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How to use this resource

Class activities in the print 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

End of section question sets are 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

Try this

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.
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HOW TO USE THIS RESOURCE

End-of-chapter features

Chapter checklists help students check that they
have understood the main concepts and learning %

Chapter review

Chapter checklist . . . 3
intentions of the chapter. They come with
You can download this checklist from the Interactive Textbook to complete it.
Success criteria Check @ example questlons.
1.1 | can describe each stage of the experimental design process. 7
e.g. State the missing stage: Research question;, ________; Hypothesis SCORCHER " :
and variables; Procedure; Results; Analysis; Discussion; Conclusion. L W
1.1 I can identify independk and lled variables. [ % 4
e.g. Explain the importance of controlled variables i, J
1.1 1can outline experimental validity and assess whether the experiment is s
suitable for the research question. s 7
e.g. Recall the definition of validity. o 8*
1.1 I recognise the need to write a risk before ing any e A
e.g. Create a general risk assessment for any experimental work in your lab. 41 “ :
R, V7 S
1.1 1 can describe the information found on a safety data sheet (SDS). AN f.\&&;}
e.g. Summarise the information you would find on a safety data sheet. . J‘%"ﬁ"“
o
1.1 1can describe the ethical requirements of working with humans and animals. S £ N RS
e.g. Describe some of the principles that scientists must follow if they are working P i
with animals. X “‘ N
1.1 1can define primary and secondary data. & N
e.g. Contrast primary and secondary data. L £ .- :
1.1 I can distinguish between itative and q data.
e.g. State the type of data that is collected when undertaking an interview.
1.1 I recognise the difference between discrete and continuous data.
e.g. Contrast discrete and continuous data. "
1.1 | can construct a results table.
e.g. State which column the independent variable is found in when drawing a
results table.
1.2 I can describe the use and importance of specialised equipment such as
burettes, pipettes and data loggers.
e.g. Describe why a data logger may be useful in some scientific experiments.

Data questions Data questions help students to apply their SRR

High school students were analysing the content of ethanoic acid in a commercial vinegar sample and had made up

. . (s
2 e solution o 0.1 M sthancic acid based o theconcentationof sthancic acid give on the bottle o vingar understanding, as well as analyse and interpret AN g

=3
The students set up a titration with 20.00 mL of their ethanoic acid in a conical flask (via pipette) and filled a burette B 7% Lo aral L
it 0.1 M NAOH different forms of data linked to the chapter content. B ok
If the ethanoic acid content quoted on the vinegar bottle was correct, the students hypothesised that ‘if 20 mL of 3 5 f,”.
0.1 M ethanoic acid is present, then 20 mL of 0.1 M NaOH will be required to reach an end point'. The titration data Y ek
from two students attempting six replicated trials are tabulated below. ’ i "“"k i
Volume (mL) 0.1 M NaOH to end point g
Titration o O I Thw
Student 1 Student 2 s SRR 5
1 19.95 20.50 s i ,‘f’»,;.;’
2 20.00 2050 SEL B &
50 Al )
3 2050 20.50 (| ﬁ [Nk
4 2270 29.30 ﬁ'\ T,
5 19.95 20.40 A EP\ E
o
6 20.00 20.40 2 Ty 3 <
Mean " ..
1 Identify and circle any outliers in each student’s trials. 4 5 <
2 Caleulate the mean volume of NaOH required to reach the titration end point, after removing outliers for each -
P
student. 4 s ‘, ’
3 The ‘true’ value for the titration given the actual concentration of ethanoic acid should have been 20.00 mL of J
0.1 M NaOH. Assess the validity of this experiment in identifying the concentration of ethanoic acid. R
4 Identify if any patterns occur in the results obtained by the students. . T
5 Contrast the data tabulated. Was each student accurate? N \
6 Analyse the data tabulated. Were the results reliable? s R o N
7 Justify whether the data presented by students 1 and 2 provide evidence to support the hypothesis. é “ : R
& Compare the data fluctuations for each student. Do the data points fluctuate randomly above and below the At =
true value or are they biased in one direction? # g b
9 Based on the data presented, infer whether the experiment was accurate, reliable and valid. A e
P
2\ - e

STEM activities encourage students to . \=

Designing a wheelchair to aid dogs - . . . .
it g problons ’ : : collaboratively come up with a design and build < 8N

Background inormation

S o 2 solutions to problems and challenges. e o

Eusuate and mociy

Resoarch and fssbity

o Pty

e ol v o cange, prsd
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Links to the Interactive Textbook

() [eee )
®
VIDEO WIDGET WORKSHEET Quiz SCORCHER
These icons These icons Worksheets Automarked Competitive
indicate that indicate that can be quizzes can questions can
there is a there is an downloaded be found in be found at
video in the interactive from the the Interactive the end of
Interactive widget in the Interactive Textbook for each chapter.
Textbook. Interactive Textbook at every section.
Textbook. the start of

every section.

Overview of the Interactive Textbook (ITB)

The Interactive Textbook (ITB) is an online HTML version of the print textbook powered by the Edjin
platform, included with the print book or available as a separate digital-only product.

. Quizzes contain Worksheets are provided
Definitions pop )
automarked questions that as downloadable Word
up for key terms .
) enable students to quickly documents.
in the text. ] )
check their understanding.

\TAMBRIDGE

\ridy,» Sclence

Mixtu-es

Videos summarise,

4.1 Pure substances and mixtures

clarify or extend student

knowledge. E

2 Tooestiew DATWEON Soemogenous % hetercgencus mistures. P
LOOK 3round you. What do you see? it everything around you is made up of

matter, whether you can see it or not. Matter is anything that has mass and occuples
space. All matter can be classified into either a mixture or a pure substance, In sclence,
the area where you find out more about these substances and mixtures is called

chemistry.

Try this 4.1

Widgets are accompanied

So, what is 3 pure substance? And how is it different
from 2 mixturel Well 2 pure substance Is 3
substance that is made up of just one type of
material or ne type of particle, for example, purs
water. pure goid and pure oxygen gas. Every pure
substance has unicue physical properties suchas
different staces, densities, size, magnetsm, cclcur,
mass, melting points and texture, Sciertists need an
urderstanding of thess different physical

by questions that

encourage independent

learning and observations.

Practical 2.1: Self-design

Modelling heat transfer

Aim

To design your own experiment that models the three types of heat transfer.
Practicals are available Materials

¢ metal, wooden and plastic spoons * tea bags and tea leaves
as a Word document . water + ice blocks

* Bunsen burner ¢ radiant heater
download, with sample Proced

rocedure

Design an experiment that demonstrates the three types of heat transfer. In a group, discuss ways in which you
could do this. Choose the best method and plan the experiments. You must include information on variables, a
risk assessment and a step-by-step method for carrying out the experiment.

answers and guides for
teachers in the Online

Results
Teaching Sulte Record your observations for each of the experiments in an appropriate manner.

Discussion

Explain how your self-designed experiments demonstrated how thermal energy is transferred through
conduction, convection and radiation.
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Workspaces enable students
to enter working and answers 7 R CAMBRIDGE

online and to save them. Input Cambridge Scence for NSW Staged = Other brands ~ cus %

is by typing, handwriting and
drawing, or by uploading images
of writing or drawing.

® Questons | Q@D womsmavernes | @D wowmansoce

Histery
Self-assessment tools enable ! Pl e [y oo

1 2 3 4 5 13 ?
students to check answers, mark
Questen pet 12413

their own work, and rate their

Question 1.
Quessen 47134

Identify which of the following would not be described as a colloid:
smoke, foam, salt water, hair gel

confidence level in their work.
This helps develop responsibility
for learning, and communicates
progress and performance to the
teacher. Student accounts can be

linked to the learning management d How did 1 5o?
©

Let my teacher know | had 3 lot of trauble with this question. P>

system used by the teacher in the
Online Teaching Suite.

QuEsten Grows STIIINE

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 Practical skills, Investigations and STEM activities.

Interactive Textbook

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

Last section accessed

Chapter 4: Mixtures
4.1 Pure substances and mixtures

2/2/2021, 420 pm

Subscriptions
Here are all your subscriptions.

Search Resources
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Chapter 1

Working
scientifically

Inquiry questions

How do scientists formulate a testable
hypothesis?
What is involved in planning and
conducting an investigation?

How do scientists communicate

PRE-TEST

their findings?

Chapter introduction
In this chapter you will study the scientific
method and how it can be used to test a
claim or hypothesis. While learning to design
an investigation, you will look at the skills
of questioning and predicting and use that
to develop a testable hypothesis. Following
that, you will learn the skills required to plan
and conduct a safe investigation. Finally, you
will learn how to record and analyse data as well

as how to communicate your proposed ideas and

investigation findings.
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1.1

1.2

Planning investigations

Y

Conducting investigations

ISBN 978-1-108-99259-6

involves

involves

Determining variables

Constructing a hypothesis

Ensuring validity in procedure
construction

Safe experimental practices

Ethics of animal and human
participants

Determining the type of data
to be collected

Using specialised equipment

Considering accuracy, reliability,

outliers, uncertainties

Processing and displaying data

Analysing relationships between

variables

Dependent variable

—> Independent variable
Controlled variables

© Cambridge University Press 2021
Photocopying is restricted under law and this material must not be transferred to another party.

e



Chapter 1  WORKING SCIENTIFICALLY

@ Planning investigations

Learning goals

To use the scientific method when planning and conducting an investigation

To identify and control the experimental variables

To develop and test a hypothesis

To compare primary and secondary data and give examples of how each type is obtained
To plan a reliable, accurate and valid procedure for an investigation

To consider safety and ethical implications when designing an investigation

To contrast quantitative and qualitative data

To distinguish data as being continuous or discrete

O 0 NO U1 A WN =

To draw up a table in which to record data

= This section covers the various aspects of planning an investigation. Deciding experimental
DOC
Li variables, choosing methods of collecting evidence, ensuring the integrity of the experiment and

ethics all need to be thought about before beginning the investigation.
WORKSHEET

STEP 1: OBSERVE AND ASK QUESTIONS
A research question may be identified once an area of scientific interest has been analysed.

\

STEP 2: BACKGROUND RESEARCH
The introduction of a scientific report contains a concise version of a literature review or background information.
A scientist who is interested in conducting an experiment on a certain topic of interest will first search relevant
scientific literature. This requires the ability to find and analyse past research articles and results.

v

STEP 3: CONSTRUCT HYPOTHESIS AND STATE VARIABLES
A hypothesis is a testable prediction about the relationship between two or more variables. It is formulated using the
knowledge obtained from the scientific literature. It is not just simply a haphazard guess without any prior knowledge - it
is more of an educated guess. You should also state your independent, dependent and controlled variables.

\

STEP 4: ESTABLISHING THE PROCEDURE AND CONDUCTING THE INVESTIGATION
An investigation may include controlled laboratory experiments, naturalistic observations, case studies, surveys and interviews.
Conducting the experiment requires a specific methodology. In a report, the method usually contains at least three sections:
e Materials (lists the scientific apparatus required to conduct the experiment)
e Method (a step-by-step procedure of how the experiment was conducted). This may be a modified version of a
previous experiment.
e Risk assessment (considers how to manage any risks in the experiment).
The experiment is then conducted according to the methodology.

v

STEP 5: PROCESSING OF SUFFICIENT AND RELEVANT DATA
Data collection is of utmost importance in any scientific experiment. This step involves organising, summarising and
representing the data that was collected in the experiment (raw data) in a meaningful way. Generally, descriptive
statistics are used to organise and summarise the data. Graphs and tables can be used to represent the data; calculation
of means, medians or modes can be used to summarise the data. Error bars can be included to represent uncertainty in
any measurements.
v
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PLANNING INVESTIGATIONS

Section 1.1

STEP 6: ANALYSE THE DATA
The tables and charts of data then need to be examined. Analysing data can reveal relationships, trends and patterns.
The meaning of each of the results should be summarised and there should be an identification of the uncertainty and
limitations of evidence.
\

STEP 7: DISCUSSION
This is a discussion of the reliability and validity of the experimental process. Suggested improvements and extensions to
the experiment should be included.

STEP 8: CONCLUSION
This is an insightful interpretation of experimental evidence through a justified conclusion that is linked to the
research question.

STEP 9: REPORTING THE RESULTS

A scientific report is completed to document the research and share the findings with other scientists. Common
methods used to report the research findings include practical reports, oral presentations and poster presentations.

Figure 1.1 Scientific method framework

Experimental variables

Let’s say you have a broad research question that has
been developed from observations of the world around
you; for example: Does temperature affect the rate of a
chemical reaction?

You have done the necessary background research and
have started to come up with some hypotheses. Before
you can perform an experiment, you must first construct
an appropriate hypothesis. To do this, you must identify
the research variables.

The independent variable is what is being manipulated
by the experimenter in the experiment. You need to

state exactly how it will be manipulated or changed.

The independent variable should be measurable —

for example, the temperature of a chemical reaction
mixture. In this case measurement can be achieved using
a thermometer.

The dependent variable is what is being measured in
the form of the results of the experiment. You need to
identify the dependent variable and state how it will be
measured. For example, in the experiment mentioned,
it is the time taken for the chemical reaction to

be completed.
Sometimes other factors can affect the dependent

variable and thus affect the experiment in an unwanted

way. The presence of these variables makes it difficult

ISBN 978-1-108-99259-6

to conclude that the change e TS
the variable that is
systematically manipulated
or changed in order to
investigate its effect on the
dependent variable

in the dependent variable was
solely caused by the change

in the independent variable.

dependent variable

the variable that is measured
to see if the independent
variable has had an effect

Scientists seek to minimise
these variables by keeping
them constant, and they controlled variables

a variable that is kept
constant so as not to aﬁect

the dependent variable
during an experiment

are therefore referred to as
controlled variables.

Once you have identified the experimental variables, a
hypothesis can be constructed using the ‘if ... then ...
approach (Table 1.1).

Construct a hypothesis (a—f)
— C ) d
then

a ——)p b

If  independent trend indicator

variable (effect on the
changes dependent variable)
state show an increase/
independent decrease;

variable be greater than/
change less than;

be larger/smaller

Hypothesis: If the temperature of a chemical reaction
is increased, then the time for the reaction to be
completed will decrease.

Table 1.1 How to construct a hypothesis using the “if ...
then ..." statement.
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Chapter 1  WORKING SCIENTIFICALLY

Quick check 1.1

1 Explain controlled variables.
2 Consider an investigation that could be used to test the hypothesis ‘Does eating chocolate improve health?'.
List your:
a independent variable
b dependent variable
¢ controlled variables.

Try this 1.1

Evaluating an experiment

A student was interested in conducting an experiment to address the
research question: ‘Does light intensity affect the growth of alfalfa
sprouts?’

They were thinking of setting up this experiment under three
different conditions: darkness, ambient light and a greenhouse setting.
1 Choose the best independent variable for this research question:

a the total length of alfalfa sprout growth

b light levels

c length (cm)

d level of light intensity.

2 Choose the best dependent variable for this research question:

a length of alfalfa sprout growth

b light levels

c length (cm)

d level of light intensity.
3 Come up with a possible research hypothesis for this investigation Figure 1.2 Scientists conducting an
using the ‘if ... then ..." framework. Remember, it should be a experiment on alfalfa sprouts
prediction of what the results will be (including the independent
variable and dependent variable), and as specific as possible.
4 List three variables that must be controlled in this experiment.
5 Explain why the above three variables should be controlled.

Va|idity of the experimental method experiment that is testing the effect of temperature on
enzyme action should not have one set of enzymes at

If a scientific experiment is to fairly test a hypothesis 20°C and pH 4, and another at 40°C and pH 9.

and answer a research question, then it must test what it

claims to test and yield consistent and accurate results. It is essential that only one variable (the independent
variable) is changed at a time so that you can determine

Experimental validity assesses whether the experiment its effect on the dependent variable. This is a fair test.

is suitable for the research question and whether it If other variables are not adequately controlled, then
valicity measures ‘f"hat it claims to you cannot draw a valid conclusion because you cannot
the degree to which we be measuring. All factors distinguish which variable has actually had the impact.
accept the suitability of an .
experiment in addressing other than the one being
e tesearch question,and i estigated must be kept To increase the validity of an investigation you should
says it measures constant. For example, an only have one independent variable and have a range
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of levels of that independent variable. For example, if
you are testing the effect of pH on rate of reaction, it is
better to test at pH of1,2,3,4,5,6,7,8,9,10, 11, 12,
13, 14 than to only test at pH 4 and pH 6. All variables
other than the dependent and the independent variables
should be controlled to prevent them from having an

effect on the dependent variable.

Quick check 1.2

1 Describe what a fair test is.
2 Identify three ways that you can ensure that your
investigation is valid.

Safe experimental practices

Whenever you are carrying out an experiment, it is your
job to eliminate risks to health and safety, so far as is
reasonably practicable, and if they cannot be eliminated,
they need to be minimised. This can be done through the
use of a risk assessment that allows you to identify, assess
and control risks.

When assessing any risk, you need to consider two
factors: a) the likelihood of the hazard actually
occurring, and b) the level of harm that might result
from the hazard. Experiments sometimes require the
use of hazardous chemicals that could cause harm. A
safety data sheet (SDS) must be provided during all
experiments. The SDS is a document that provides
teachers and students with relevant information
about the health risks and safety of products (such as
chemicals) that are classified as being dangerous goods
or hazardous substances.

Ultimately, the safety data sheet provides precise
information about how to use a substance during and
after the experiment, including the associated health

risks and how to dispose of waste products.

Quick check 1.3

1 Recall what SDS stands for.
2 Explain why SDSs are essential within the
science classroom.

ISBN 978-1-108-99259-6

Section 1.1

PLANNING INVESTIGATIONS

Ethical implications of the use of animals

Animal ethics involves consideration of respectful, fair

and just treatment of animals. The use of animals in

science should consider three main principles:

Replacement: substituting conscious living animals with

insentient materials such as plants and microorganisms

or with invertebrates with simple nervous systems.

Reduction: using the minimum number of animals

required to satisfy the statistical requirements of the research

Refinement: decreasing the number of inhumane

procedures applied to those animals that still have to be

used in any procedures.

Ethical implications of human

participants

Humans also play a role

as participants in some
experiments, and this raises a
number of ethical issues that
need to be addressed. Ethics
refers to the principles and
standards upheld by scientists
that guide them to display
acceptable and appropriate
conduct during experiments.

In fields such as psychology,
using people as participants
is a critical source of data

in experiments. Before

the commencement of

safety data sheet

a document that provides
information regarding
hazardous chemicals and
substances

ethics

the standards used to
appraise and guide what is
considered as acceptable
conduct

informed consent

where possible, participants
are informed about the risks
and procedures involved

in an experiment and they
sign to say they agree to
participate

confidentiality
participants’ data and results
must be kept private

withdrawal rights

the right for a participant to
leave a study at any time for
any reason

any research involving humans, a research plan is

submitted to an ethics committee for discussion and

approval. This ensures that the participants’ physical

and psychological welfare is considered by a team of

medical and non-medical professionals. Any participant

must be voluntarily involved in the research, have

given informed consent and not be harmed by their

involvement. All data must be kept confidential, and all

participants should have the right to withdraw at any

point for any reason.
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When ethics goes wrong

Unfortunately, some very distressing research has been conducted on
participants in the past. One of the most infamous experiments is the
Stanford Prison experiment, conducted by Professor Philip Zimbardo and
his colleagues in 1971 at Stanford University. Research what took place in
this experiment and outline the ethical rights that were followed and the

ones that were breached.

Figure 1.3 Philip Zimbardo at the 2015 opening night
of Stanford Prison Experiment, a movie based on true
events that happened during the 1971 experiment

Quick check 1.4

1 Define the term ‘informed consent’ in your own words.
2 Define the term ‘withdrawal rights’ in your own words.

Data collection

The purpose of any investigation is to collect data

that can be analysed to answer a question. Data is an
important part of how science progresses and how new
discoveries are made. Before you start conducting an
investigation, you need to be clear about what type of

data you need to collect.

Primary data is data that researchers collect themselves
for a specific purpose. This kind of data can be obtained
from observations, experiments, surveys or interviews.

Secondary data is data that is collected by other
people. A scientist can research and analyse this type

of data. Secondary data can
primary data
data that is collected or
observed directly by a
scientist

be obtained from scientific
journals, the Australian

secondary data Bureau of Statistics, or
data that has been

previously collected for
another purpose

investigations that other

people have conducted.
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Secondary data can be useful during the planning phase
of an investigation. You can learn from the experiments
or studies that other people have conducted to better
understand how to answer your research question.

Literature reviews

A literature review is a comprehensive summary of any
previous research completed on a subject that is written
as an introduction to a topic you are investigating,
forming the basis of your own research. Sometimes, the
same sKkills that are used to write a literature review can
be extended to write a research paper. This is a longer
publication, which contains a summary of results of
original research or an evaluation of research conducted
by others. For example, a scientist may want to research
the effectiveness of different bushfire management
strategies. A combination of comprehensive fire records
and previous studies done on the same topic would allow
the scientist to evaluate the different strategies and the
development of their own conclusions. Literature reviews

can be considered as secondary sources of information.
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Experiments
You will have tested a number of your own theories over

the years:

‘If T don't have an extra serving of chips, then I'll

have room for ice cream. This is cause and effect,

but causation can be difficult to prove, thus scientists
can set up specific experiments that are in controlled
environments that allow relationships between variables

to be examined.

Often, data collection will take place using a datalogger.
Data logging allows scientists to measure data more

accurately, or over a prolonged period.

Experiments can take place in a laboratory, but
sometimes, scientists may have to do fieldwork. This
involves evidence collection that takes place in the
real world, away from the controlled environment of

a laboratory. Fieldwork allows scientists to examine
the way their theories interact with the real-world
environment. Data from your own experiments can be
considered as primary sources of information.

Modelling and simulations
Sometimes, scientists want to investigate phenomena

that cannot be directly experienced.

A model is a simplified representation of an object,
system or process. A model can be physical or digital
and is designed to be similar to, but simpler than, what
it is supposed to be representing, while simultaneously
attempting to approximate most of the relevant features
of the real object.

A good example of this is a globe. A globe is a model of
Earth, and it is easy to see how the model has evolved
through time. The first record of Earth being spherical

was made in the fifth century BCE by the Ancient Greeks.

For over 1500 years, this model was repeatedly updated,
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Section 1.1

but every version was merely
an artistic impression of what
Earth looks like. However,
this all changed when NASA
started to use technology such

PLANNING INVESTIGATIONS

data logging

the process of using
electronic equipment

to collect data through
sensors where information
needs to be collected
faster than a human can do
independently, or where

accuracy is essential

fieldwork

practical work conducted
by a scientist in a natural
environment, rather than
in a laboratory

as their Earth Polychromatic
Imaging Camera (EPIC) to
create highly detailed images
of Earth.

A simulation is used to bring a model to life, allowing
scientists to determine how a particular object or
phenomenon will behave. In a simulation, a model is
used to study existing or proposed features of a system.
Simulations enable the study of system characteristics
by allowing the manipulation of variables that could
not be controlled in a real system. They are useful to
study properties of a model of a real-life system that
would otherwise be too complex, too large, too small,
too fast, too slow, or simply too dangerous to change.
While a model aims to be true to the system it has been
developed to represent, a simulation can allow a model
to experience far more states than would normally be

possible in the original system.

Figure 1.4 On the left, the Erdapfel, translated ‘Earth’s apple’,
was created by Martin Behaim who lived in the late fifteenth
century. It looks different to the globe we use today, because
the Americas are not included, and some elements are the
wrong size, shape and position. How do you think it compares
to the image of Earth on the right taken in 1972 by the
Apollo 17 spacecraft on the way to the Moon?
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Quick check 1.5

1 Other than experiments, outline another method
used to collect evidence.
2 Classify these scenarios as primary or
secondary data:
a  Gathering student data from the Australian
Bureau of Statistics
b Recording the running speed of classmates
¢ Observing the time taken for traffic lights to
turn green
d  Using data that you gathered as a class and
analysing it individually
e Referencing data from a project you did in
the past.

Types of data

Once you have selected your research question and the
variables, you will need to think about what kind of data
you need to collect. This will also help you select the
appropriate measuring equipment for the experiment.

Types of data

Qualitative  Quantitative

Discrete Continuous

Figure 1.5 Different types of data

Quantitative vs. qualitative data

You can collect two types of data from an investigation:

Quantitative data is collected when you have to take
specific measurements that involve numbers or when you
are required to count or measure objects, for example,

10 cm, 39 seconds, 100 grams, 5 red flowers.

Not all investigations involve taking measurements. The
data you collect from some investigations is qualitative
data. This means that the

quantitative data

data values that are numerical data is non-numerical

Qualitative data could be

descriptive or some other

qualitative data
data that is descriptive and
non-numerical

continuous data
quantitative (numerical) data
that is measured and has a
value within a range

type of written observation,
for example, the shape of

oo den leaves, how something tastes
quantitative (numerical) data

that is counted in whole
numbers

or open-ended interview
transcripts.
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Quick check 1.6

1 Explain how qualitative data is different to
quantitative data.

2 Look at the image below. What kinds of data
could be derived from it? Categorise them as
qualitative or quantitative.

Continuous vs. discrete data

Continuous data is the type of quantitative data that is
measured. It can take any value within a given range. For
example, if you weighed 100 dogs, their weights could be
any value within the range of dog weights, meaning the
value is continuous. Continuous data can be measured
in units such as seconds, metres, grams, degrees Celsius,
kilometres per hour and volts.

Discrete data is the type of quantitative data that is
counted. For example, when you count the number of
dogs. Discrete data must always be whole numbers; you
cannot count halves or fractions of things.

Examples of discrete data include the number of people in
your class, the number of cars of each different colour on
the road, the number of goals scored by your best friend.

Quick check 1.7

1 Identify the following data as continuous or discrete.
a Temperature readings
b The number of trees in the local park
¢ The height of students at your school

2 Stefan plans to investigate how much his pet
guinea pigs grow over the next 2 months. State
if Stefan will be collecting continuous or discrete
data. Give a reason for your answer.
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Recording data Table of results

. . o . When recording your collected data in a table, the
Collecting data from an investigation, experiment or . i ) .
) ) o independent variable data is recorded in the first (left-
survey is an important part of the scientific process. ) i ]
. ) hand) column, while the dependent variable data is
Once the data is collected, it needs to be recorded or ) ] )
. . recorded in the columns to the right. You may decide
written down so that it is manageable and easy to use. o )
to record data from additional trials to make sure the
The data must be recorded ] )
data is consistent. That way, a mean can be calculated.

Figure 1.6 shows what the results table should look like.

mean

sum of all the values divided neatly and accurately to avoid

by the number of values any confusion.
The independent The dependent variable
variable is placed is placed in the top row,
in the left-hand and results for each trial
column. are shown.
¢ Plant height recorded over 25 days |
Time (days) P el id ) If multiple trials
Plant 1 Plant 2 Plant 3 Mean <[ arerecorded,
then you should
1 10.0 9.8 10.1 10.0 also include a
column for the
5 10.5 10.2 10.5 10.4 mean value.
10 14.2 14.0 13.9 14.0
15 18.5 17.8 18.0 18.1
20 21.9 21.4 20.5 21.3
25 23.5 22.8 241 23.5

Figure 1.6 How to set up a table of results

Quick check 1.8

1 Olivia loves drinking hot chocolate. She wants to find out at which temperature the chocolate powder
dissolves the quickest. For Olivia’s investigation, identify the independent, dependent and controlled
variables.

2 Olivia records her results in the table below. Determine how many mistakes can be found in the table. Copy
the table below into your workbook and correct the mistakes.

Dependent variable: Independent variable: Temperature (cm)
20 5.5 5.5 6.0 17.0
30 4.5 4.5 5 14.0
40 2.5 3.5 3.0 9.0
50 1.5 2.0 1.5 5.0
60 0.5 1.0 1.0 25
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Section 1.1 questions

e Remembering
1 Name two ethical principles that must be upheld by a scientist conducting research
using humans.

Qulz 2

Identify the missing elements on different types of data to complete the table.

Type of data Description
Quantitative
Data values that are descriptive and non-numerical
Quantitative (numerical) data that is whole numbers

Continuous

3 Outline what information is located on an SDS.

Understanding

4 Identify the independent, dependent and controlled variables in the following investigations.
a  Phoenix wants to investigate whether music helps plants grow quicker.

b Ishan is going to investigate if mass affects the time it takes for an object to fall.

5 Leo conducts a simple investigation into how long different brands of kettles take to boil water. He chooses three
different kettles: an electric metal kettle, an electric plastic kettle and a metal kettle for putting on the stovetop.
Leo boils half a litre of water in each and waits for each kettle to be cool before he starts the next trial. Identify
the controlled variables in Leo’s investigation.

6 While conducting the investigation outlined in Question 5, Leo records the following results.

Electric metal kettle 3 minutes 30 seconds, 3 minutes 42 seconds, 3 minutes 44 seconds
Electric plastic kettle 4 minutes 2 seconds, 3 minutes 52 seconds, 3 minutes 57 seconds
Stovetop metal kettle 5 minutes 5 seconds, 4 minutes 47 seconds, 4 minutes 54 seconds

Create an appropriate results table, including the names for the variables and their units.
7  Contrast primary data and secondary data, giving an example for each.
8 Give examples of the data you have collected in your science class over the last year. Then classify each as
primary or secondary data.
9 Saria and Jake are investigating three aspects of the students in their class:
* hair colour — number of students with each hair colour
e eye colour — number of students with each eye colour
* height - the height of each student.
They are arguing over whether the quantitative data they need to collect for their series of investigations is
continuous or discrete. Saria says all the data is discrete while Jake disagrees and says all the data is continuous.

Discuss who is right and who is wrong. Give reasons for your answer.

Applying

10 Classify the following as either discrete or continuous data.
a The number of days on which it hailed in a year

The diameter of hailstones

The speed of a car

How many cracks appear on a wall after an earthquake

® QO N T

The length of cracks in different materials
11 You are constructing a scientific poster. Select and describe one situation when it would be appropriate to
include a line graph (instead of a table of data) in the results section.
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12 Biology students were learning that, on a hot day, plants lose water out of pores (called stomata) in the underside
of their leaves. The students were asked to design an experiment that would test how factors of their choice
influence the rate of water loss. After conducting some background research, one student identified that humidity
and temperature should affect the rate at which water is lost out the stomata. She set up the experiment below:

,//< > > - ~_ - e

/ N B\ y N
,/ \\‘ ,/'/ \\. ‘//‘ \\,‘
\
\
. > - B ad B
Set-up A Set-up B Set-up C
21°Cdry air 30°C dry air 21°C humid air

a ldentify the two independent variables manipulated in this experiment.
b Identify a relevant dependent variable in this experiment.
¢ Propose which set-up acts as a control with which to test all three factors.

Analysing

13 A farmer noticed that his leaky tanks seemed to lose water quicker if the hole was closer to the bottom of the
tank. He designed the research question: Do tanks leak water faster when the hole is positioned higher on the
tank? The experimental set-up is shown below:

Q

Identify the independent variable of this experiment.

b List three variables that must be controlled.

The farmer repeated his experiment on five different occasions and found the same result: that the water
flows more strongly from the lowest hole in a water drum. Assess the reliability and validity.

Evaluating

14 Jake took 12 identical pots and 12 identical plants. In four pots he placed soil and 10 grams of fertiliser A and
one plant. In another set of four pots he placed in each a plant, 15 grams of fertiliser B and the identical amount
of soil as in the previous four pots. In another four pots he placed the same amount of soil with a plant but
provided no fertiliser. All 12 pots were placed in the same location and received the same amount of water and
sunlight every day. Plants with fertiliser B grew much larger than all the others. Jake concluded that fertiliser B
was better than fertiliser A. Determine if his conclusion was valid.
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@ Conducting investigations and
processing data

Learning goals

To use specialised equipment to obtain more accurate results

To consider errors and uncertainties when assessing the accuracy and reliability of the results obtained

To describe the different types of errors and their possible effects on results

To calculate uncertainty and use it to assess the accuracy of data

To represent data in an appropriate graph dependent on the data and relationship between the variables
To use descriptive statistics to determine if there is a trend in the data obtained

To define the mean and median and use them to determine the correlation between the variables

0O NO U A WN -

To evaluate the effectiveness of a procedure and suggest improvements

experiments include:

Using specialised equipment The benefits of using a data logger in scientific
i

Specialised equipment can often give + highly accurate measurements

WORKSHEET | more accurate results, thereby enhancing

an automated process that can be programmed and

the validity of the experimental data. left to take readings regularly over a long period of

ime (for example, rnight) or many readin r
Data loggers and probes time (for example, overnight) or many readings ove
. . . a very short period of time
A data logger is an electronic measuring tool that . ) . .
, s  removing the risk of human error or miscalculations
accurately records data over time. It features a built-in o )
, in interpreting a measurement scale and
instrument, such as a probe or sensor, that can measure )
. . . recording data.
a physical stimulus such as temperature, light, pressure,

humldlty or PH The device is connected to a computer The data collected from the experiment can be

and converts the stimulus into a readout on the screen. processed by specialised software or placed into a

This means the experimenter does not have to manually spreadsheet to allow for further analysis at a later point.
take a reading at set intervals, as the data logger takes This allows scientists to easily generate tables of values
very frequent (almost continuous) readings over time. and graphs.

