources are directly
integrated with the topic being covered.

Margin glossary terms
e Keyterms are bolded in the body in blue text,
with a glossary definition provided in the margin.

Vi OXFORD SCIENCE 7 AUSTRALIAN CURRICULUM

. ...

6.1 Check your learning

Check your learning

» Each topic finishes with a set of ‘Check your learning’
questions that are aligned to the learning intentions for the
topic. Questions are phrased using bolded cognitive verbs,
which state what is expected of a student and prepares them
for studying senior science subjects.

OXFORD UNIVERSITY PRESS



Digital hotspots

Icons found in the student book link
to digital resources accessible via
the obook pro.

(&) Digital versions of the Check
your learning and Chapter
review questions

i Videos
@ Digital quizzes
@ Interactives

Focus on science inquiry skills and capabilities

Graphs and tables are used
to show results

Data tables

Science toolkit

e The Science toolkit is
a standalone chapter
that explicitly teaches
important science
inquiry skills and = 5
capabilities.

Graphing data:

NCE AS " —
enoeavoursz RGBT 2 ke o

3 '7 Wastewater is a mixture
" that can be separated

‘‘‘‘‘‘‘‘‘‘ Test your skills and

capabilities

» This section
provides scaffolded
opportunities for
students to apply
their science
understanding while
developing skills and
capabilities.

Science as a human

endeavour

e ‘Science as a human
endeavour’ topics explore
real-world examples and
case studies, allowing
students to apply science
understanding.

Focus on practical work

2.4 Thedensiysen EXPERIMENT

Practical work appears at the —

back of the book

e All practical activities are
organised in a chapter at the end
of the book and signposted at
the point of learning throughout
each chapter.

STATION 1

Challenges, Skills labs and

Experiments

e These activities provide students
with opportunities to use problem-
solving and critical thinking, and
apply science inquiry skills.

Focus on STEAM Problem solving through
n design thinking

e Each STEAM project investigates a
real-world problem that students
are encouraged to problem solve
using design thinking.

How can we
reduce pollution
in local
waterways so
that biodiversity
is protected?

Integrated

STEAM projects

* Take the hard work out of
cross-curricular learning
with engaging STEAM
projects. Two fully integrated
projects are included at
the end of each book in the
series, and are scaffolded and
mapped to the Science, Maths
and Humanities curricula.
The same projects also
feature in the corresponding
Oxford Humanities and
Oxford Maths series to assist
cross-curricular learning.

Full digital support

e Each STEAM project is supported
by a wealth of digital resources,

"""""""""""""" = B 3 including student booklets (to

scaffold students through the

design-thinking process of

each project], videos to support

key concepts and skills, and

implementation and assessment

advice for teachers.

[STEAM project 1]

SCIENCE

s
o
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obook “

> Student obook pro is a completely digital product delivered via Oxford’s
online learning platform, Oxford Digital.

> It offers a complete digital version of the Student Book with interactive
note-taking, highlighting and bookmarking functionality, allowing students
to revisit points of learning.

> A complete ePDF of the Student Book is also available for download for
offline use and read-aloud functionality.

Focus on eLearning
Complete digital version of the Student Book
* This digital version of the Student Book is true to
the print version, making it easy to navigate and
transition between print and digital.

A Oxford Science Year 7

AUSTRALIAN CURRICULUM

All organisms are
interdependent

Videos

» Videos are available
online to support
understanding of
concepts or key practical
activities.

INTRODUCING OXFORD SCIENCE 7-10

Quizlet

e Integrated Quizlet sets,
including real-time online

quizzes with live leaderboards, Interactive quizzes
motivatg students by providing » Each topic in the Student Book is accompanied by an interactive
interactive games that can assessment that can be used to consolidate concepts and skills.

be played solo or as a class.
Quizlet can be used for revision
or as a topicis introduced to
keep students engaged.

* These interactive quizzes provide a mix of auto- and
teacher-corrected questions, with students receiving instant
feedback on achievement and progress. Students can also
access all their online assessment results to track their own
progress and reflect on their learning.

> integrated Australian Concise Oxford Dictionary look-up feature .
> targeted instructional videos for key concepts, practicals and worked examples Beneflts fOI’
> interactive assessments to consolidate understanding students

> integrated Quizlet sets, including real-time online quizzes with live leaderboards

> access to their online assessment results to track their own progress.

viii OXFORD SCIENCE 7 AUSTRALIAN CURRICULUM OXFORD UNIVERSITY PRESS



oxforddigital.

obook

> Teacher obook pro is a completely digital product delivered via Oxford Digital.

> Each chapter and topic of the Student Book is accompanied by full teaching
support. Teaching programs are provided that clearly direct learning pathways
throughout each chapter, including ideas for differentiation and practical activities.

> Teachers can use their Teacher obook pro to share notes and easily assign
resources or assessments to students, including due dates and email notifications.

Focus on assessment and reporting

Complete teaching support

* Teaching support includes full lesson and
assessment planning, ensuring there is

more time to focus on students.

axfordcicital .-

Oxford Science Year 7

RESOURCES ASSIGNED WORK REPORTS

Reports

FILTER BY: %
. Curriculum Report

CLASS, GROUPS &
STUDENTS

ScienceYRT =

S = & & &
AL groups A w | o W
= w w wr
H s 2 2
o f=3 (=3
2; L] W - .
2 Mixtures Curriculum and assessment

INTERYEAR LINK REPORT

reports
25+ 20« [N - | 0% 0% SO » Teachers are provided with
clear and tangible evidence
of student learning progress
25« 14« [N - |iow | ow | 25% through curriculum and
N — e - assessment reports.

S I - | | O |5 + Assessment reports directly
show how students are
performing in each online
interactive assessment,
providing instant feedback
for teachers about areas of
understanding.

e Curriculum reports
summarise student

Interyear...

OD5Student 1

OD5Student 2

OD35Student 3

OD5Student 4

OD5Student 5

OD5Student 6

QD5Student 7

Additional resources performance againgt

e Each chapter of the Student Book is accompanied specific curriculum content
by additional worksheets and learning resources descriptions and curriculum
to help students progress. codes.

> In addition to online assessment, teachers have access to editable class tests that are
provided at the conclusion of each chapter. These tests can be used as formative or
summative assessment and can be edited to suit the class’s learning outcomes. teachers

Benefits for

> Teachers are provided with laboratory support through experiment answer guidance,
laboratory technician notes and risk assessments to ensure safe learning experiences.
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AUSTRALIAN CURRICULUM:
SCIENCE 7 SCOPE AND SEQUENCE

In Year 7, students explore the diversity of life on Earth and continue to develop their understanding of the role of
classification in ordering and organising information. They use and develop models to represent and analyse the flow
of energy and matter through ecosystems and explore the impact of changing components within these systems. They
investigate relationships in the Earth-Sun-Moon system and use models to predict and explain events. They extend
their understanding of the particulate nature of matter and explore how interactions of matter and energy at the
sub-microscopic scale determine macroscopic properties. They consider the effects of multiple forces when explaining
changes in an object’s motion. Students make accurate measurements and analyse relationships between system
components. They construct and use models to test hypotheses about phenomena at scales that are difficult to study
directly and use these observations and other evidence to draw conclusions. They begin to understand the relationship
between science and society and appreciate the need for ethical and cultural considerations when acquiring data.