Practical 1.1: Teacher demonstration

Titration using a pH probe

Be careful
Aim Ensure appropriate
To complete a titration using a pH probe linked up to a data-logging program to personal protective

produce a graph showing pH changes as a base is added to an acid. equipment is worn.

Materials
Four different combinations of acid and base solutions are supplied for the class to test. Such combinations
include: strong acid-strong base; strong base-weak acid; strong acid-weak base; weak base-weak acid.

* pipette
e burette
e burette funnel
continued...
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...continued e
Strong base-strong acid titration
* conical flask 12
* retort stand
* burette clamp 10
* pipette bulb
* bosshead 8
I
e clamp o
e wash bottle ©
* pH probe and data logger 4
* computer or laptop
e data-logging software 9
Procedure
You will be provided with four different combinations of acid 0 ——
0 10 20 30 40

and base solutions to titrate. Decide who will be in charge of
the continual stirring of the solution in the beaker and who Volume NaOH (mL)
will be in charge of releasing the base into the beaker using Figure 1.7 A graph showing how the pH
the burette (concentration) changes as a volume of sodium
’ . . hydroxide (a strong base) is titrated into a strong acid

1 Set up the burette and apparatus as shown in the diagram

by using a clamp and a retort stand to secure the pH sensor.
2 Rinse the burette thoroughly with a

few millilitres of the basic solution.
3 Fill the burette using approximately :I]

50 mL of basic solution and record the

precise volume.

4 Add 50 mL of distilled water to a
250 mL beaker.

5 Pipette 10 mL of the acid into the
beaker of distilled water.

6  Connect the data logger and pH I:[ i

sensor to the computer or laptop
and open up the relevant ‘Acid-Base’
titration program.

7  Monitor the pH for approximately

20 seconds and wait for the reading
to stabilise.

8 Enter 0 mL as the first data point of
base added in the computer program.

9 Slowly start to add some of the
basic solution until the pH has risen
approximately 0.2 units.

10 Wait for a stable pH reading and
record the burette reading (volume of

base left in the burette) to the nearest
0.01 mL. Figure 1.8 Experimental set-up

continued...
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...continued

Results
Print out your table and graph.

Discussion

combinations used.

Conclusion

11 Repeat steps 9 and 10 until the pH starts to get close to 3.5.

12 Start adding smaller equal volumes of approximately 0.1 mL of basic solution to the beaker, making sure to
record the burette reading into the software after each increment.

13 When the pH reaches close to 10, add larger amounts of basic solution that raise the pH approximately 0.2 units.

14 Continue adding the basic solution until the pH remains constant and stable.

15 Click stop on the software and save copies of the table and graph.

16 Dispose of the beaker contents as directed by your teacher and the safety data sheet.

17 Repeat steps 1-16 with the three other acid-base combinations.

1 Compare the four different graphs you have produced.
2 Discuss the different shapes of curves that were produced in relation to the strength of the acid and base

3 Discuss whether this experiment would have been possible without the use of a data logger.
4 Propose any extensions or improvements that could be made to this experiment if you were to do it again.

1 State a conclusion that can be made regarding the pH when a base is titrated into an acid.
2 Justify your conclusion by using the data you gathered.

Accuracy, reliability and outliers
Experimental accuracy refers to how closely the
experimental results match the ‘true’ values. For
example, if you record the mass of a product of

a chemical reaction as 1.55 g, but the chemical
equation suggests that based on the amount of
reactants, you should only have 1.20 g, then you have
a measurement error of 0.35 g. Choosing the best
equipment and using a method that avoids errors

will improve the accuracy of
accuracy
how closely measures match
the ‘true’ or accepted values

the experiment as a whole.

For example, you could use
reliability

how closely repeated
measures agree with
each other

an electronic timer system
to record measurements at
outlier given time intervals rather
extreme data value that does

not seem to fit the rest of
the data

than rely on a human to use

a hand-operated stopwatch.

Experimental reliability refers to how closely repeated
measurements agree with each other. For example,
let’s say you record the mass of a product of a chemical
reaction, and you repeat the experiment four times,
getting results of 1.54 g, 1.55 g, 1.55 g and 1.54 g. The

data shows low variation from the mean (it is clustered

ISBN 978-1-108-99259-6

Reliable but
not accurate

Reliable and
accurate

Figure 1.9 A faulty piece of measuring equipment might
consistently give wrong values, like the target on the left. This
measurement would be reliable but the results are inaccurate
and do not measure what they claim to measure; therefore,
they have low validity.

tightly) and can be said to be consistent and thus
reliable. Note that, even though this data is reliable,

it is not necessarily accurate. Reliability does not give
us an indication of how ‘true’ the data is; that is, how
accurately it matches the actual values. An investigation
can be reliable without being valid, but cannot be valid
unless it is reliable.

Outliers are extreme data values that do not appear
to fit with the other recorded values. These values are
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often situated a long way from the mean, and may
represent an experimental error, such as human error in
reading the scale or a fault in measuring equipment. It is
important that outliers are investigated and accounted
for in the discussion of your results. Repeating the
experiment allows for the identification and thus
exclusion of an outlier when calculating the mean;
alternatively, the calculation of a mean reduces the effect
of an outlier, but you need to mention that this has
occurred. The most common causes of outliers in a data
set within the scientific laboratory are:
o data entry errors (human miscalculation)
o measurement inaccuracies (instrument error)
o data transfer or experiment planning/execution
deficiencies.

Quick check 1.9

1 Define the term ‘outlier’ in your own words.

2 If a data set had a number of outliers, state if the
data would have high or low reliability.

3 Identify the missing word in the following
sentence. An experiment is conducted and
the results align very closely with the expected

values, meaning the experiment could have
high

Errors and uncertainties

Systematic and random errors

Measurements are never perfect. The accuracy of any
measurement will always be limited by the apparatus
being used, the skills of the person collecting the data,
the method being used and the environment where the
experiment is being carried out. Whenever we do an
experiment, we are attempting to determine the ‘most true’

data, but we will normally have a variation in the results.

So, what are the possible reasons for the different values
seen in our data? Mistakes are avoidable problems

made by the person collecting the data, such as selecting
the wrong piece of equipment or writing down results
incorrectly. Although these are possible, a careful
scientist should not make mistakes and would not

include them in any report.
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Errors are the difference between the results of
experimental measurements and the true or reference
values involved. They are not the same as mistakes.

Systematic errors arise from measured values that are

either larger or smaller than the true value of your data

if equipment is used in the same way. Systematic errors
affect the accuracy of your measurement and can be
minimised by careful experimental design, including
calibrating measuring instruments correctly. Some
examples are given below.

« Instrument effects: These are caused when a
measuring instrument is faulty or has not been
calibrated correctly. For example, if a scale used to
measure a mass was not properly calibrated, so that
all the readings were 3.00 g greater than they should
be, then all the measurements of mass would be
consistently overestimated by 3.00 g. This would lead
to a systematic effect because the data is all wrong by
the same amount each time a measurement is taken.
A zero calibration error occurs when the initial
value shown by a measuring instrument is not zero
when it should be zero. For example, a scale may
show 0.001 g, even when nothing is being weighed.

« Environmental effects: These are caused by
external factors such as temperature or humidity.
For example, the measurements taken using a metal
ruler will differ depending on the temperature. In
low temperatures the ruler will contract, whereas in
warmer temperatures it will expand. This means that
the measurements would always be lower or higher
than the correct value.

o Observation errors: These are caused by
undertaking the wrong observations or reading

instruments incorrectly. e —

error affecting accuracy
that occurs through a
poorly calibrated device
(consistently high or
consistently low)

For example, a parallax
error may be caused

when the observer’s eye

zero calibration error

a measuring instrument
giving a non-zero reading
when the true value should
be zero

is positioned at an angle
to the measurement

markings, causing the

parallax error

a measurement taken that is
not the true value due to the
position of the object along

various lines of sight

data to be either larger
or smaller than the

correct value.
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parallax error
\ ;
7> no parallax
AN
parallax error

9.62 mL «| 10

11

Figure 1.10 The position where there is no parallax is the
correct eye level for reading the measurement.

Even if careful experimental design removes systematic
errors, random errors will still remain that will affect
the reliability of a measurement. These are caused by
limitations of the measurement device and the observer
and are equally likely to be positive or negative because
they do not follow a regular pattern. They can be caused
by the experimenter’s inability to obtain the same
measurement in exactly the same way to get exactly the
same result. You may measure the mass of a piece of
magnesium ribbon three times using the same balance
and produce slight variation in your results: 1.36 g,

1.38 g and 1.39 g. Reading errors can also occur when a
measurement falls between two measurement markers.
An observer would have to estimate the true value, and
this would differ between observers. Half of the results

obtained would be estimates
random error

error affecting reliability,
caused by limitations of
the measurement device or
an observer who does not
follow a regular pattern

that are too large, and half
would be too small. These

effects are an unavoidable part

reading error
a reading or measurement
that is not the true value

of doing experiments, but the
resulting error can be reduced

absolute uncertainty

the size of the range

of values in which the
actual ‘true value’ of a
measurement probably lies

by repeating the experiment
many times and taking

average values.
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Uncertainties

Due to random and systematic effects in the
experimental process, there will always be a margin

of doubt about any of your results. But how big is this
margin? We have looked at how these errors can arise,
but we need to be able to quantify them. This happens
through estimating the uncertainty of any measurement.
The uncertainty is a range around a measured value
which quantifies where a result produced by the
repetition of our experiment would be expected to lie.

The notation for a measurement and its uncertainty
should take the following format (remember to add the

appropriate units):
measured value + uncertainty (units)

where + means ‘give or take’ This tells us the absolute
uncertainty.

The following rules are used to determine the absolute
uncertainty in a single measurement when using an
analogue or digital measuring instrument.

o The uncertainty in an analogue measuring
instrument is equal to the smallest increment of the
instrument, divided by 2.

o The uncertainty in a digital measuring instrument is

equal to the smallest increment of the instrument.

a b

10 | 20
0 \\\\\\“\\\\ 1l uu//////,, 7 //40

V

1V

uncertainty = 0.1 V

uncertainty = =05V

Figure 1.11 There are different rules for single measurements

using (a) analogue or (b) digital instruments. Remember to
include units!
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Section 1.2 CONDUCTING INVESTIGATIONS AND PROCESSING DATA

The uncertainty of any measured value can also

be expressed as a percentage or as a ratio. This is
relative uncertainty and it is calculated by dividing the
absolute uncertainty of the result by the result itself.
The relative uncertainty can be more useful than the
absolute uncertainty because it puts your experimental
data into perspective. For example, if you made an
error in measuring the length of your eraser, it would
be more noticeable than if you made the same error
when measuring the table. Relative uncertainties do not
have units, and can be multiplied by 100 to report them

as a percentage.

Consider this example.

o You measured the length of your table (80.0 cm)
using a metre rule.

o The absolute uncertainty is £0.05 cm.

« This uncertainty can then be included when
communicating your results:
Length = 80.0 cm + 0.05 cm.

o The relative uncertainty is calculated by

0.05
— =0.000 625.

80.0
o This can then be reported as a percentage by

multiplying by 100:
Percentage uncertainty = 0.000 625 x 100 = 0.0625%.

Now compare this result to measuring your eraser.

o You measured the length of your eraser (5.0 cm)
using a metre rule.

o The absolute uncertainty is +0.05 cm.

o This uncertainty is then included when communicating
your results:
Length = 5.0 cm + 0.05 cm.

0.
o The relative uncertainty is calculated by —— = 0.01.
5.0

o This can then be reported as a percentage by
multiplying by 100:
Percentage uncertainty = 0.01 x 100 = 1%.

Processing data

Once you have collected your data, you will need to
process and describe it using descriptive statistics as

ISBN 978-1-108-99259-6

well as present it in a way relative uncertainty

the ratio of the absolute
uncertainty to the reported
value, often expressed as a
percentage

that it communicates your
findings. Descriptive statistics
include calculated values such
as frequencies, mean, median and measures of spread.
They provide basic information about your data set and
can indicate relationships between variables, whereas
using a graph allows for a visual representation of

those relationships.

Displaying and representing data

There are several ways to represent quantitative
(numerical) data (Table 1.2). The graph used to
represent your data depends on the type of data
(continuous or discrete) as well as the relationship
between them.

Below is a brief summary of the types of graphs you may
use in a report.

Graph type Reason for use

Bar graph or Bar graphs are used for comparing

column graph  data between different categories
or groups. They are suitable for

medium to large sets of data.

Histogram Histograms are used to plot the
frequency of continuous data that is
divided into intervals.

They are suitable for medium to

large sets of data.

Scatter plot Scatter plots are used to determine
the relationship between variables.
They are suitable for medium to

large sets of data.

Table 1.2 Three types of graphs which may be used to
represent numerical data

Bar graphs and column graphs

Bar graphs use rectangular bars that are proportional
to the values that they represent. Bar graphs use
discrete data and as such adjacent bars or columns
should not touch each other as there is no relationship

between them.
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A vertical bar graph may be called a column graph. Bar
graphs are made up of the following parts:

o atitle that explains the information being graphed

o labels on axes that explain what each side of the

graph is showing, including units in brackets

a Number of insect species in a woodland

N
o
!

Number of species
N w
o o
1 1

—
o
|

0_ T T T T
Butterflies Moths Crickets  Beetles

Insect group

Flies

 ascale of numbers that increases evenly from bottom
to top (or left to right if the bars are horizontal)

o category labels that explain what each bar is showing.

Usually vertical columns are used, but horizontal bars
can be used if the categories are difficult to display on

the bottom axis.

b Number of insect species in a woodland
Butterflies
Moths
Qo
=
[=]
5 .
2 Crickets
Q
(7]
£
Beetles
Flies

0 10 20 30 40 50 60
Number of species

Figure 1.12 The same data presented in (a) a vertical bar graph (column graph) and (b) a horizontal bar graph

Quick check 1.10

The information in the table shows the results of an investigation into the number of fish species feeding on

ocean plants. Represent this data as a bar graph.

Plant type

- Red algae

Number of fish
. : 21 18
species feeding

Histograms

Histograms are similar to bar or column graphs in that
they use rectangular bars that are proportional to the values
that they represent. However, in a histogram the data is
continuous and therefore adjacent bars or columns should

touch each other, showing a continuous relationship.

Scatter plot

An x—y scatter plot is used to identify the relationship
between two variables. The data is displayed on a
Cartesian plot where a point consists of a pair of
numbers: one indicates the x-axis value and the other

indicates the y-axis value.

ISBN 978-1-108-99259-6

24 8

Reaction times of left-handed individuals

N
!

w
|

Number of left-handed
individuals
- N
I

0-0.1

0.1-0.2 0.2-0.3 0.3-0.4 0.4-05
Reaction time (s)

Figure 1.13 Histogram
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Section 1.2 CONDUCTING INVESTIGATIONS AND PROCESSING DATA

This graph can be used for discrete or continuous
quantitative data. The graph consists of similar parts to
the column graph, but with some additions.

« The x-axis runs along the bottom horizontal side of
the graph. It contains the data from the independent
variable. These numbers are changed in an
experiment and not affected by the other variables.
For example, it could be the time the experiment
runs for or the mass of substance used as a reactant.

o The y-axis is the vertical side of the graph and
represents the dependent variable. These numbers
are the measured results due to the effect of the
independent variable.

A simple method of remembering this is remembering
the acronym DRY MIX where:

>

D - Dependent variable
R - Responds to changes in other variables
Y - Is placed on the y-axis

M - The manipulated variable is the one that is
deliberately changed origin
the point on a graph
where the x-axis and
y-axis intercept (0, 0)

I - Independent variable
X - Is placed on the x-axis

When preparing the x-axis and y-axis, it is important to
place the numbers on the axis in a way that shows the
correct relationship. The numbers on both axes need

to increase evenly, starting at zero as the corner point
(origin). Each distance of the line needs to represent the
same value of the data. For example, if the first unit of
the graph represents 5 kilograms (kg), every increment
of the graph also has to be 5 kg (see Figure 1.14).

> >

T
0 5 20 25 0 5 10
Mass (kg)

Mass (kg)

T T
15 0 5 10 15 20
Mass (kg)

Figure 1.14 Graph (a) does not increase evenly along the x-axis. Graph (b) is not spaced evenly. Graph (c) has the

correct spacing and numbering for the x-axis.

Points are plotted on the graph by placing a cross at
the intersection of the two numbers. If more than one
variable is being plotted, you can use different shapes
to distinguish the points, for example, a square, star, or

closed and open circles.

When setting up the graph paper, aim to make the graph as
large as possible — at least half the page is a good guide. This
will make the data clearer and easier to use when doing
your analysis. Also, wherever possible, draw all parts of the

graph in pencil to make it easier to correct any mistakes.

Figure 1.15 on page 22 illustrates what the data set
in Table 1.2 would look like when plotted on a graph.
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Once the data points are plotted, they can be further
analysed in terms of correlation and line of best fit.

Time (days) Mean plant height (cm)
1 10.0
5 10.4
10 14.0
15 18.1
20 21.3
25 23.5

Table 1.2 Mean plant height over 25 days
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Mean plant height over 25 days

Line of best fit

Once your data has been plotted, it may be
difficult to see how the variables relate to

each other on a scatter plot, especially when
there are many data points. A ‘line of best fit’,
also known as a trend line, can be drawn to
represent all the points. It may touch some,

all or even none of the data points drawn. The

30

25
X
—_ X
£ 20 -
L X
-
=
D 15 -
] X
=
t
8 10 % X
o
c
o
s 91
O T T T T T 1
0 5 10 15 20 25
Time (days)

Figure 1.15 Plotting the data from the table correctly on a Cartesian plane

makes it much easier to analyse.

line is sometimes
linear (straight),
but may also be
non-linear by
addingitinasa
curve. Drawing a

line of best fit allows

linear
a straight line plotted on a

graph

non-linear
a plot on a graph that is not
a straight line

line of best fit

a line (or curve) that best
represents the data set

by going through, or is as
close to, as many points as

Quick check 1.11

A study was made of the effect of the amount of fish
food added on plant growth in an aquarium. Eight
aquariums (labelled A to H) containing aquatic plants
were set up in a laboratory. Food was added to each
aquarium each day, in the amounts shown in the
table below. After 3 weeks, the increase in mass of
plants in each aquarium was measured. The results
are shown in the table.

Mass of food

Mass increase

Aquarium added each of plants (g)
day (g)
a 0.0 10
- 0.5 3.0
. s 50
5 15 9.0
- 5 11.0
. 25 14.0
G 3.0 15.0
- 35 16.0

a Identify the independent variable in this

experiment.

b Identify the dependent variable in this

experiment.

¢ Use this information to draw a complete x-y
scatter plot graph of this data.
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scientists to look for a general oSl

trend in the data being analysed.

There are some general rules for drawing a line of

best fit.

« Do not include outliers.

o Make the line as close to as many points as possible.

« ~—— Line of
< best fit

° >

Figure 1.16 A scatter plot with a line of best fit. Even though
the line is not touching any of the points, it is drawn as close to
all the points as possible.

Relationships between the variables
When you have graphed your data, you can determine if
there any patterns, trends or relationships.
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Section 1.2 CONDUCTING INVESTIGATIONS AND PROCESSING DATA

Centrality: mean and median

In descriptive statistics, we can measure the central
tendency of a data set by calculating an average.

The mean and the median are two different ways of
describing the centre of a data set, but they can often
give two very different stories about the data, especially
when there are outliers present in your data.

The mean is used to measure the centre of a data set and
is the most common statistic used when talking about
averages. It is the sum of all the values collected, divided
by the number of values present. However, it may not

be a fair representation of the data as the mean is heavily
influenced by outliers — values that are either very large

or very small.

median

the middle value of the
data set after all the values
have been ranked (sorted

in ascending order). There
should be as many numbers
below the median as there
are above

The median is an alternative
way of measuring the centre
of your data. In a set of data,
the median is the value where
an equal number of data
points sit above it as below it. The median is the true
middle of the data and is a good measure of the average
when your data includes outliers.

Correlation
Scientists need to understand whether a relationship
exists between the numbers.

Positive correlation
y y

Negative correlation

>

X
The points lie close to the line
of best fit, which has a positive
gradient. This suggests that as the
independent variable increases, the

dependent variable increases. variable decreases.

X
The points lie close to the line of best
fit, which has a negative gradient.
This suggests that as the independent
variable increases, the dependent

23

Numbers might be correlated positively or negatively, or

they may have no correlation.

When interpreting a correlation between variables, it’s
important not to assume that one variable is having

an effect on the other. A correlation may actually be
caused by another factor that wasn’t one of the measured
variables. That is why it’s important to use the word
‘suggests’ rather than ‘proves’ or ‘causes’ if you think

there might be a relationship.

Quick check 1.12

1 State whether you would expect a positive or
negative correlation, or no correlation for each of
the following examples.

a The volume of a set of headphones on
hearing damage

b A high temperature forecast on the
expectation of bushfires

¢ Eating fatty foods on having healthy
cholesterol levels

d  Students’ absences on grades

2 Refer back to Quick check 1.11.

a  Predict whether the trend line for the graph
you drew will be linear or non-linear.

b Identify whether there is a positive or
negative correlation, or no correlation.

¢ Describe what the data suggests would
happen if you reduce the amount of
food added.

No correlation

There is no pattern in the results.
There is no relationship between
the independent and dependent
variables.

Figure 1.17 The relationship between two variables can be positive, negative or have no correlation.
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Outliers

Outliers can easily be spotted when data is graphed.

There will often be a large gap between an extremely

high or low value and other observations, indicating that

it differs greatly.
yl

e <— Outlier

Figure 1.18 Outliers are often easily spotted in graph form.

Range

We can also measure the dispersion of the data. This

provides information about the spread of a particular

variable’s values. One way of doing this is to calculate

the range, which is the difference between the

smallest and largest values. Range bars can be plotted

on graphs to visually represent this information.

The larger the range bars, the more variation in the

variable’s values, suggesting

that the data is less reliable. range

Usually, outliers are excluded
from calculations.

the difference between the
highest and lowest values in
the data set

Worked example 1.1

Using the data from an investigation into the time it takes water to boil, determine which data is a likely outlier,

as well as the range of the data.

Outliers
outlier| Creating a dot plot allows us to easily
X see that 13 minutes to boil is likely to
X X be an outlier.
X X X
X X X %
J f I T T T T T T T T T
2 3 4 5 6 7 8 9 10 MN 12 13
Time taken to boil
Range

4 — 2 = 2 minutes

Quick check 1.13

Calculate the mean, median and range of the
following data set:
17,14,18, 21, 21,19, 12, 20, 16

Discussion

In a practical report, the discussion is a critical
evaluation of how well the experimental technique and
data were able to address the hypothesis.
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Excluding the outlier, 13 minutes, we
subtract the largest value, 4, from the
smallest value, 2. If we include the
outlier, the range would be 13 -2 =
11 minutes.

Discussion should include an examination of the quality

of the data in relation to its accuracy, reliability and

validity. It should include:

discussion of limitations imposed by the experiment
and equipment used

consideration of possible sources of systematic and
random error

identification of any outliers and potential reasons
for their cause

assessment of accuracy and reliability by looking at
things like if the line of best fit intersects the origin,
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losely ali ith data or if th b
closely aligns with your data or if the range bars are Quick check 1.14
large or small

o suggested improvements and extensions to 1 State the sort of uncertainty that each of the
the experiment. following scenarios represents.
a A measuring tool is incorrectly calibrated
Conclusion and regularly underestimates the mass.
b A measuring tool is not very precise and the

The conclusion is where you should answer your original temperatures vary by approximately 0.5 of a

research question, stating whether your hypothesis degree in either direction.
is supported or not. You should start with a general 2 Describe how the effect of random uncertainty
statement that summarises your findings, but then justify can be reduced.

this by using actual data from your results to support
this statement. You can also use your own scientific
knowledge to explain your results.

Practical 1.2: Student design

Comparing the effect of indigestion remedies

Background

We already know from Year 9 that the stomach is an essential organ involved in the digestion of food. It achieves
this by creating a highly acidic environment (pH of approximately 2 to 3) through the production of hydrochloric
acid. However, an excess of acid in the stomach can cause painful indigestion.

Antacids are a common treatment option as they are alkaline, allowing excess stomach acid to be neutralised.
Now that you have a much more accurate way of measuring volume, design an experiment that will compare
three different antacids (A, B and C) to determine which is most effective in relieving indigestion.

Materials

e hydrochloric acid (1 M) * spatula

e 3 different antacids * Phenolphthalein indicator
* titration equipment e watchglass

e electronic balance

Procedure

Plan your experiment with a lab partner, taking into consideration:

® youraim

* the independent variable and dependent variables

* the variables that will be controlled in this experiment

* the procedure you will follow

e how you will document the results.

Carry out the experiment and derive your conclusion. Consider how you could improve the accuracy of your
results in future.
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Section 1.2 questions

) Remembering
1 Name four items that can be found on an x-y plot.
2 Describe what an outlier is.
Quiz

Understanding
3 Explain how the mean is calculated.
4 Explain how the use of a data logger can be beneficial to an experiment.
5 Classify the following errors as either random errors or systematic errors.
a Instrument fault: a burette is leaking, so every reading taken is 0.1 mL lower than the actual value.
b Human fault: when recording the data, the researcher has a poor understanding of rounding decimals and
consistently rounds them up to the nearest whole number.
¢ Instrument fault: a set of scales is not very accurate and the displayed mass is often out by around 1-3 grams
in either direction.

Applying
6 The table below shows results that a changing pH of a pond has on the number of tadpoles that are found there.

pH of water Number of tadpoles
8.0 45
7.5 69
7.0 78
6.5 88
6.0 43
5.5 23

a Identify the independent variable and dependent variable of this study.
b State which pH is the optimum for tadpole growth.
¢ Construct a scatter plot with correctly labelled axes and title, to display this data.

Analysing
7  Classify the correlations that can be seen in the following scatter plots.
a b 4
°
[ Y [ ]
) [ ]
° ® o o ° ®
. e o o0
* ° ° ° e o °
o0 °
b e % o ° . ° : ® 9 °
e © © ¢ ° o 0°° © %% o
e © ° © %o, o' ® o
° o © °
[ ] [ ] [ Py [ ]
° o ® °
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°
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8 Afaulty burette is being used during a titration and this causes the results to all be overstated by around 0.5 mL
each time.
a Identify what type of error this represents.
b Discuss the effect in terms of accuracy, reliability and validity.

9 Deduce when a scientist might use a column graph rather than a dot plot.

Evaluating

10 A pathologist wanted to know the effect of adding an unknown substance X to bacteria. She conducted an
experiment comparing bacterial colonies where the substance had been added and where it had not been
added. She then counted the number of colonies over a number of hours.

Time (hours) Number of bacterial colonies
Substance X added Nothing added
0 120 120
1 96 121
2 92 122
3 83 123
4 64 123
5 58 120
6 45 124
7 45 125
8 25 126
9 12 130

a Construct a graph of the points of data and then draw in a line of best fit for each set of data.
b Describe the two results in terms of correlation.
¢ Determine the relationship between substance X and bacterial colony growth.
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A student was interested in testing the effects of sleep deprivation on memory recall in secondary school
students, so decided to conduct a study. He chose four of his friends to be the participants. Two of them went
without sleep for a whole 24-hour period and were then given 20 three-letter nonsense words (for example, tuf,
pud, wes) to memorise for two minutes and then recall.

The other two of his friends were allowed to sleep for their usual time period and were given the same memory
test: 20 three-letter nonsense words to memorise for two minutes and then recall.

Results are shown below:

Average recall score of three-letter
nonsense words (out of 20)
Sleep deprived group 3
Non-sleep deprived group 7
Construct a testable hypothesis for this experiment.
Graph the results.

Outline two possible extraneous variables.
Discuss whether this experiment was ethically sound.

® O N T 9

Outline a conclusion that can be drawn from the results obtained.

f  Decribe what limitations exist in this studly.

A researcher was interested in investigating how driving ability was affected if people were either sleep deprived
or under the influence of alcohol - specifically with a blood alcohol content (BAC) reading of 0.05. She tested
30 participants who responded to an advertisement on Facebook. They were tested in a driving simulator in

one of three conditions: control, sleep deprived and BAC 0.05. Results are shown below. Summarise the results
found, using the data from the graph.

Performance of drivers on driving simulator

25
4
o
£ 20
[
S
~ 15
]
£
5 10
<
§ 5
=
0
Normal Sleep deprived BAC 0.05
(Day 1) (Day 2) (Day 3)

Condition of driver undertaking driving simulation

es .
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Chapter review

Chapter checklist

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

Success criteria Check @
1.1 | can describe each stage of the experimental design process.
e.g. State the missing stage: Research question; ; Hypothesis SCORCHER

and variables; Procedure; Results; Analysis; Discussion; Conclusion.

1.1 1 can identify independent, dependent and controlled variables.
e.g. Explain the importance of controlled variables.

1.1 1 can outline experimental validity and assess whether the experiment is
suitable for the research question.
e.g. Recall the definition of validity.

1.1l recognise the need to write a risk assessment before completing any experiment.
e.g. Create a general risk assessment for any experimental work in your lab.

1.1 | can describe the information found on a safety data sheet (SDS).
e.g. Summarise the information you would find on a safety data sheet.

1.1 | can describe the ethical requirements of working with humans and animals.
e.g. Describe some of the principles that scientists must follow if they are working
with animals.

1.1 | can define primary and secondary data.
e.g. Contrast primary and secondary data.

1.1 | can distinguish between quantitative and qualitative data.
e.g. State the type of data that is collected when undertaking an interview.

1.1 I recognise the difference between discrete and continuous data.
e.g. Contrast discrete and continuous data.

1.1 | can construct a results table.
e.g. State which column the independent variable is found in when drawing a
results table.

1.2 | can describe the use and importance of specialised equipment such as
burettes, pipettes and data loggers.
e.g. Describe why a data logger may be useful in some scientific experiments.

1.2 1 recognise the difference between accuracy and reliability.
e.g. Contrast the terms accuracy and reliability.

1.2 | recognise the difference between systematic and random errors.
e.g. State the type of error that is caused by environmental effects such as

temperature or humidity.
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Success criteria Check

1.2 | can state the absolute uncertainty when using both analogue and digital
measuring instruments.
e.g. State the uncertainty of the following pieces of equipment:

. =
A

1.2 | can calculate the relative uncertainty for a result.

e.g. Calculate the relative uncertainty of a measurement of 1.86 g when the
absolute uncertainty is = 0.01 g.

1.2 | can represent data in different graphs.
e.g. Describe when you would use a scatter plot.

1.2 | can calculate the mean, median and range of scientific data.
e.g. Calculate the mean of the following data: 4, 4, 1, 9, 8, 6.

1.2 | can state the correlation between data on a graph.
e.g. Predict if there would be a positive or negative correlation between the number
of cups of coffee drunk in a day and the number of hours slept that night.

1.2 | can recognise outliers in scientific data.
e.g. Identify the outlier in the following data: 4, 4, 1, 33, 9, 8, 6.

Reflections

1 What connections come to mind when you think about working scientifically and your everyday life?
2 What new concepts have extended your thinking about working scientifically?
3 What information did you find challenging or confusing?
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High school students were analysing the content of ethanoic acid in a commercial vinegar sample and had made up
a dilute solution of 0.1 M ethanoic acid based on the concentration of ethanoic acid given on the bottle of vinegar.
The students set up a titration with 20.00 mL of their ethanoic acid in a conical flask (via pipette) and filled a burette
with 0.1 M NaOH.

If the ethanoic acid content quoted on the vinegar bottle was correct, the students hypothesised that ‘if 20 mL of
0.1 M ethanoic acid is present, then 20 mL of 0.1 M NaOH will be required to reach an end point’. The titration data
from two students attempting six replicated trials are tabulated below.

Volume (mL) 0.1 M NaOH to end point

Titration
Student 1 Student 2
1 19.95 20.50
2 20.00 20.50
3 20.50 20.50
4 22.70 29.30
5 19.95 20.40
6 20.00 20.40
Mean

1 Identify and circle any outliers in each student’s trials.

2 Calculate the mean volume of NaOH required to reach the titration end point, after removing outliers for each
student.

3 The ‘true’ value for the titration given the actual concentration of ethanoic acid should have been 20.00 mL of

0.1 M NaOH. Assess the validity of this experiment in identifying the concentration of ethanoic acid.

Identify if any patterns occur in the results obtained by the students.

Contrast the data tabulated. Was each student accurate?

Analyse the data tabulated. Were the results reliable?

Justify whether the data presented by students 1 and 2 provide evidence to support the hypothesis.

00 N O U1 b

Compare the data fluctuations for each student. Do the data points fluctuate randomly above and below the
true value or are they biased in one direction?
9 Based on the data presented, infer whether the experiment was accurate, reliable and valid.
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Chapter 2

Transfer of
energy

Inquiry questions

How does a fireplace heat the whole house? |
Why do microwaves interfere with your
Wi-Fi signal?

How does sound help us to see?

PRE-TEST

Chapter introduction
In this chapter, you will study the wave
and particle models of energy transfer.
You will consider the movement of energy
through different mediums by investigating
the transfer of thermal energy by conduction,
convection and radiation. You will also explore
light and sound, both situations where energy is

transferred by waves.