Biological sciences

Chapter 5 Investigate the role of classification in ordering and organising the diversity of life on Earth and use
and develop classification tools including dichotomous keys (AC9S7U01)
Chapter 6 Use models, including food webs, to represent matter and energy flow in ecosystems and predict the

impact of changing abiotic and biotic factors on populations (AC957U02)

Earth and space sciences

Chapter 7

Model cyclic changes in the relative positions of the Earth, Sun and Moon and explain how these
cycles cause eclipses and influence predictable phenomena on Earth, including seasons and tides
(AC9S7U03)

Physical sciences

Chapter 6

Investigate and represent balanced and unbalanced forces, including gravitational force, acting on
objects, and relate changes in an object’s motion to its mass and the magnitude and direction of forces
acting on it (AC9S7U04)

Chemical sciences

Chapter 2 Use particle theory to describe the arrangement of particles in a substance, including the motion of
and attraction between particles, and relate this to the properties of the substance (AC9S7U05)
Chapter 3 Use a particle model to describe differences between pure substances and mixtures and apply

understanding of properties of substances to separate mixtures (AC9S7U06)

Nature and development of science

All chapters Explain how new evidence or different perspectives can lead to changes in scientific knowledge
(AC9S7HO1)
All chapters Investigate how cultural perspectives and world views influence the development of scientific

knowledge (AC9S7H02)

Use and influence of science

All chapters Examine how proposed scientific responses to contemporary issues may impact on society and
explore ethical, environmental, social and economic considerations (AC9S7H03)
All chapters Explore the role of science communication in informing individual viewpoints and community policies
and regulations (AC9S7HO04)
X OXFORD SCIENCE 7 AUSTRALIAN CURRICULUM OXFORD UNIVERSITY PRESS




Questioning and predicting

All chapters Develop investigable questions, reasoned predictions and hypotheses to explore scientific models,
identify patterns and test relationships (AC9S7101)

Planning and conducting

All chapters Plan and conduct reproducible investigations to answer questions and test hypotheses, including
identifying variables and assumptions and, as appropriate, recognising and managing risks,
considering ethical issues and recognising key considerations regarding heritage sites and artefacts
on Country/Place (AC957102)

All chapters Select and use equipment to generate and record data with precision, using digital tools as
appropriate (AC957103)

Processing, modelling and analysing

All chapters Select and construct appropriate representations, including tables, graphs, models and mathematical
relationships, to organise and process data and information (AC9S7104)

All chapters Analyse data and information to describe patterns, trends and relationships and identify anomalies
(AC9S7105)

Evaluating

All chapters Analyse methods, conclusions and claims for assumptions, possible sources of error, conflicting
evidence and unanswered questions (AC9S7106)

All chapters Construct evidence-based arguments to support conclusions or evaluate claims and consider any
ethical issues and cultural protocols associated with using or citing secondary data or information
(AC9S7107)

Communicating

All chapters Write and create texts to communicate ideas, findings and arguments for specific purposes and

audiences, including selection of appropriate language and text features, using digital tools as
appropriate (AC9S7108)

By the end of Year 7, students explain how biological diversity is ordered and organised. They represent flows of matter and energy
in ecosystems and predict the effects of environmental changes. They model cycles in the Earth-Sun-Moon system and explain the
effects of these cycles on Earth phenomena. They represent and explain the effects of forces acting on objects. They use particle
theory to explain the physical properties of substances and develop processes that separate mixtures. Students identify the
factors that can influence development of and lead to changes in scientific knowledge. They explain how scientific responses are
developed and can impact society. They explain the role of science communication in shaping viewpoints, policies and regulations.
Students plan and conduct safe, reproducible investigations to test relationships and aspects of scientific models. They identify
potential ethical issues and intercultural considerations required for field locations or use of secondary data. They use equipment
to generate and record data with precision. They select and construct appropriate representations to organise data and information.
They process data and information and analyse it to describe patterns, trends and relationships. They identify possible sources of
error in methods and identify unanswered questions in conclusions and claims. They identify evidence to support their conclusions
and construct arguments to support or dispute claims. They select and use language and text features appropriately for their

purpose and audience when communicating their ideas and findings.

Source: © Australian Curriculum, Assessment and Reporting Authority (ACARA) 2009 to present, unless otherwise indicated. This material
was downloaded from the ACARA website (HYPERLINK “http://www.acara.edu.au”www.acara.edu.au) (Website) (accessed 2022) and was
modified. The material is licensed under HYPERLINK “https://creativecommons.org/licenses/by/4.0/"CC BY 4.0 (https://creativecommons.
org/licenses/by/4.0/). ACARA does not endorse any product that uses ACARA material or make any representations as to the quality of such
products. Any product that uses material published on this website should not be taken to be affiliated with ACARA or have the sponsorship
or approval of ACARA. It is up to each person to make their own assessment of the product.
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What if?

Bubbology A\ CAUTION! Do not suck on

= the straw.

What you need:
Bubble mix, straw, plastic ruler

What to do:

1 Put a little bubble mixture onto a clean bench surface.
2 Putthe end of the straw in the bubble mix.

3 Blow gently through the straw.

What if?

» What if you touch a bubble with a wet finger?

» What if you touch a bubble with a dry finger?

» Why do wet and dry fingers affect bubbles differently?



Learning intentions

By the end of this
topic, you will be
able to:

e describe the
questions
scientists
might ask

e describe
where and
how scientific
investigations
can occur.

GON Video 1.1A

@ Ask a scientist -
Dr Aaron Stewart
(entomologist)

¥R Video 1.1B

O Ask a scientist -
Dr Jo Whittaker
(geologist)

@A Video 1.1C
@] Ask a scientist -

Dr Niraj Lal (physicist)

@R Video 1.1D

@ Ask a scientist -
Ms Jenny Powell
(environmental

scientist)

scientist
a person who studies the
natural and physical world

philosopher

a ‘lover of knowledge’;
someone who studies ideas,
theories and questions

science
the study of the natural
and physical world

Science Is the study of the
natural and physical world

Key ideas

* Science measures what we observe (see, hear, smell and feel) and organises it into

testable explanations.

e Scientists have jobs that focus on asking questions and finding answers.
e Some scientists work in a laboratory; all scientists work in teams.
e Scientists answer questions by observing, recording and interpreting what they find.

Curiosity through history

Many scientific discoveries start with one
person who is curious about something. Our
world would be a very different place without
people asking questions, such as ‘How does
this work?’ or “Why
is this so?’

Sometimes
curiosity comes
from necessity.
To survive, the
first humans
had to discover
through trial
and error which
foods were edible
and which were
poisonous. This was
curiosity with life-
and-death results! The information was then
passed from person to person to benefit many
more people.

Figure 1 Early scientists
were called natural
philosophers.

Curiosity can also come from the desire to
know more. In ancient Greece, there was much
curiosity about the stars, the Sun, the Moon
and our own planet. Early scientists were not
called scientists at all — they were called ‘natural
philosophers’ because of their interest in
studying nature (Figure 1). Philosopher means
‘lover of knowledge’. Natural philosophers
used their observations to develop calendars,
to locate the Earth in the universe and to show
that the Earth is round and not flat.

Finding answers to problems that
affect people and society is another result
of curiosity (Figure 2). Many of the great
advances in medicine, such as vaccinations
and the discovery of penicillin, are the result
of years of research. They have changed our
lives, mostly for the better.
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Curiosity today

Science is in the news every day. Some issues
that scientists are curious about right now
include alternative and ‘green’ energy sources,
clean drinking water and food for a growing
world population, and new cures for diseases
such as the Ebola or Corona viruses. Scientists
ask questions about the survival of the human
race and space travel, and whether the human
brain could be replaced by a computer. Science
is an ongoing process that is never ‘finished’ — it
is always changing.

Scientists find cause
of disease outbreak

Scientists create
tsunami warning
system

Scientists develop
cervical cancer
vaccine

ED
SCIENTIST AWARD
AUSTRALIAN OF THE YEAR

Figure 2 Curiosity leads scientists to
new discoveries.

Scientists in the world

There are four main branches of science:
biology, physics, chemistry, and earth and
space science. Within each of these branches
there are many different specific science
professions that can overlap with one another.
Usually, a scientist has dedicated years of
study to specialise in one particular area.
Figures 3-8 show six different types of
scientists and a question they may spend time
researching. Science is an ever-expanding
search for knowledge and, as you will read,
there is still a lot of research to be done.
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1.1: Sideways ping pong
CHALLENGE Go to page 190.

-~
- .
Figure 3 A pharmacologist studies \| Figure 4 A palaeontologist studies Figure 5 An environmental scientist
medicines and drugs and their effects ancient life, including dinosaur fossils. studies the environment. How is climate
on the human body. /s an experimental What can the mass extinction of change affecting the Earth?
vaccine for the Ebola or Corona viruses dinosaurs teach us about modern life
safe for human trials? on Earth?

d

Figure 6 A meteorologist studies the Figure 7 A marine biologist studies

Figure 8 A nanotechnologist studies
atmosphere and weather patterns. life in the oceans and seas. How will substances at the atomic (very small)
How can we accurately predict cyclones? rising sea waters affect the Great Barrier scale. Can we design drugs to target

Reef? individual cells?

'@ atmosphere
the envelope of gases
surrounding the Earth or

Retrieve statement (by providing examples of another planet
science that are never finished and

deciding if this statement is true).
8 Look carefully at Figure 9. Propose a
possible question about gorillas that the

1 Identify (write) the name that was given
to the early scientists.

2 Identify the four main branches of
science described in this section.

cell
(in biology) the building
block of living things

scientist may be investigating. Describe

Comprehend the risk the close contact may have to:
3 Describe one reason why being curious a the scientist
and asking questions is important in science. b the gorillas.

4 Describe one idea or invention that has
changed in your lifetime due to science.

5 The meteorologist in Figure 6 is studying
how to predict cyclones. Describe one
advantage of this research.

Analyse

6 The environmental scientist in Figure 5 S $ == adi
o . . . . . / "4 ~ "‘\" ‘\ .
is investigating climate change. Identify S
two other scientists in this section who

Figure 9 A scientist observes gorillas

Quiz me

Complete the Quiz me to check how well
you've mastered the learning intentions and
to be assigned a worksheet at your level.

may work with an environmental scientist. —
Apply @

7 It is often said that science is never
‘finished’. Evaluate the truth of this

OXFORD UNIVERSITY PRESS 5



Sclentists use specialised
equipment

Learning intentions

Key ideas
By the end of this e Scientists use specialised equipment to conduct experiments in the laboratory and
topic, you will be i) i Fallal,
slelie e ; e Scientific experiments must be carefully planned so that they are safe.
e describe a
variety of
differer?t pieces SCientifiC eq u | p ment may sound unfam.iliar, but you will soon
of specialised learn what each piece of equipment is called
science Equipment is the name given to the and how it is used. The equipment in your
equipment. beakers, Bunsen burners, flasks, stands and school laboratory may look slightly different
other items used by scientists to conduct because each laboratory has its own types of
T experimer.lts. Using the correct equipment equipment. Some items of equipment can be
Times aff el ensures reliable results and the safety of used together in an experiment. Equipment
used in the laboratory scientists. Commonly used equipment is placed together for an experiment is called
shown in Figure 1. Some of the names an apparatus.
equipment
items used in the
laboratory to conduct < [ ]
experiments i
experiment [ 1
an investigation used to L
solve a problem or find an = 2 4
answer to a question ) .
Beaker Measuring Bunsen Filter
results cylinder burner funnel
the measurements and
observations made in o p— )
an experiment; they are ’ l 7\1 1
often presented in a table Wil
laboratory E
a specially designed space b’v ,_l . : / 8
for conducting research '
and experiments Conical Tripod Test tube Stirring rods
% flask stand
apparatus
equipment placed .
together for an i
experiment
o> .
Gauze mat Evaporating Watch glass Thermometer
Retort stand dish
with boss head
and clamp
V,// P
Test-tube Test-tube Metal Spatula
holder rack tongs

Figure 1 Types of equipment used in the laboratory
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1.2: Drawing scientific diagrams

Go to page 191.

Brain training: Scientific

1 Your class will divide into two teams and 3
revise Figure 2. Spend 2 minutes reminding
yourself of the correct names for the pieces 4
of equipment.

2 Your teacher will uncover a mystery tray
containing 16 pieces of equipment. You will
be able to view the tray for 60 seconds; it 5
will then be re-covered.

equipment

Write down the names of all the pieces of
equipment you can remember.

When you check your answers: score 2
points for each piece remembered and
spelt correctly; score 1 point if the spelling
was incorrect.

Add up the points for each team. The team
with the most points wins.

—
Beaker Measuring Bunsen
cylinder burner
Conical Tripod Test tube
flask stand
=g
VAVAVAVAVAN U
Gauze mat Evaporatin Watch glass
Retort stand vape & &
. dish
with boss head
and clamp
Test-tube Test-tube Metal
holder rack tongs

Figure 2 Scientific drawings of laboratory equipment

OXFORD UNIVERSITY PRESS

Filter
funnel

U

Stirring rods

Thermometer

Spatula



Scientific diagrams

To show others how to set up an experiment,
scientists write a list of equipment needed and
draw how it should be set up.

Scientists have a quick and simple way to
show scientific equipment. They use drawings
called scientific diagrams. Using scientific
diagrams means you do not have to be an artist
to be a good scientist and you have more time
to do the experiments.

scientific diagram

a clear, side-view, labelled
line drawing, usually made
using a sharp pencil

The procedure for drawing scientific
diagrams is as follows:

Draw the equipment from the side view.

Do not show any detail — just a simple
outline with no shading.

Draw lines using a ruler.

Write labels neatly and connect them to the
diagram with a line or arrow.

Spell labels correctly. Incorrect spelling
makes good science look bad!

Diagrams should be between 6 and
10cm high.

1 Draw clearly and neatly.

2 Use a sharp grey pencil.

@

Retrieve Analyse
1 Identify the name of each scientific diagram. 2 Contrast (describe the differences between) a
a scientific diagram and an artist’s drawing.

3 Complete these sentences by writing them in your notes.
LTAVAVATAYVAY a

b Experiment beakers, stands and other items used for

Laboratory equipment that is put together to do an
experiment is called ...

experiments are called ...

Apply
4 Draw scientific diagrams for:
a a filter funnel
b abeaker
c metal tongs
d a measuring cylinder.

Figure 3 Scientific diagrams Quiz me
Complete the Quiz me to check how well you've mastered
the learning intentions and to be assigned a worksheet at
your level.

Figure 4 Selecting the ‘ya) / Ll [
correct equipment for P ¢

an investigation can ‘r

improve the reliability ' I

of results.
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Sclentists take safety

precautions

Key ideas

e Scientists may be exposed to a variety of hazards in their work in a laboratory or

in the field.

e Scientists need to plan experiments so that they can complete them safely.
e Experiments in a laboratory are easier to control.

As a science student, just like every scientist,
it is your responsibility to be familiar with
your laboratory and to know where the safety
equipment is located, what the warning signs
mean and what to do in an emergency. Most
safety is common sense — common sense can
prevent many dangerous situations.

Safety symbols

Safety symbols are used in many different
settings. You may have seen the symbols in
Figure 1 on building sites, at entrances to
buildings, at school or on roads.

Your laboratory may already have some of
these symbols displayed.

Symbols are often simple drawings,
although sometimes words are also used. If a
picture can show a message clearly, words may
not be needed.

Laboratory safety rules

A class laboratory is not like a normal
classroom — there are additional rules to
follow. The class laboratory is a place where
people are learning to be better scientists, but
they may not always get it right the first time.
You will notice your science skills improving
as you do more and more experiments
carefully in the laboratory.

wear a lab coat for practical work

keep your workbooks and paper away from
heating equipment, chemicals and flames
tie long hair back whenever you do

an experiment

wear safety glasses while mixing or heating
substances

tell your teacher immediately if you cut

or burn yourself, break any glassware or
spill chemicals

wash your hands after an experiment

listen to and follow the teacher’s instructions

wear gloves when your teacher instructs
you to.

run or push others or behave roughly
eat anything or drink from glassware or
laboratory taps

look down into a container or point it
at a neighbour when heating or mixing
chemicals

smell gases or mixtures of chemicals
directly; instead, waft them near your nose
and only when instructed

mix chemicals at random

put matches, paper or other substances
down the sink

carry large bottles by the neck

enter a preparation room without your

teacher’s permission.

Learning intentions

By the end of this

topic, you will be

able to:

e describe safe
practices within
the laboratory.

@R Video 1.3A

G Test tube skills

@.\ Video 1.3B
The science laboratory

Figure 2 a Vulcanologists
(scientists who study
volcanoes) wear heat-
resistant silver suits
to protect themselves
against heat, ash

and molten rock.

A\ A L\ L

b Microbiologists

Flammable Strong Corrosive High noise High researching infectious
magnetic level voltage diseases wear protective
field clothing to ensure they do

Figure 1 Have you seen these safety symbols before? not get sick.