\ . a9 5 ?. 7 'A X - .,‘:‘,’ v
vy X oy ek LA
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Conduction
Particles transfer energy { - S —— p————

Convection )
transferred between particles

Radiation

also known as

Transverse waves
E.g.(electromagnetic radiation }——

Radio waves
Microwaves
Infrared radiation : oo
Everyday life applications

Visible light ———— Communication

Waves transfer energy — Ultraviolet technologies

X-rays

Gamma rays

Longitudinal waves

E.g.[sound waves
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ISBN 978-1-108-99259-6 ; ;’- y 4 © (merldge University. Pregsfz021
Photocopying is restricted under law and this materialm : other party. =1




34 Chapter 2  TRANSFER OF ENERGY

[ ]
@ Particles transfer energy
@ Learning goals
1 To compare thermal energy and temperature in terms of kinetic energy

VIDEO 2 To explain, using the particle model, the process of convection and conduction of heat energy
tem\AFl)Zf;t'jre? 3 To describe radiation and explain why it does not require a medium (particles) to transfer heat energy
4 To identify everyday situations where particles transfer energy
The particle model energy. Thermal energy of an object or a system relates

to the total kinetic energy of its particles. It is often

According to the particle model: called heat, but in science heat specifically refers to

»  Allmatter is made up of particles. thermal energy that is transferred. Thermal energy on

» Particles are attracted to each other. the other hand is something an object possesses whether

o Particl 1 i h . .
articles are always moving on the spot or around there is transfer or nof.

o Asthe temperature increases, particles move faster.

So what then is the temperature of an object? It is

L(Pi\geet:\ce?;yeg?)r,noving mater  1he energy of moving matter the average kinetic energy of all its particles. It tells us
thermal energy is called kinetic energy, what the level of thermal energy is, but not how much
" ZL”ZEZ?L%T‘Z;%L?Z‘ZZZO and therefore all particles of thermal energy there is. It’s like the level of water in a
SR matter have kinetic energy dam: the level tells us how high it is, but doesn’t tell us
?:: transfer of thermal because they are in constant completely how much water there is. Heat only transfers
ggfégﬁ;t?:lggﬁir focelder motion. Objects with a higher from hotter objects to colder ones, so temperature
temperature temperature have faster tells us whether heat transfer will take place, and in
Z?S.af:;if;yt P;ef e moving particles, and the which direction.
particles in an object particles have higher kinetic

e High average kinetic { g ) g )6 g ) ‘ (g) (g) (g) e | ow average kinetic

« g omperatre. (@) (@) (@) Hestony  (@11@) (@), F DI

e High thermal energy ~ — - = transfers — — — e Llowthermal energy

(@) (@) (@) MV 1@11e1e

Cold solid: particles

Hot solid: particles vibrate slow

vibrate fast

Figure 2.1 The particles in hot and cold solid objects of the same mass. The relationship between average
kinetic energy of particles, thermal energy, heat and temperature is shown. This diagram also applies to
liquids and gases, except in these states, the particles aren’t vibrating but instead are moving around.

Quick check 2.1

Explain the relationship between thermal energy and kinetic energy of an object.
Describe what the term heat means in science.
State what temperature measures in terms of particle theory.

HWN =

Determine whether the particles in a cup of 30°C water would on average move faster or slower than the
particles in a cup of 45°C water.
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Section 2.1 PARTICLES TRANSFER ENERGY 35

Heat transfer Conduction

. When energy is transferred between particles of matter
Heat transfer is the movement of thermal energy from _ )

) ) ) by contact, the process is referred to as conduction.
an object at a higher temperature to an object at a lower ) ) ) i i
, A particle, object or region with a higher temperature
temperature. The rate of heat transfer is faster when ] )
i : naturally transfers thermal energy to a particle, object
there is a larger temperature difference between the two , ]
) ] ) or region with a lower temperature. When substances
objects. As thermal energy is transferred to an object . i ) .
. . L . gain energy, their particles start to vibrate faster. If a
with a lower temperature, the particles within that object Lo ) i o
) ) ) faster vibrating particle bumps into a slower vibrating
vibrate or move faster, which results in (and can be ) ) )
) ) o one, it transfers some energy to it. This causes the
measured by) an increase in the object’s temperature. o ] ) ) )
slower vibrating particle to vibrate faster, increasing

. . its temperature. The same thing happens in collisions
In Figure 2.2, three types of heat transfer are occurring b & happ

. . between particles that are moving around.
simultaneously. As you sit around the campfire, you b &

feel an intense warmth on your skin - radiation. You ) -
) ) . Note that conduction does not  radiation ,

also notice that the air above the fire is hotter than ] ] transfer of energy without

happen only in the solid state. the presence of particles

A solid surface with a high SR
transfer of thermal energy

temperature transfers thermal =~ due to the movement of
particles in a liquid or gas

beside the fire and will burn the marshmallows -
convection. Finally, when roasting your marshmallow

over the flames you notice that heat is travelling along ,
energy to particles of a cooler

the metal fork, which is starting to feel warm in your o ) conduction
. gas or liquid that are in transfer of thermal energy
hands - conduction. What exactly are these types of o _ through collisions between
contact with it by conduction. vibrating or moving particles

‘ «" . ‘}

“—

-
\ -
E—= ¥

~—

\\\ N : J b ‘
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©
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Figure 2.2 Keeping warm around a campfire and roasting marshmallows require the transfer of heat.

ISBN 978-1-108-99259-6 © Cambridge University Press 2021
Photocopying is restricted under law and this material must not be transferred to another party.



36 Chapter 2  TRANSFER OF ENERGY

99009 90009 00090
9009090000~ 9000
0009 0000 o

Figure 2.3 A time sequence showing heat flowing through the particles of a solid by conduction. The heat source (not shown) is
on the left of the particles. At first only the particles next to the heat source become hot and vibrate. They bump into particles
next to them, which warm up, and so on.

Conduction occurs when you warm up your hands
when holding a hot drink. Your hands warm up because
thermal energy is being transferred from the mug to
your hand.

How would holding the hot drink feel different if it was a
polystyrene cup? Or a metal cup? Some substances, such
as metals, are good conductors of heat. This is because
the electrons in metal can leave their atoms and move
around as free electrons. These free electrons move

fast and result in vibrations
conductor (heat)

(and the associated kinetic a substance that allows heat
. -kl to pass through it easily
ener assing more quic
gY) p 8 ! Y free electron
between particles in a metal. an electron that is not
attached to an atom

So thermal energy in metals insulator (heat

Spreads qulckly from hot to a substance or material that
does not allow heat to pass
cold (see Figure 2.5). through easily

Other materials, such as polystyrene, do not conduct

Figure 2.4 Warming up your hands with a hot drink on a cold
day is an example of conduction. heat well and so we call them insulators.

Higher temperature Lower temperature
0»0 Q bgﬁzb H}{ ? 0\0 /Ion
32 BiFE B g
gg g 9 ) ‘yw&//Electron

Figure 2.5 Free electrons can travel through metals and help thermal energy spread quickly
from hot to cold areas.

Thermal energy
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Try this 2.1

Heat-sensitive slime
You will need:
* Y cup of PVA glue * 3 teaspoons of thermochromatic pigment
* 1 tablespoon of water e Y cup of liquid starch.
* afew drops of food colouring
Mix together the glue, water and food colouring. Then mix in the thermochromatic pigment. Add half of the
liquid starch and mix until combined. Your slime should be thick and slimy.

Mix in the rest of the starch, bit by bit, until well combined. Your slime will no longer be sticky. Observe what
happens as the slime cools. When it is hot, it will be the colour of the food colouring. When it is cold, it will be the
colour of the thermochromatic pigment.

Convection gas to expand. This means that  convection current

Convection is the flow of thermal energy through a the warmer regions become ?ri;criIfyt\fﬁop;i?ﬁurizs:gng

liquid or a gas that is caused by movement of the liquid less dense and are displaced by gf;fnfﬁj Horameperenre

or gas itself. Heating water in a pot and warming up a the more dense colder regions, ~ substance

room with an oil heater are both examples of heating and so appear to rise. Figure 2.6 shows water in a pot

via convection. being heated from the bottom, causing the hot water to
rise. Away from the heat source, at the top of the pan, the

Have you ever heard the saying, ‘Hot air rises’? When a water cools again. The water becomes more dense and

liquid or a gas is heated, the particles vibrate faster and sinks back down to the bottom where it will be heated

the space between them gets bigger, causing the liquid or again. This cycle is called a convection current.

* Particles move faster

¢ Particles spread out

* Hot fluid is less dense
and rises

* Particles move slower

* Particles come together
¢ Cold fluid is more dense and
sinks

Figure 2.6 When water is heated, the hotter less dense water at the bottom rises
and the colder more dense water sinks to take its place.
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Convection is a major factor driving weather patterns.
The Sun heats the Earth’s surface, warming the air, which
then rises, creating an upward current in the atmosphere.
As this warmer air rises, cooler air from elsewhere flows
in to replace it and we feel this air movement as wind. As
the convection current continues and the warm air gets
higher, it will cool, potentially causing any water vapour
within it to condense and form a cumulus cloud. Within
the Earth, convection currents move layers of magma. In

the oceans, convection creates currents.

El Nifio vs La Nifia

El Nifio and La Nifia are opposite phases of the

El Nifo-Southern Oscillation (ENSO) cycle, which
describes sea temperature and atmospheric air
pressure changes between the eastern and western
parts of the tropical Pacific Ocean. El Nifio occurs
when ocean temperatures are significantly higher
than average in the eastern tropical Pacific, and La
Nifia occurs when there is a cooling of the same part
of the ocean.

Use your preferred search engine to find the
Australian Bureau of Meteorology website to answer
the following questions.

Explain how the movement of thermal energy

by convection currents produces the weather

patterns observed during periods of El Nifio and

La Nina.

Explain how El Nifio affects temperatures and

rainfall in Australia.

Explain how La Nifia affects temperatures and

rainfall in Australia.

Try this 2.2

Convection spiral

Take a piece of paper and cut out a spiral that is

6 cm in diameter. Attach a piece of string to the
centre of the spiral. Turn on a desk lamp and shine

it towards the ceiling. Hold the spiral by the string,
suspended 10 cm over the top of the lamp. Observe
what happens, and explain why.

ISBN 978-1-108-99259-6

Radiation

Any object with thermal energy radiates heat, and you
do not need to be in contact with the object to feel this
thermal radiation. This is why you can feel the warmth
of a fire when you stand in front of it, or feel the Sun’s
warmth when you are outside. Thermal radiation, also
known as radiant heat or infrared radiation, is a form of
electromagnetic radiation (like light and radio waves)
and travels in waves (explored further in Section 2.2,
page 45). This differs from convection and conduction,

as it does not rely on particle movement.

Figure 2.7 Bread being toasted via radiant heat transfer

How do animals stay warm?

Conduction, convection and radiation all play an

essential role in nature. All warm-blooded animals

can generate their own body heat, and they radiate

thermal energy. Cold-blooded animals on the other

hand do not generate their own body heat all the

time, so they need to lie in the sun to get warm.
Research how animals living in cold environments

reduce heat loss from conduction, convection

and radiation.

1 State the type of heat that occurs when you burn
your hand on a hot plate.

2 Describe thermal conduction in a solid using the
particle model.

3 Describe how thermal energy travels within a
liquid or a gas.
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Practical 2.1: Self-design

Modelling heat transfer

Aim

To design your own experiment that models the three types of heat transfer.
Materials

* metal, wooden and plastic spoons * tea bags and tea leaves
e water ® ice blocks

e Bunsen burner e radiant heater
Procedure

Design an experiment that demonstrates the three types of heat transfer. In a group, discuss ways in which you
could do this. Choose the best method and plan the experiments. You must include information on variables, a
risk assessment and a step-by-step method for carrying out the experiment.

Results
Record your observations for each of the experiments in an appropriate manner.

Discussion
Explain how your self-designed experiments demonstrated how thermal energy is transferred through
conduction, convection and radiation.

Did you know? 2.1

Clothing technology
Australia has a large variety of climatic regions, and the Indigenous Australian peoples developed technologies

that enabled them to live and thrive successfully in even the most extreme climates. For warmth, traditional
animal skin cloaks were worn with the fur lining facing inwards, next to the body. This trapped a layer of air and
provided valuable insulation. However, during rainy seasons, the cloak was worn with the fur on the outside,
because the hairs had water-repellent properties. Sometimes fat was rubbed onto the outside of the fur to further
increase insulation. These heat-conserving cloaks reduced thermal conduction, convection and radiation.

P PR A
CCTETQRERIL (T

3

Figure 2.8 Artwork

by William Barak, an
influential Aboriginal
Australian spokesperson,
depicts the use of possum
skin cloaks
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Summary of heat transfer

The particle model can be used to explain conduction

and convection, as they both involve the transfer of

thermal energy through particles. Although radiation

also involves the transfer of thermal energy, it does not

Type of heat transfer

Conduction

Convection

Radiation

Description

Transfer of thermal
energy by direct physical
contact between
particles

Transfer of thermal
energy by molecular
motion in a fluid (liquids
and gases)

Transfer of thermal
energy without the
presence of particles

Table 2.1 The three different processes of heat transfer

ISBN 978-1-108-99259-6

require the presence of particles. Thermal radiation is

an electromagnetic wave that can travel through empty

space where there are relatively few particles. This is why

we can feel the warmth of the Sun despite it being about

150 million km away. Therefore, radiation is explained

using the wave model.

Mechanism

Atoms are always
vibrating or moving, but
when heat is applied

to an object, the

atoms next to the heat
vibrate or move more,
so their kinetic energy
increases. They ‘bump’
neighbouring atoms,
passing on this kinetic
energy and allowing
thermal energy to move
through the object or
substance.

When a liquid or a gas
is heated, the particles
vibrate and move faster
and the liquid or gas
expands. This means
that the colder regions
are more dense than the
warmer regions, and so
the colder liquid or gas
sinks to the bottom. As
it is heated in turn, the
material rises to the top
creating a convection
current.

Radiant heat travels in
waves because it is a
form of electromagnetic
radiation.

Example

You warm up your

hands when holding a
hot drink. Your hands
warm up because
thermal energy is being
transferred from the mug
to your hand.

Water in a pot being
heated from the bottom,
causing the hot water to
rise. The cold water sinks
and takes its place at
the bottom, and is then
also heated.

When making toast, the
bread does not touch
the source of heat but
gets toasted because of
the transfer of thermal
energy through space
by radiation.
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Section 2.1 questions

41

Remembering ——

1 Define the term ‘thermal energy’ in your own words.
2 State the conditions required for conduction to occur.

Quiz

Understanding

3 Explain how an object with a higher temperature can have less thermal energy than an object
that has a lower temperature.

4 An electric oven has a heating element underneath its bottom surface, and two wire racks (shelves), a top and
a bottom. It does not have a fan to circulate the air inside. A recipe calls for the baking dish to be placed in the
hottest part of the oven. Explain whether you should place it on the top rack or the bottom rack.

5 Explain why the energy received from the Sun is by radiation and not convection or conduction.

6 Convection occurs in liquids and gases. Explain why convection does not (as a general rule) occur in solids.

Applying
7 Classify the following as heat transfer by either conduction, convection or radiation.
a Heat escaping from the top of an open cup of a hot coffee
b Heat from an oven's grill melting the cheese on a pizza placed in the oven
¢ Anice cube melting in your hand.
8 Differentiate between thermal insulators and conductors in terms of their ability to transfer heat quickly.

Analysing

9 Avolume of 1 L of gas in a cylinder is rapidly compressed by a piston until it occupies 0.1 L. As a result the
molecules of gas have less space to move, they undergo many more collisions which causes them to speed up.
Predict what happens to the temperature of the gas.

10 Two cups of water have their temperature measured. One is 20°C and the other is 30°C. Using your
understanding of temperature and particles, discuss how the movement of particles differ.

Evaluating
11 Josh says insulation keeps out the cold. Critique this statement.
12 Decide at what point thermal energy transferring between two substances in contact will stop being transferred.
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@ Waves transfer energy

Learning goals

1 To compare mechanical and electromagnetic waves in terms of the wave model and their requirements

for propagation

o Ul B~ WD

everyday life, including communications technology

o N

9 To explain, using the particle model, the transmission of sound in different mediums

During a lightning storm, both light and sound

energy are transferred by waves to your eyes and ears
respectively. When you see the lightning, your eyes are
detecting light waves, and when you hear the thunder,
your ears are detecting sound waves. We see the
lightning before we hear the thunder because light waves

travel faster than sound waves.

Figure 2.9 Lightning and thunder are forms of light and sound
energy that travel as waves.

The wave model

A wave is a carrier of energy that transfers energy from
one place to another without any matter accompanying

it. Mechanical waves transfer energy from the source of

ISBN 978-1-108-99259-6

To identify everyday situations where waves transfer energy
To identify examples of electromagnetic waves and their properties

To identify sound waves as an example of longitudinal waves

a wave (a force that starts the
disturbance in the medium).
The matter through which
the wave travels is called the
medium and can be in any
state. In mechanical waves,

a disturbance in a medium
results in the transfer of

energy by the vibration or

periodic motion of particles.

Mechanical waves, therefore,
require particles to allow

the energy to travel through
matter. These particles

don’t move along the wave,

To compare transverse and longitudinal waves in terms of the direction of oscillation and energy transfer
To describe, using the wave model, the features of waves including wavelength, frequency and speed

To relate the properties of different types of radiation in the electromagnetic spectrum to their uses in

To describe the occurrence and some applications of absorption, reflection and refraction in everyday life

wave

carrier of energy from one
place to another without any
matter accompanying it

mechanical wave

a disturbance in a medium
that transfers energy through
that medium

medium
the matter through which a
mechanical wave travels

periodic motion

a movement of a particle

or object that returns to its
starting position and repeats
in the same time interval, like
a swing

electromagnetic wave

a wave with electric and
magnetic properties that can
travel through matter or a
vacuum

vacuum
a space totally devoid of
matter

they only pass on the energy of the disturbance to the

particles next to them. For example, a duck will bob

up and down as a ripple passes, revealing the periodic

motion of the water particles, but it returns to its original
position - it does not travel with the wave. Another kind
of wave, called an electromagnetic wave, doesn’t require
a medium and can travel through a vacuum. Light and

radiant heat are examples of electromagnetic waves.
Depending on the direction of oscillations relative to the

direction of energy transfer, a mechanical wave can be

classified as a transverse or longitudinal wave.
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Figure 2.10 As a ripple passes through the medium (water), the
duck is temporarily displaced as it bobs up and down, before
returning to its original position.

Quick check 2.3

1 Define the term ‘mechanical wave’ in your

own words.
2 What is the medium of a mechanical wave?
3 List two types of mechanical waves.

Section 2.2 WAVES TRANSFER ENERGY

Transverse waves

A transverse wave is a wave in
which the disturbance of the
medium is at right angles to the
direction of energy transfer. In
mechanical transverse waves,
the particles vibrate up and
down, about their rest position,
creating a series of crests and
troughs. Crests and troughs
represent the maximum
displacement of a particle in
the medium at the top and
bottom of the wave respectively.

The number of cycles every
second is called the frequency,
and is measured in hertz (Hz).
The distance measured in
metres between two consecutive
points on the waves is called

the wavelength. The amplitude
of a wave is how far the wave
displaces from its middle
position (centre line).

Transverse wave in a rope

Crest

l Wavelength (one cycle)

A
v

The up-and-down T
motion of the rope

is perpendicular to the

direction of the wave.

Trough

Direction of energy transfer —>

transverse wave

a wave in which the particles
vibrate or move at right
angles (perpendicular) to the
direction of energy transfer

crest

the maximum displacement
of a particle at the top of
the wave

trough

the maximum displacement
of a particle at the bottom of
the wave

displacement

the position of a particle
when it has moved away
from its rest position on the
centre line of the wave

cycle

one complete vibration or
periodic movement of a
particle through the crest
and trough and back to its
starting position; the length
of a cycle is the wavelength

frequency
the number of cycles of a
wave per second

hertz

a unit for measuring the
number of cycles that
happen every second
(frequency); abbreviation
is Hz

wavelength
the distance from one wave
crest to the next

amplitude

the distance (height) of a
wave crest or the depth of a
wave trough from the centre
line of the wave

Axis or centre line,
the undisturbed or rest
position of the particles

Figure 2.11 In a transverse wave the particles move perpendicular (at right angles) to the direction of energy transfer.

Try this 2.3

Looking at wavelength and amplitude

Copy the diagram on the right, using a ruler to make the sides of the ‘
grid squares exactly 1 cm long. On your copy, label the wavelength .

and amplitude of the waves. Use a ruler to measure these features. » |
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Figure 2.12 A transverse wave
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Quick check 2.4

1 Explain what the word ‘transverse’ means in relation to waves.

2 Recall the three measurements of waves that tell you their dimensions.

Examples of transverse waves
The strings in musical instruments, deep ocean waves,
some seismic waves and electromagnetic waves are all

examples of transverse mechanical waves.

Figure 2.13 When the strings of a guitar are plucked, they
vibrate up and down while waves travel along the string to
its ends.

Electromagnetic waves

Electromagnetic waves consist of oscillating electric and
magnetic fields, as opposed to particle disturbances in

a medium. Electromagnetic radiation is the transfer

of energy by electromagnetic waves. The waves transfer
energy through empty space or matter, such as when
light passes through glass. If these waves travel through

Electric 0
field

Charged particle
vibrating

seismic waves

waves that travel through the
Earth and over its surface which
when large enough cause
earthquakes

matter, some energy is lost
to the particles of matter.

When they travel though a
vacuum, no energy is lost. o iy
moving back and forth with

periodic motion somewhat like

An electromagnetic wave vibration

electromagnetic radiation
transfer of energy by
electromagnetic waves

begins when an electrically

charged particle (such as
self-propagating

refers to a wave that (unlike
mechanical waves) once started
keeps going at a constant speed
forever without needing the
input of more energy

an electron in an atom)
vibrates, causing the
electric field that surrounds
it to oscillate. This creates a
oscillating magnetic field. The two oscillating
fields combine to create a self-propagating

electromagnetic wave.

The directions that the electric and magnetic field
oscillate in are perpendicular to the direction of the

wave, so an electromagnetic wave is a transverse wave.

Unlike mechanical waves, electromagnetic waves all
travel at the same speed through a vacuum (the speed of
light) and so there is a simple proportional relationship
between their frequency and wavelength. Either of
these two measures determines a wave’s position on the
electromagnetic spectrum. As speed remains constant,
the frequency of an electromagnetic wave can easily be

calculated from its wavelength and vice versa.

Direction of
wave travel

Figure 2.14 A vibrating charged particle generates oscillating electric and magnetic fields. These
fields are perpendicular to each other and to the direction of the wave.
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Frequency (Hz) The electromagnetic spectrum

104 108 1012 1015 1016
Wavelength (m)
Radio Microwave Infrared Visible Ultraviolet
103 102 10> 0.5x10% 10-8

About the length of...

& Sy o

Humans Bees Pinpoint Protozoans Molecules

Figure 2.15 The electromagnetic spectrum extends beyond the visible spectrum (light).
The different types of electromagnetic waves and their more infrared radiation

uses are listed below. than similar objects at a

Radio waves are useful for communications and
signals over long distances (including for radar).
Radio waves were originally used for communication
with ships at sea, then broadcasts by radio and
television stations, and are now also used to send
communications around the world via satellites.
Radio waves have very long wavelengths (some of
them are several kilometres long), but their energy
and frequency are very low.

Microwaves are used for cooking, Wi-Fi
communications and mobile phone technology. In a
microwave oven, any water molecules present in food
will vibrate at the same frequency as the microwaves
and convert this energy into heat, cooking the food
quickly. Microwaves are also used in mobile phone
networks. When a mobile phone is switched on, it
produces microwave signals that are picked up by
receivers in mobile phone towers. The towers then
transmit signals back to the phone for incoming calls,
to connect to the internet and to download files,
images and video.

Infrared radiation is the radiation you feel
immediately when you stand near a fire or when you
feel heated by the Sun. It is also used in home remote
controls. Objects at a higher temperature release

ISBN 978-1-108-99259-6
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lower temperature (this
was covered as a type of
heat transfer in Section
2.1). Infrared cameras can
be used to detect infrared
waves being emitted by

an object. The signals

are then processed to
produce a false-colour
image showing the relative
temperatures of parts of
the object.

Visible light is the section
of the electromagnetic
spectrum that is visible to
the human eye.
Ultraviolet light is
invisible radiation that can

cause sunburn and skin

1018 1020

X-ray Gamma Ray
10-10 1012

& &

Atoms  Atomic nuclei

radio waves
electromagnetic radiation
that has the longest
wavelength

microwaves
electromagnetic radiation
used for cooking,
communications and Wi-Fi;
lies between radio waves
and infrared radiation

infrared radiation
electromagnetic radiation
that lies between microwaves
and visible light; also known
as heat radiation

visible light

the part of the
electromagnetic spectrum
that we can see

ultraviolet light

radiation that lies between
visible light and X-rays;

is needed by our bodies
to make vitamin D; short
wavelength UV can cause
sunburn and cancer

X-rays

short wavelength
electromagnetic radiation
that can pass through flesh
to give images of bones;
hazardous and can cause
cancer

cancer. Not all ultraviolet is bad though: skin cells use

low-frequency ultraviolet light to make vitamin D.

X-rays are high-energy electromagnetic waves that

are used to create images of bones. Bone absorbs

most of the radiation whereas X-rays will pass

through soft tissue such as fat and muscle. This
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gamma ray

high-energy ray with a very
short wavelength produced
when radioactive atoms decay

ionising radiation

higher frequency ultraviolet
rays, X- and gamma rays which
can turn atoms and molecules
into ions; can potentially
damage living cells

opaque
a substance that blocks the
transmission of light completely

reflect

to throw back the energy of a
wave (e.g. heat, light, sound)
without absorbing it

absorb
to take up the energy of a wave
(e.g. absorb light)

incident ray
aray of light arriving at a
surface

reflected ray
aray of light that is reflected off
a surface

normal
an imaginary line that is at right
angles to a surface

angle of incidence

the angle between an incident
light ray and the normal when
the ray arrives at a surface

angle of reflection

the angle between a reflected
light ray and the normal, when
the ray leaves a surface

results in bones appearing
white, soft tissue
appearing grey and air
appearing black in X-ray
images. The development
of imaging technologies
has contributed greatly to
our understanding of the
functions and interactions
of body systems. X-rays
can cause cancer, although
the radiation dose from
medical scans is small.

« Gamma rays are high-
energy, high-frequency
waves with a short
wavelength. They are
released when atomic
nuclei decay, and
although they can cause
cancer, they can also be
used in its treatment.

The higher the frequency of

an electromagnetic wave, the

more energy it carries. Higher frequency ultraviolet rays,

X-rays and gamma rays have enough energy to knock

electrons off atoms, so they become ions. This is referred

to as ionising radiation, and it damages living cells.

Applications of visible light

Opagque surfaces are able to reflect or absorb light.

The colour we see an object as depends on the colour
of light reflected off its surface. White objects reflect
all the colours in the visible spectrum and absorb none

compared to black objects, which absorb all the colours

and reflect none. An object that appears red has a pigment

White light
Red light

Figure 2.16 A red car reflects all red wavelengths of light and
absorbs all the other colours of the visible spectrum.
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in its surface that absorbs all wavelengths except red,

which is reflected into our eyes and seen as the colour red.

Light rays reflecting oft a smooth surface bounce oft at

the same angle allowing a clear image to be seen.

Figure 2.17 Light rays hitting a smooth surface are all reflected
at the same angle, and an image can be formed.

Law of reflection of light

To understand the law of reflection of light, you first

need to learn some definitions.

o The incoming ray of light that hits the reflecting
surface is called the incident ray.

o The outgoing ray of light that is reflected off the
surface is called the reflected ray.

o The normal is an imaginary line that is at right
angles to the surface.

o The angle between the incident ray and the normal is
the angle of incidence (7).

o The angle between the reflected ray and the normal is

the angle of reflection (r).

The law of reflection of light states that the angle of
incidence and the angle of reflection are equal to

each other.

angle of incidence (i) = angle of reflection ()

Incident ray Normal Reflected ray

Figure 2.18 The law of reflection of light states that the angle

of incidence (i) is always equal to the angle of reflection (r).

Quick check 2.5

1 State the law of reflection.
2 Explain what the law of reflection means.
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Concave mirror
A concave mirror curves inwards, like a cave. Concave
mirrors can be used to magnify images and are

commonly used for shaving or applying make-up.

When parallel rays are reflected from a concave mirror,
they converge at a focal point. The focal point is where
an image forms. In Figure 2.19, the image is in front of

the mirror, and is known as a virtual image.

Figure 2.19 If you hold a concave mirror close, it will magnify
your image (a virtual image), as shown here. But if you moved
a long distance away from the mirror, it would turn your image
upside down (a real image).

-7 Concave
Normal .
mirror
Focal point @---------------- -
Normal

Figure 2.20 When an object is far from a concave mirror, the
reflected light rays converge to form a real image. If the object
was close to the mirror, it would form a large virtual image, as
in the shaving mirror shown in Figure 2.19.
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Convex mirror

concave
having an outline that is

Convex mirrors bulge thinner in the middle, or a

outwards and give a wider Y
like a cave

field of view. They are used in
convex

having an outline that is
thicker in the middle, or a
mirror that bulges outwards

car rear view mirrors to allow
drivers greater visibility. You

may also see large convex mirrors at intersections that
have limited visibility, or in the hallways of hospitals to

provide a view of what is around the corner.

When light rays are reflected from a convex mirror, the
light rays diverge. An image forms behind the mirror —

this is a virtual image.

Figure 2.21 A car’s side view mirror is often a convex mirror.
It gives a wider field of view, but also makes objects appear
smaller and further away than they actually are.

Convex
mirror
Normal
Ny
———————————————————————— @ Focal point
Normal

Figure 2.22 Reflected light rays diverge from a convex mirror.
The image formed is a virtual image.
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mirror that is curved inwards,
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Practical 2.2

Investigating ray diagrams with concave and convex mirrors

Be careful
Take care as the light box

Aim

To observe and record the way in which light rays are reflected from g
: can become hot with
curved mirrors.

prolonged use.

Materials

e light box e concave mirror
e clearruler ® convex mirror

* pencil * white A4 paper
Procedure

1 Plug in the light box and position it at the edge of a piece of A4 white paper.

2 Place the triple ray-forming plate into the slot and turn on the light box. Adjust the position of the bulb until
you see three parallel rays of light on the paper.

3 Place the concave mirror about 10 cm in front of the rays, and align it so that the middle ray reflects back

on itself.
4 Use a pencil to outline the mirror, and use a clear plastic ruler to trace the incident and reflected rays.
5 Label the point at which they meet the ‘focal point'.
6 Getanew piece of paper and repeat steps 3 and 4 with a convex mirror.
7  Trace the reflected rays back behind the outline of the mirror with dotted lines.
8 Label the point at which the dotted lines meet the "virtual focal point’.
Results

On your ray tracing diagrams, measure how far the focal point or virtual focal point is from the mirrors. Include
this in your diagrams.

Discussion
1 Do the focal lengths for the convex and concave mirrors differ?
2 Why does the convex mirror produce a 'virtual focal point'?

Conclusion

1 Make a claim regarding light rays reflected from curved mirrors. Start your sentence with: ‘This experiment
suggests that with curved mirrors ... .

2 Support your claim by using what you observed when you used convex and concave mirrors. Start your
sentence with: ‘It was observed that ... ".

3 Explain how the data supports your claim. Start your sentence with: ‘This means that ... ".

translucent Some materials are water, allow light to pass refractive index

allowing some light to pass . 1T a measure of how much the
through, but no clear image translucent. This means thI'Ollgh them with little speed of light changes as it

can be seen through them passes from a vacuum into a

they allow some light to pass  or no alteration, allowing o e

t t . .
a:ﬁ,";ﬂagrﬁght e el through, but no clear image clear images to be seen
fmj gc}ieti;'?uabgs‘iacna;be " can be seen as the light through them. When light travels from one substance

refraction transmitted through them is into a different substance it bends. This bending of light is
the bending of light as it

passes from one medium to scattered in many directions called refraction and is the result of light slowing down or
another and thus doesn’t reach the speeding up when it enters a substance of different optical
optical density e eye as a coherent image. density. Each material has a refractive index, which is

power of the substance, which

. , a measure of the change in the speed of light as it moves
is measured by comparing the

amount incident light to the Transparent materials, from a vacuum into that material. When light travels from
amount of transmitted light )
such as diamond, glass and a material with a lower refractive index into a material with
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a higher index (for example, from air into water), it slows refractive index into a material with a lower refractive index
down and bends fowards the normal (see Figure 2.23, left). (for example, from water into air), it speeds up and bends
Conversely, when light travels from a material with a higher away from the normal (Figure 2.23, right).

Normal Normal

/" Light bends
"~ away from

Light bends
9 enas the normal

towards the normal

Figure 2.23 The direction light bends is dependent on the refractive index of the materials it enters and
leaves from. Water has a higher refractive index than air.

Quick check 2.6

1 Define the term ‘refraction’ in your own words.

2 Explain how refraction differs from reflection.

3 State whether light will bend towards or away from the normal when it is travelling from a material with a
refractive index of 1.02 into a material with a refractive index of 1.4.

Practical 2.3

Refracting light

Aim Be careful

To investigate refraction of light through a glass block. Take care as the light

Materials el |
e glass rectangular block

e light box

e sheet of A4 white paper
* protractor

e clear plastic ruler
* pencil Light box
Procedure
1 Connect the light box to a power source and insert a
single-ray forming plate.
2 Place the light box on its side on the piece of white paper
and switch it on.