OXFORD UNIVERSITY PRESS 9



Welcome to our fabulous fashion show for
the label that is taking the fashion world by
storm — Labfab.

Olivia is wearing our new designer lab
coat, which has three- and four-button
options. Note that the buttons are worn
done up.

Lab coats are going to be loose this
year for stylish comfort during those
tricky experiments. And this year, knee
length is the length to protect yourself from
stray chemicals.

Safety glasses are hot and big. Top
model and scientist Corey is modelling a
pair from the new range, which are hipper
than the latest sunglasses. If you already
wear glasses, you may not need to wear
safety glasses.

This year, laboratory shoes are solid —
no tootsies please! Solid and sensible, they
scream ‘enduring style’.

Finally, you can never have too many
accessories. The latest in latex or plastic
is our fabulous range of disposable gloves.
They are available in a range of colours to
suit your every experimental mood.

Figure 3 Can you see the potentially dangerous activities?

Creating laboratory
safety rules

Look at Figure 3 and then consider the

following:

> How many potentially dangerous activities
can you identify in this picture?

> What rules might be needed to prevent
potential danger?

> Create a list of rules you think might be
needed in your science laboratory. Give
a possible consequence if the rule is
not followed.

> Compare your list of do’s and don’ts rules
with those listed on the opposite page.

> Type up your list on a computer, print it
out and stick it on the inside front cover
of your workbook.

6 Describe why do you think

Identify the three safety symbols shown in Figure 4.
Describe the meaning of each symbol.

Figure 4 Three safety symbols

it is dangerous to drink from
laboratory glassware.

Evaluate the effectiveness

of the protective equipment
being worn by the students in
Figure 5 (by identifying the
ways the students are using

2 a Name three items of protective clothing you might the equipment safely and the
wear in the laboratory. ways they are being unsafe).
b Describe what might happen if you do not wear one : : :
€ hose items of lgthin PP y Write a list of suggestions you Figure 5 Protective
© E55 s S or e g . . could offer the students to equipment worn by
3 Identify five things you should do to remain safe in the improve their safety. .
laboratory.
4 Identify five things you should not do in the laboratory. F=  quiz me
Complete the Quiz me to check how well you've mastered the
learning intentions and to be assigned a worksheet at your level.
5 With a partner, take turns to mime a safety rule for
your partner to guess.
10 OXFORD SCIENCE 7 AUSTRALIAN CURRICULUM OXFORD UNIVERSITY PRESS



Sclentists use observation
and Inference to answer
guestions

Key ideas

e Good scientists need to be observant and notice things around them.
e Quantitative observations usually contain numbers with units.

e Qualitative observations contain words and descriptions.

» Scientists use observations to infer (explain) what is happening.

The skill of observation usually requires you
to notice small differences. Figure 1 shows two
scenes. There are 10 differences between the
two. Can you find them all?

Figure 1 Use your observation skills to identify the
differences between the two pictures.

Quantitative or qualitative
observations

Quantitative observations use measurement
— they are ‘amounts’ or quantities and

are normally written using numbers. The
numbers are usually accompanied by units
that describe the size or what is being
measured, such as 2.7m or 23.4 degrees
Celsius (°C). For example, 10m is a
measurement of length, while 10L is a
measurement of volume.

OXFORD UNIVERSITY PRESS

Figure 2 A qualitative observation would be that
this substance was dark yellow.

Qualitative observations use words to
describe anything that is not an amount. The
five main sense organs of the human body are
essential for qualitative observations. What
you see, hear, smell, taste or feel are generally
qualitative observations. ‘Rough’, ‘sour’ and
‘yellow’ are all words describing qualitative
observations.

The secret to being observant is to use your
senses. The activities in this unit will make you
more aware of your senses. In some activities
you will need a blindfold. It is best to use

safety glasses that have been painted black or
covered with dark paper. You will not test your
fifth sense, taste, because it is not good safety
practice to eat in a laboratory.

Learning intentions

By the end of this
topic, you will be
able to:

e define observation
and inference as
scientific terms

e explain the
difference
between
qualitative and
quantitative data.

qualitative observation
an observation that uses
words and is not based
on measurements or
other data

quantitative observation
an observation that uses

a number, such as a
measurement

11



1.4: Observation versus inference

Go to page 192.

[ -
Figure 3 Test your sense of smell.
Your teacher will provide you with some
test tubes (wrapped in paper] lined up
in a test-tube rack. Gently smell each
one by wafting the smell towards your

—%

Figure 4 Test your sense of touch.
Wearing your blindfold, feel some
common objects. They may be fruit,
fabric, sandpaper, plastic or something
else. Describe each of them and try to

Figure 5 Test your sense of hearing.
Sit at your desk and put on your
blindfold. As your partner taps on the
desk or clicks their fingers, point to
where you think the noise is coming

nose with your hand. See if you can
name the smell.

recognise each substance by touch.

from. How good are you at finding the
direction of a sound?

explanation of an observation. It is how you explain your observation. An

CAUTION! Never smell things in a test
tube unless your teacher specifically
instructs you that it is safe.

inference does not necessarily guarantee that something is true, but it is
likely to be true.

Table 1 contains examples of observations, paired with possible

Based on your responses to Figures 3-5,
answer the following questions.

inferences.

> Which is your strongest sense and which is
your weakest? Observation
> Did you discover anything surprising while
responding to these figures? If so, what was it?
> What is one thing that you have learnt
about your senses of smell, touch, sight and

hearing? Write this in your workbook.

Inferences

Scientists need to be skilled at inference as
well as observation. An inference is a likely

1 Define (describe the meaning of) the term
‘observation’. Use an example to support your definition.

2 Define the term ‘inference’. Use an example to support
your definition.

3 Contrast (describe the differences between)
quantitative observations and qualitative observations.

4 Classify which of the following are observations and
which are inferences.

a You smell a strong odour from a garbage bin.

b Coffee stays hotter if you add the milk before the
hot water.

¢ I measured the temperature today at 37°C.

12 OXFORD SCIENCE 7 AUSTRALIAN CURRICULUM

Your house smells like cooked onions
when you get home from school.

A fabric feels like satin.

You hear a house alarm ringing.

Lemon juice tastes sour.

Table 1 Some sample observations and inferences

Inference

You are probably having cooked onions
with dinner.

The fabric is either satin or something
that feels very much like satin.

You see a man running down the street.  The man is either running away from

something or running to something.
Someone has entered the house.

Lemons contain an acid.

e There is a person in a Santa suit. It must be Christmas.

d Itis so hot that the temperature must be 37°C.

f This soup is so hot that it hurts my teeth.

Identify one observation from question 4 that is
quantitative and one observation that is qualitative.

Discuss why scientists do not use the sense of taste in
a laboratory.

Observation and inference are very important tools
for scientists. Propose (suggest) one reason why you
think they are important.

SR Quizme
Complete the Quiz me to check how well you've

mastered the learning intentions and to be assigned a
worksheet at your level.

OXFORD UNIVERSITY PRESS



Science relies on measuring

with accuracy

Key ideas
e Scientists use equipment to measure their results.
e Scientists need to compare their measurements with one another.

e The standard metric system is used by scientists around the world to measure distance

Learning intentions

By the end of this
topic, you will be
able to:

(metres), volume (litres) and mass [grams).

What if?

Human thermometer
What you need:

Very warm water, 3 ice-cream containers,
room temperature water, cold water, ice
cubes, thermometer

What to do:

1 Halffill the first container with cold
water and add the ice cubes.

2 Halffill the second container with
room temperature water.

CAUTION! Make sure it is safe
to put your hand in the water.

3 Halffill the third container with very
warm water.

4 Place one hand in the cold water
and the other in the warm water for
2 minutes.

5 Remove both hands and place them
both in the room temperature water.

» What do you notice about how hot/
cold the water is?

» Do both hands tell your brain the
water is the same temperature?

6 Use athermometer to measure the
temperature of the water in all three
containers.

What if?

» What if a foot was put in the water
instead of a hand?

OXFORD UNIVERSITY PRESS

e describe how

As you discovered in the ‘Human thermometer’
activity, your body picks up changes in the
environment, but it cannot tell you the exact
temperature of the water or air. Your body will
also become used to warmer temperatures in
summer and colder temperatures in winter.
What might seem like a nice 18 degrees in
winter, might feel cold in summer. For this
reason scientists rely on accurately measuring
all things during their experiments.

Old ways of measuring

For thousands of years, distances have been
measured by comparing them to parts of the
human body (see Table 1). The height of a horse,
for instance, is still measured in hands. Some
countries, such as the United States of America,
measure distance in feet. A standard system is
now used, instead of human hands and feet.

Measurement and units

Using human body parts for basic
measurements caused confusion and arguments
because everyone’s body size is different. So
many different systems were being used to
measure things that people were often cheated,
such as when buying goods by weight.

Table 1 Measurements used in ancient civilisations

to accurately

measure data
using a variety
of equipment.

Measurement, errors
and accuracy

Old unit Civilisation Estimated equivalent
today (cm)
Royal foot Ancient Egypt 25.4
Royal cubit Ancient Egypt 52.4
Finger Ancient Mesopotamia 1.9
Palm Ancient Mesopotamia 7.5
Fathom Ancient Mesopotamia 180.0
Knuckle Ancient Greece 3.9
Lick Ancient Greece 15.4
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1.5: Measuring mass and volume
Go to page 193.

units
standard measurements

metric system

a decimal system of
measurement; uses metres,
kilograms, litres and so on

matter

anything that has space
and volume; matter is made
up of atoms

Figure 1 Length Measurements of

In 1790, the then king of France, Louis XVI,
decided that in his country at least a uniform
system should be established. This was
ultimately called the metric system.

The idea of having standard units for
measurement soon spread, so all types of
measurement were included. The metric
system is now used by scientists worldwide. A
measurement of 2.45m has to be the same in
Cairns, Queensland, as in New York, USA.

A temperature of 37°C is just as hot in

Figure 2 Mass This measures the
amount of matter or substance in an

Kolkata, India, as in Toowoomba, Queensland.
Scientists often check each other’s work by
repeating experiments to see if they get the
same results. To do this they need to use
measurements that are consistent with the
original experiment. By using a standard
system of measurement, scientists everywhere
can understand and build on each other’s work.
Five kinds of measurement are important
when you are exploring science: volume, mass,
temperature, time and length.

re L
Figure 3 Time A watch or clock set 4
to the correct time tells you the time of

length can be shown using a unit called
metres, with the symbol ‘m’. For long
distances, kilometres (km) are used.
For short distances, centimetres (cm)
or millimetres (mm) can be used. In
school science, the devices we use to
measure length and distance are the
trundle wheel (pictured), metre rule and
tape measure.

object. Mass is measured in units called
grams (g), kilograms (kg) and tonnes (t).
Smaller masses are measured in
milligrams (mg). Mass-measuring
devices are called scales or balances.
You will use an electronic balance to
measure mass.

Place the

measuring

P Look in line
with the top
of the water.

cylinder on a
Y level surface.

day. A stopwatch measures how much
time has passed. In your experiments,
measurements of time will often have
the unit called seconds (s).

Meni
eniscus Read level here

meniscus
the curved upper surface of
a liquid in a tube

Figure 4 Temperature This is usually
measured using a thermometer. Some
thermometers have a digital scale.
Measurements of temperature have the
unit called degrees Celsius. Its symbol
is °C".
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Read the water level at the
bottom of the meniscus.
(Here the correct

measurement is 34 mL..)

Figure 5 Volume This measures how much space
something takes up. Measurements of liquid volumes
can be shown with units called litres (L) or millilitres (mL).
In science, beakers and measuring cylinders are used

to measure the volume of liquids. Some beakers have a
measuring scale on them, but measuring cylinders are
more accurate than beakers. Scientists usually prefer

to use measuring cylinders to measure volume. Liquids
cling to the sides of containers, forming a slightly curved
surface. This is called a meniscus. The diagram shows
how to read a meniscus. Measurements of the volume of
solid objects have units such as cubic centimetres (cm?).
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Recording measurements

All measurements have two parts: a number
and a unit (see Table 2). For example, 5 metres
is written as ‘Sm’. Notice that the unit does
not have an ‘s’ after it, even though it stands
for ‘metres’. This is so that it does not become
confused with milliseconds.

Measurements are usually recorded
in a table or a graph so that they can be
easily read, compared or used for further
calculations.

Figure 6 Stopwatches are used to measure
minutes and seconds.

Converting units of length

To compare two measurements, their units
must be the same. It is difficult to compare
10000 m with 13km — which is longer?
Comparing 10km with 13km is easier. The
metric system works in multiples of 10, so we
can convert using a formula (see Table 3).
Worked examples 1.5A and 1.5B show how to
convert between units.

1 kilometre = 1000 metres
1 metre = 100 centimetres
1 centimetre = 10 millimetres

Table 2 Some metric units of measurement

Measurement Unit
Distance or length kilometre
metre
centimetre
millimetre
Volume litre
millilitre
Mass tonne
kilogram
gram
milligram
Time hour
minute
second

Temperature degree Celsius
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> To change a larger unit (such as kilometres)
into a smaller unit (such as metres), you
need to multiply.

> To change a smaller unit (such as
millimetres) into a larger unit (such as
centimetres), you need to divide.

Table 3 Converting units

Change from Change to Conversion
km m % 1000

m cm x 100

cm mm x 10

m km = 1000

cm m =100

mm cm =10

Worked example 1.5A:
. Converting between
units
Two scientists measured the height of two
trees. The first tree was 150m tall, while

the second tree was 12000 cm tall. Identify
which tree is the tallest.

Solution

© Before you can compare the numbers, they
need to be changed so that they have the
same units.
1m = 100cm (multiply by 100)
150m = 150 x 100 = 15000cm
15000 cm is longer than 12000 cm.

Therefore, the 150 m tree is taller than the
12000 cm tree.

Symbol Instrument used

km trundle wheel

m metre rule

cm tape measure or ruler
mm tape measure or ruler
L beaker

mL measuring cylinder

t weighbridge

kg beam balance

g spring balance

mg electronic scales

h clock

min stopwatch

S stopwatch

°C thermometer

15



accuracy
how carefully, correctly
and consistently data

has been measured or
processed; in science, how
close a measured value is to
the true value

parallax error

an error, or inaccurate
reading, that occurs as a
result of reading a scale
from an angle

Worked example 1.5B:
Comparing measurements
that use different units

A scientist wanted to send a 295 cm long
metal pipe to a laboratory in England.
Should they choose a 2.5m or a 3.0m
postage cylinder for their pipe?

Solution

100cm = 1.0m (divide by 100)
295cm =2.95m

Therefore the 2.95m pipe will fit in the
3.0m postage cylinder and will be too long
for the 2.5m cylinder.

Measuring accurately

Accurate measurement in science is important

so that your results are a true record of your

experiment. Comparing measurements with other

scientists is useful only if your results are accurate.
You can do several things to improve your

accuracy in the science laboratory. Always

. > With parallax error
v AR > No parallax error

- ?> With parallax error

Figure 7 Parallax error occurs when you read a
scale from an angle.

take your time when measuring and make sure
you write down the result straight away. When
reading a scale, line up your eye directly in front
of the object and the scale. L.ooking from above
or from the side can produce different readings.
This is called parallax error (Figure 7).

5 In the United States of America, people use imperial

List everything you have measured today. Think
carefully — you have probably measured more things
than you realise. Try to list at least five things.
Identify the part of the meniscus that you should read
when measuring volume.

Identify which tools you would use to measure the
following things.

Distance around a cricket ground

Time it takes a sprinter to run 100 m

Mass of a carrot

Volume of water in a fish tank

Volume of a square block

Temperature of a swimming pool

Your mass

Thickness of this book

50 " 0o a6 g e

Explain why using body parts as a measuring tool
might cause problems for scientists.
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units of measurement (foot, pound, mile), but scientists

use metric units.

a Explain why the scientists in the United States need
to use metric units.

b Explain why problems might arise if scientists in the
United States used imperial units.

Use a labelled diagram to describe a meniscus.