3 Direct the single ray towards the glass block, as shown in Glass block
Figure 2.24.
Figure 2.24 Experimental set-up
continued...
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...continued

4 Trace the outline of the glass block onto the white paper. Use the clear ruler to trace the path of the incident
ray and the refracted ray.

5 Remove the glass block and connect the two lines to visualise the path of the light through the glass.

6 Use the protractor to make measurements of the angles, and record your results in the results table.

Results

_ Angle of incidence Angle of refraction

Light entering glass
Light leaving glass

Discussion

1 Does light bend towards or away from the normal when:
a entering glass? b leaving glass?

2 What do you notice about the beam of light that is entering the glass and the beam of light that is leaving
the glass?

3 Does all the light travel through the glass and emerge from the other side?

Conclusion

1 Make a claim regarding light refraction through materials. Start your sentence with: ‘This experiment
suggests that light ... ".

2 Support your claim by using what you observed. Start your sentence with: ‘It was observed that ... " and
include potential measurement uncertainties and experimental faults.

3 Explain how the data supports your claim. Start your sentence with: ‘This means that ... ".

Transverse wave summary

. Does it require
How is energy

Type of wave a medium for Examples
transferred? .
propagation?

Mechanical wave Energy is transferred as Yes The strings in musical
vibrations in particles instruments, deep ocean
between adjacent waves and some seismic
particles in a medium. waves

Electromagnetic wave Energy is carried as No Radio waves, microwaves,
oscillating electric and infrared, visible light,
magnetic fields. ultraviolet, X-rays, and

gamma rays

Table 2.2 The two types of transverse waves

Quick check 2.7

State which forms of radiation can be harmful to humans.
State two uses of radio waves.

State the approximate wavelength of microwaves.
Compare radio waves and microwaves.

au b W N =

State what property an object should have to emit a large amount of infrared radiation.
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Longitudinal waves medium are closer together longitudinal wave
lled . d a wave with vibrations in the
are called compressions, an direction of travel instead of
transversely; sound waves
are an example

A longitudinal wave is a wave in which the particles places where the particles

of the medium oscillate (that is, vibrate) parallel to (in . .
( ’ )P ( in the medium are further T

the part of a longitudinal

wave where the particles are

squashed together

the same direction as) the energy transfer. The particles apart from each other are

vibrate back and forth creating a series of compressions called rarefactions. If a wave

and rarefactions. As can be seen in Figure 2.25, rarefaction
the part of a longitudinal
wave where the particles are

spread apart

has more energy, then the

longitudinal waves have areas where the particles S .
particles in compressions

(coils in this case) crowd close together and areas where are closer together and the

they are spread apart. Places where the particles in a particles in rarefactions are farther from each other.
Longitudinal wave in a spring

Rarefaction =~ Compression
I |

The back-and-forth motion ' .
of the coils of the spring is Direction of wave —>

in the same direction that
the wave travels.

Figure 2.25 In a longitudinal wave, the particles move parallel to the
direction of the wave.

Examples of longitudinal waves (compression) and regions of low pressure (rarefaction).
Sound is a longitudinal wave because the air particles Sound is a mechanical wave and therefore needs a
vibrate backwards and forwards in the same direction medium to travel through, but the medium does not

as the travelling sound wave. The motion of sound have to be air - it can also be a solid or a liquid. In fact,
through the air is similar to when you move the end because sound needs particles to vibrate in order for it
of a slinky forwards and backwards quickly to send a to travel, sound travels faster through solids, where the
series of pulses through the spring. When a sound wave particles are close together and can therefore transfer
passes through air, the movement of the molecules is energy faster. It can’t travel at all through a vacuum

in a pattern that consists of regions of high pressure (where there are no particles).

Try this 2.4

Visualising sound
Grab a slinky and stretch it

e, R - . _—
out along the floor until it is (171 f!”f‘[“ OO0 Direction
AAAXAXAXAXA 7R
a couple of metres in length. A&“M&y— ~ of travel
. . . 3 Compression
Create vibrations in the slinky
by moving the coils back and
forth. Observe the areas of Direction
q . of travel
compression and rarefaction
that move back and forth along =k
the length of the slinky. Figure 2.26 Longitudinal waves in a slinky can model longitudinal sound waves.
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Sound waves and the didjeridu
Aboriginal and Torres Strait Islander peoples developed various
technologies and processes involving the transfer of sound. Some
instruments were used for playing music, others were used for
communicating or hunting. One example of an instrument for creating
music is the didjeridu. Conduct some research on the didjeridu to
answer the following questions.

Where is it believed that the didjeridu got its name from?

How old is the didjeridu thought to be?

Describe the construction of a didjeridu.

How does the length and flare end of a didjeridu affect its

acoustic behaviour? Figure 2.27 The didjeridu is made

Outline how a didjeridu produces its unique sound, including of bamboo or tree trunks that have
been hollowed out by termites or
other insects.

Quick check 2.8

Define the term ‘sound’ in your own words.

all components that play a role.

Define the terms ‘compression” and ‘rarefaction’ in your own words.
Explain why sound travels faster in solids.

B WN =

Explain how sound is an example of a longitudinal wave.

Practical 2.4

Making sound

Aim

To hear and observe vibrations in the air.
Materials

* tuning fork

* rubber stopper
e 100 mL beaker, half filled with water

Procedure

1 Strike the tuning fork on a soft surface, such as the rubber stopper.

2 Bring the tuning fork to your ear and see if you can hear anything. You can use a sounding board to hear the
sound clearly.

3 Repeat step 1 and lightly touch the vibrating ends of the tuning fork to the surface of the water.

4 Observe what happens to the water.

Results
Record your observations.

Discussion

1 Explain what you heard when you held the tuning fork to your ear. How does this work?

2 Describe what happened when you submerged the ends of the tuning fork in water. Explain why this happened.
3 Could you identify areas of compression and rarefaction in the water?
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Properties of sound waves

Similar to transverse waves, we can also describe the

properties of the longitudinal waves using the terms

‘wavelength;, ‘frequency’ and ‘amplitude’ where:

o Wavelength (unit = metre) is the distance between
two consecutive points (such as compressions or
rarefactions) of a wave. The greater the distance
between two points of maximum compression, the
longer the wavelength.

o Frequency (unit = hertz) is the number of cycles

(complete waves or vibrations) that pass a point each

Wavelength

Section 2.2 WAVES TRANSFER ENERGY 53

second. The more cycles or wavelengths that

pass in a second, the higher the frequency.

o Amplitude (unit = metre) is the maximum

displacement of air particles from

their undisturbed position. This is the
displacement amplitude. In a sound wave,
which has regions of high and low pressure,
the amplitude is the difference between the
maximum pressure in a compression and

atmospheric pressure.

. , i
Compression Rarefaction <

+

A
AT Amplitude /\

'
I
>
I
1

» travel

> Distance or time

Pressure change
o

Figure 2.28 A sound wave represented as a graph of change in air pressure over distance or time. The air pressure
change with no sound is O, and +/- represents increase / decrease in pressure. Above the graph is a diagram
showing the space between the air molecules and the regions of compression and rarefaction. Amplitude and
wavelength now appear like they do for a transverse wave. Note that the graph is the same shape whether air
pressure or air pressure change is plotted, or whether time or distance is the horizontal axis.

The pitch of a sound is how high or low on a music
scale (not sound volume) it seems to our ears. The

pitch of a sound wave is determined by its wavelength
and therefore its frequency. Shortening the wavelength
increases how many wavelengths pass each second
(frequency), and this increases the pitch of the sound.
Low-pitched sounds have a long wavelength, whereas
high-pitched sounds have a short wavelength (shown in
Figure 2.29a).

The energy of a wave depends on its amplitude as well
as its frequency. A higher frequency means that the
energy of the wave arrives more often in a given time
period. If you look at water waves, you might notice

that some waves are bigger than others. Amplitude is

the maximum height of a wave from its resting position.

pitch If you were able to see
how high or low a sound
seems to our ears on a

music scale

sound waves, you would

notice that loud sounds

ISBN 978-1-108-99259-6

have a higher amplitude than soft sounds - that is, have
more compressed compressions and more spread out
rarefactions. The loudness, thus amplitude, of the sound
is a measure of the amount of sound energy. This is

shown in Figure 2.29b on page 54.

JAVAVAVAVAVAVAVA

Rl

Short wavelength means lots of
wavelengths per second;
high frequency, high pitch

__ //ﬁ\«\ \;/’/\\\_//'ﬂ‘
1 i

Long wavelength means
fewer waves; low frequency,
low pitch

Figure 2.29a Which of the two waves do you think would be a
whistle and which would be a bass guitar?
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a Amplitude b
Quieter Louder

Figure 2.29b The amplitude of a sound wave is an indication
of the loudness of the sound.

Quick check 2.9

Reflected

) , s , ultrasound Bat
1 Define the terms ‘frequency’, ‘wavelength’ and waves Glasing
‘amplitude’ in your own words. Include the units. waves

2 Look at these sound waves, shown as pressure
against time, and answer the questions below.
A B

Figure 2.30 A bat using the reflected sound waves produced in
/\_/ echolocation to locate prey.

SONAR (SOund NAvigation and Ranging) uses ultrasound

© D
waves, in the same way as animals use echolocation,
N /\/\N\/ to navigate and locate underwater objects such as land

mass, submarines and schools of fish. Ships send out an

. . o
. Wh!Ch W TR s G R U ultrasound wave and a receiver detects the echo. Based on
b Which wave has the longest wavelength? . ]
. the time delay of the echo, and the speed of sound in water,
¢ Which wave do you expect to have the
. . the distance to underwater objects can be calculated.
highest pitch?
d  Which wave is the loudest?

7 4
Applications of sound P
Animals such as bats and dolphins use echolocation
to navigate and locate prey. To do this, they utilise

the ability of sound waves to reflect off hard surfaces.

These animals emit high frequency sound (ultrasound)
waves, which hit surrounding

echolocation , objects and produce an

the location of objects using ]

reflected sound (echo) echo. They then listen for

SONAR o the echoes that return and

a mode of navigation

used by ships to located use them to identify objects

underwater objects using . L

reflected sound in close proximity that they
cannot see.

Interestingly, some humans have developed the ability to
echolocate and by making short high-pitched clicks they
are able to find their way around by listening to echoes
bouncing off surrounding objects.

Figure 2.31 A ship using SONAR to locate underwater objects.
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Summary: Comparison between wave and particle models

Feature Wave models Particle models (ﬁ)
Carries/transfers Yes Yes
energy Mechanical waves are carriers of energy Particles can transfer energy
. . . WIDGET
through a medium, and electromagnetic through conduction and Lightning
waves can transfer energy as radiation. convection. They also play a speeds

role in mechanical waves.

Has a measurable Yes Yes

speed The frequency, wavelength and speed are  The speed of a particle may
all related. relate to its thermal energy.

Has a frequency, Yes No

wavelength and Frequency, wavelength and amplitude are  Frequency, wavelength and

amplitude properties of waves. amplitude are not properties

of particles.

Carries matter from No Yes

one place to another  Electromagnetic fields do not need Particle collisions due to
matter as they are oscillations in electric kinetic energy result in the

and magnetic fields. In mechanical waves, movement of matter from
the particles vibrate or move with periodic  one place to another.
motion, returning to their original position

once the wave has passed.

Table 2.3 Comparison between waves and particles

Section 2.2 questions

Remembering

1 State the types of electromagnetic radiation that are outside the visible spectrum.
2 Recall the wavelength range of radio waves.
3 Recall the terms for the high-pressure and low-pressure areas of a sound wave. Quiz
4 ldentify the correct words to complete the following sentences.
a Pitchis determinedbythe __ of a wave.
b Loudnessis determinedbythe — of a wave.
5 Define the following terms in your own words.
*  Wavelength
* Frequency
°  Amplitude
e Pitch
Understanding
6 Explain how microwaves heat up food.
7 Explain what is meant by the term ‘longitudinal wave'.
8 Explain why sound cannot travel through the vacuum of space.
9  Explain why you see the flash of lightning first before you hear the thunder.
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Applying

10 A sound wave has a frequency of 5 Hz and a wavelength of 3 m. Interpret what this means.
11 Compare microwaves and gamma rays.

Analysing

12 Use the image below to determine why the loudness of a sound decreases as you move away from the source of
the sound.

Evaluating

13 The figure below shows a thermal image of a house, which has been produced by an infrared camera. Decide
what the different colours mean.

14 Decide why it is important to find a balance between getting too much or too little UV radiation exposure.
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Chapter review

Chapter checklist

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

Success criteria Check @

2.1 | can distinguish between temperature and thermal energy. SCORCHER

e.g. Compare temperature and thermal energy.

2.1 | can describe conduction, convection and radiation.
e.g. Describe what happens when heat is applied to the end of a metal bar.

2.2 | can distinguish between mechanical and electromagnetic waves.
e.g. State three types of mechanical wave.

2.2 | can identify the different parts of a wave.
e.g. Construct a labelled diagram of a transverse wave.

2.2 | can recall the different parts of the electromagnetic spectrum.
e.g. Organise the following electromagnetic waves from low frequency to high
frequency: X-ray, gamma rays, radio waves, infrared, visible, microwave, ultraviolet.

2.2 | can describe the differences between transverse and longitudinal waves.
e.g. Compare how waves travel down a shaken rope and sound waves travel

through the air.

Reflections

1 What connections come to mind when you think about energy transfer and your everyday life?
2 What new concepts have extended your thinking about the different ways energy is transferred?
3 What information did you find challenging or confusing?
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Data questions

A 20-year-old took their 80-year-old grandparent for a hearing loss evaluation and decided to take the auditory test
as well. An audiogram shows the lowest volume at which a person can hear a sound at a particular frequency. (Note
that the values on the vertical axis are in decreasing order.)

The audiogram results for the 20-year-old and the 80-year-old are illustrated in Figure 2.32. Hearing is considered
normal if you can hear sound volumes over 30 dB at a particular frequency. Hearing loss is considered moderate if
you require volumes of 30 dB to 60 dB, and is severe if you can only hear sound volumes over 60 dB.

—o— 20 year old

0 - —o—80 year old

jeer o0 qg —o—  , —o =
20 + *
30 ~
40 -
50 -
60
70 -
80 1

90 T T T T T T T 1
0 1000 2000 3000 4000 5000 6000 7000 8000

Volume (dB)

Frequency (Hz)
Figure 2.32 Audiogram for a 20-year-old and 80-year-old

1 Identify which person required a louder sound to hear at a sound wave frequency of 2000 Hz.

2 Determine the volume of the 1000 Hz sound wave that is the lowest volume that can be heard by the 20-year-
old based on the test.

3 Recognise which person displays hearing loss.

4 ldentify a trend in volume and frequency for both the 20-year-old and 80-year-old.

5 Analyse the plot for the 80-year-old and find any frequencies where the person suffers from severe hearing loss.

6 Contrast the two data sets between the frequencies of 1000 Hz and 2000 Hz.

7  Following the trend in the data, deduce the lowest volume at which the 20-year-old can hear a frequency of

9000 Hz.

8 Predict whether the 80-year-old would more easily hear a person talking or a higher pitch bird whistle of the
same volume.

9 The outcome of the test was that the 80-year-old suffers from ‘moderate low-pitch hearing loss and severe
high-pitch hearing loss’. Justify whether this statement is accurate.
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STEM activity: MUSICAL INSTRUMENTS

STEM activity: Musical instruments

Background information

Music is part of most people’s lives. Whether you
listen to music, play an instrument or even create
your own music, it is something that most people
encounter every day.

Design brief: Design and build a musical instrument
from recycled materials.

Activity instructions

In small groups your task is to design and build a
musical instrument. The first step will be to research
the main components of musical instruments as well
as ways to alter the pitch of a note played.

Figure 2.33 In musical instruments, vibration produces sound,
and this sound is often amplified in the body of the instrument.

¥978-1-108-99259-6
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Suggested materials
* plastic containers

e elastic bands

* bottles

® icy-pole sticks

® scissors

e cardboard

Research and feasibility

1 Discuss in your group which type of instrument you
will focus on — will you build an instrument that is
a woodwind, string or percussion instrument? (It
might be difficult to find the resources to build a
brass instrument.)

2 Research all the components required for the
instrument you are going to build, and list all
the ways you can change pitch and/or volume
of sound.

Design and sustainability

3 As a group, make multiple sketches each and
together work out which design would be most
effective.

4 Design the prototype your group will build and
focus on how it can be made using sustainable
materials.

Create
5 Build your prototype and test the sound quality

produced by your instrument.

Evaluate and modify

6 Discuss the challenges you came across
when designing and building your musical
instrument, and list the methods you used to
overcome these.

7 Describe the method by which your instrument
produces sound and changes pitch.

8 Evaluate how easy or difficult your instrument is to
use or to learn.

9 Suggest some improvements to your instrument
that could make it easier to use.
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Chapter 3
Motion

Inquiry questions

How does direction affect the way in which we
describe motion?

How do physicists construct, analyse and

interpret the motion of objects, using data?

s

What are Newton'’s Laws and how are PN

they used to predict an object's change

. . PRE-TEST
in motion?

Chapter introduction

This chapter continues our exploration

of the science of physics. Have you ever
wondered how long it takes for sunlight to
reach Earth or how quickly a raindrop falls to
the ground? These questions can be answered
in the domain of physics — the study of matter,

energy and force. One of the most famous

areas of physics is the study of how things move.
What first comes to mind when you think of the
word ‘motion’? How do you describe objects that
move? You live in a world filled with moving things. This
chapter will help you understand the core ideas of how
things move, how fast they travel and the forces that are

at work.

-~
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Chapter map

Can be described by:

e Distance
* Displacement
—> ® Speed (average and
instantaneous)
e Velocity (average and
instantaneous)
o Acceleration.

Can be visualised by:

e Distance-time graphs

* Displacement-time graphs
* Speed-time graphs.

Is governed by:

* Newton’s first law of motion
— * Newton’s second law of motion
* Newton’s third law of motion.

3.1
3.2

3.3
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62 Chapter 3 MOTION

@ Describing motion

Learning goals

1 To explain the relationship between distance, speed and time

2 To calculate average speed
3 To convert m/s to km/h and vice versa

WORKSHEET

Distance

When motion is discussed, distance

usually refers to how far something has

travelled along a path. The symbol s is
used to denote the distance an object has travelled. For
example, the soccer ball in Figure 3.1 has travelled a
distance of 20 metres.

4m
NTTTTTTTTes N
\ \\
\
. \\ \\ 3 m
4 \
\\ 5m N
‘ “«-——————— -m————-—— - ;
. \ ’
\ /
5m? /
’
N\ /3m

Figure 3.1 Distance travelled by a soccer ball

Displacement

Unlike distance, displacement describes how far and in
which direction something has travelled from an initial
starting point. Displacement is the change in an object’s
position from the initial point. Displacement is denoted
with the symbol § . The arrow above the symbol denotes
that it is a vector, meaning that it has both size and a
direction. You can remember this by thinking about
displacement, §, as relating to spatial location in which
distance and direction matter.

Figure 3.2 shows a scenario where the direction of travel

matters. Your starting point is the cross in the middle.

distance
total distance travelled;
measured in metres

You might know that you

sailed 20 kilometres, but you
Sl will not know where you are
how far you are from where

you started and what direction
you are from where you started

unless you know the direction
you sailed. If you sailed

vector
a quantity that has both size
and direction

20 kilometres in the north-

west direction, you would

ISBN 978-1-108-99259-6

&
— 7

Figure 3.2 If you ended up on Island B, your displacement
would be 20 km east from your starting position.

end up on island A; if you sailed east, you would end up
on island B; and if you sailed south, you would end up on

island C. You can see that sometimes direction matters.

Distance versus displacement

Often, knowing the displacement is more helpful

than knowing the distance something has travelled.
Displacement compares the initial position with the final
position of an object in motion. If the final position is
the same as the initial position, then the displacement is
zero. Consider a person who walks six metres forwards
from point A to point B, and then two metres backwards
to point C. The distance that they have travelled is eight
metres. However, since they have only ended up four
metres from the starting position, the displacement from
their starting point, A, is four metres forwards.

The total distance travelled from AtoCiss=6+2=8 m.

The displacement from A to Cis §'= 6 — 2 = 4 m to the right.

6m

2m

Figure 3.3 The walk described can be represented using
arrows, where the length of the arrow symbolises the
magnitude, and the direction of the arrow shows the
direction of motion.
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Worked example 3.1

Distance and displacement c

A person walks 4 metres east and then 3 metres north.
This can be represented in a simple diagram as follows.

3 m north
1 What is the distance travelled by the person?
2 What is the displacement?
p A X
4 m east
1 Distance
s=3m+4m=7m Add the two distances travelled to find the total

distance that the person has travelled.

2 Displacement

Using Pythagoras's theorem, find the distance Use Pythagoras's theorem to find the distance
from A to C. from A (the starting point) to C (the end point).
AE o T a?+ 2=

=V16+9 o

=/25 a

—tm 4 m east
To determine the direction requires trigonometry. b

c=Va’+ b?

Remember that you also need the direction
3 m north travelled from the starting position to the

final position.

4 m east

3
tan 0 = —
4

0 = 36.9° north of east
Therefore, the displacement sis 5 m 36.9° north
of east.

Quick check 3.1

1 Define the terms ‘distance’ and ‘displacement’ in your own words.
2 A classmate travels between classrooms. From their initial classroom, they travel west 100 m and then north
50 m, where they arrive at the intended classroom.
a  Represent this journey in a diagram.
b Calculate the distance travelled by the student.
¢ Calculate the displacement of the student, to the nearest metre. Remember to also give an angle in
your answer.
d  The student then travels back to the initial classroom. Determine their displacement.
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64 Chapter 3 MOTION

Speed Speed is used to judge how fast something is moving,

or how far something will travel in a certain amount

We have all used words or phrases to describe how . . . .
of time. Speed is commonly measured in units of

quickly something travels, or maybe even to determine metres per second (m/s), or kilometres per hour

how long it will take to get from one place to another. (km/h). However, depending on the motion, speed may

Speed is a general term for how fast something travels. sometimes be measured in m/min, cm/h, or even km/s.

It is a measure of the rate at which an object travels

i i i . . d
a distance. .Il‘.l other words, speed is t'he dlsta.mce (s) Consider the examples of motion Zﬁae:ge et
travelled divided by the amount of time () it took to divided by time

shown in Figure 3.4.

travel that distance.

A rocket can travel at 11 km/s.

P ST o 2 S S iR SRS Nt

The speed of a snail is more likely to be measured The speed of cars is usually measured in km/h.
in units of cm/min.

Figure 3.4 Examples of different speeds

Speed is calculated as follows:

average speed (m/s or km/h) = distance travelled (m or km)

time taken (s or h) s
Or speed = 2
t

A simple way to remember this equation is by using the average speed triangle
shown in Figure 3.5. speed t

Using the average speed triangle, you can derive formulas for:

S Figure 3.5 The average speed triangle
o speed=—
t

+ changeintimet=
speed

« change in distance s = speed x t.

ISBN 978-1-108-99259-6 © Cambridge University Press 2021
Photocopying is restricted under law and this material must not be transferred to another party.



Section 3.1 DESCRIBING MOTION

65

Worked example 3.2

Average speed

Consider two runners who are competing in a 100 m hurdles event. Runner 1 finishes in a time of 12.5 s. Runner

2 runs the race with an average speed of 7 m/s.

1 Who wins the race?

2 How long does it take Runner 2 to cross the finish line? Round your answer to one decimal place.

1 Who wins?
s= 100 m List the relevant information for runner 1.
t=125s
speed = ?
s 100 m Calculate the average speed using the
speed = t - 1255 formula for average speed.
=8 m/s

Runner 1: speed = 8 m/s
Runner 2: speed = 7 m/s

Since runner 1 has a higher average speed, they finish before
runner 2 does. Therefore, runner 1 wins the race.

2 Runner 2 time

Compare the average speed of
each runner.

t="7? List the information that you have for
speed =7 m/s runner 2.
s=100m
s 100 m Calculate the time taken for runner 2 to
= speed "7 m/s complete the race using a rearranged
—143s average speed formula.

It takes 14.3 s for runner 2 to complete the 100 m

Interpret the solution, ensuring that you

hurdles race. have correct units and decimal places.

Converting units

So far we have only used m/s for speed, but another common unit for speed is kilometres per hour (km/h), which is
what most people use in cars. Here is a quick guide for converting units.

1 km = 1000 m

1h=3600s

h  3600s 3.6 s

x 3.6
Multiplying both sides by 3.6 and swapping the sides to make 1 m/s the subject gives: /—\
m/s km/h
1 m/s = 3.6 km/h \_/
+3.6

To convert m/s to km/h, multiply by 3.6. Figure 3.6 Converting m/s into km/h

To convert km/h to m/s, divide by 3.6.
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Try this 3.1

Converting speed
Next time you are in a car, ask the driver to tell you
how fast the car is travelling. Collect three samples
at different speeds, and then convert each of them
from km/h to m/s.

Are the results what you expected? Can you think
of a scenario that would be appropriate to measure
speed using m/s instead of km/h?

Velocity

Velocity is a term used to describe how fast something
travels in a particular direction. Like speed, the common
units associated with velocity are m/s or km/h. However,
unlike speed, velocity is a measure of the change in

displacement of an object
velocity
change in displacement
divided by change in time

within a certain amount of

time. Velocity includes more

information than speed because it includes direction
(indicated by the vector arrow). It is used as a measure of how
quickly something travels in a specific direction. Aeroplane
pilots and ship captains need to know their velocity so they
can accurately navigate towards their destination.

Calculating velocity is similar to using the formula

for speed, except distance travelled is replaced by
displacement. The main difference between calculating
speed and velocity is that direction is important with the

velocity, so displacement is used instead of distance.

Mathematically, velocity can be described in the
following ways:

) displacement
average velocity = ———
time taken
s
vV o=—
av t

Worked example 3.3

Average speed versus average velocity
Consider the triangle in Figure 3.7 between Adelaide,

Alice Springs

Brisbane and Alice Springs. Imagine two aeroplanes that
need to get from Alice Springs to Brisbane. Plane 1 travels
directly to Brisbane. Plane 2 must stop in Adelaide before
flying to Brisbane. It takes both planes 4.00 hours to reach
Brisbane. The true bearing of Brisbane from Alice Springs is
106° clockwise from north.

1 What is the average speed of each plane?

2 What is the average velocity of each plane?

3 Which plane travels faster in the air?

Figure 3.7 Travelling between Adelaide,
Brisbane and Alice Springs

1 Average speed

Plane 1:

1965

For average speed, use this formula: speed = =
speed = A0 491 km/h t

Plane 2:
(1330 + 1603)
4.00

speed = =733 km/h

continued...
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...continued

2 Average velocity
Plane 1:

1
v, = 1965 =491 km/h 106° clockwise from north

L1965

av

3 Comparing speeds

Plane 2 is faster in the air.

Quick check 3.2

Section 3.1 DESCRIBING MOTION 67

For average velocity, use this formula: vV, =

~+ | vy

The plane with the greater average speed travels
faster as it covers more ground in the same amount
of time.

Two students, Mia and Peter, leave school to meet at the local
coffee shop. Peter decides to jog to the coffee shop, but also ‘
stops at a flower shop along the way. Mia decides to walk from
school directly to the coffee shop. They arrive at the coffee

shop at the same time, 30 minutes after they leave school. Use

the diagram to answer the following questions.
1 Calculate how much further Peter travels than Mia.

2 If it takes them both half an hour to reach the coffee

shop, calculate:

a Mia's average speed

b Peter's average speed
¢ their average velocities.

Acceleration

Acceleration can be thought about as ‘speeding up’
or ‘slowing down’ At this stage we will only deal with
velocities and accelerations of objects travelling in a
straight line, so we won’t have to mind the direction.

Consider a car at a set of traffic lights. Initially it is stationary;
we would say that it has an initial velocity, represented by
u, of 0 km/h. Imagine that when the light turns green the
car speeds up to 40 km/h in the next five seconds. This

change in velocity means that the car has an acceleration.

Similarly, consider the car reaching another set of lights
that have just turned red - it has to slow until it stops.
When the car slows down, it decreases its velocity over

time; we call this deceleration (negative acceleration).

ISBN 978-1-108-99259-6

School

2.00 km 3.00 km

.

Flower shop

2.24 km

Coffee shop

An object that does not
change speed and direction

acceleration
the change in velocity or
direction of an object

is travelling with a constant stationary

Velocity, meaning that the not moving

deceleration

when an object is slowing
down, defined mathematically
as negative acceleration

acceleration is zero.

If an object changes its
constant velocity

when an object is travelling at
the same speed and direction,
and is not accelerating or
decelerating

velocity, then it is also
accelerating (with positive or
negative acceleration). When
the object is moving in a straight line (such that the
change in velocity is only due to the change in speed), we
can calculate its acceleration using the speed, as follows:

change in speed
Acceleration = change i speed

time taken

B final speed(v) - initial speed(u)

time taken
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Acceleration (a) is thus represented by the equation:

v-u
-
a=

t
Using the acceleration triangle in Figure 3.8 is another helpful way to remember
the formula for acceleration.

v-u
Using this acceleration triangle, you can derive formulas for:

. - V - u
« acceleration g =

t -
a t
o v-u
o changein time f = —
a

o changeinspeedv-u= axt Figure 3.8 The acceleration triangle

Worked example 3.4

Acceleration
Consider the motion of a dirt bike.
1 If it speeds up from rest to 54 km/h in a straight line in

3 seconds, calculate the acceleration.

2 If that same bike travelling at 54 km/h comes to a stop in
a straight line within 5 seconds, what is the acceleration?
What does this mean?

3 If better brakes were installed on the bike, it could

decelerate at a quicker rate of 10 m/s?. Calculate how long

it would take to stop if it was initially travelling at a speed of
72 km/h.

1 Acceleration

Figure 3.9 A dirt bike in motion

u=0m/s List the information that you have.
v=>54 km/h =15 m/s Since the bike begins at rest, the initial speed is zero.
t=3s
a="7
L vV-u (15-0) Calculate using the acceleration formula by substituting
a= =———=5m/s? forward . . .

t 3 in all of the known values. Remember to include units

and a direction.

The bike accelerates at a rate of 5 m/s? Interpret the answer.
(5 metres per second, every second)

2 Negative acceleration

u=54km/h=15m/s List the information. In this example, the bike has an initial
v=0m/s speed of 54 km/h, and a final velocity of O km/h.
t=5s
=7
continued...
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...continued
L V-u (0-15) Substitute the known values.
a= = —— = -3 m/s? forward
t 5
Since there is a negative acceleration, the Interpret the solution and remember to include correct
bike is decelerating at a rate of 3 m/s? units and direction. The bike is still travelling forward (in the
forward. positive direction) and so its displacement remains forward

despite it slowing down.

3 Faster stopping

3 =-10m/s? List the known information.
v=0m/s
u=72km/h=20m/s
t=7?
10 (0 -20) Substitute the values into the acceleration formula.
t
-20 5 Rearrange so that the unknown is the subject of
= — = S
-10 the equation.
It takes the bike 2 seconds to decelerate Interpret the solution.

from 72 km/h to rest.

Quick check 3.3

1 Define the terms ‘acceleration’, ‘deceleration” and ‘constant speed’ in your own words.
2 An object increases its speed from 5.2 m/s to 7.7 m/s in four seconds.
a Calculate the acceleration of the object.
b Assume that the object could decelerate at a rate of 1.5 m/s? (3 = —1.5 m/s?). Calculate the time it would
take for the object to stop if it was initially travelling at 10 m/s (u = 10 m/s). Give your answer to two
decimal places.

Practical 3.1

Ramps and cars

Aim

To investigate the effect of ramp height on the average speed of a crash trolley or model car.

Materials

* ramp at least 90 cm long * books or blocks that can be used to make a ramp
* stopwatch e crash trolley or model car

e metre ruler

Planning

1 Develop a hypothesis by predicting how a change to the height of the ramp will affect the average speed of
a model car.

2 Identify as many controlled variables as possible and describe how these will be managed to prevent them
from affecting the measurements.

continued...
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...continued
Procedure

Part 1: Prepare the results table

1 Draw the table shown in the results section into your science journal.
2 Identify and label the independent variables in the table.

3 Identify and label the dependent variable in the table.

Part 2: Collect the data
Set up the ramp as shown in Figure 3.10.

Figure 3.10 Experimental set-up

1 Measure the height of the ramp.

2 Use the stopwatch to measure how long it takes for a crash trolley or model car to roll down the ramp.
Record the results in the results table.

3 Repeat steps 1 and 2 three times so you can take the mean of the results.

4  Repeat steps 1-3 using some different heights and record your results in the table.

Results
1 Calculate the average time taken for the car to roll down the ramp.
2 Draw a scatter plot to analyse the relationship between the height and the speed.

3 Format the graph and insert a copy into your science journal, below the results table.

Independent Dependent variable

vrable | wel1t | Tal2 | Tal3 | Men

Discussion

1 Describe the effect of different ramp heights on the mean speed of a model car.

2 Describe any limitations to your investigation and how these may have affected your results.

3 Suggest any changes that could be made to the method to improve the quality of the data in future
experiments. Justify your suggestions by explaining how each change will improve the data quality.

Conclusion
1 State a conclusion as to how increasing the height can affect speed.
2 Justify this conclusion using data from your results.
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Section 3.1 questions

Remembering

1 Recall the unit or units normally used for distance.
2 List the unit or units normally used for speed.

Quiz

3 State the formula and unit for average acceleration in a straight line.

Understanding
4 Distinguish between distance and displacement.
5 Distinguish between speed and velocity.

Applying
6 The average speed of a galloping horse is 40 km/h. If a horse is already travelling at that speed, calculate how
far it will travel in 2.3 hours.
7 It a person walks at an average speed of 4 km/h, calculate how long it will take them to travel 50 m. Round your
answer to the nearest second. Hint: First convert 4 km/h into m/s.
8 Determine the acceleration of a car travelling at a constant speed of 50 km/h.
9 A sprinter starts from rest. In the first three seconds they reach a speed of 2 m/s. After the next 10 seconds they
reach a speed of 6.5 m/s.
a Calculate the average acceleration in the first three seconds, and round to two decimal places.
b Calculate the average acceleration in the last 10 seconds.
c Determine when the sprinter's acceleration was the greatest: over the first three seconds or the last
10 seconds.
10 A car starts from rest and accelerates at a constant rate of 5 m/s? for five seconds.
a Calculate the final speed.
b  Calculate the average speed. Because the speed increases at a constant rate, you can do this by using
(v, + v,)/2 to find the average speed.
¢ Calculate the displacement of the car after five seconds.
11 Consider the times of one of Usain Bolt's record 100 m sprints.

Distance (m) 0 20 40 60 80 100
Time (s) 0 2.87 4.65 6.32 7.96 9.69

a Calculate the average speed of Usain Bolt for the entire 100 m. That is, from t =0 to t = 9.69.
b Does he travel quicker in the first 40 m or the last 40 m? Give a reason why.

Analysing
12 Categorise the following as either acceleration, deceleration or constant speed.
* A bike rider slowing down
* A text book sitting on a desk
° A sprinter taking off at the start of a race
e Adog running at 5 m/s forwards
e A car crashing into a brick wall
* A carrolling down a hill and gaining speed

Evaluating
13 Imagine you are trying to figure out how efficiently your car uses petrol. Propose whether you would use
distance travelled or displacement covered with one tank full. Explain your reasoning.
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@ Graphing motion

Learning goals

1 To describe the speed of an object from a distance-time graph

2 To draw distance-time graphs to show the movement of an object
3 To calculate speed from a distance-time graph

4 To interpret speed-time graphs to describe the motion of an object

In this section, you will learn how to plot objects in motion onto a graph, and use this to determine the
Li distance travelled, speed and acceleration of the object. If information about direction is included in

the question, then displacement and velocity can be determined.

WORKSHEET
Distance-time graphs
Distance-time graphs show how far an object moves as time progresses. .
gradlen'g ;
Distance travelled is on the vertical y-axis and time is on the horizontal iz graclient of 2 gzian &
the rise over the run
x-axis. The gradient of the line indicates the speed of the object. Recall that:
s rise
speed =—=—
t run
Table 3.1 shows some shapes you may see on a distance-time graph.
Shape Explanation Example
\ Horizontal lines indicate that rise ) L o
o ) The —— of horizontal lines is zero because the rise is 0 m.
8 an object is stationary. run .
< So the speed is 0 m/s.
S
&
(a]
R
Time
\ A straight line with a gradient
] indicates that the object is £
g moving at a constant speed. 82
17 g
a 2l
(a]
Time 5
rise m
speed=——=—-=1m/s
s
E
g2
c
©
B 1
(a]
Time (s) speed _ e —1 m_ 0.5 m/s
run 2

The gradient of the first graph is steeper, which shows
that object has a greater speed.

Table 3.1 Two shapes of distance-time graphs

ISBN 978-1-108-99259-6 © Cambridge University Press 2021
Photocopying is restricted under law and this material must not be transferred to another party.



Section 3.2 GRAPHING MOTION 73

Worked example 3.5

Distance-time graph ‘
Take a look at the distance—time graph that shows Lin's walk in a _ In motion
straight line for six seconds in Figure 3.11. E 4
1 Calculate her speed at the following time intervals: from 0 to 2 § 31 Stationary I motion

seconds, 2 to 5 seconds and 5 to 6 seconds. g 2
2 During which time interval is Lin travelling the fastest? 8 1

1 23 45 6
Figure 3.11 Distance-time graph of Lin's walk Time (s}

1 Speed

0 to 2 seconds: Select two points from each time interval and
i - rise

speed = nse _ 2-0m _m 1w use - to calculate the speed.

run  (2-0)s 1s
2 to 5 seconds: A horizontal line indicates she is

stationary.
5 to 6 seconds:
rise 4-2m 2m

speed=—=——"=—-=2m/s
run (6-5)s 1s
2 Fastest interval
She travels the fastest from the 5th to the The steeper line indicates a faster speed.

6th second.

Quick check 3.4

Look at the distance-time graph of a moving object in
. 20
Figure 3.12.
a Calculate the average speed for each of the sections A, 18
B and C.
b Describe the motion of the object in the graph.

16

14

12

10

Distance (km)

v

0 02505075 1 12515175 2
Time (h)

o N S »
\

Figure 3.12 Distance-time graph of a moving object
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Displacement-time graphs

Displacement-time graphs are similar to distance-time graphs, but they also show the object’s location with respect
to a starting point. In other words, they can show whether an object is moving away from, or back towards, its initial

origin position over a period of time. The starting position is always located on the graph at the
the point on a graph
where the x-axis and y-axis
intercept (0, 0)

coordinate (0, 0), and is referred to as the origin. The gradient of a displacement-time

graph gives the velocity for specific time periods.

Worked example 3.6

Displacement-time graph
Remember the distance-time graph for Lin's walk. Figure 3.13 shows her displacement-time graph for the same motion.

E |
-4 In motion o
s Stationa Change of direction
g ? ¥ back to start
o 2
8
&
a T T T T T \ -

1 2 3 4 5 6

Time (s)

Figure 3.13 Displacement-time graph of Lin's walk

1 Describe her movements in relation to her starting point.
2 Calculate her velocity at the following time intervals: from 0 to 2 seconds, 2 to 5 seconds and 5 to 6 seconds.

1 Describing movements

For the first two seconds, Lin moves away from her
starting position by 2 metres. For the next three
seconds, she is stationary. In the final second, she
increases her velocity moving back to the origin
(her starting position).

2 Velocity

0 to 2 seconds:

L rise 2-0m 2m
v=—""=—"—=—-=1m/s
run - 2-0)s 2s
2 to 5 seconds:
A horizontal line indicates she is stationary, in

other words, V=0 m/s.

5 to 6 seconds:

. rise 0O-2m -2m
V== = =-2m/s
run - (6-5)s 1s

ISBN 978-1-108-99259-6

The displacement y-axis indicates how far from

the start she is. In the distance—time graph, you
could not tell which direction she was travelling,
only that she was moving.

) ) rise
Select two points from each interval and use un

to calculate the velocity.

A negative velocity means that she has changed
directions and is travelling the opposite direction,
in this case, back to the start.

She is travelling faster towards her original
position (5 to 6 seconds) compared to when she
was travelling away from it (O to 2 seconds).
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Quick check 3.5

Describe the motion of an object according to the following displacement-time graph shapes.
a2 b 24 c

S

~Y
~
~

Speed-time graphs

Speed-time graphs show the speed of a travelling object as time passes. They are quite I ——

useful because they can be used to determine the distance travelled, the instantaneous the speed at any particular

speed and the acceleration of a moving object. Speed-time graphs have three important

features.

 Instantaneous speed can be read directly from the graph at any particular point in time.

o The gradient between two points on a speed—time graph represents the average acceleration over that time interval
of the object in motion.

o The area under a speed-time graph represents the distance that the object has travelled.

Describing the motion
From the general shape of the graph,
we see that the object increases speed
in the first 5 seconds, then travels at a
constant speed for 3 seconds. Finally, in
the last 2 seconds it slows down until
it is stationary.

12 Determining the time an object
reaches a certain speed
10 For example, this object reaches
\ a speed of 10 m/s at the 5 second
8 \ mark and continues that speed for
3 seconds before it slows down.

Speed (m/s)
(@]

4
Determining the instantaneous 2
speed at any particular pointin time \
For example, at 2 seconds the object 0
has an instantaneous speed of 4 m/s. 0N 2 38 4 5 6 7 8 9710

Time (s)

An object will be stationary when

the speed is zero. Any time the graph
touches the horizontal axis,

the object must be stationary.

Figure 3.14 A speed-time graph tells you a lot about an object’s motion.
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Finding acceleration from the gradient

The three graphs in Table 3.2 help to identify when an object travelling in a straight line of motion (direction is
constant) is speeding up (accelerating), when an object is slowing down (decelerating), or when an object is travelling
at a constant speed. As the direction is constant only the change in speed is considered.

Shape Explanation Example
\ Horizontal lines indicate that an Speed ,
- object is travelling at a constant 14+
‘%_ speed. 124
10
L s
Time 6-
4
2 -
2 4 6 !
rise  Om/s
§=—-= = 0 m/s? forward
run 10s
Positive gradient means positive Speed ,
- acceleration (speeding up). The 25 -
g:_ steeper the gradient the more the
2] object is accelerating. A8
157
Time
' 10-
54
1 2 3 4 5 !
., rise 25m/s
a=—-n= = 5 m/s? forward
run 5s
Negative gradient means negative Speed 4
- acceleration (deceleration). The 14+
i steeper the gradient the quicker the 12
» object is decelerating. 10-
8 -
Time 6
4
2 -

Table 3.2 Three different speed-time graphs representing different types of straight-line motion
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Calculating distance travelled

In some problems, you may be given the speed-time graph and asked to work out the distance travelled. The distance
an object travels can be calculated by calculating the area under the graph. Often it might be simpler to split the graph
into smaller sections.

Worked example 3.7

Calculating the distance
Consider the graph shown in Figure 3.15 of an object in motion.

12
10
‘\a 8 N 5 5 1 1 A O
£
- 6
1)
2 4
& B R, i A A v
2
0
o 1 2 3 4 5 6 7 8 9 10
Time (s)
Area under speed-time graph is the displacement

Figure 3.15 Speed-time graph

1 Calculate the distance travelled in the first 5 seconds
2 Calculate the distance travelled from t =5 to ¢ = 8.
3 Calculate the distance covered in the final 2 seconds.
4 What is the total distance covered by the object, over the entire 10 seconds?
Explanation
1 Distance in first 5 seconds
The area in the first 5 seconds can be Redraw the shape and label the known sides.
described by the following triangle. The area of a triangle is given by the formula
1 1
i = E(5)(10) =25 10 A = 2bh.
This means that in the first 5 seconds Interpret the area, and check that units are
the object travels 25 metres. correct.
5
2 Distance fromt=5tot=8
The area under the graph between Redraw the shape and label the known sides.
t=5and t = 8 can be described by Calculate the area of the rectangle given by
the following rectangle. the formula A, = x w.
A,=3x10=30 10 Interpret the solution with correct units.
This means that the distance travelled
over this period is 30 metres. 3
continued...
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..continued

3 Distance in final 2 seconds

The area under the graphs in the final 2 seconds is Redraw and label the shape.
represented by the following triangle. Calculate the area.

Interpret solution with correct units.

10

8

1
A, =—(2)(10) = 1
2()(0) 0

In the final 2 seconds the object travels 10 metres.

4 Total distance covered

Sum each of the areas for the total distance covered. Add up all of the area sections under the
A=A +A +A, graph to get the total distance travelled.
=25+30+10
=65

Therefore, the total distance covered by the object over
the 10 seconds is 65 metres.

Quick check 3.6

Figure 3.16 shows a speed-time graph of an object travelling
in a straight line of motion. 10
1 Describe the motion of the object shown in the graph. 94
2 Calculate the acceleration over the first 2 seconds. 8
3 Determine the acceleration between t =2 and t = 4. = 71
4 Calculate the distance travelled after the first 2 seconds. ,\E, 64
5 Determine how far the object travels in 4 seconds. T 54

3_

24

14

1 2 3 4
Time (s)

Figure 3.16 A speed-time graph
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Practical 3.2

Investigating the motion of students over 100 m

Procedure

1 Copy the results tables below.

2 Choose at most five classmates to sprint 100 m.

3 Line up the remainder of your classmates at 20 m intervals along the 100 m track. Start the first sprinter.

4 Use stopwatches to capture the time from when a sprinter begins, to when they pass each 20 m interval.
Ideally, there will be at least two classmates at each interval so that an average of the times can be
calculated. Record these results in a table.

Results
1 Calculate the difference in elapsed time for each 20 m interval.

Results of sprint times at each 20 m interval

| Studentname | 20m | _40m | _ 60m 80 m 100 m

2 Calculate the average speed for each interval and complete the table of average speed versus time.

Results of speed (m/s) vs time

| Studentname | 20m | _dom | 60m | 80m | 100m |

3 Plot the distance-time and average speed-time graphs by drawing smooth trend lines.

Discussion

1 Are the shapes of the graphs generally similar?

Describe what is happening at each 20 m interval in terms of speed.

Propose why it was important to gather data from various classmates instead of just from one.
Identify some potential sources of error (uncertainties or experimental method faults).

Imagine if your classmates walked, hopped or crawled. Predict what the graphs would look like.

a b WN

Section 3.2 questions

Remembering

1 Recall what the gradient of a distance-time graph tells us.
2 Recall what the gradient of a speed-time graph tells us.

3 Recall what the area under a speed-time graph tells us. Quiz

Understanding
4 Describe what the shape of a displacement-time graph can reveal about an object's movements.
5 Describe what the shape of a speed-time graph can reveal about an object’s movements.
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Applying
6 The path of a caveman as he makes the trek to a nearby river, then back to his cave, is shown on this
displacement-time graph in Figure 3.17.

10+
9-

Displacement (km)
- N W > OO N @

Time (h)
Figure 3.17 Displacement-time graph

Determine how far the river is from the cave.
Determine the velocity of the caveman as he walks from his cave to the river (section A).
Determine how long the caveman stops at the river (section B).

0O n oo

Calculate how quickly the caveman returns back to his cave once he leaves the river (section C).
7 Consider the speed-time graph in Figure 3.18.

A
104

9-
g
-
6
5-
.
5
)
-

Speed (m/s)

1 2 3 4 5 6
Time (s)

Figure 3.18 Speed-time graph

Describe the motion of the object.
Calculate the acceleration in the first three seconds.
Calculate the acceleration for the next two seconds.

0o n T o

Calculate the distance the object has travelled after five seconds.
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Analysing
8 Hundreds and thousands of animals in Australia are killed every year by vehicles.
Stopping distance
r “1
1 1
! Reaction !
. S—— !
Ldlstancgl Braking distance |
I > >
1
S S L ]
' - H
! 1 A
Hazard Braking The car
dete'cted begjns stands still
1
I i I
1 1 1
™ ! 1
1 I 1
1
@ I 1
E : :
° 1 !
g : '
aQ - '
7] ! i
: . . . .
0.5 1 1.5 2 25
Time (s)

Figure 3.19 Speed-time graph for car travelling along a road

a If adriver travelling at 90 km/h (25 m/s) takes 0.5 seconds to react, and they come to a stop according to the
speed-time graph in Figure 3.19, calculate the total stopping distance.

b If the reaction time was increased by 0.5 seconds, in other words the reaction time was one second, calculate
what the stopping distance would be.

¢ What can you infer about reaction times? What things can affect reaction time?

Evaluating

9 Use the following table to draw the distance—time graph of an object. Based on the shape of the graph, what
conclusions can we make about the object’'s movements? Evaluate whether we can tell in which direction the
object went and justify your response.

Time (s) Distance (m)
0 0

O 0V N o N
A W W N

1 5

10 A car starts from rest and accelerates at a constant rate of 3 m/s? in a straight line for five seconds.

a Calculate the final speed.
v+u

b  Calculate the average speed. Because the speed increases at a constant rate, you can do this by using
to find the average speed.

¢ Calculate the distance the car had moved after five seconds.

d  Construct the speed-time graph for this scenario and use it to calculate the distance using the area under
the graph.

e What can you conclude from you answers to part c and d?
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of motion

Learning goals
1 To determine the net force acting on an object

a b WN

Sir Isaac Newton'’s three laws
Li of motion
WORKSHEET | Newton's first law of motion
Newton’s first law of motion, also
known as the law of inertia, states:
VIDEO An object will remain at rest or in
Newton'’s . . . .
first law constant motion in the same direction

unless it is acted upon by an external
unbalanced force.

Newton's first law of As you might remember from

motion

an object will remain at rest
or in constant motion in
the same direction unless
acted upon by an external
unbalanced force

previous years of study, a
force is a push or pull acting
on an object. Put simply,

a force is any interaction
with an object that, if left
unopposed, will cause a

inertia

a property of matter that
keeps something in the same
position or moving in the
same direction unless acted
upon by an external force change in the motion of the

force bi i i
object. At any given time

any interaction that, when ) Y8 >

unopposed, will change the

multiple forces may act on
motion of an object

any single object. These forces
net force

the sum of all the forces

. , determine if the object will
acting on an object

accelerate, continue to travel
at a constant speed or remain at rest. Force has both
magnitude and direction; it can be represented using the

symbol F,andis generally measured in newtons (N).
If the forces acting on an object are balanced,

meaning equal in magnitude (size) and in opposite

directions, then the object will not change its motion.

ISBN 978-1-108-99259-6

Forces and Newton’s laws

To predict the movement of an object based on the net force acting on it

To describe the relationship between force, mass and acceleration

To relate acceleration to a change in speed and/or direction as a result of a net force
To analyse everyday situations involving motion in terms of Newton's laws

That is, if the object is at rest it will stay at rest, and

if an object is travelling at a constant speed, it will
continue at a constant speed in the same direction.

The term net force is used to describe the sum of all
forces acting on an object. When the net force is zero
(ﬁnet = 0), it means that the forces are balanced and will
not change the motion of the object. However, if the
forces applied to an object are unbalanced (15:1 L7 0),
then the object will either accelerate or decelerate or

change direction.

—

F_.#0

Fnet = o net
The forces acting The forces acting on the object
on an object are are unbalanced and sum to
balanced and either a positive or negative
sum to zero. number. The motion of the
The motion of object changes. It either speeds
the object is not up or slows down or changes
changed in speed  direction depending on the

or direction. direction of the net force.

Table 3.3 The effect of balanced and unbalanced forces

Inertia is responsible for the feeling that you get when
you suddenly change motion in a car, train, aeroplane or
on a bike. At times when we travel at a constant speed,
we hardly even recognise that we are moving. But when
the vehicle that we are travelling in suddenly stops, turns
a sharp corner or accelerates, we notice that our body
moves unexpectedly. This is inertia. It is the tendency
for objects to either stay at rest or continue travelling at a

constant speed in the same direction.
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From this equation, the following four
statements can be generated:

1 The more massive the object, the

«‘-

S 4 greater the force needed to accelerate it. VIDEO
0 O O O S . 2 'The greater the force applied to an sg'ciﬁi? T;N
object, the quicker it will accelerate.
3 If the same force is applied to a more Q)
massive object, the acceleration will
be less.
4 If there is an acceleration, then there me\,&i
w - is a net force. secondlaw
v ’ A 2 Imagine hitting a baseball with a bat as in Figure 3.21.

" &

When a net force is applied to the ball, it will accelerate.

Consider what would happen if we were to swap the

baseball with a larger baseball with twice the mass.
Newton’s second law tells us that if the same force were
Figure 3.20 Consider travelling in a car at a constant speed.

When the brakes are suddenly pressed, the car quickly slows applied to a larger baseball with twice the mass, it would

dowr::; b:t our body ?ontlnuzs |to move forlx(;vards .at the original not accelerate as much as the Newton's second law
speg . If it were not for sea.t elts, we woula continue our smaller baseball because of of mgtlon 4
motion towards the front window of the car. ) ) an object acted upon
the difference in mass. Lastly, by a force experiences
acceleration in the same
Newton’s second law of motion if we were to apply a greater direction proportional to the
] magnitude of the net force,
Newton’s second law of motion is a mathematical force on the baseball, it would and inversely praportional to
. . the mass of the object
formula that describes the relationship between net increase the acceleration.
force, mass and acceleration. Newton’s second law states: 2m

m - m
The net force acting on an object equals the mass of a 2a

1
the object multiplied by the acceleration. — -»> 74 S—
F F 2F

It can also be written as:

net force = mass x acceleration

Figure 3.21 A baseball hit by a bat follows Newton's second

=ma law of motion.
net

Practical 3.3

Force and mass

-

Aim

To investigate the effects of force and mass on acceleration.
Materials

e crash trolley * tape

* elastic bands * stopwatch

* weights .
continued...
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...continued

Procedure
Design an experiment that investigates the effects of force and mass
on acceleration. You can use increasing numbers of elastic bands to

demonstrate increased force applied on the trolley.

Results
Record your data in a table.

Discussion

1 Asyou increase force, what happens to acceleration?
2 Asyou increase mass, what happens to acceleration?
3 How can your experimental design be improved?

4 |dentify any sources of error (experimental uncertainty or experimental faults).

Conclusion

1 Make a claim about force, mass and acceleration based on this experiment.

2 Support the statement by using the data you gathered and include potential sources of error (experimental
uncertainty or experimental faults).

3 Explain how the data supports the statement.

Newton'’s third law of motion reaction force is the contact force that the ground
Newton’s first two laws examine the forces acting on a pushes up on the person’s feet (or vice versa). The

single object. Newton’s third law of motion describes action-reaction forces always act on different objects, in
what happens to an object when it is acted upon by opposite directions and have the same magnitude. This
another object. The third law suggests that all forces means that an apple pulls Earth up with exactly the same
come in pairs: an action force that acts on one object force that Earth pulls the apple down!

and a reaction force that acts on the other object. For .

Newton's third law example, if you were to push < ) @\

of motion e

for every action, there is an ona Wau’ the wall pushes
equal and opposite reaction back just as hard - if it did
not you would fall through (Figure 3.22)! Newton’s
third law states:

For every action, there is an equal and opposite reaction.

Fby wall on person Fby person on wail

F by trampoline on person

F by person on trampoline
Figure 3.22 The action of pushing against a wall has a reaction

force that pushes back on the person with the same magnitude.

There are many examples of action-reaction pairs.

Action-reaction pairs always act on different objects. Figure 3.23 As a person jumps down on a trampoline, they
exert a force downwards on the mat when in contact with the

mat. The mat then pushes back up with an equal but opposite
feet exerts on the ground (a contact force) then the force. This can cause the person to bounce back into the air.

For example, if the action force is the force the person’s
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Quick check 3.7

Copy the diagram in Figure 3.24 and label with the action force and the reaction force.

Figure 3.24 Forces involved in putting a golf ball

Projectiles and throwing devices
Aboriginal and Torres Strait Islander peoples Throwing devices Projectiles
have used spears, spear-throwers and bows and

arrows for millennia prior to European settlement. ~

They recognised patterns in the data and had an \

understanding of the relationship between the \ ,\
QN : K ),

mass of the projectile (spear/arrow), the force that - Y T | & %
\ \

\ \
N\ <

the throwing device (spear-thrower/bow) applied
to it, and the effect on its velocity, range and

impact force. Use your preferred search engine to
investigate how Aboriginal and Torres Strait Islander
peoples achieved an increase in velocity and

subsequent impact force by using spear-throwers
and bows Figure 3.25 What is the throwing device of the boomerang?
. ulle uewny ay|

Practical 3.4

Crash-test eggs
Aim
To design and build a car with safety features that will protect an egg from breaking during a collision.

Materials
As chosen by students but may include:

* rubber bands e plastic cups
e wheels e straws
® icy-pole craft sticks * rubber bands
e dowels e string
continued...
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...continued

* springs e plastic bottles
* balloons e flat cardboard
* toilet paper or paper towel rolls * sticky tape

e cardboard boxes (varying sizes)

Procedure

1 Research information on vehicle collisions, safety features of cars and the forces involved during a collision.

2 Based on your research, design and build a vehicle or device that has safety features to protect an egg
during a collision.

3 Test your design by competing as a class to see whose crash-test egg survives.

Results
Take a high-speed video of your collision and slow it down to see the forces in effect.

Discussion

1 Compare your safety device to a safety feature in a car.

2 Draw the forces acting on the egg during the collision.

3 What difficulties or errors did you encounter during this experiment? How could you improve the experiment
to avoid these in the future?

Conclusion

1 Make a claim about safety based on this activity.

2 Support the statement by using your observations and include potential sources of error.
3 Explain how your observations support the statement.

Section 3.3 questions

e Remembering
1 Describe what is meant by the term inertia.

2 Describe the term 'net force'.

Quiz
Understanding
3 If there is zero net force applied to an object that is travelling at a constant speed in a straight
line, outline what happens to the object. Which of Newton’s laws applies to the situation?
Applying

4 A 50 kg person sits on a chair with feet dangling above the ground. Construct a diagram to represent the
action—reaction pair of forces acting on the scenario and include labels to indicate the force quantities.
(Remember that acceleration due to gravity is g = 9.8 m/s?)

Analysing Student1 () Student 2
5  Consider the action—reaction forces in the following scenario. Two
students are trying to push a mass towards each other. Student 1
on the left exerts a force of 155 N on the mass and Student 2
exerts a force of 220 N. Ignore frictional forces.
a Determine the net force acting on the mass.

b Determine the direction the mass will move.

Figure 3.26 Two students are trying to push
Evaluating a mass towards each other. Student 1 on the

6 Evaluate whether there are other action—reaction pairs in the left exerts a force of 155 N on the mass and
Student 2 exerts a force of 220 N.

system from the previous question. Can you quantify the forces?
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Chapter review

Chapter checklist

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

Success criteria Check
3.1 | can distinguish between distance and displacement.
e.g. Define the term ‘displacement’ in your own words. SCORCHER

3.1 I can calculate the speed of an object.
e.g. State the equation for speed.

3.1 | can distinguish between speed and velocity.
e.g. State the equation for velocity.

3.2 | can use speed-time, distance-time and displacement-time graphs to
communicate an object’s motion.
e.g. Recall what a positive gradient on a speed-time graph represents.

3.3 | can explain Newton's three laws of motion.
e.g. Explain Newton's second law of motion.

Reflections

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

Speed (m/s)
(@]
I

10 20 30 40 50 60 70 80 90N 00110120130 140150 160 170 180 190 200

Time (s)

Figure 3.27 Speed-time graph of unknown object

1 Using the speed-time graph in Figure 3.27, identify the speed of the object at the 10, 40, 90 and
140 second marks.

Calculate the acceleration of the object at the 10, 40, 80 and 110 second marks.

Calculate the distance travelled of the object after 170 seconds.

Interpret the speed-time graph to describe the motion of the object in words.

Deduce a potential identity of the object.

oA WN

Deduce why it is unlikely to be a standard car.
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STEM activity: Preventing motion sickness

Background Information Suggested materials

Lo . . * big pieces of paper * straws
Motion sickness is a common condition usually 9p pap
. : * markers * balloons
experienced by people who are travelling. About one

. . S access to the internet e ziplock plastic bags
in three people are susceptible to motion sickness i

. - . e cardboard e string
while driving or flying, and around 10 per cent of ;

; - . * tape

those sufferers are highly sensitive to motion. P

The mechanisms responsible for motion sickness Research and feasibility
are not fully understood, but researchers suggest that 1 Discuss with your classmates the effect of different

motion sickness results from an interaction between modes of transport on motion sickness. For

the vestibular and the visual system. Evidence example, on which modes of transport (car, train,

suggests that motion sickness occurs when there is aeroplane, boat) have you experienced motion

a conflict between the movement detected by the sickness? Why might someone experience motion

vestibular system and the visual input.

sickness in a small boat but not on a cruise? Use
the following terms: acceleration, deceleration,
change in motion, sensory or stimuli.

Design and sustainability

2 Research some of the current solutions that do not
involve medication or electric shocks. Describe
how you could make these solutions more
affordable or viable for use now.

Create
Figure 3.28 The driver of a car (left) is least likely to suffer from 3 Propose a design and a method of building or
motion sickness because their sensory information (visual,

sensory and even touch) all indicate accurate information. An developing your product. Your product could be

aeroplane passenger (right) is susceptible to motion sickness conceptual, but a physical product is preferred. If
as they are often caught unaware by sudden changes in the your design can be built, then build a prototype.
plane’s motion. 4 Create a poster showcasing your solution and

pitch it to the class as if you were seeking for

Design brief: Design a product as a solution for investors. Ensure your pitch takes three minutes

motion sickness. i
otion sickness and explains:

¢ why the product is needed

Activity instructions * what the product is

In this activity, you will work in groups (three to four * whatis unique about the product

maximum) to brainstorm and attempt to design * why people will want to use it.

potential solutions and products that could assist .
. o Evaluate and modify
people with severe motion sickness symptoms. You

. . 5 What questions might your ‘investors’ ask?
should focus on solutions to prevent sensory conflict, 4 gnty

— H I if i
and the consequent motion sickness. ow could you modify your design to address

iali ?
Importantly, your design should be non-ingestible potential issues’
(not swallowed) and non-invasive (nothing is put inside
the body), and it must not involve passing electric

shocks. Consider cost and aim to make your design as

affordable as possible.
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Chapter 4
Electricity

¥
4

-
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_g:: : :: ; Inquiry questions
oy
‘ ii ; What happens to the energy in a circuit?
L]

[eee 1]
Why do some lights get hotter than others?

How do we protect ourselves when

PRE-TEST

using electricity?

Chapter introduction
Many household appliances rely on
electricity to operate. The way they function
depends on how the electrical components
within them are arranged; this is called their
electrical circuit. In this chapter, you will learn
about what electricity is and how electricity
flows in a circuit. You will learn about various
components in an electrical circuit and how using
different electrical circuits and components changes

the outcome.
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Electricity

Battery Current electricity

p Involves a circuit made of
ower supply
Light globe

LED Connecting wires

Resistor
Variable resistor

: :

Ohm'’s law Circuit diagrams

are used to
indicate how
a circuit is
set up

Measurements
Voltage, V, in volts (V)
Current, [, in amperes (A)
Resistance, R, in ohms (Q)

Static electricity
involves electrostatic
charge
e.g. lightning

Have many
household
applications

Safety

Robotics
Earthing

Double insulation
Fuse

Circuit breaker
Safety switch
Short circuit

|

Series

+

|

Parallel

+

&
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@ What is electricity?

Learning goals
1 To recall the structure of the atom and the charge of protons, neutrons and electrons
2 To describe the generation of electrostatic charge in terms of the movement of charged particles

3 To recall the requirements of an electric circuit

WORKSHEET

VIDEO
Electricity

electricity

a form of energy that results
from either the accumulation

Electricity is a form of energy that results
from either the accumulation of charge
or the flow of charge. It is generally the
movement of the negatively charged
electrons that results in movement and

separation of charge.

Static electricity
and charge

Static electricity is created

of ;:‘gaerge or the flow of when there is an imbalance
i e i of charge on objects; that is,
an imbalance of charge on . . s
abjects there is a build-up of positive

electrostatic charge
charge that stays on an

object

Example
of static
electricity at
work

Did you know? 4.1

or negative charge. You may
have experienced the effects
of static electricity when

you have combed your hair, or you may
have received a small shock when you
got out of the car and touched the metal
door. The charge build-up is called
electrostatic charge because it stays

on the object (‘static’ means stationary
or still). One of the most dramatic

History of static electricity

The ancient Greek philosopher Thales of Miletus, writing at around
600 BCE, was the first to describe a form of static electricity. Using
a piece of amber (fossilised tree resin), which he rubbed on fur,
Thales noted that he could attract light objects such as hair, straw
and small pieces of wood shavings. More vigorous rubbing of the
amber even managed to produce small electrical sparks. In Ancient
Greek, the word for amber is elektron, which gave its name to the

electron and electricity.

ISBN 978-1-108-99259-6
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demonstrations of the energy of static electricity is seen
during a thunderstorm. A bolt of lightning releases an

enormous amount of energy in an electrical discharge.

Try this 4.1

Blow up a balloon and tie it up. Rub it against your
hair or find a friend who has fine hair and ask them
to rub the balloon against their hair. What do you

observe? Can you explain what happened in terms

of movement of charge?

Figure 4.1 (a-b) When a balloon is rubbed against hair,
electrons from the hair transfer to the surface of the balloon,
giving the balloon an overall negative charge, while the hair
now has a positive charge. Recall that like charges repel and
opposite charges attract, so the hair (+) is now attracted to the
balloon (-).

Figure 4.2 Amber was rubbed on fur to
produce static electricity.
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Section 4.1 WHAT IS ELECTRICITY? 93

The presence of electrostatic charge can be dangerous. Aeroplanes being refuelled must be ‘grounded’ (that is,

connected by wires to the earth) so that static electricity does not cause a spark and an explosion (see Figure 4.3).

Figure 4.3 The aeroplane is connected to earthing wires during refuelling to avoid sparks and a possible explosion.

Quick check 4.1

1 Outline the structure of an atom.

2 Define the following terms in your own words.

a Electricity

b Charge

¢ Static electricity
3 How does rubbing two different materials together sometimes create static electricity?
4 How is static electricity created by combing your hair?

Current electricit
y globe, it transfers energy to o,

the flow of electric charge,

While static electricity is when charge gathers in one that component. Depending which may continue in @

place, in current electricity, charges move and may on what the component is, Stfe”.‘dy manner for a period
of time

continue moving in a steady manner for a period of it converts that energy into e

time. These charges are electrons. When the charge other forms of energy like part of a circuit

passes through an electrical component, such as a light movement, light and heat.
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Try this 4.2

2 e -

] p— r,.‘.;,‘_ -
Figure 4.4 Electricity is used to run many household items.