Explain why you might prefer to walk 14900 cm

instead of 3km.

Provide an example to explain that errors in

measurement are sometimes unavoidable.

Identify which is longer: 10000mm or 500 m.

10 Identify which is shorter: 3km or 1000 m.

11 Convert 1km into metres, centimetres and millimetres.

W Quiz me
Complete the Quiz me to check how well you've mastered

the learning intentions and to be assigned a worksheet at
your level.
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A Bunsen burner is
an essential piece of

laboratory equipment

Key ideas

e ABunsen burner is used to heat things in the laboratory.
e The yellow flame is called the safety flame because it is easier to see.
e The blue flame produces more heat than the yellow flame (over 1500°C].

Using a Bunsen burner

A mixture of liquid petroleum gas (LLPG) or
methane and air is used to produce a good flame
for heating. The Bunsen burner has a collar
that can be turned to open or close the air hole.
The position of the collar controls how much
air enters the burner and therefore how hot the
flame is. If the hole is closed, less air can mix
with the gas. This results in a yellow safety flame.

Match held to one
side of top of burner

Hand below
flame

Air hole closed

Figure 1 The right way to light a Bunsen burner

A

Air hole
open

Heating flame

closed

Safety flame

Figure 2 Blue (heating) and yellow (safety) flames
on the Bunsen burner
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Air hole

If the collar hole is open, air mixes with the gas,

allowing a hotter blue flame to burn (Figure 2).
When alight but not being used for heating,

the Bunsen burner should be left on the yellow

(safety) flame, which is not as hot and is easy

to see. The safety flame is always used when

lighting the burner.

What to do if there is a fire
in the laboratory

1 Let the teacher know immediately (they
will turn off the main gas tap if gas is
involved).

2 The class fire officer should take a
message to the school administration as
quickly as possible.

3 If the fire is small, the teacher will use
the fire extinguisher.

4 Evacuate the area in an orderly manner.

Check that everyone is safe.

Treating scalds and
burns

1 Immediately run cold tap water on the
scald or burn for at least 15 minutes.
Do not use ice or very cold water.

2 Ask another student to tell your teacher
about the scald or burn.

3 Remove nearby clothing (unless it is
stuck to the burnt area) and jewellery
(such as watches, rings and bracelets)
because burnt areas can swell quickly.

4 Try not to touch the area if possible. Do
not use any creams.

5 Seek medical attention if necessary.

Learning intentions

By the end of this

topic, you will be

able to:

e use aBunsen
burner safely and
accurately.

Video 1.6
How to use a Bunsen
burner

BB |nteractive 1.6
@ Lighting a Bunsen

burner

Bunsen burner

a piece of equipment used
as a heat source in the
laboratory

Figure 3 A scalded hand

Figure 4 A burnt hand
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What you need:

Bunsen burner, heatproof mat, matches, notebook,
coloured pencils, grey pencil, metal tongs, two pieces of
white ceramic or porcelain

CAUTION! Remember to keep your hand below the flame.
CAUTION! Keep your notebook and other materials well
away from the Bunsen burner.

CAUTION! Never sit at eye level in front of a Bunsen
burner. Stand while you are conducting the experiment.
CAUTION! The porcelain you heat will remain very hot
for a long time. Do not pick it up with your fingers - use
tongs. Wear safety goggles and a lab coat.

albe= i =

Figure 10 After you have
followed these steps, the

Figure 7 Close the air Figure 8 Light a match Figure 9 Open the

Figure 6 Connect the
rubber hosing firmly

Figure 5 Place the

Bunsen burnerona hole by turning the and place it above the gas tap fully.

heatproof mat. to the gas tap. collar. barrel, with your hand Bunsen burner will have
below the flame. a yellow (safety) flame.
What to do: 6 Hold the other piece of porcelain with the tongs. Change the

flame to blue and heat the porcelain for 1 minute by holding
it in the top part of the flame. Describe what happens to this
piece of porcelain and draw it.

1 Follow the steps shown in Figures 5-10 to light your
Bunsen burner.

2 Change the flame to blue by opening the air hole on

the collar. > Describe two reasons why the yellow flame is called the

. safety flame.
3  Write down and draw what happens to the flame when

the hole is closed, half open and fully open > Identify which flame is noisier: blue or yellow? Explain why

. this is useful to know.
Close the collar so that a yellow flame is produced. . . .
> Identify which flame leaves a sooty carbon black deposit

5 Using tongs, hold a piece of porcelain in the top of the on whatever object it heats.

yellow flame for a minute. Place the hot porcelain on the
heatproof mat when you have finished. Describe what
happens to the porcelain and draw it.

> Identify which flame is the ‘clean’ flame for heating.
> Describe two reasons why you might use a blue flame for

heating in an experiment.
Apply

7 A student claimed that the top part of the Bunsen

Comprehend

1 Describe the colour of the Bunsen burner’s safety flame.

2 Describe the colour of the Bunsen burner’s heating flame. burner flame was hotter than the bottom of the flame.
3 Explain how (what you do) to get a heating flame with Design an experiment that will allow you to test the

your Bunsen burner.
4 Explain how you should treat a scald.
5 If you were heating a substance to check for colour

change, describe the flame that you would use to make

it easier to observe.
6 Explain why hair should be tied back when using a
Bunsen burner.
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student’s claim.

Quiz me
Complete the Quiz me to check how well you've

mastered the learning intentions and to be assigned a
worksheet at your level.
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A fair test 1s a controlled
experiment

Key ideas

e Scientists are reliable sources of information because of the way they test their ideas.
e Pseudoscience is when people use the language of science to promote unscientific

information.

e Scientists control the variables and repeat their experiments.
e Reasonable experiments occur when an experiment tests a hypothesis.

Pseudoscience

Have you ever seen advertisements for weight
loss or hair growth ‘miracles’ or ‘miraculous’
wrinkle treatments? Although some of these
products may have been partly developed by
scientists, the results are usually less fabulous
than they seem. The word ‘pseudo’ (pronounced
‘se0o-doe’) means ‘false’ — pseudoscience is
false science. Real science is based on asking
questions that can be investigated so that the
results can be reproduced by other scientists.
The Australian Government has regulations
about many of the products sold here, but not all
types of products are covered (Figure 1).

Variables

A variable is something that can affect the
results of an experiment. When the variable

is changed, the results of the experiment will
change. If the variables are kept the same,

they are described as controlled. Controlling
variables ensures that an experiment is fair and
that the results can be trusted.

Once you can control the test, you can
experiment with it. To do this you must choose
only one variable to change. This is called the
independent variable because an independent
scientist makes the decision. This can be done
in the form of a ‘What if” question; for example:
> What if the amount of vinegar was increased?
> What if the amount of bicarbonate soda

was decreased?

Once you ask a “What if” question, you
can predict what may happen (Figure 2).

A reasoned prediction can be written by
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removing the “What’ at the start and adding a
‘then’ at the end of the question.
The first half of the reasoned prediction is
the independent variable, and the second half
of the prediction is what we are testing for.
This is called the dependent variable because
the measurements may depend on any other
changes. All other variables must remain the
same; these variables are called controlled
variables. A hypothesis is a suggested
explanation for the reasoned prediction. A good
hypothesis can be tested to see if it is supported
(the prediction is correct) or refuted (the
prediction was wrong).
Once the hypothesis has been written,
its time to plan how to do the experiment.
All methods need to have a controlled test
that can be repeated to get the same results.
Your hypothesis should then tell you the only
variable that needs to be changed.
Reasonable tests ensure that experimental
results can be used to make the right decisions.
When you consider the results of an experiment
and try to draw some conclusions, you need to
consider the following questions:
> Did you control every factor/variable, except
the one you were changing on purpose?
> Were there any variables in the environment
you could not control?

> Ifyou did the same experiment again,
would you expect the results to be exactly
the same?

> Did you estimate or assume any
measurements during the experiment?

Learning intentions

By the end of this
topic, you will be
able to:

e explain the
term ‘variable’
and describe
the difference
between
dependent and
independent
variables

e describe how
repetition
increases the
reliability of
results.

pseudoscience

claims that are supposedly
scientific but are made with

no evidence to support them

Figure 1 ‘Miracle’
products are often the

result of pseudoscience.

variable

something that can affect
the outcome or results of

an experiment

independent variable
a variable (factor) that is

changed in an experiment

dependent variable

a variable in an experiment

that may change as a
result of changes to the
independent variable
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controlled variable Independent variable: Dependent variable: the

a variable that is kept

the variable that variable that is tested or
C}‘l’nsmit and unChanlged is changed measured at the end
t roug. out an CXperlment
) A A
hypothesis 4 A 4 B

a proposed explanation
for a prediction that can
be tested

IF the amount of vinegar is increased, THEN the number of bubbles produced will increase
BECAUSE more vinegar will react with the baking soda.

N 3

reasonable test NG
a test where all variables The explanation for the
reasoned prediction

are controlled except for

the one being changed

on purpose Figure 2 A hypothesis can be made once you ask your ‘What if’ question.

. ‘ . »
Asking What if?
Choose one of the questions from the “What
if?’ activity shown on this page to investigate.

What if?

Controlling an experiment

1 Write a reasoned prediction for your inquiry.
What you need:

2 Identify the independent variable that you

will change from the first method. A large plastic cup, teaspoon, permanent

marker, bicarbonate soda, vinegar, ruler

What to do:

3 Identify the dependent variable that you will
measure and/or observe.

Add a small amount of vinegar to the

plastic cup and then a teaspoon of

bicarbonate soda.

4 Write a hypothesis for your inquiry. 1

List the variables that you will need to

control to ensure a fair test. .
2 Describe what happens. Use the

permanent marker to mark on the
side of the cup how far up the reaction
reached.

6 Describe how you will control these variables.

Test your hypothesis. Repeat your
experiment at least three times to make sure

-

Figure 3 If you were testing the effect of sunlight on plant growth you would need

your results are reliable.
Record your results in a table.

9 Write a summary of your results.

to control variables such as watering levels, soil type, fertiliser and pot size.
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3 Use the ruler to measure the distance
between the table and the mark on
the cup.

Rinse the cup with water.

5 Repeat steps 1-4 until you can get
the reaction to rise to the same mark
three times in a row.

What if?
» What if you did not add the same
amount of vinegar each time?

» What if you did not add the same
amount of bicarbonate soda each time?

» What if you used a smaller cup for the
reaction?
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Making your results reliable

Repetition of experiments is very important.
If you performed an experiment and achieved
certain results, you would conclude that the
results were reliable. But what if you did the
experiment a second time and the results
were slightly different? Did you do something
slightly different? Were the conditions slightly
different? Did you use the same materials from
the same source? If you measured the same
results the second time, was it a coincidence?
Performing an experiment at least three
times will give you greater confidence in your
results. If other people repeat your experiment
and achieve the same results, then your results
are supported even more.

Retrieve

1 Define the term ‘variable’.

Figure 4 Repeating an experiment improves the reliability of your results.

2 Identify the name given to the variable that is being

tested and therefore changed on purpose.

Comprehend
3 Explain why most variables need to be controlled.
4 Justin decided to conduct an experiment to find out

whether his cats preferred full-cream or low-fat milk. He
gave one cat a saucer of full-cream milk and the other cat

5

a saucer of low-fat milk and then left them alone. When

he returned an hour later, the low-fat milk was gone

and

there was a small amount of full-cream milk left. Justin

concluded that his cats preferred low-fat milk.
a Explain why you agree or disagree with
Justin’s conclusion.

b Explain whether Justin conducted a reasonable test (by

describing if he controlled all other variables, descr
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if he would have the same results if he repeated the
experiment, and deciding if the test was fair).

¢ Identify two variables that needed to be controlled.
Explain how these variables could have affected
the results.

d Describe two ways you could improve Justin’s
experiment so that his results were more reliable.

Apply

When repeating experiments, a scientist claimed that:
‘One set of results was random.

Two sets were a coincidence.

Three sets is evidence.’

Discuss what the scientist meant by this saying.

Quiz me
Complete the Quiz me to check how well you've mastered the
learning intentions and to be assigned a worksheet at your level.
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Learning intentions

By the end of this
topic, you will be

able to:

e use graphs
and tables
appropriately to

communicate
the data from
investigations.

discrete data
data where the numbers
can only be whole numbers

column graph

a graph in which the height
of the columns represents
the number measured

continuous data
data that are measured and
can be any value

scatter graph

a graph used to represent
continuous data; it consists
of discrete data points

Graphs and tables are used
to show results

Key ideas

e Scientists need to collect data and present it in an organised manner.
e Tables or graphs allow scientists to identify patterns that may exist in their results.
e Tables should have a heading, column headings with units of measurement, and data in

each column.

 Different graphs should be used depending on the type of data (discrete or continuous)

being displayed.

Data tables

When recording the results of experiments,
the data collected should be neatly presented
in a table or logbook. There are four steps for
drawing a table:

1 Use a ruler to draw a table with the correct
number of columns.

2 Write a heading that describes the contents
of the table; for example, “The change in
water temperature over time’ (see Table 1).

3 Give each column a label and units (what the
number means), such as “Temperature (°C)’.

4 Add your data in the correct columns.

Table 1 Change in water temperature over time

Time (min) Temperature (°C)
5 43

10 37

15 35

20 24

Graphing data: Discrete
and continuous data

There are two main types of data. The first
type, discrete data, is obtained when the
numbers can only be whole numbers, such as
the number of people in a class (you cannot
have half a person). Discrete data is often
represented in a column graph.

The second type of data, continuous data, is
obtained when the numbers can be any value. For
example, the fastest time in the world for a 100m
race is currently 9.58s; the tallest person in the world
is 251 cm tall (Figure 1). Continuous data should
always be represented in a line or scatter graph.
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Figure 1 a Sultan Kosen is 251 cm tall.
b Usain Bolt ran 100m in 9.58s. Height and time
are examples of continuous data.
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1.8: Heating water
Go to page 194.

In a column graph, the height of the columns
represents the number that you were
measuring. This type of graph is good for
showing discrete data. The steps for drawing a
column graph are listed below.

Step 1: Use a pencil and a ruler to draw a
large set of axes (the horizontal and vertical
lines of a graph).

Figure 2 Drawing a set of axes

Step 3: Add numbers at regular intervals
to the lines on the vertical axis, making
sure you will fit the largest number. If the
numbers are small, spread them out to use
the whole graph.

70+

60+

Insects caught
[\ W B w
R &

—_
(=)
I

;
Location

Figure 4 Adding numbers to the axes at
regular intervals
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Figure 6 Make sure to keep
a careful record of insects
caught at different locations.

For example, when graphing the number of
insects caught at each location, the independent
scientist changes the independent location
variable and the number of insects is counted
at each point. Therefore, location is the
independent variable and is on the horizontal
axis. The number of insects is the dependent
variable and is on the vertical axis.

Step 2: Label each axis. The horizontal
(flat) axis should show the independent
variable, and the vertical (up) axis should be
the dependent variable.

Insects caught

Location

Figure 3 Labelling each axis

Step 4: Add units (what the numbers
mean) to the axis. These units are usually
metres (m), seconds (s) or minutes (min),
but they can also be the number ()
of things.

70+

60+

w
[=)
I

W
o
!

Insects caught (1)
N I
R R
~

—_
o
I
-

0 T T T
Location

Figure 5 Adding units to the axes
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line of best fit

the line on a scatter graph
that passes through, or
nearly through, as many
data points as possible to
show any overall trends in
the data

Step 5: Plot your data on the graph. Rule
the lines carefully, making sure there is a
gap between the columns.

70+

60

w
(=]
I

Insects caught ()
S
(e}

0 T T T T T T T |
A B

Location

Figure 7 Plotting data on the column graph

In a scatter graph, the relationship between two
sets of data is compared. The steps for drawing
a scatter graph are listed below.

Step 1: Use a pencil and a ruler to draw

a large set of axes (the horizontal and
vertical lines of a graph). Label each axis.
The horizontal (flat) axis should show the
independent variable, and the vertical (up)
axis should be the dependent variable.