What are some electrical appliances you see used in the classroom or at home? In each case, what is electrical
energy being converted into? What does a remote control convert electrical energy into?

Circuits to continue moving around the circuit. An electrical
You use electrical circuits all the time, whether it is in circuit always has these three components:
simply turning on a torch or using a computer. Electrical ~ ¢ a power source (that provides energy to electrons -
circuits can be simple (for example, a torch) or complex like a battery or power pack)
(for example, a computer’s central processing unit), « aload (that uses the energy - like a light globe)
but they all consist of the same basic components and « connecting wires (that carry the moving electrons).
follow the same principles in
i their operation. Power source
charges can move The cell is the power source of a circuit. It supplies the
'S%f;’ething A — It is current electricity that energy to the electrons, which are then pushed around
i & et moves in a circuit. If there the circuit. Because there is an imbalance of charge,
:es'i'ngle electrical energy is a break in the loop, then when the two terminals are connected via a circuit,
source ;L‘at RreRliEss the electricity stops flowing. electrons flow from the negative to the positive terminal.
battery Electrons need a path out of An everyday battery, like you might have in a torch, is
aportable source of power 41 back to the power source an electrochemical cell (something that derives electrical
ISBN 978-1-108-99259-6 © Cambridge University Press 2021
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energy from chemical reactions). In this text, we use light globes. LEDs are often used in appliances such
battery in a general sense to mean a portable source of as watches, microwaves, calculators, traffic lights and
power (so, including cells, batteries or power packs). TV screens.

Never connect a wire directly from the positive to the
negative terminal of a battery! As there is no energy user
or load, the wire will become very hot and the battery
could be flattened or damaged.

Load

A load is a component of an electrical circuit that uses
or dissipates energy. Electrons moving through a circuit
carry energy from the power source to components that

can transform that energy into other forms of energy

as the electrons pass. For example, in incandescent
Figure 4.5 LEDs (light emitting diodes) are tiny light globes

light globes, the energy being carried by the electrons is that fit into electric Circuits.

transformed into light and thermal energy.

Connecting wires

Only a small amount of the energy is transformed into Connecting wires or conductors are essential
light energy — around 96% is wasted as thermal energy. components in a circuit and are needed to carry the
Incandescent light globes, which are not very energy current from the power source to a load and back again.

efficient, can get quite hot!

Quick check 4.2
LEDs

Light emitting diodes (LEDs) are tiny light globes that 1~ Contrast current and static electricity.

transform electrical energy into light energy much more 2 Identify what flows in the connecting wires of an

efficiently than incandescent light globes, with only Sloiee]] e

20% of the energy lost as thermal energy. The lifespan 3 Why must a circuit be ‘closed" or complete (free

of breaks) for it to work?
of LEDs is also much longer than that of incandescent A

Advances in science 4.1

Electric cars

There are many reasons why electric cars are becoming more mainstream worldwide. They do not release any
exhaust gases and have the potential to dramatically reduce air pollution in large cities. They are quiet and
efficient. An electric car powered by rechargeable batteries uses electric motors to drive all four wheels. These
motors can also become efficient electrical generators when the car is braking. This ‘regenerative’ braking system
can recoup up to 60% of the car’s energy of motion and turn it back into electricity!

Additionally, electric cars are being designed so that their batteries can be fully or partially recharged by
renewable resources, such as domestic solar energy. There is no point driving an environmentally friendly electric
car if you are charging up with electric power made from highly polluting coal-fired power stations!

While electric cars are ideal for city and suburban runs (having a typical range of approximately 200-300
kilometres), they cannot yet manage long-distance journeys. Petrol and diesel cars can typically do 500-800 km
on a tank and can be refilled in 10 minutes at numerous petrol stations along the highways. Electric recharge
stations are still few and far between in Australia, especially when you think that the first Australian-built electric

continued...
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..continued

| 3 |

F
d

Figure 4.6 Fast charging an electric car. The 85 kWh battery pack has a mass of 540 kilograms (kg) and contains 7104
lithium-ion battery cells in 16 modules wired in series.

car began production in 2008! The infrastructure required needs a critical number of electric cars to make it
economically feasible. Electric cars also take a longer time to recharge (from 15 to 60 minutes for a fast recharge).

A Sydney to Broken Hill car trip (approximately 900 km) might involve two enforced extended recharges.
Although possibly inconvenient, such a recharge break may inadvertently save lives as drivers are forced to take a
rest break — driver fatigue on such long trips is a factor in serious accidents.

Section 4.1 questions

T Remembering
1 Name the charged particles that carry an electric current through a circuit.
2 List the three components that an electricity circuit needs.

Understanding
3 Explain how rubbing amber produces electric sparks.

: . P |
4 Contrast static and current electricity. owerl SUpPY
I

Applying |
5 Your body relies on electricity to function. Your nervous system sends electric

signals through your body. Redraw the simple electric circuit on the right and

label with what you propose would be the energy source, connecting wires and

load in your body. Load
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Analysing

6 ltis often difficult to completely empty the plastic bag that contains your breakfast muesli as small flakes of oats
seem to get stuck to the inside of the bag. Propose a possible explanation for this effect.
Modern laser printers use static electricity as part of the printing process.
The printing process is a 4-step process as follows (note that step 3 is missing):
Step 1. The laser beam scans back and forth on a cylindrical drum inside the printer and creates a pattern of
static electricity on the drum.
Step 2. A very fine powdered ink (normally black but can be any designated colour) called the toner is inserted
near the drum.

] ] < I R —
Step 4. Finally, a fuser unit binds the toner to the paper.

Deduce what you think happens to the toner in step 3 of the process.

Evaluating

8  An electrostatic smoke stack is used to remove pollutants from the smoke before they are released into
the environment.
a  Explain how neutral particles can be attracted to the statically charged rods hanging in the smoke stack.
b Explain why it is good practice to remove the particles from industrial smokestacks.

9 Lightning bolts contain large amounts of electrical energy. Propose reasons why the electricity from lightning
bolts is not captured for our electrical needs.

10 Propose three arguments supporting, and three arguments against, the widespread adoption and use of electric
cars in Australia.

o ~
.
A ‘|
NN
N 4
.
| N
/\.. A i
o
ISBN 978-1-108-99259-6 © Cambridge University Press 2021

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



98

Chapter 4 ELECTRICITY

@ Simple circuits

Learning goals
1 To draw circuit diagrams using conventional symbols

a b wDN

Circuit diagrams
L&

WORKSHEET

The circuit in Figure 4.7 shows a battery

pack connected to a light globe with

connecting wires and a switch. When the

switch is pressed down, it completes the

circuit, so electrons can flow from the negative terminal
of the battery through the circuit and back to the
positive terminal.

Figure 4.7 A simple circuit can be made with a power source,
light globe and switch.

Advances in science 4.2

Crystal circuits
In 2017, scientists found a way to engrave an electrical
circuit into a crystal. By accident, physicists from
Washington State University found that if a crystal is
heated and then left exposed to light, it can conduct
electricity. A circuit can be engraved into the crystal using
a laser.

Even better, it was found that the circuit can be erased
by heating it on a hot plate. This means the circuits
can be erased and reconfigured numerous times, like the
drawings on an Etch a Sketch.

An electrical circuit in a crystal would be transparent,
opening up opportunities to embed electronics
in windows.

ISBN 978-1-108-99259-6

To describe voltage, current and resistance in terms of energy applied, carried and dissipated
To outline the role of conductors and insulators in relation to their effect on the flow of current
Additional: To explain the relationship between resistance, voltage and current using Ohm'’s law
Additional: To apply numerical procedures to calculate resistance using Ohm'’s law formula

Many circuits are better represented in the form of a
diagram in which each symbol represents a different
electrical component. Figure 4.8 shows the circuit
from Figure 4.7 in the form of a circuit diagram
using symbols.

o

|+

&

Figure 4.8 To create a diagram of the simple circuit shown

in Figure 4.7, join the symbols for a power source, a light
globe and a switch together with straight lines that represent
the wires.

Figure 4.9 Laser beams create dots on glass in order to
store data.
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Section 4.2 SIMPLE CIRCUITS

Circuit symbols
You have already seen some common electrical components and their circuit symbols above (battery, load and
connecting wires). Table 4.1 shows several other useful electrical components and their circuit symbols.

Component Image Symbol

Connecting wire

Switch open

Switch closed

Cell

continued...

Table 4.1 Some common electrical components and their circuit symbols.
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100 Chapter 4 ELECTRICITY

Component Symbol

Power supply or battery pack

7

L

+
|

Ammeter

;

ammeter
a device for measuring electric
current

voltmeter

a device for measuring voltage
between two points on an
electric circuit

Voltmeter

Load: light globe

°

or

Load: resistor

) ¢

or

Load: variable resistor

Vs

or

5

Table 4.1 (Continued)
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Drawing circuit diagrams
A circuit diagram is a diagrammatical representation of an electrical circuit using basic symbols. Circuit diagrams

should always be drawn with a ruler and pencil. All lines should be straight and joined at right angles.

N
RO

Connecting wires

® Load

|+
I

Power supply

Figure 4.10 The top drawing shows the inside of a torch, but you use a simplified diagram like
the bottom one to represent the circuit. The batteries are the energy source and the light
globe is the load. Can you think of one component that needs to be added to the diagram?

Try this 4.3

Draw circuit diagrams for the following circuits.

Cell Cell

Switch

Connecting
wire
Connecting
wire
Light globe Light globe
continued...
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...continued

Light globe Light globe

Quick check 4.3

1 List five components that could be included
in a circuit.

2 For the list from question 1, draw the circuit
symbol for each.

3 Explain why circuit diagrams are used.

4 List the rules that apply to drawing a
circuit diagram.

Voltage

Voltage is supplied by the power source of a circuit
and is a measurement of how much energy each
electron (charge) is given. For example, a 1.5 V battery
supplies 1.5 joules of energy to each unit of charge.
Components such as light globes and speakers transform
the energy supplied by charges into light, heat and
sound. The difference in the amount of energy the
charges carry before and after the light globe or speaker
is called a voltage drop. The voltage of a battery is
usually standardised for its particular purpose. Car
batteries used for starting petrol cars are virtually all
standardised at 12 V. In

[ i i
VR Australia, power points supply

a measurement of how much
energy each charge carrier .
is given 230 V. Some appliances
T contain a transformer that
the difference in energy the
charges carry before and
after a load

reduces the voltage to a more
suitable number.

ISBN 978-1-108-99259-6

Voltage is measured in volts (V) using a voltmeter.

A voltmeter can measure the voltage provided by the
power supply or the voltage drop across components of
the circuit. In a circuit, a voltmeter must be connected
to the start and the end of the component whose voltage
you are measuring so as to measure the voltage drop
across the component as shown in Figure 4.12. This is

called connecting in parallel to the circuit.

Current

Current is the movement of electrons around a circuit.
The electrons flow from the negative terminal to the
positive terminal (referred to as electron flow or electron
current). However, the current in circuit diagrams is
shown as going in the opposite direction; that is, from
the positive terminal to the negative terminal of the
power source. This is called conventional current, and
follows the direction defined in the 1700s.

«— —  —

l Load
(light globe)
-
— 1 T
Connecting  Power source Current flow
wires (cell)

Figure 4.11 Conventional current is indicated in this simple circuit
as flowing from the positive terminal to the negative terminal of a
cell. The connecting wires are drawn as straight lines.
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It is possible to measure the rate at which charge passes
any point in a circuit. Imagine being able to see the
electrons moving along a conductor carrying an electric
current. You could count the number which pass any
particular point in 1 second and use that number as a

measure of the current (in electrons per second).

The unit of current is defined this way: 1 coulomb per
second is 1 ampere (A), or amp for short. A coulomb
can be described as the amount of charge transferred in
1 second with a current of 1 amp. You can increase the
electric current flowing through a circuit by increasing
the voltage or energy supplied to each charge.

To measure the current in specific locations of a circuit,
an ammeter is used. An ammeter is connected in line
to measure the current through a circuit as shown in
Figure 4.12. This is called connecting in series with

the circuit.

o z

Connected
in series

P ®

Connected
in parallel

Figure 4.12 When building a circuit, ammeters need to be
placed in series and voltmeters need to be placed in parallel.

Quick check 4.4

1 Define the following terms in your own words.
Voltage

Voltage drop

Voltmeter

Current

Ampere

-~ 0o 0O 0 T O

Ammeter
2 How does current differ in a circuit when the
switch is open and closed? Explain your answer.

ISBN 978-1-108-99259-6
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.
Resistance coulomb
unit of electric charge; the
amount of charge transferred
in 1 second with a current

of 1 amp

The resistance in an electric

circuit is how difficult it is for
ampere

the current to flow through one coulomb per second

resistance

the degree to which a
substance resists the flow of
an electric current through it

a material or component.
Resistance is measured

using the unit ohm. The
ohm

unit symbol for ohms is the the unit of resistance

conductor (electricity)
a material that allows electric
current to flow easily

symbol for the last letter in
the Greek alphabet, omega,
represented by Q). A resistor
is a component of a circuit intentionally added to
control or reduce the amount of current by increasing
the resistance, making it more difficult for the current
to flow.

A digital multimeter
is a tool often used
to measure current,

voltage and resistance.

Conductors
Materials through
which current can
flow easily have

a low resistance

and are called

conductors. Metals Figure 4.13 Digital multimeters

can measure current, voltage

are a good example
8 p and resistance.

of conductors.

Some metals are much better at conducting electricity
than others. Copper is an excellent conductor of
electricity. It is used in electrical wiring, electrical
motors, telecommunications and electric cars. Gold is
also an excellent conductor of electricity; however,
due to its cost it is used in small amounts in critical
electronic components such as computer chips and

spacecraft electronics.
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Did you know? 4.2 Insulators
Some materials have such high resistance that they block

Saving lives electric current almost completely. Such materials are
A defibrillator is a device that treats life-threatening called insulators. Examples of good electrical insulators
heart problems by delivering a measured dose are various plastics, glass
feol . he h Wh he h ’ ’ insulator
of electric current to the heart. When the heart ceramics, wood and rubber. = eica el dimsugh edhich

does not beat as it should, blood is not circulated current cannot flow easily

around the body. To get the heart pumping, an Variable resistors
electric shock is delivered to the heart. An automatic Fixed resistors are used in circuits to control the amount

external defibrillator (AED) can be used by untrained of current that flows, while variable resistors can be

eople and significantly improves survival rates in .
Peop 9 yimp adjusted and are used to control the volumes on stereos

le havi heart attack.
people having a heart attac and televisions, or the brightness of the lights through

R T the use of dimmer switches. These variable resistors
may have a slider or dial that can be used to adjust the

resistance and therefore the current in the circuit.

A light-dependent resistor (LDR) is a special type

of variable resistor because its resistance changes
depending on the amount of light falling on it. As light
intensity increases, resistance decreases. LDRs are used
in light-sensitive electronic circuits and act as light-
sensitive switches; for example, they are used for lights
that turn on automatically when it gets dark.

Thermistors, another special type of variable resistor, act

in the same way except that their resistance changes as the
Figure 4.14 An AED can increase the chance of survival

X temperature increases or decreases. Thermistors regulate
during a heart attack.

the temperature in air conditioners and refrigerators

using the relationship between voltage and resistance.

Electrical engineering as a career

Electrical engineering is a career that deals

with the principles of electricity, electronics and
electromagnetism. One of the jobs of electrical
engineers is to maintain the delivery of power to
homes and businesses; that means maintaining
power lines and transmission towers. Power
lines are the most efficient way to transmit large
amounts of electrical energy. You may notice
that power lines are bare — the air insulates them.
However, utility poles and transmission towers
need insulation. Conduct some research to

answer the following questions.
|dentify the material used in insulators for Figure 4.15 This electrical engineer is carrying a high-voltage
high-voltage power transmissions electrical insulator ready for installation.

Some electric utilities have begun converting to polymer composite materials for some types of insulators.

Identify what these are made of and deduce why they are useful as an alternative to other insulators.
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Quick check 4.5

1 Define the term ‘resistance’ in your own words.
2 Compare a conductor and an insulator and give
an example of each.

Figure 4.16 The Ohm’s law triangle describes the relationship

I
Ohm's law between voltage, current and resistance.

Georg Simon Ohm was a German physicist who, ) o
: ) For example, if you have a circuit with a 2.5 V power
through his research, observed that electric current

dal Qresistor, th t would b
had direct proportionality with the voltage applied soufceanda b 22 fesiston, the current wouid be

25V . . .
across some conductors; that is, if you double the I= 1o 2.5 A. If the resistor is changed to having 2
voltage you double the current. There was also inverse resistance while keeping the voltage the same at 2.5V,
proportionality between resistance and current; that 25V

then the current is decreased to [ = —— = 1.25 A.
is, if you double the resistance, you halve the current. 20

This relationship is known as Ohm’s law, where R is the Recall that resistance is how

resistance in ohms (), V is the voltage in volts (V) and I . .\ Ohm'’s law
(), & V) difficult it is for electrons to ihe vy ek siEes dheme
is the current in amperes (A). . . . is a direct proportionality
P (A) travel around a circuit. So, if e die valksee spalied

. . across some conductors and
V=IRorl= X or R = X you increase resistance, the the resultant electric current

current must decrease.

Quick check 4.6

1 Explain the relationship between current and voltage as stated in Ohm's law.
2 Using the formula V = IR, calculate the following.

a  The resistance of a circuit where the voltage supplied is 6 V and the currentis 2 A

b The current in a circuit where the resistance is 50 Q and the voltage is 25 V

¢ The voltage in a circuit where the resistance is 100 Q and the current in the circuit is 0.5 A
3 Explain how a variable resistor works and give an example of how it may be used in your home.

Practical 4.1

Investigating resistance

Aim Becareful

To investigate how the length of a wire affects its resistance. ~ — 7 T -2 02X ===

Materials ~ exceed 6 V. Power supply is to be turned

* heatmat ¢ alligator clips off when changing the circuit.

* DC power supply (6 V) ¢ ammeter Resistance/nichrome wire gets very hot

* 6 connecting leads * voltmeter if the voltage is too high, or if the power

* resistance wire such as * metre ruler supply 7iéilieifit76hiféir?ticiéilidr}gi. ””””””””””
constantan or nichrome * Ensure that no flammable materials are

Planning | 0 conmeiin dhewle.

1 Write a paragraph about the factors that affect resistance. Usea h??f‘fmﬁ?'? to Erfeﬁygfnﬁtﬁg@grfchlngi 77777777777

2 Create a relevant and specific research question for your bench.

this investigation.
3 Identify the independent, dependent and controlled variables for this investigation.
continued. ..
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...continued

Procedure
1 Connect the circuit shown in the diagram. For ease, follow these instructions.

i Start on the positive side of the power supply.

ii  Connect a lead from the positive socket to the positive side of the ammeter.

iii Connect a lead from the negative side of the ammeter to the alligator clip attached to the resistance
wire at the zero end of the ruler.

iv. Connect another lead from the other alligator clip to the negative side of the battery. This lead will
be used to connect to the other side of the resistance wire and disconnect the power supply between
taking readings.

v Connect a lead from the positive side of the voltmeter to the alligator clip that you connected to
the ammeter.

vi Connect a lead from the negative side of the voltmeter to the other alligator clip attached to the
disconnection lead.

Metre ruler

S s o sttt St A S B
0123456 78 91011121314 1516 17 18 1920 21 22 23 24 25 26 27 28 29 30 3132 33 34 3536 37 38 3940’

Resistance
wire

© @

2 Draw a suitable results table. Hint: you should have four columns.

3 Record the length of the wire between the alligator clips, and the readings on the ammeter and voltmeter in
your results table.

4 Move the alligator clip attached to the disconnection lead to different points on the resistance wire,
recording the ammeter and voltmeter readings at each length of wire. The voltmeter readings may
not change.

Results
Record your results in your results table.

Discussion

1 Calculate and record the resistance for each length of wire using the Ohm’s law equation.

2 Plot a graph of length of wire (metres) against resistance (Q), including a straight line of best fit.
3 Identify any trends, patterns or relationships in your results.

4 Explain your results using your own scientific knowledge.

5 Your line of best fit may not go through the origin. Explain where the extra resistance came from.

Conclusion
Draw a conclusion from this experiment regarding length of wire and resistance, using data to support
your statement.
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Practical 4.2

Current and resistance

. Be careful

Aim :

) ) ] ) ) ) Electrical shocks may occur.
To investigate the relationship between current and resistance using a

) ) Ensure the voltage output
variable resistor. :

is not exceeded. Power

Materials supply is to be turned off
e 6V power supply when changing the circuit.
e 6V light globe
e variable resistor
e 4 connecting wires and connectors

® ammeter

Procedure o
1 Draw the results table below. || ‘I
2 Set up the circuit as shown in the diagram at right and set the power supply
to 6 V.
3 Adjust the variable resistor so that the light globe is at its brightest. Record (A)
the current shown.
4 Adjust the variable resistor so that the light globe gets dimmer and dimmer,
recording the current at various points until it is at its dimmest. ®
Results
Brightest
Bright
Dim
Dimmest
Discussion

1 Describe what happens to the current in the circuit as the resistance of the variable resistor increases.
2 Describe what happens to the brightness of the globe as the resistance is increased.
3 Predict what is happening to the voltage across the globe as it gets dimmer.

Conclusion
Draw a conclusion from this experiment regarding current and resistance.

Section 4.2 questions

Remembering
1 Draw the symbols for the following electrical components.

a Single cell

b Three batteries in a row Quiz
¢ Open switch
d  Resistor
e Globe
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108 Chapter 4 ELECTRICITY

2 Define the following terms in your own words and give an example of each.
a Conductor
b Insulator
¢ Resistor
d  Variable resistor
3 Recall the device that measures current and the units that it is measured in.
4 Recall the device that measures voltage and the units that it is measured in.
5 State Ohm’s law.

Understanding
6 a Explain why an ammeter needs to be connected in line with the other components of a circuit (this is called
being ‘in series’).
b Explain why a voltmeter needs to be connected across the component whose voltage you are measuring in
a circuit (this is called being ‘in parallel’).
7  Contrast the terms ‘voltage’ and ‘voltage drop’.
8 Describe how a variable resistor works.

Applying
9 Both gold and copper conduct electricity. Identify which one of these two conducting metals would you most
likely find in the following. Propose reasons why.
a In household wiring
b In critical electronic components
10 a For a certain electrical circuit, 20 coulomb of charge flows past a point in 5 seconds. Define the term
‘current’ in your own words and calculate the current in ampere.
b For a certain electrical circuit, there is 20 joules of electrical energy per coulomb of charge. Define the term
‘voltage’ in your own words and calculate the voltage of this circuit in volts.
11 Use your knowledge of thermistors and light-dependent resistors to propose a household appliance that
uses them.

Analysing
12 The circuit below was constructed by a student using a 6 V battery, a switch, a 6 V globe and a voltmeter.

e

&

(V)
N\

a ldentify each of the electrical components on the diagram.

b Label which side of the battery is positive on the diagram.

Evaluating
13 Light dependent resistors are variable resistors that can be controlled by the amount of light that it is exposed
to. Propose a household appliance that uses them.
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@ More circuits and their applications

Learning goals

1 To compare the characteristics and application of series and parallel circuits
2 To learn how to connect ammeters and voltmeters

3 To investigate the effect of adding globes in series and parallel

4 To discuss when and why a circuit would be set up in series or parallel

Series circuits battery, a faulty switch or a faulty
globe would cause the circuit to stop Li

A torch circuit where the batteries, the switch and the working, Troubleshooting a faulty torch

globe are all connected one after the other is an example .. . . WORKSHEET
circuit would require systematically

of a series circuit (see Figure 4.17). looking at each of these three
series circuit

a circuit in which the
batteries and other
components are all

car headlights? Consider EomnEEE] eins s
the other

o components in turn. Would
Series circuits are easy to make and connect. However, L
) o o you use a series circuit for
if any one part of the circuit fails, the circuit will not

work because there will be a break in the path. In the what would happen if one

headlight globe burned out - both headlights would stop
/. working. This would be extremely dangerous if you were

example of the torch circuit, any one or more of a flat

travelling at 80 kilometres per hour around a corner on a
country road on a dark night.

@ — In a series circuit the current is the same throughout the

circuit, and therefore the voltage, or energy, is shared

+1

among the load. For example, in Figure 4.18, if the light

Figure 4.17 A series circuit diagram of a torch contains the glObeS are identical, the VOltage across each is half that of

symbols for a power source, light globe and switch. the power source.
6V
+ -
4| l_._._
1 Al T1 A

3V 3V

K=

1A

Figure 4.18 (a) Car headlight circuit modelled as a series circuit. (b) Matching circuit diagram
with a 6 V power source and identical globes.
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Try this 4.4

Series circuits
Two circuits have been set up for you by your teacher.

Circuit 1 is shown below. Note the brightness of the globe.
Now look at circuit 2 where the two globes are connected in series.

M

& C—9

Circuit 1 — Single globe Circuit 2 — Two globes in series

1 Do the globes in circuit 2 glow as brightly as the globe in circuit 1? Explain why or why not.

2 Predict what will happen if you disconnect the lead between the two globes in circuit 2.

3 Turn off the power. Disconnect the lead and turn the power on again. Note what happens. Explain what
you observe.

4 What happens if you add another globe in series? Explain what you observe.

Parallel circuits

the current from the main wire coming from the power

An alternative car headlight circuit could be constructed :
source. The voltage across each component is the same.

using the same components as you used previously,

but in a way that will prevent both lights from turning Now, if one headlight fails, the other one will still work
off if one blows. In this instance, you will model the as there is a clear connecting path between the battery
parallel circuit headlight circuit using a and the other headlight when the switch is on.

a circuit in which each

component is connected in a parallel circuit, as shown

SIREIEHS el GE g i in Figure 4.19. In a parallel circuit each component is connected in
a separate conducting path. This means that if one
In a parallel circuit, the current is split at each branching ~ load component of the circuit is faulty, the other load
point. For example, if the light globes in Figure 4.19 components will still work.

are identical, the current in each branch is half that of

a b 6V
+ —
4“—0—0—
1A
05A 6V

o
0.5A ®

Figure 4.19 (a) Car headlight circuit modelled as a parallel circuit (b) Matching circuit
diagram with the blue arrows indicating current split
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Try this 4.5

Parallel circuits

Two circuits have been set up for you by your teacher.
Circuit 1 is shown below. Note the brightness of the globe.
Then look at circuit 2 where the two globes are connected in parallel.

oo +| -

!

®
& ®

Circuit 1 — Single globe Circuit 2 — Two globes in parallel

1 Are the globes in circuit 2 glowing as brightly as the globes in circuit 1? Explain what
you observe.

2 Predict what will happen if you disconnect the bottom globe in circuit 2.

3 Turn the power off. Disconnect the lead and turn the power on again. What happens to the
brightness of the other globe? Explain what you observe.

4 What happens if you add another globe in parallel? Explain what you observe.

5 What happens if you add another globe in series with the bottom globe? Explain what
you observe.

Quick check 4.7 ((P P

1 Describe the differences between a series and a parallel circuit.
2 Explain why you would not wire your house in series configuration. WIDGET
3 How does the brightness of globes compare in series and parallel circuits? Smple
4 Assuming that each light globe is identical, copy and complete the values in the following
diagrams.
12V
- 12V
4| Fo—o— 4 -
4| —o—o—
4Al
4Al TD A |:| A |:| \
&
v Dv
D=0 0
&
[
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Practical 4.3

Series and parallel circuits
Aim
To observe and compare the values of current and voltage in series and parallel circuits.

Be careful

Materials Electrical shocks
e DC power supply (6 V) * ammeter may occur. Ensure
° 2 x6Vlight globesand 2 x 6V globe holders * voltmeter the voltage output
* connecting leads (alligator clips) is not exceeded.
+ ]~ 1 Power supply is
I I‘ to be turned off
6 1 when changing
the circuit.
3 1 3 2
5 Globe 1 4
=9 9
Globe 2 Globe 1 Globe 2
Circuit 1 — Two globes in series Circuit 2 — Two globes in parallel

Procedure
Draw the results tables below.

Series

1  Setup circuit 1 so that the two globes are connected in series.

2 Measure the current at the three numbered positions. Then measure the voltage across the power pack,
across globe 1 and across globe 2. Record the readings in your results tables.

Parallel

1 Set up circuit 2 so that the two globes are connected in parallel.

2 Measure and record the current at the six numbered positions. Then measure the voltage across each globe
and the power source. Record the readings in your results tables.

Results

Current

Current (A)

1
2
3

Parallel circuit
Current (A)
1

2
3
4
5
6
continued...
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...continued

Voltage

Power source

Globe 1
Globe 2

Voltage (V)

Parallel circuit

Voltage (V)

Power source

Globe 1

Globe 2
Discussion
1 Explain your observations regarding the current values in the series circuit.
2 Explain your observations regarding the current values in the parallel circuit.
3 Explain your observations regarding the voltage values in the series circuit.
4 Explain your observations regarding the voltage values in the parallel circuit.

Household electricity

In your household, all your electrical appliances and
lights transform the electrical energy into other forms
of energy as the electrons flow through the different
components. In Australia, electricity is usually supplied
to homes at a voltage of 230 V and is referred to as the

mains electricity.

Power points (sockets) in the home have three slots:
active, neutral and earth. When you plug in an electrical
device and switch the power on, current flows between
slots at the top through the appliance (between the
active and the neutral via the appliance). In appliances
that are earthed, there is a third slot which is the earth
slot. It is normally connected to a metal pipe in the
ground; that is, directly connected locally to the earth.

Safety
Earthing

Earthing certain appliances is essential. For example, if
your toaster has a metal casing, and there is a fault in
the appliance, the metal casing might accidently become
‘live. By earthing your toaster, the bottom earth pin fits
into the earth socket, and thus the electric current will

ISBN 978-1-108-99259-6

ACtit - Neutral
= /7 N\
|
I
Earth

T g

Figure 4.20 An Australian power point has three slots: active,
neutral and earth.

flow via the earth pin to the mains electricity
the electricity that is

supplied to homes

ground. This prevents the
current going through the il
having an earth pin in a plug
through which the electric
current will flow to the
ground in the case of a fault

body of a person who might
be touching the metal case of
the toaster.

Electrical hazards

The mains electricity supply in Australia presents a
potential hazard to life. Even a relatively small current
passing through the human body can be deadly.
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114 Chapter 4 ELECTRICITY

Anyone using electricity should be aware of the dangers
associated with using it. All electrical work should be
carried out only by qualified electricians. One of the
main causes of electrocution in the home is the use of
damaged cords and plugs. Frayed cords and plugs can
expose the active, neutral and earth wires inside. As
Table 4.2 shows, the human body is very sensitive to
relatively small currents. You can feel one thousandth
of an amp (1 mA), and a current of only 20 mA
involuntarily contracts your muscles — you cannot let go
of the wire! If someone grabs you to save you, they will
most likely paralyse their muscles as well, placing two
people at risk of electrocution.

Current (mA) Effect on the human body

1 Can be felt
10 Causes pain
20 Paralysed muscles — very difficult to
let go
50 Severe shock
90 Breathing is affected
150 Breathing is very difficult
200 Death is likely
500 Serious burning, breathing stops,

death inevitable

Table 4.2 The size of the current determines the effect it has on
the human body.

Fuses and circuit breakers

A fuse is a short length of conducting wire or strip of
metal that melts when the current through it reaches a
certain value, breaking the circuit. Many fuses used in
cars are designed this way. Look at Figure 4.21 - notice
the fuse on the right no longer provides an electrical

connection.

Figure 4.21 The wire inside a fuse will break if the current
passing through it gets too high.

ISBN 978-1-108-99259-6

Most modern houses have electrocution

electric current passing
through the body

breakers. A circuit breaker fuse

a short length of conducting
wire or strip of metal that
melts when the current
through it reaches a certain
value, breaking the circuit

replaced fuses with circuit

(see Figure 4.22) carries out
the same function as a fuse by

breaking the circuit when the

circuit breaker

carries out the same function
as a fuse by breaking the
circuit when the current
through it exceeds a certain
threshold

current exceeds some safety
limit, such as 20 A.

Safety switches (also known o
short circuit

when the current is allowed
to flow from one conductor
to another with little or no
resistance

as residual current devices,
RCDs) are different to circuit
breakers. RCDs detect when
current ‘leaks’ from circuits, possibly into a person.
When 30 mA leaks from a circuit, these devices trip the

power, preventing an electric shock.

Figure 4.22 Circuit breakers protect electrical systems
in the house and safety switches protect people against
electric shock.

Short circuit

A short circuit can occur when frayed electrical cords
or faulty electrical appliances allow the current to flow
from one conductor to another (for example, from
active to neutral or from active to earth) with little or
no resistance. The current increases rapidly, causing the

wires to get hot and possibly cause a fire.

Figure 4.23 A short circuit can cause a fire.
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Quick check 4.8

1 Recall the voltage of mains electricity in Australia.

2 State the purpose of the third socket of a power plug.

Section 4.3 questions

e Remembering

1 Using the labels switch, earth, active and neutral, redraw
and then correctly label the electrical power point

shown at right. Is the switch OFF or ON? Explain how

you can tell.

Quliz

2 Describe the differences between series and parallel circuits.

Understanding |

3 a Describe the main disadvantage of a series circuit.
b Describe two advantages of a parallel circuit.

4 Explain why some electrical appliances are earthed.

5 Describe how electrical faults can cause house fires.

Applying
6 Draw a diagram to show how four 1.5 V batteries can be connected in parallel.
What is the total voltage provided by this battery circuit? Label the positive and
negative terminals of each battery.
7 a Explain what happens to your muscles when you experience a current of
20 mA from a live wire from the mains electricity. Draw a simple diagram
modelling this scenario and label the components.
b Explain reasons why you should not grab a person who is being electrocuted
by a current of 20 mA.
8 Explain the function of an RCI circuit breaker in an electrical circuit.

Analysing
9 A student constructs circuit 1 as shown, using a 6 V battery and two identical
globes, and measures the current through the circuit as 2 A.
a ldentify whether this a series or parallel circuit. Justify your answer.
b Determine the voltage drop across each globe.
¢ Calculate the resistance of one globe.
10 A student constructs circuit 2 as shown below. The circuit contains a 6 V battery
and two identical globes of higher resistance than in question 9.
a ldentify whether this a series or parallel circuit. Justify your answer.
b Determine the voltage drop across each globe.
¢ Calculate the resistance of one globe.

Circuit 1

& &

Circuit 2
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116 Chapter 4 ELECTRICITY

11 a Copy and complete the following table regarding the circuit shown below.

+ —_
I_‘ ._
C ° Switches Globe 1 Globe 2 Globe 3
3
2

>

turned on (on/off) (on/off) (on/off)

521 A
Band C

A, Band C

/o—
B

b Copy and complete the following table regarding the circuit shown below.

l l l Switches Globe 1 Globe 2 Globe 3
A 1 B c turned on (on/off) (on/off) (on/off)
e 1 5 3® A, B,Cand D
A, Band E
A, C,Dand E
'/' '/’_ A,B,DandE
E

D

12 The following circuit has been constructed using a 6 V battery, a switch, a 6 V light globe with a resistance of 5 Q

and an ammeter.
Copy the following table, indicating the current flowing through the circuit when the switch is open and closed

+ p—
Switch open Switch closed I

current current

for different positions of the ammeter.

Position of the ammeter

Between power source and switch <A>

Between switch and globe

Between globe and power ®

Evaluating

13 Propose reasons why household electrical wires are coated in plastic.

14 Evaluate why household circuits supplying your lights, television, computers, washing machines and suchlike, are
wired in parallel, while the fuses (and circuit breakers) to these circuits are wired in series with the circuits.
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Chapter review

Chapter checklist

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

Success criteria Check

4.1 | can describe electricity as either the accumulation of charge or the flow

of charge. SCORCHER
e.g. Define the term ‘electricity’ in your own words.

4.2 | can construct circuit diagrams.
e.g. Construct a circuit diagram that shows a power supply, two lamps, an
ammeter and a voltmeter.

4.2 | can define voltage.
e.g. Describe how voltage can be measured.

4.2 | can define current.
e.g. Describe how current can be measured.

4.2 | can calculate the resistance of a circuit using the Ohm's law equation.
e.g. Calculate the resistance of a circuit that has a voltage of 20 V and a current
of 15 A.

4.3 | can distinguish between series and parallel circuits.
e.g. Recall what you would observe happening to the current in a parallel circuit.

4.3 | can describe the safety aspects of household electricity.
e.g. Discuss the safety aspects of electrical equipment used in the home.

Reflections

1 What connections come to mind when you think about electricity and your everyday life?
2 What new concepts have extended your thinking about electricity?

3 What information did you find challenging or confusing?
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Data questions

A group of students is testing the advertising claims of 10 different AA battery brands. A fresh AA battery is claimed
to provide at least 1.50 V. The initial voltage for three new batteries for each brand was recorded by preparing a
circuit with a multimeter, and the data is presented in Table 4.3.

Battery brand Initial voltage of first Initial voltage of Initial voltage of third
battery (V) second battery (V) battery (V)
1 1.63 1.60 1.61
2 1.57 1.55 1.57
3 1.24 1.29 1.45
4 1.48 1.50 1.47
5 1.52 1.50 1.51
6 1.53 1.53 1.53
7 1.50 1.55 1.50
8 1.60 1.61 1.64
9 1.65 1.65 1.65
10 1.61 1.62 1.60

Table 4.3 Recorded voltage for three new AA batteries of different brands

1 Identify the battery with the highest initial voltage.

2 A'flat" AA battery can be considered, in this case, to have a voltage of less than 1.3 V. Determine whether any
of the newly purchased AA batteries are already flat.

3 For the first battery tested of each brand, remove any flat batteries as outliers and calculate the mean initial
AA battery voltage.

4 With respect to the initial voltage claim of at least 1.5V, identify any patterns that appear in the observed
initial voltages.

5 Classify the battery brands as those that meet their claim of an initial voltage of 1.5 V and those that don't
consistently meet their claim.

6 Now categorise the battery brands that do meet their claim into those with an initial voltage much higher than
the claim (1.60 V+) and those consistently just above the claim (1.50-1.59 V).

7 Battery brand 9 also claims to have the ‘longest lasting AA battery’. Justify whether the data in Table 4.3
supports this claim.

8 After complaints to battery brand 3 about the quality of their batteries, a spokesperson revealed that there was a
10% chance of a battery in their packs being sold with a voltage of less than 1.5 V. Justify this claim with respect
to the reliability of the data presented in Table 4.3.

9 Based on the data presented in Table 4.3, predict whether a fourth battery of brand 3 is likely to meet the claim
of an initial voltage of 1.5 V. Consider the sample size when thinking about this question.
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STEM activity: Can you see the renewables?

Background information

Your local council has just informed its residents

that they wish to invest some capital to secure the
energy needs for its residents for the next 20 years.
One local company, Coal Co., has lobbied heavily
for funds to expand an old open-cut coal mine in the
region. On the other hand, a new start-up business,
Argus Renewables, has hired your team to create a
60-second video to gain support from residents for
the development of a large solar farm in the region.

Design brief: Design and create a 60-second
infomercial promoting the use of renewable energy
to be shared in your local area.

Activity instructions

In teams (maximum of 4 people), you will use the digital
storytelling process (described below) to create a short
60-second video to answer a specific scenario. It is
recommended that you and your colleagues think about
assigning roles and tasks for this project (for example,
videographer, researcher, movie editor) so everyone

has the chance to develop and use different skills.

Suggested materials

e mobile device, camera to record footage
e laptop or tablet with a video editor

® paper to create a storyboard

® your imagination!

Research and feasibility
1 Discuss within your group who your target group is
going to be. Include thinking about your local area.
2 Research advantages of renewable energy
over non-renewable energy that should be
communicated to your audience through the
infomercial, and make a table to rank them in
order of importance for your project.
Rank of Comments when

. considering target
importance

audience

ISBN 978-
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Research the population of your local area. Discuss
and then list important information about your
target audience. Considering this information
about your target audience, add comments to your
advantages and disadvantages research.

Design and sustainability

4

As a group, decide the key issues you are going to
present in your infomercial. Then write the script
for the video, assign roles to individual members
and reflect on what is required to achieve the goal.
Design a storyboard to put the script together with
a visual representation.

Create

6

Create the video by recording the storyboard
sections. As a group, gather short clips and
images, and/or record your own video using a
mobile device.

Put it all together using video-editing tools such
as iMovie, Windows Movie Maker or Adobe
Spark (recommended) to put your ideas into
video format.

Evaluate and modify

8

10 Create a range of evaluative questions to use

Discuss with your group members the challenges
you encountered throughout this project. List the
strategies or actions that allowed you to overcome

each challenge.
Evaluate the effectiveness of your infomercial by
sharing with your target audience.

to gauge the success of your informercial. After
showing your infomercial to a target audience,
use the questions to test its effectiveness.



Chapter 5
Conservation

of energy

Inquiry questions

Why are energy transfers not
100% efﬁcient? | (eoe )
What happens to wasted energy?

Why is it crucial to find alternate
PRE-TEST

energy sources to fossil fuels?

Chapter introduction
Energy is all around us - radiating from
the Sun, transporting us to where we need
to go, powering our many devices, and
even stored in the food we eat. Much of
our use of energy results in a loss of useful
energy; thus, there is increasing pressure to
be less wasteful and more efficient in our use of
energy. This chapter will expand your knowledge
on energy and its different forms. We will look
at energy transfers and transformations as well as
energy efficiency by applying the law of conservation

of energy.
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e.g. coal, nuclear
sources
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through a system
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@ Forms of energy

Learning goals
1 To recall different types and forms of energy
2 To describe everyday situations which involve energy changes or transfers

Energy is the ability to do work or make Kinetic energy
. ,
L- things happen. It can’t be created or
: d . When a force is applied to an object that then causes
estroyed; that is, the amount of energy
WORKSHEET | . . that object to move, work is being done - energy is being
in our universe is always the same.

transferred. The energy transferred is known as kinetic

However, energy can change form, be ) . ]
@ transferred from one object to another, energy (K) and is the energy an object has due to its
or it can be stored for later use. For all motion. The amount of kinetic energy that an object has

VIDEO
Types of
stored energy

the different types of energy, the unit of depends on its mass and its speed, where the faster an

object moves the more kinetic energy it has.

measurement is the joule (J).

To calculate how much kinetic energy an object has, we

;?eezg;);acity to do work; the total There are several
amount of energy is conserved in different forms of use the fOHOWlng equation:
any process
. energy; however, the two 1,
joule K=—mv
the unit of energy or work done fundamental types of 2
kinetic energy 3 3
. ener are kinetic ener . . . .. .
energy possessed by an object due gy ) 8y Here, K is kinetic energy, measured in joules (]); m is
to its motion and potential energy.

the mass of the object in motion, measured in kilograms
(kg); and v is the speed at which the object is moving,

measured in metres per second (m/s or ms™).

Worked example 5.1

Kinetic energy
A motorcycle has a mass of 120 kg and is travelling at 150 km/h. How much kinetic energy does the

motorcycle have?

Figure 5.1 A motorcycle in motion possesses kinetic energy. continued. ..
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...continued

m =120 kg, v = 150 km/h List the relevant data that has been provided.

150 km/h =+ 3.6 Convert units to the Sl base units (Standard International units)

v=141.67m/s used in the equation.
(Note that in this conversion the calculation has been rounded to
4 significant figures.)

K = ;—mvz Recall the definition of kinetic energy and the equation.

K= ;_ x (120 kg) x (41.67 m/s)? Substitute the relevant data into the equation.

K'=104183.33 J Solve the problem, giving an answer with appropriate units.

=104.2 kJ (Note that if the conversion to m/s is done as part of the

substitution, the calculation will give 104 166.67 J. Rounding it
to 4 significant figures gives 104.2 kJ.)

Quick check 5.1

1 Identify two factors that affect the amount of kinetic energy an object has and the effect they have.
2 A cricket player bowls a 160 g cricket ball at a speed of 150 km/h. Calculate how much kinetic energy is
transferred to the ball.

Potential energy where GPE is the

gravitational potential

Potential energy (PE) is energy that is stored in an energy (also may be

object or person due to its composition or position.
) P P P represented as E ,

o . AU or U ), measured
Gravitational potential energy o ¢ .
L. . ) . in joules (J); m is
Gravitational potential energy is the energy stored in the mass of the

an object due to its position above the surface of Earth. .
object, measured

Anything that is positioned

_ in kilograms (kg);
potential energy above the surface of Earth has . -
energy that is stored in an g is the gravitational
object due to its position the potential to fall due to the .
and other factors, such as . acceleration
its mass, electric chargeand ~ effect of gravity. Therefore, . ab
internal stresses R . . experienced by

the higher an object is above :
gravitational potential the Ob}eCt due to

energy the surface of Earth, the more
energy stored in an object L. .
due to its position above the  gravitational potential energy

surface of Earth

the strength of the
Earth’s gravitational

it has. field (9.8 m/s? or
o caleulate b N ational ” ms~); and h is the
o calculate how much gravitational potential energy an height of the object

object has, we use the following equation:

Figure 5.2 As you ride on a
rollercoaster the amount of

above the surface of

GPE = moh Earth, measured in gravitational potential energy that
S metres (m). you have is constantly changing, as
is your kinetic energy.
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Worked example 5.2

Gravitational potential energy

A diver on the diving board has a mass of 60 kg.

1 If the diving board is 10 m above the ground, what is the diver’s
gravitational potential energy?

2 When the diver is 0 m above the ground, what is his gravitational
potential energy?

3 What does this mean in terms of work done W = AGPE if the
diver wants to go from 0 m back to the diving board 10 m above

the ground? ) ;
Figure 5.3 A diver waiting to dive has . = :"5 e =
gravitational potential energy due to e e 6 VI

. i . ’ i g = et R, ., !
his position relative to Earth’s surface. I —— Loz MDD

a m=60kg, h=10m, g= 9.8 m/s? 1 List the relevant data that has been provided.

GPE = mgh Recall the definition of gravitational potential
energy and the equation.

GPE = 60kg x 9.8 m/s? x 10 m Substitute the relevant data into the equation.
GPE = 5880 J Solve the problem, giving an answer with
=5.88 kJ appropriate units.

b GPE at ground level = ? 2 At h =0 m, the gravitational potential energy
GPE at ground level =0 J is 0 J.

¢ Work done to climb back up to the board = ? 3 This means that if he wants to climb back up from
Work done to climb back up to the board = the ground to a height of 10 m, there will have to
5.88 kJ be work done of 5.88 kJ as that is the difference

in gravitational potential energy, AGPE.

Elastic potential energy To calculate the amount of elastic potential energy an
Elastic potential energy (EPE) is the energy stored in an object has, we use this formula:
object due to its shape, and it usually results from the object
either being compressed or EPE = 5 ke
elastic potential energy stretched. When stretched
o) ?t;gghzt;;eﬂslzaallr; ?ebsjjﬁ?ndgue or compressed, some where EPE is the elastic potential energy (also may
fcrgrf:;:: ;?icrtsi;ﬁi;‘:gm9 materials store more energy be represented as E ), measured in joules (]); k is the
than others. elasticity constant, which is an indication of the object’s
stiffness; and x is the linear length that it has been
expanded or compressed relative to its equilibrium
position, measured in metres (m).
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Worked example 5.3

Elastic potential energy
A bow has an elasticity constant of 2000 N/m. It is stretched by 30 cm. How much elastic potential energy does
the bow store?

k =2000 N/m, x=0.30 m List the relevant data that has
been provided.

EPE = ;—kxz Recall the definition of elastic
potential energy and the
equation.
EPE = ;_ x (2000 N/m) x (0.30 m)2 Substitute the relevant data
into the equation.
EPE=90J Solve the. problem, QIVIng a.n Figure 5.4 A stretched bow stores elastic
answer with appropriate units. potential energy.
Form of energy Description
Thermal energy The energy in an object due to the random motion of its particles
Wave energy The energy carried by a wave
Sound energy The energy carried by a sound wave
Light energy The energy carried by light waves (electromagnetic energy)
Kinetic energy The energy possessed by an object due to its motion

Gravitational potential energy (GPE) Energy stored when an object is lifted off the ground; energy released
when the object falls

Electrical (potential) energy Energy stored in electrostatic situations (e.g. thunderclouds, capacitors);
energy released when current flows (includes sparks like lightning)

Chemical potential energy Energy stored in chemicals such as fuel and in batteries (when
connected to an electric circuit, the chemical energy is converted
to electrical energy)

Elastic potential energy (EPE) Energy stored when an object is stretched or compressed; energy
released when an object returns to original size and shape

Nuclear energy Energy stored in unstable (radioactive) atoms; energy released when
atoms decay or undergo fission or fusion in unstable (radioactive) atoms

Table 5.1 A summary of various forms of energy
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Try this 5.1

Recreate this ‘fidget spinner’ in four simple steps.
1 Find a button with a diameter of at least 5 cm (a piece of cardboard with two small holes about 1 cm apart

will do too).
2 Thread about 60-80 cm of string through two of the holes in the button and tie it off, forming a loop like the

one shown in Figure 5.5.

Figure 5.5 A paper spinner or ‘woer woer’ is a toy that uses elastic
potential energy to create motion and sound.
3 Wind up your spinner by holding onto the strings and positioning the button in the middle. Then, using your
wrists, swing the button in a vertical loop.
4 Release the potential energy with alternating high and low tensions in the string (created by moving your

hands closer and pulling them further away from each other).

Quick check 5.2

1 Describe what the word ‘potential” in potential energy means.
2 Other than gravitational and elastic, state two other forms of potential energy and give an example of each.
3 A gymnast on a balance beam has a weight of 500 N. If the beam is 1.25 m above the ground, calculate her

gravitational potential energy.

Figure 5.6 What is the gravitational potential energy of
a gymnast?

ISBN 978-1-108-99259-6 © Cambridge University Press 2021
Photocopying is restricted under law and this material must not be transferred to another party.



Section 5.1 FORMS OF ENERGY

Practical 5.1

Jumping paper frogs
Create an origami frog to demonstrate the conversion of elastic potential energy to kinetic energy and
gravitational potential energy.

Materials
® origami paper
° ruler

Procedure

1 Use the following steps to create your own jumping frog.

11 12

o <

2 Press down on your frog to make it jump and record both the height and distance it jumped.
3 Explore ways to change the amount of energy your frog has so it can jump different heights
and/or distances.

Discussion

1 Where does the energy that enables your frog to move come from?

2 Complete the illustration below by indicating the form of energy (kinetic, gravitational potential or elastic
potential) possessed by the frog at different stages of its jump.

C.

A. > ﬁ E.
A frog jumping E
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128 Chapter 5 CONSERVATION OF ENERGY

Section 5.1 questions

e Remembering
1  Define the term ‘energy’ in your own words.

2  Describe what kinetic energy is.
Quz 3

List three everyday objects that have elastic potential energy.

Understanding

4 Classify the following as either possessing kinetic energy or potential energy:
the moving (or spinning) blades in a blender

books sitting in a bookshelf

hot water in a kettle

the sound coming from a radio

® 0O N T 9

a cheeseburger.
5 Compare gravitational and elastic potential energy.

Applying
6 Look at the diagram below which illustrates the change in gravitational potential energy (GPE) as it changes
position and use it to answer the following questions.

Potential energy/height?
w

a ldentify which letter represents the position where the ball has the most gravitational potential energy.
b If the ball moved from C to A, determine if there would be an overall gain or loss of gravitational
potential energy.
7 Explain which balloon in the image below, has the most elastic potential energy.

A B
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Analysing

8 Outline the energy changes in the roller coaster below at points a, b, c and d.

4
% =

9 Arrange the following items from having the most to the least amount of gravitational potential energy:
a an apple hanging in a tall tree
b an apple lying under a tree
¢ an apple in a fruit bowl on a table.

Evaluating

10 List the devices in your home that use energy. Include at least two that don't use electricity, and at least one of
these should be a manual (unpowered) device. For each device in the list, state the form of energy used as the

input (that operates them) and the forms of energy that they output (include the ‘useful’ output as well as the
outputs that represent wasted energy).

129
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Learning goals

Energy transfers and
transformations

1 To recall that energy can be transferred from one object to another or transformed into other types

2 To describe everyday situations which involve energy transfers or transformations

3 To use flow diagrams to outline energy transformations in everyday situations

Energy is constantly changing from
Li one form to another. For example, the

characteristic lights and sounds produced
WORKSHEET

by fireworks are the result of such energy
transformations. When a firework
explodes, thermal energy, in the form of a lit fuse, in
addition to chemical potential energy, is transformed
into heat, light and sound energy, as well as kinetic and

gravitational potential energy.

Not all energy transformations are this complex. A
toaster, for example, transforms electrical energy

to thermal energy which toasts the bread by
radiation. Regardless of how simple or complex the
transformations are, energy is conserved in all energy
conversions. This is to say, all conversions abide by

law of conservation the law of conservation

of energy

the law that explains how the
total amount of energy in an
isolated system is constant

of energy in that energy is
neither created nor destroyed,

and so the total amount of
energy transfer

the movement of energy
from one place or object
to another

energy in an isolated system

remains constant.

Figure 5.7 Fireworks are the result of many energy transformations.

Nanotechnology improving energy transfer
efficiencies
Nanotechnology is a combination of science and
engineering that manipulates and uses individual
atoms and molecules as its building blocks and
moving parts. Nano refers to the nanoscale, about 1
to 100 nanometres, or 1 to 100 billionths of a metre.
Research how new technologies in this area are
helping to improve the efficiency of producing and
transferring energy. For example:

high efficiency light bulbs

stronger and lighter windmill blades

generating electricity from waste heat or friction

cheaper solar cells.

Energy transfer

Kinetic transfer

Energy transfer is the movement of energy from one
place or object to another. For example, a golf club has
kinetic energy when it swings through the air. When the
club hits a golf ball, this kinetic energy is transferred to

the ball, making it move.

AR TR A T
Figure 5.8 When a golfer hits a golf ball, they transfer kinetic
energy from the golf club to the ball.
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Section 5.2 ENERGY TRANSFERS AND TRANSFORMATIONS 131

Heat transfer

Thermal energy is another type of energy that can be
transferred. If an object of high temperature is placed
next to an object of lower temperature, thermal energy
will flow from the object of higher to that of lower
temperature. This will continue until the objects are the
same temperature. This flow of energy is always from

high to low temperature, never the other way around.

Lower
temperature

Before
Thermal energy flow

Same Same
temperature [temperature

After
The objects are the same temperature.

Figure 5.9 Heat (thermal energy in transit) flows from an object
of higher temperature to one of lower temperature, until the
objects are at the same temperature.

Energy transformations

As opposed to energy transfers, where the type or form
of energy stays the same and moves from one object to
another, energy transformations occur when energy

is converted from one form to another. Combustion
involves burning, and converts chemical energy into
thermal energy and light. Machines use fuel or electrical
energy and convert it into kinetic energy. Generators,
powered by steam turbines, can convert kinetic energy
into electrical energy. In leaves, the biological processes
in photosynthesis convert light energy from the Sun into

chemical energy in the form of  cnergy transformation

the change in type or form

carbohydrates, such as sugars. o ergy

Thermal energy is often generator
a rotary mechanical device
that converts rotational
kinetic energy into electrical
energy, i.e. the opposite of
a motor

produced as a by-product of
energy transfers.

turbine

a device that converts the
kinetic energy of a moving
substance into useful work,
for example a windmill

Energy transformations can be
represented in a flow diagram
(see Figure 5.10). On the
left-hand side of the flow diagram are the energy inputs,
and the energy outputs are on the right. Waste energy
may be included as an energy output, but is sometimes
omitted. A brief description of how the machine works
may be placed between them, and arrows can be added

to show the flow of energy.

Output
energy

Input Description of
Em— .
energy the machine

Figure 5.10 A simple energy flow diagram

For example, Figure 5.11 shows the energy flow diagram
for a candle that has been lit.

Light
i energy
Ch(_em|cal The candle
potential energy is lit
|
(candle wax) Thermal
energy

Figure 5.11 Energy flow diagram for a burning candle

Some energy flow diagrams may have intermediate
steps involving another form of energy. For example, a
battery-powered torch has a more complex energy flow

diagram (see Figure 5.12).

Light
Chemical Press button Electrical Electricity energy
energy —> tocomplete —» energy —> passes through
(battery) the circuit (wires) light bulb o~
energy

Figure 5.12 Energy flow diagram for a battery-powered torch

ISBN 978-1-108-99259-6

© Cambridge University Press 2021

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



132 Chapter 5 CONSERVATION OF ENERGY

Investigating an electric kettle
An electric kettle uses electrical energy to boil water. It contains a heating element that converts electrical energy to
thermal energy when electricity passes through it. The heating element then heats the water in the kettle to 100°C, at

which point the water boils.

Figure 5.13 An electric kettle converts electrical energy into thermal energy.

Thermal energy
(hot water and

. Turn on the kettl
Electrical urn on the kettle steam)
ener to allow the
gy electricity to flow
Sound
Energy ERES
transformations )%
in a hot air
balloon

Figure 5.14 Energy flow diagram for an electric kettle

Quick check 5.3

1 Explain what occurs during an energy transformation.
2 Provide two examples of an appliance that transforms energy.

Investigating a hot air balloon

The operation of a hot air balloon involves two energy changes. When the hot air balloon first takes off, chemical
potential energy is stored in the form of natural gas (in the gas cylinder in the basket of the balloon). When the gas
is burned, it releases thermal energy, which heats the air in the balloon. The air in the balloon expands as it warms
up, and this makes the air inside the balloon lighter than the air around the balloon. The balloon then rises, due to

buoyancy forces, gaining kinetic energy and gravitational potential energy as it gains altitude.

Chemical Thermal Hot air expands Gravitational
X Gas burns to . .
potential — . > energy — tocreatea — Kinetic energy — potential energy
create hot air :
energy (gas) (air) buoyancy force (balloon)

Figure 5.15 Energy flow diagram for a hot air balloon
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Investigating an aircraft taking off
Sometimes a machine can convert a source of energy
into two forms at the same time. When an aircraft takes
off, it starts moving slowly from one end of the runway
and then accelerates under full power until it leaves the
ground at the other end. When it first starts its take-off,
the jet has chemical potential energy stored in the form
of aviation fuel in its tanks. The fuel is ignited in the jet
engines to create a force that accelerates the aircraft along
the runway, gaining kinetic energy as it does so. When
the aircraft reaches sufficient speed, it lifts off and gains

gravitational potential energy as it rises into the air.

) ' , Look closely at the picture of the aircraft taking off, and
Figure 5.16 A hot air balloon flying over the Hunter Valley ] ] ] , )
in NSW. The balloon converts chemical energy to thermal you can see that the air behind the aircraft’s engines
energy, then kinetic energy as it moves, then gravitational is blurred. This is because it is at a high temperature,
potential energy as it gets higher. heated by the energy produced by the aircraft’s engines,
and that energy should be added to the energy flow
diagram. Aircraft are also very noisy when taking off, so

sound energy is also produced.

Figure 5.17 An aircraft converts chemical potential energy to kinetic energy and gravitational potential energy.
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input energy In Figure 5.18, the Kinetic
the energy that a machine .

or device uses as its source approximate percentages of e energy 45%
of energy (aircraft)

the two forms of waste energy

output energy

the energy that a machine or have been added to the flow o
device provides or wastes Gravitational

diagram for the jet aircraft. > potential energy 15%

waste energy

the output energy that a These can be included if theY Chemical Fuel burns in (aircraft)
machnecestestbatinet . knoum Remember, the  eneioy, 100% —» the et engines
in the form of thermal energy total amount of input energy (aviation fuel) to create thrust Thermal
and sound > energy 39%
must exactly equal the total (waste)
(@A) output energy when waste energy is
included. Sound
L> energy 1%
- (waste)
WIDGET ; ;
Enorgy forms In this example, the useful energy is
transfspncwiations kinetic energy (45%) and gravitational Figure 5.18 Energy flow diagram for a jet aircraft taking off
potential energy (15%), which adds
up to 60%. This means that 60% of the energy input is the aircraft’s engines is 60%. The other 40% is wasted

converted to useful energy and the efficiency rating of through thermal and sound energy.

Quick check 5.4

Draw flow diagrams for the following energy transformations.

a Atelevision converting electrical energy to sound, thermal and light energy

b A light bulb converting electrical energy to light and thermal energy

¢ A human converting chemical potential energy from food into kinetic energy when moving

Section 5.2 questions

T Remembering

1 Recall the energy transformations that occur when fireworks explode.
2  Describe the difference between an energy transfer and an energy transformation.

Quz
Understanding
3 Using the law of conservation of energy, explain why a light bulb gives off thermal energy.
4  Describe the energy transformation that occurs in the Sun.
Applying

5 State the energy transformations that occur when someone climbs a set of stairs.
6 Draw an energy flow diagram for each of the following situations.
a A stone is dropped from the top of a building.
A car is slowing down as it moves up a hill.
A charcoal fire is burning in a barbeque.
A bungee jumper jumps from the top of the jump to the bottom.
An electric tram starts from rest and builds up to full speed.
A person rides on an escalator from the bottom to the top.

@ -~ o o 0 T

A sheepdog runs up a hill.
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Analysing

7 Think about all the different types of energy we encounter every day — driving a car is one example. Pick another
example and suggest how you can make the process more energy efficient.

8 Look closely at the image below of a children’s playground.

a ldentify the components of the playground that involve gravitational potential energy.
b Suggest ways in which elastic potential energy could be incorporated into this playground setting.

Evaluating
9 Cars are energy inefficient. State the input form of energy and the useful and wasted forms of energy. Propose
some other forms of transport that are more energy efficient.

ed to another party.
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@ Energy efficiency

Learning goals

1 To apply the Law of Conservation of Energy to account for the total energy involved in energy

transfers/transformations

2 To discuss how usable energy reduces in electricity transfers and that systems are not 100% efficient

3 To perform calculations to determine the efficiency of a system taking into account useful and wasted energy

Hardly any energy transfer or conversion is 100% efficient
- energy in some form is always lost to the system as
wasted energy. Consider a rubber ball being dropped from
a height onto a concrete surface. At its maximum height,
the ball possesses a large amount of gravitational potential
energy. When the ball is dropped, this gravitational
potential energy is converted to kinetic energy, which
reaches a maximum just before the ball hits the ground.
As the ball hits the ground, the kinetic energy is converted

into elastic potential energy.

efficiency

a measure of the ability to
produce useful energy

This is converted back into
kinetic energy as the ball
useful energy

energy that can be used for

bounces up again. If this
a specific purpose

system was 100% efficient,

the ball would bounce back up to its starting height and
have the same amount of gravitational potential energy as
before being dropped. We know that this is not the case
as with each bounce, the ball reaches a lower maximum
height until eventually the ball comes to a stop.

Let’s look at how energy is lost from this system. First, as
the ball is falling towards the ground it is encountering
air particles. Contact with these particles results in
friction and heat — thus energy is lost as heat to the

surrounding air particles. When the ball bounces, it

creates a sound and there is also friction between the ball
and the ground. Thus, energy is lost due to the inefficient
conversion between K and GPE and back again.
Therefore, with each successive bounce, the ball has

less energy than the preceding bounce. As a result, the
ball slows down before coming to a stop when all of the
energy initially possessed by the ball is lost to the system.

Calculating efficiency

The efficiency of a system, in terms of its ability to convert
energy, is a measure of its ability to produce useful energy.
Useful energy is defined as energy that can be used for

a specific purpose. In the example of the bouncing ball,
kinetic energy and elastic potential energy are useful
forms of energy. In contrast, heat and sound energy are
by-products of the energy conversion (that is, wasted
energy). Wasted energy is usually lost to the environment

and generally cannot be used to do work.

Energy efficiency is most commonly expressed
as a percentage and can be calculated using the

following equation:

useful energy output

efficiency = x 100%

energy input

Worked example 5.4

Efficiency

What is the efficiency of a light globe if 75 J of energy is put in but only 12 J of light energy is produced?

Useful energy output = 12 J, Energy input = 75 J
Efficiency = (useful energy output/energy input) x 100

12J
Efficiency = x 100
75

Efficiency = 16%

ISBN 978-1-108-99259-6

List the relevant data that has been provided.
Recall the definition of efficiency energy and
the equation.

Substitute the relevant data into the equation.

Solve the problem, giving an answer with
appropriate units.
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Practical 5.2

Investigating the efficiency of bouncing balls

Aim
To calculate and compare the efficiencies of balls that bounce.

Prior understanding
Different factors can affect a ball's efficiency. For example, temperature, inflation level of the ball, surface area
and the material that a ball is made from can all have an impact.

Useful formula

Final potential energy
X

Percentage efficiency = 100

Initial potential energy
Materials
As chosen by students but most likely to include:
* avariety of balls
* equipment to measure the height of the bounce
e other equipment as requested

Planning

1 Identify the independent variable from the clue in the aim and describe the different groups that will be set
up for the experiment.

2 Define the dependent variable (calculated) and how it will be measured.

3 Define the controlled variables and describe how these will be managed to prevent any controlled variables
from affecting the measurements.

4 Develop a hypothesis by predicting how a change in the independent variable will affect the
dependent variable.

Procedure

Design a method

1 Design a method that will allow you to calculate the efficiency of a variety of balls that bounce by measuring
the rebound height.

2 Complete a risk assessment, considering at least two significant risks.

Test and modify the method
1 Test out your original method using a trial run to collect data.
2 Adjust steps in the method to address any issues identified.

Undertake your modified method
1 Follow the steps in your method to collect multiple trials of data.
2 Make note of any issues that may need to be discussed in your evaluation.

Results
Calculate the percentage efficiency for each of the balls you tested.

Discussion

1 Compare the efficiency of the different types of balls. Justify your response using data.

2 |dentify which bouncy ball is the most efficient.

3 Discuss how this data can be related to energy transformation and wasted energy.

4 How much variation in the measurement was observed between different student groups within the class?

continued...
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...continued

experiment? Justify your reasoning with data.

5 Were other variables that could affect the validity of the results successfully controlled during the

6 Suggest any other changes that could be made to the method to improve the validity of the results in future
experiments. Include calculations such as confidence limits that would help validate your findings.
7 Write out an improved version of the method based on the answers to the above evaluation questions.

Include instructions on how to control variables for validity.