Temperature

Time

Figure 9 Drawing a set of axes

Step 3: Plot your data on the graph. Use
small crosses rather than dots. It is easier to find
the centre of a cross than the centre of a dot.

Temperature (°C)
—_ N W s N 0
o O O o (?
x
x

090
x
x

1 2 3 4 5 6 7 8 9 10
Time (min)

Figure 11 Potting data on the graph using
small crosses

24 OXFORD SCIENCE 7 AUSTRALIAN CURRICULUM

Step 6: A completed column graph shows
the number of insects caught at different
locations.

704

60

Insects caught (1)
) w I wn
SRR

—
(=}
L

0 T T T T T T T
A B C D E F G H

Location

Figure 8 Finishing the column graph

For example, when graphing how temperature
changes over time, the independent scientist
changes the independent variable (time) and
then measures the temperature. Therefore,
time is on the horizontal axis and temperature
is on the vertical axis.

Step 2: Add numbers at regular intervals to
the lines on the axes, making sure you will fit
the largest number. If the numbers are small,
spread them out to use the whole graph. Add
units (what the numbers mean) to the axes.

o)
2 ERES

(=}
1

Temperature (°C)
g A I~V e N |
S S S

(=}
1

1 2 3 4 5 6 7 8 9 10
Time (min)

Figure 10 Adding numbers to axes at regular
intervals

Step 4: Draw a line of best fit or a smooth
curve that passes through or near to as many
data points as possible. In this case a line of
best fit is shown.

Temperature (°C)
=N W s L JX
o O O O O
x
x

(=N
x
x

1 23 456 7 8 910
Time (min)

Figure 12 Drawing a line of best fit
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Step 5: If you are plotting more than one
set of data on the one graph, then use a
small circle instead of a cross. Add a legend
to help identify which set of data is which.

x0
ox
ox
0 x

N ®
(SR === ===
x0
x0

Temperature (°C)
_ N W B N

1 23 456 7 8 910
Time (min)
% Distilled water ¢ Honey

Figure 13 Using small crosses and circles
when plotting more than one set of data

Step 6: Write a descriptive title at the top

of the graph.

The change in temperature of honey

80
0 70
°\J 60
& 50

& 40
8 30
g 20

& 10

and distilled water over time

X
X-o
x ©
o

2 3 45 6 7 8 910
Time (min)
Distilled water ¢ Honey

Figure 14 Writing a descriptive title for the

scatter graph

1 Identify the two types of quantitative data that

scientists collect.

2 Identify which variable (independent or dependent) is

located on the horizontal axis of a graph.

3 Identify the type of graph that would be used to
show the number of birds found in a particular area

each month.

4 Figure 15 shows a graph drawn by a student. List all
the things that should be corrected on the graph.

200

175

120

30

20

10 25 30 40 45 50 60 70 85

Figure 15 A graph drawn by a student

5 For each set of data that follows:

100

a describe the type of graph that should be drawn

b explain what has happened during each of the

following events:

i the number of accidents in the science laboratory
during the first six months of the year

OXFORD UNIVERSITY PRESS

Time Number of accidents
Jan 0
Feb 10
Mar 6
April 3
May 2
June 1

ii how the number of cigarettes smoked per day
by a pregnant woman affects the birth weight

of her baby
Number of cigarettes Birth weight of baby (kg)
smoked per day
0 35
10 3.1
20 2.6
30 2.2

iii how the number of trees in an area affects the
amount of birds.

Number of trees Number of birds
2
3
7
10
13
18
20

N o~ Ol W —

P& Quiz me
Complete the Quiz me to check how well you've mastered

the learning intentions and to be assigned a worksheet at
your level.
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Sclentists analyse claims

and results

Key ideas

By the end of this .

topic, you will be 0

able to:

e describe how
errors can affect
the results of an

Learning intentions

Good science

experiment
e describe the Earlier in the chapter you learnt about how
evidence a pseudoscience claims are commonly made on

the internet or in the media. These claims will
often use scientific words and describe poorly
designed experiments that did not have all

scientist uses

when making

a claim.
variables controlled. A good science experiment
needs to be carefully planned, and the results
will be carefully analysed to make sure that all
errors have been minimised.

When you are planning your methods, or
analysing the results of your experiment, there
are a few hints you can use to help you avoid
making pseudoscientific claims.

Analysing the method

One of the most difficult things to do in

an experiment is to control all variables.

Sometimes random things, like someone
error opening a door or window, can cause an error
an inaccuracy or in an experiment (Figure 1). An example of
this might be when a scientist is testing if salty
water takes longer to boil than fresh water.

A window opening might cause cold air to

inconsistency in

measurement

change the temperature of the surrounding air.
This is why it is important to check if an
experiment was repeated at least three
times with the same results. Repeated
experiments are more reliable than
single experiments.

When a scientist decides that the
temperature of the room does not
change without measuring it, they have
made an assumption. Assumptions are beliefs
Figure 1 Even
something as small as
having a window open
can impact the results
of an experiment.

that are accepted as true without any evidence
or testing. Some assumptions are reasonable.
An example of this is the assumption that
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Science experiments are planned and analysed carefully to minimise errors.
Before claiming that a hypothesis is supported or refuted, experiment data must be
checked to identify if it contains any errors or unexpected results.

your science teacher has given you the correct
materials for the experiment. Other assumptions
should be questioned, such as, are the scales you
used to measure a material accurate?

When you are planning your own
experiment, or reading about someone else’s
experiment, it is important to check if any
assumptions have been made.

Occasionally the scientist can make a mistake
in the way they do an experiment. Mistakes
should be fixed immediately, or the experiment
should be started again. An error is different
from a mistake — it can happen for various
reasons, no matter how careful you are. Errors
can occur if the object you are measuring

falls between two markings on a scale; this

will mean that you have to estimate the exact
measurement. When this occurs, it is important
to use a more accurate scale or a digital device.
Sometimes scales can be calibrated (set up)
incorrectly, which means that no matter what
you measure you will get a slightly inaccurate
result (Figure 2). You can minimise the effect
of this kind of error by always using the same
measuring device.

Figure 2 Scales should always be calibrated to
avoid an error.
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An effective scientist will always look for ways
to improve their experiments. It is important

If the data has no anomalies, and it matches the
original reasoned prediction, then the scientist
to be open and honest about how the method can claim their hypothesis is supported. When
could be changed to improve the reliability of making a claim, the scientist will:

your results. >

anomaly
a result that does not fit in

rewrite their hypothesis with the pattern of data
> describe the experiment and data that

matches it

Analysing the results

An experiment does not finish when the results
have been recorded. A scientist should check
the data to identify if it contains errors or
unexpected results before they claim that their
hypothesis is supported or refuted.

> explain the science of
why the dependent
variable was changed
by the independent
variable

> describe any examples
that have not yet been

. . tested (the limitations).
Sometimes when plotting data on a graph, ( )

there may be a single dot or number that

is unexpected or that does not fit with the
rest of the graph (Figure 3). This is called
an anomaly in the data. It is important not
to remove or ignore this value. If you can,
try to explain what might have caused this
unexpected result.

If there is no match
between the data and
reasoned prediction,
or there are several
anomalies, the scientist
must admit that the
hypothesis is refuted
(not supported by the

10000 evidence). It is always
anomaly .. :
2000 \ exciting when a hypothesis
\ is shown to be wrong. As
6000

stated by famous scientist,
4000 Isaac Asimov, “The most
exciting phrase to hear

in science, the one that
heralds new discoveries, is
not “Eureka!” but “That’s
funny ...”.

Figure 4 Associate Professor Elizabeth
Tibbetts discovered that the wasps she was
studying had individual markings.

2000 >

T T T

T 1
20 40 60 80 100

Figure 3 A data anomaly can be identified by
a graphed data point that is away from the
other data.

the growth of wheat plants.

When they analysed their results,
they described that these results
could not be used for all plants
growing outside the glasshouse.
Discuss why the scientist put a
limit on how the results could

5 Associate Professor Elizabeth
Tibbets had difficulty putting
marks on the wasps she was
studying. When looking closely at
the wasps, she realised that they all
had different markings (Figure 4).

1 Define the term ‘anomaly’.
Identify an assumption that
a scientist may make when
comp