Sankey diagrams
A Sankey diagram is a flow chart that represents the
flow of energy through a system. A Sankey diagram has
a wide arrow at its base, which represents the energy
input into a system. The flow diagram then branches
off into two or more arrow heads, the size and thickness
of which are directly proportional to the amount of
output energy in that form. For example, Figure 5.19
shows a Sankey diagram for

Sankey diagram an incandescent light globe,

flow chart that represents
the flow of energy through
a system

where only 10% of output
energy is in a useful form.

The Sankey diagram shows that most of the electrical

energy is transformed into thermal energy (thicker

Worked example 5.5

arrow) rather than light, which is a useful form of energy
output. The thermal energy produced is said to be lost or

wasted energy.

Light energy 10 J

Thermal energy
90 J

Figure 5.19 A Sankey diagram for an incandescent light globe
showing the amount of input energy (100 J) as well as the
amount of output energy in its various forms.

Draw the Sankey diagram of an energy efficient light bulb with an input energy of 10 J, an output energy of 8 J in

the form of light and wasted output of 2 J in the form of heat.

8 units

‘2 units

ISBN 978-1-108-99259-6

The height of the box represents the amount of
energy that is put in. In this case itis 10 J, so it should
be 10 units in height.

Note that the length of the box does not matter.

The height of the next box represents the amount of
useful energy. In this case, it is 8 units in height.

The height of the final box represents the amount of
wasted energy. In this case, it is 2 units in height.

continued...
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...continued

Working

The wasted energy should be rotated 90 degrees

clockwise so it points down. This shows that it is

wasted energy.

Add arrows to the output boxes.

EEEENEEEEREREEE Finally, add the labels.

Light
energy
8J

Heat energy
2J

Quick check 5.5

1 Outline the energy changes that take place when you jump on a trampoline, and explain why you do not
bounce back up to the same height after successive bounces.

2 Calculate the efficiency of an electric stove that has an input of 1500 J of energy and produces 200 J of light
energy and 1300 J of thermal energy.

3 Draw a Sankey diagram for the electric stove in Question 2.

Section 5.3 questions

Remembering

1 Define the term ‘useful energy’ in your own words.
2 State what usually happens to wasted energy.

Understanding

3 Acar has an energy efficiency of 35%. Explain what this means in terms of energy.

4 Incandescent light globes convert 10% of their input energy into light energy, while LEDs (light-emitting diodes)
convert 60% of their input energy into light energy. Determine which type of light globe is more energy
efficient.

5 As Jane slides down a playground slide, the amount of kinetic energy that she gains is less than the amount of
gravitational energy that she loses.
a Predict where the missing energy goes.
b Consider what Jane can do to minimise the amount of wasted energy.
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Applying

6 An organism uses 500 J of chemical potential energy stored in its body to produce 125 J of kinetic energy to
climb a tree. Calculate the organism’s efficiency.

7  Explain what the term ‘efficiency’ means.

Analysing

8 Akettle has an energy efficiency of 89%. Calculate how much electrical energy is required to produce 1068 J of
thermal energy.

9  The Sankey diagram below is of a light globe.

Useful energy

Energy output=4J

input =20 J

Waste energy
output =16 J

a ldentify the useful energy output that the light bulb is designed to produce.
b Describe the effect that the wasted energy has on the surrounding air.
¢ Calculate the efficiency of this light bulb.

Evaluating

10 Explain how the law of conservation of energy still applies to a system despite energy being ‘lost’ during a
transformation.

11 On cold days, some of the heat transferred from a hot car engine is used to warm the air inside the car.
Describe the effect that this has on the overall efficiency of the car engine. Justify your answer.

Figure 5.20 Car heater used to warm a driver's hand
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Section 5.4 ENERGY PROBLEMS

@ Energy problems

Learning goals

1 To recall the nature of renewable and non-renewable sources of energy

To compare the efficiency, advantages and disadvantages of electricity generation by different methods

2
3 To discuss developments designed to improve the efficiency in electricity generation
4

To discuss using examples, how the values and needs of contemporary society can influence the focus of

scientific research in the area of increasing efficiency of the use of electricity by individuals and society

(3,1

To discuss viewpoints and choices in making decisions about the use of non-renewable energy resources

6 To research recent examples where scientific or technological developments have involved specialist teams

from different branches of science, engineering and technology, e.g. low-emissions electricity generation

You may remember from Stage 4 that some energy
sources, such as wind and solar, will never run out.
Methods of energy production that do not use up
natural resources or will never run out, such as solar and
wind, are called renewable energy sources. Other energy
sources, such as coal, oil and gas, are not renewable.
Once these sources are used, they cannot be replaced
within a human lifetime, and as such, once they run out,
they are effectively gone forever.

Another major consideration in choosing an energy
source is the effect it has on the environment. Some
methods of energy production, such as burning coal,
create pollution that damages the environment.

In addition, when wood, oil, gas or coal is burned,
greenhouse gases, which have the potential to cause
climate change, are created. Methods of energy
production that are non-polluting or have a small effect
on the environment are called sustainable.

The demand for energy has increased steadily since

the Industrial Revolution 300 years ago, and it is

still increasing today as more countries become
industrialised. Scientists are constantly looking for ways
to make the production of energy more efficient and to
reduce its effect on the environment. Some of the main
methods of generating energy are summarised below.

Non-renewable sources of energy

Coal

Fossil fuels are a non-renewable source of energy. Most

deposits of coal formed 300 million years ago during the

ISBN 978-1-108-99259-6

Carboniferous Period. This

renewable

s can be produced as quickly
was 100 million years before as it is used
the dinosaurs, when the Earth sustainable

causing little or no damage
to the environment and
therefore able to continue
for a long time

was warm, wet and covered

with giant forests. Eventually
the forests died and layers fossil fuel
a non-renewable energy

source such as oil, coal or
natural gas

of sand, which later turned

into rock, covered the dead
non-renewable

existing in limited quantities
that cannot be replaced after
they have all been used

trees. Deep underground and
under high temperature and
pressure, the remains of the

forest trees changed into coal.

Coal is mined and then transported to a power station
where it is used to generate electricity. When all the coal
has been used up, there will be no more left. That is why
coal is considered non-renewable.

Figure 5.21 The Loy Yang power station converts the chemical
potential energy in coal into electrical energy.
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Light energy from The coal is _
the Sun was converted burned and Thermal . Kinetic Electrical
to chemical energy by > boils water —> energy — Turbine > B— — Generator > energy

plants which became to make (supply)
coal over time steam
Figure 5.22 Energy flow diagram for a coal-fired power station
Radioactive

v CLEeEyy Thermal Kinetic Flectrical
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a tloac ;ve thermal 9 oy (supply)
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Figure 5.23 Energy flow diagram for a nuclear power station

Nuclear energy

Nuclear energy is an option for countries that have the
technology to build nuclear power stations. Unlike all
other forms of energy production, nuclear energy does
not rely ultimately on the Sun. Instead, the fuel comes
from radioactive materials, mainly uranium, found
within the Earth’s crust. These materials were inside
the Earth when it formed, around 4.5 billion years

ago. The mass of fuel required is a tiny fraction of that
required to run a coal-burning power station. Although
the materials used in nuclear power generation are not

Did you know? 5.1

Australian uranium

Australia is the world’s third-largest uranium
producer, after Kazakhstan and Canada. All the
uranium mined in Australia is exported, because
there is no nuclear power plant here to use it.
However, there is a nuclear reactor at Lucas
Heights on the outskirts of Sydney, operated by
the Australian Nuclear Science and Technology
Organisation. It is used for research and nuclear
medicine purposes.

ISBN 978-1-108-99259-6

renewable, it is unlikely that the world will ever run out
of nuclear fuel. Nuclear power stations do not release

greenhouse gases.

Although nuclear energy has the potential to supply the
world’s energy needs when fossil fuels start to run out,
there are also some potential problems, such as leaking
radioactivity, that need to be taken into account.

Quick check 5.6

1 Define the term ‘non-renewable’ in your own
words.

2 Recall the types of non-renewable energy sources
used in Australia.

3 State where in Australia non-renewable energy
sources can be found.

4 State how and why the demand for energy has
changed over the years.

Renewable energy sources

Wind energy

Wind energy is a renewable energy source in which
electrical energy is generated using large wind turbines,
usually built in groups called wind farms. The advantage
of wind energy is that once the wind turbine has been
built, wind energy is free, non-polluting and available

at night. The main disadvantage is that it depends on
the availability of the wind. For this reason, the energy
that wind turbines produce is intermittent and must be
combined with a storage capability, such as a battery, to

provide a continuous energy supply.
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Solar energy

Solar energy is a renewable energy source. Solar panels
are used to convert the energy in sunlight directly into
electrical energy and can also supply energy to provide
hot water. The advantages of solar panels are that the
energy they produce is free once the initial cost is met,
and they are non-polluting to use. When solar panels
are combined with storage batteries, they can provide a
constant supply of energy, as the batteries store energy
during the day and release it at night.

Figure 5.24 Wind turbines are a striking sight in
the countryside.

A generator

Kinetic energy of S Kinetic converts .
the wind, caused by the pushes the energy Kinetic Electrical
— Dblad f ;
e < e e e
the solar energy ) blades) electrical
of the Sun turbine i

Figure 5.25 Energy flow diagram for a wind turbine

Hydroelectric power

Hydroelectric power is generated by using the
gravitational potential energy of water held in dams
to drive turbines that generate electricity. The dam’s

surface is as high above the
hydroelectric power

turbines and generators arenewable source of
. S energy harnessing the
as p0551ble. The water’s gravitational potential

energy of water to generate

gravitational potential energy electrical energy

is converted to kinetic energy
by turbines at the base of the dam or as far below it as

A ‘ possible. These turbines turn generators that convert this
Figure 5.26 Solar panels convert sunlight into electricity. kinetic energy into electrical energy.
Chemical Some countries are mountainous and are well suited to
energy . .
(storage hydroelectric energy generation. Norway, for example,
Interacts with battery) generates around 95% of its energy in this way. In
Light energy ___ [ the solar panel | Australia, hydroelectric energy accounts for around 6%
(sunlight) to make . . .
electrical energy Cloctrical of total energy production. The biggest single producer
ectrica
energy of hydroelectric power in Australia is the Snowy
(for use) Mountains Scheme.

Figure 5.27 Energy flow diagram for a photovoltaic solar panel
with a storage battery
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Geothermal energy

Geothermal energy is both geothermal energy
thermal energy that

originates from inside
the Earth

sustainable and renewable.
It is thermal energy left over
from the Earth’s formation, as well as radioactive decay.
Where the Earth’s crust may be fractured or thin, it is
possible to drill down to find rocks hot enough to boil
water. Cold water is pumped down to this hot rock. The
water boils, producing steam, which is brought to the

surface and used to generate electrical energy.

Figure 5.28 In this hydroelectric power station in the Snowy
Mountains, water is carried by gravity through the pipes
shown, from a dam located near the top of the mountain down
to turbines and generators in the power station, converting
gravitational potential energy into electrical energy.

Gravitational Water flows Kinetic Turbine Electrical
potential energy — through the — energy — turns — energy
(water in dam) turbine (turbine) generator (power lines)

Figure 5.29 Energy flow diagram for hydroelectricity generation

Quick check 5.7

1 Define the term ‘renewable energy source’ in

your own words.
2 Recall some different types of renewable energy.
3 Draw a flow diagram to show the energy
transformations that occur while producing
electricity from wind turbines.

Figure 5.30 The Wairakei Power Station in New Zealand uses
geothermal energy to produce electricity.

Thermal
energy
from Earth’s Water Thermal L Electrical
. . Kinetic
formation pumped — energy — Turbine — ener — Generator — energy
into rock (steam) 9 (supply)
Nuclear energy __» Thermal
in radioactive energy
elements
Figure 5.31 Energy flow diagram for geothermal energy
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Providing technology to remote communities
Approximately one in five Aboriginal and Torres Strait Islander
peoples are located in remote and isolated parts of Australia.
Providing access to basic services such as electricity and
clean water in these areas is very difficult, let alone modern
technology such as mobile phone and internet coverage.
Despite these difficulties, individuals remain in these areas as
they have a connection to the land.
Research what is being done to provide basic modern
services to remote communities, including any new

technology such as solar thermal collectors and battery banks.
What are the economic and ethical implications of providing ~ Figure 5.32 Around 10% of Alice Spring’s energy
is generated from renewables. The challenge is

] serving communities that are as far as 130 km from
locations? A L

these services to small groups of people at such remote

Turning waste into energy
A lot of energy in modern life goes unused in the form of food scraps and animal wastes. A UK-based company is
trying to change that by harnessing the power of detritus (waste material). Use the website of SEaB Energy (a UK
company that converts organic waste into energy) to answer the following questions.
Why is food and animal waste such an issue for the world and the environment?
Explain how SEaB Energy’s two main products, the Muckbuster® and the Flexibuster®, work.
Draw a flow diagram showing the energy transformations that would occur in harnessing energy from food
and animal waste.

Advances in science 5.1

The power of evaporation
A key challenge for current renewable energy
resources is intermittency. Wind turbines and solar
photovoltaic cells, for example, only produce
power when wind and sunlight, respectively,
are available. To power the electrical grid from
renewable energy sources, we need a stable
supply of energy and we also need to store energy
to keep up with periods of high demand.

Water in nature is in constant transformation,
and because water covers 70% of Earth’s surface,

the water cycle involves enormous amounts of

energy, which is a potential resource. Up until Figure 5.33 Evaporation from lakes and oceans is an untapped
energy source that could be the solution to our inconsistent

now we have been able to harness energy from
power supply.

water falling from the clouds or from a height,
but researchers at Columbia University in the United States looked for a way to harness the energy involved in

evaporation of water — and they found it!
continued...
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...continued

In 2015, the researchers discovered a way to
harness the process of evaporation to create a
seemingly endless, controllable, renewable energy
resource. The secret to their discovery was the
property possessed by bacterial spores whereby they
expand when exposed to water and contract as they
dry out. This expansion and contraction is similar to
muscle movement and can be controlled by adjusting
the humidity.

The scientists used their research findings to Figure 5.34 The evaporation engine floats on the surface of
water and creates a piston-like back and forth movement as

the water evaporates from the surface.

create an evaporation engine using material coated
with bacterial spores that behaved like muscles. The
evaporation engine sits on the water surface, and as moisture from the water enters the device it changes the
shape of the muscles. The movement of these muscles was coupled to shutters, which allow moisture to escape
when they are open. Because the moisture escapes, the muscles dry out and contract. This closes the shutters, so
the humidity builds up again — and the cycle of the engine continues.

The advantage of this renewable resource is that you can store up the moist air and release it in a controlled
fashion over time. This gives you a continuous power output that can keep up with our power demands.

Section 5.4 questions

e Remembering
1 List the fossil fuels used to provide energy in Australia.

Recall approximately how many years ago coal deposits were formed.

State some sources of energy that harness water.

2
Quiz 3
4  Describe the main reason behind switching to renewable energy sources.

Understanding
Explain how energy is produced using thermal energy from the Earth.
Draw an energy flow diagram for a hydroelectric power station.

5
6
7  Explain the difference between the terms ‘renewable’ and ‘sustainable’.
8 Explain why nuclear energy is not considered renewable.

9  Explain how non-renewable energy sources are causing global warming.
1

0 Explain why each of the renewable sources of energy is considered ‘renewable’.

Applying

11 Draw an energy flow diagram for a petrol engine car travelling at a constant speed on a flat road.

12 Make a list of ways in which you can make your house more energy efficient. For each suggestion, explain how
it works.

13 A cyclist used 1000 kJ of energy riding to work. Of this, 250 kJ was transformed into kinetic energy to move his
muscles. The other 750 kJ was transformed into heat. Calculate the energy efficiency of the cyclist.

Analysing
14 Consider the Sun’s role in life on Earth. Explain why there would be no life on Earth without the Sun.
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15 Some people use wood-burning stoves to heat their homes. Conclude whether this source of energy is

renewable and/or sustainable. Explain your answer.

Figure 5.35 A wood-burning stove

Evaluating

16 Suggest one drawback of using solar energy as an energy source.

17 Suggest two reasons why coal may not be suitable as a long-term energy source.
18 Suggest why inner city trains and trams are powered by electrical energy.

8 8 BB EN TR T T
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Chapter review

Chapter checklist

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

Success criteria Check @
5.1 | can recognise the relationship between energy and work.
e.g. Recall the definition for energy. SCORCHER

5.1 | can identify different forms of energy.
e.g. Name five types of potential energy.

5.1 | can calculate the kinetic energy of an object.
e.g. State the equation for kinetic energy.

5.1 | can calculate the gravitational potential energy of an object.
e.g. State the equation for gravitational potential energy.

5.1 | can calculate the elastic potential energy of an object.
e.g. State the equation for elastic potential energy.

5.2 | can recall the law of conservation of energy.
e.g. Recall the law of conservation of energy.

5.2 | can describe how energy is transferred and transformed.
e.g. Explain what occurs during an energy transformation.

5.3 | can calculate the efficiency of different machines.
e.g. A toaster uses 131500 J of electrical energy: 80650 J is used to produce heat
to toast bread. Calculate the efficiency of the toaster.

5.3 | can describe energy transfers and transformations.
e.g. Explain why energy transfers are not 100% efficient.

5.3 | can calculate and diagrammatically represent the efficiency of energy
transfers.
e.g. Using a Sankey diagram, represent an energy transfer which is 78% efficient.

5.3 | can consider energy in different systems.
e.g. Discuss the energy changes that occur when an aeroplane takes off, in terms
of useful and wasted energy.

5.4 | can compare the efficiency, and advantages and disadvantages of electricity
generation by different methods.

e.g. Explain the advantages and disadvantages of wind as an energy source.

Reflections

1 What connections come to mind when you think about how energy is conserved in your everyday life?
2 What new concepts have extended your thinking about the conservation of energy?
3 What information did you find challenging or confusing?
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Data questions

Solar panels are used across Australia to convert the energy provided by sunlight into electricity. The electricity
produced by a typical commercial solar panel in NSW throughout a sunny day is shown in Figure 5.36. The efficiency
and price of six different solar panel models is also shown in Table 5.2.

6 -

5

Electricity produced (kWh)

0
0123456 7 89101112131415161718192021222324
Hour of the day

Figure 5.36 Electricity produced, in kilowatt hours, by a typical commercial solar
panel throughout a sunny day

Solar panel model Efficiency (%) Estimated price ($ / m?)
A 46 > 2000000
B 44 > 1000000
C 37 > 100000
D 22 120
E 17 80
F 15 70

Table 5.2 Efficiency and cost of different solar panel models

Identify the time of the day the solar panel presented in Figure 5.36 produces the most electricity.

Calculate how many hours per day the solar panel can produce electricity.

Identify the pattern of electricity production throughout a sunny day.

Refer to Table 5.2 and identify the trend between the efficiency of a solar panel and the price per square metre.
Infer whether the cost of a solar panel is directly proportional to the efficiency.

Deduce why electricity is not produced between midnight and 4 a.m. and again between 8 p.m and midnight.
Predict the effect on the data in Figure 5.36 if the weather was an overcast and rainy day.

0O NOUGTL A~ WN -

A domestic household owner in NSW would like to install solar panels on the roof of their home. The owner
would like a solar panel with an efficiency above 20% to cover 3 m?. Deduce the type of solar panel and the
lowest price that the homeowner could pay for these requirements.

9 Based on the general shape of the data presented in Figure 5.36, justify why the angle at which the solar panel
is oriented on a roof is important for a higher electricity production.
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Background information

Wind power has been used for generations as a
method of generating usable energy. Wind turns
the turbine and generates mechanical energy, which
has been used for many things over the years. From
providing energy to pump water from a reservoir to
electricity generation, wind power has many uses,
and a major benefit is its ability to be generated in
remote areas.

Design brief: Design a wind turbine capable of
lifting an object.

Activity instructions

In groups you will design and construct a simple wind
turbine capable of lifting weights from the floor up

to bench height. Your turbine must be efficient in its
energy conversion and sustainable in its design.

Attachment allowing
shaft to spin (made
from masking tape)

Pencil
/ (shaft)

i

String

Blades made
of card

Paper/plastic cup
containing weights

Figure 5.37 You can build ideas around this basic design.

Suggested materials

e a medium-sized fan (to simulate a constant flow
of wind)

e cardboard (different thicknesses if possible)

ISBN 978-1-108-99259-6

STEM activity: Wind power

masking tape (optional)

string

pencils

scissors

paper or plastic cup for carrying the load
weights (you can use Lego® characters as well)
electronic scale (optional)

Research and feasibility

1

Research and discuss in your group how wind
turbine blades are shaped to capture the
maximum amount of wind. Consider the materials
used in construction, different shaped turbines,
and their use in high/low wind areas.

Discuss in your group the constraints of your
building materials and testing area.

Design and sustainability

3

6

Sketch and label multiple turbine designs within
your group and discuss the effectiveness of the
design features based on research.

Propose a measure of design efficiency. Think
about how you can quantitatively measure how
effective one design/prototype is compared with
another. This may include measures for sturdiness,
speed of lift, and maximum capacity. Discuss in
your group the relationship between blade shape
and blade spin for your design.

Design a table you can use to test different
designs and to find the optimal shape for the wind
conditions you are testing for. Trial different fan
speeds to see their effect.

Discuss how sustainable your design is, and its
effect on the environment. Does blade design
affect this?
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Create
7 Build your design and test using the weights.

Blade Weight Time to lift

Blade length Blade width thickness Blade angle  Fan speed et (] gl

Evaluate and modify

8 Discuss and suggest three possible solutions to the problems you encounter.

9 Predict what would happen to the cup if you turn the fan (wind) off when the cup is halfway between the floor
and the tabletop. Now test this scenario and write down your observations. Does it match your prediction?

10 Evaluate and present the most effective design to the class, and discuss why you believed this to be the most

effective wind turbine design in this situation.
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PRE-TEST

Humans have always been inspired by
the universe. The movement of the Sun,
stars, Moon and planets has been studied
for centuries, and there is still so much
unknown. Advances in technology have
let us see further and further into space to
discover more about how the universe began

and what it is made of. There can be a certain

feeling of insignificance as well as awe that people
experience when they think about the enormous
size of our expanding universe. In this chapter, you will
learn about what can be observed in the night sky and
what information can be gathered from stars and galaxies

to find out about how it all began.

¢
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Discovering the universe

Learning goals

1 To appreciate how scientific thinking is refined over time

2 To recall the different technologies that have helped with our understanding of the universe

3 To explain how technological developments have furthered our understanding of the universe

Aboriginal and Torres Strait Islander Many constellations are constellation
Li peoples have been observing and associated with stories, and Eagr;;“tﬁai{asgzr‘:;stzefi':njzm
documenting the night sky to pass the different communities have EIlEEEREE
WORKSHEET
knowledge on through the generations, different stories. Australia’s
(ﬁ) since well before European settlement in First Nations peoples not only identify
1788. They have a deep understanding stars and constellations by their VIDEO
of the movements of celestial bodies brightness, but also from patterns The Big Bang
JMDGET | (objects in the sky) and are sometimes originating from the dark clouds.

the universe | called the ‘world’s first astronomers.

Constellations

The story of the Emu in the Sky is a common one. However, different Aboriginal and Torres Strait Islander
communities have different stories or images associated with the part of the Milky Way shown in Figure 6.1. Use
your preferred search engine to find out some of the other names and stories from different communities and

what significance each plays in indicating changing seasons or the community’s practices throughout the year.

Figure 6.1 The dark patches in the Milky Way make up the body of the Emu in the Sky, a story common to many Aboriginal
groups. The orientation of the emu, sitting or running, indicates the start of different seasons, timing of ceremonies and even
when it is time to hunt emus or collect emu eggs.
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Early astronomers
The early astronomers relied on the naked eye to make
observations about the positions of celestial objects and

how they moved over time.

Claudius Ptolemy was an astronomer from the second
century who suggested that Earth was at the centre of
the universe. He proposed a geocentric model in which
all celestial objects orbited around Earth. It is easy to see
why he suggested this model, given that the Sun, stars
and Moon all appear to rise in the east, follow a circular

pattern while they are up, and then set in the west.

There was one main problem with Ptolemy’s geocentric
model. At different points in the year, the motion of the
planets across the sky appears to go backwards for a few
days. It is called retrograde motion and could not happen
if the planets orbited Earth.

In the early 1500s, Nicolaus Copernicus proposed a
heliocentric model of the solar system, in which the
P planets revolved around

a model of the solar system

with Earth 2t the contie the Sun. This could explain

retrograde motion the retrograde motion of
apparent backwards motion
of a planet as seen from
Earth

the planets, occurring when a

faster moving planet catches
heliocentric

a model of the solar system
with the Sun at the centre

up with a slower moving

planet and then passes it.

Figure 6.2 The geocentric model proposed that Earth was
the centre of the universe, with the planets and stars orbiting
around it.

Figure 6.3 Retrograde motion of Mars across the sky as seen
from Earth

Figure 6.4 The heliocentric model proposes that planets revolve around the Sun, rather than Earth.

ISBN 978-1-108-99259-6

© Cambridge University Press 2021

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



With the invention of the telescope in the 1600s, Galileo
Galilei was able to observe the four largest moons of
Jupiter and could confirm that they were orbiting

that planet.

Telescopes changed the world of astronomy in a huge
way. They have allowed us to see the outer planets of the
solar system, the moons of other planets, millions more

stars and distant galaxies.

What celestial object is at the centre of a
geocentric model?

What celestial object is at the centre of a
heliocentric model?

How can the circular path of the Sun and stars
across our sky each day be explained?

Modern day astronomy

Modern day astronomers have amazing technology to
work with. Modern telescopes have become larger and
larger to allow us to see further into space. In 1995, the

Hubble Space Telescope was pointed towards a region

of space previously thought to be empty. The photo
produced after two days showed multitudes of galaxies
that had never been observed before. Known as the
‘Hubble Deep Field; this image further demonstrated
the enormous size of the universe.

To minimise the effects of light pollution and the
distorting effects of the atmosphere completely, the
Hubble Space Telescope was launched into Earth’s orbit
and is controlled remotely from the ground. It has been
instrumental in developing our understanding of the

universe and the Big Bang theory.

Telescopes and technology

The first telescopes were optical telescopes, which use
lenses to collect light and focus it for the eye to see. The
larger the diameter of the lens, the more light that can be
collected and the further you can see. But, as telescopes
got larger, the size of the glass lenses required reached
the point where they would be ,
optical telescope
a device that collects and

focuses light from the visible
spectrum to form an image

too big to support their own
weight, so polished mirrors
were used instead to collect
and focus light.

Figure 6.5 This figure shows a portion of the Hubble Ultra-Deep Field image, taken over a period of months from 2003-04. More
detailed than the original Deep Field from 1995, the full image covers only a tiny portion of the sky and yet shows approximately
10000 galaxies, many of which contain billions of stars each. The full-sized image can be viewed online.
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Section 6.1 DISCOVERING THE UNIVERSE 157

collection area will be bigger B

a device that receives radio
waves emitted by stars and
other celestial objects

than one square kilometre (or
one million square metres). An
artist’s impression of what it might look like is shown in

Figure 6.7.

Figure 6.6 The Hubble Space Telescope can observe the light
from distant galaxies without the dimming effects of Earth’s
atmosphere.

Radio telescopes gather information in the form of

radio waves. Radio telescopes follow the same principle

as optical telescopes, in that they collect signals and

reflect them inwards to focus them, but the reflective Figure 6.7 The Square Kilometre Array will have the potential
surfaces do not need to be polished mirrors. This to look further into space than has ever been possible before.

means that radio telescopes can be made much larger

than optical telescopes. Multiple radio telescopes can Quick check 6.2

also be linked together to look even further into space.

The Square Kilometre Array radio telescope, which is Namelthe two maintypesiofitelescopes and
recall which part of the electromagnetic spectrum

expected to be completed in Western Australia in 2028,
they detect.

will be made up of thousands of dishes whose total

Did you know? 6.1

The Parkes radio telescope

The Parkes radio telescope in New
South Wales was instrumental in the
1969 Moon landing mission. It was
used to relay footage back to Earth
for the live television broadcast.
NASA had intended to swap between
the signals relayed from three
different radio telescopes in order
to sustain the best-quality signal
available, but when they changed
over to the Parkes signal they found
it to be so superior to the other
signals that it was used for the entire
2.5-hour live broadcast.

Figure 6.8 The Parkes radio telescope in New South Wales
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Section 6.1 questions

e Remembering
1 Recall the reason that most observatories are located remotely and at high altitudes.
Quiz Understanding

2 Describe the evidence that Ptolemy used to explain his geocentric model.

Figure 6.9 An artist's engraving of Ptolemy looking to the sky
3 Describe the evidence that Copernicus used to disprove the geocentric model.

Applying
4  Determine the purpose of the large dish on the Parkes radio telescope. You may like to draw a diagram in
your answer.

Analysing

5 Contrast the geocentric and heliocentric models, and explain why the motion of the planets as observed on
Earth supports the heliocentric model.

6 Compare and contrast optical and radio telescopes.

Figure 6.10 The Milky Way over a radio telescope in New Mexico, USA

Evaluating

7 Explain the advantages and disadvantages of having a telescope in space.

8 Consider the improvements in technology since early astronomers that have allowed us to look further and
further into space.
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Section 6.2 SOLAR SYSTEMS, STARS AND NEBULAE

@ Solar systems, stars and nebulae

Learning goals

1 To describe the features of nebulae and solar systems

2 To outline the stages in the lifecycle of a star

3 To relate the colours of stars to their age, size and distance from Earth

The universe is made up of many different features,
including solar systems and nebulae. Solar systems
comprise a Sun and the bodies orbiting it. Nebulae
are clouds of dust and gas, often visible in the night
sky, where new stars are being formed. Other nebulae

contain the remains of dead or dying stars.

It is amazing to think that all of the atoms that make up
all of the molecules that make up all of the cells in your
body were formed in distant stars well before Earth,
the Sun and our solar system even existed. Carl Sagan
(the American astronomer who popularised science

Nuclear

) reaction
Deuterium

%%
a/

Tritium

Neutron

» Energy

Helium

A

-

Figure 6.11 One step in the fusion of hydrogen happens when
the isotopes deuterium (one proton and one neutron) and
tritium (one proton and two neutrons) fuse together. A neutron
is released and a helium nucleus is formed (two protons and
two neutrons).

Colour

Blue

Blue white 10000
White 7500
Yellow white 6000
Yellow 5200
Orange 3700
Red 2400

Table 6.1 Temperatures and spectral classes of the star colours
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in the 1980s TV series Cosmos) once
said, ‘We’re made of star-stuff’, and he

was right!

WORKSHEET
Nuclear fusion
Nuclear fusion occurs when two atoms VIDEO

Do small stars
or large stars
last longer?

combine (or fuse) to create a new

element. Because it is so hot inside

the cores of stars, hydrogen nuclei

have enough energy to overcome the

electrostatic repulsion between their protons. They fuse
together to form helium and an enormous amount of

energy is released in the process.

Star colour and temperature

When you look at stars in the night sky, you will notice
that they vary in colour. The colour of a star is related to
its temperature: blue stars are the hottest and red stars are
the coolest. Stars are given a spectral class letter based on
their temperature and colour. As you can see in Table 6.1,
our Sun is a relatively small

yellow star with a surface .

a group into which stars are
classified based on their
spectra/colour

temperature of around 6000 K,
so a G-type star.

Spectral class
O
30000
10000
7500
6000
5200
3700

I AO M > w
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Quick check 6.3

1 What is the name of the process that occurs inside stars?
2 Recall what the colour of a star tells us.

Light from stars

All stars emit a full range of wavelengths from the visible

spectrum (colours). This means you would observe a /

complete rainbow if you were to split the star’s light

into different colours using a prism. However, a star’s

spectrum peaks at a certain colour, and this is the colour

that we observe the star to be. Figure 6.12 White light consists of the full range of
wavelengths (colours) from the visible spectrum.

Practical 6.1

Flame tests and observing emission spectra

Be careful
Aim .
. . o . . Ensure appropriate
To investigate how emission spectra can be used to determine the metal in '
personal protective

unknown substances. ; :
equipment is worn.

Materials Be careful not to set

e solutions of copper chloride, potassium chloride, sodium chloride, barium the splints alight. Wear
chloride and calcium chloride safety glasses. Wash

¢ unknown solutions labelled A, B and C (A, B and C should each contain hands after practical.

one of the known solutions above)
* wooden splints
e Bunsen burner
* bench mat
* matches
® emission spectrometer

Procedure

Part 1: Prepare the results table
Draw the table shown in the results section into your science journal.

Part 2: Test the known solutions

1 Set up the Bunsen burner with bench mat and attach the Bunsen burner to the gas.
Turn on the Bunsen burner and adjust to a blue flame.

Dip the wooden splint into the first solution and place in the flame.

Observe the colour and record.

a b WN

Dip the same splint into the same solution and have your partner observe the flame through the emission

spectrometer.

6 Draw lines on the results table to match the spectral lines shown through the emission spectrometer. Take
note of the very faint dark lines, the most notable being at wavelengths of 4.9 and 5.2 (in hundreds of
nanometres).

7 Repeat steps 4-6 with the other known solutions using a new wooden splint for each solution.

Part 3: Test the unknown solutions

Repeat steps 4-6 and record the colour and emission spectra for the unknown solutions. ,
continued. ..
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...continued

Results
Determine the metal present in the unknown solutions, labelled A, B and C and record in the table by drawing

lines that match the colours you see. The first row has been completed as an example.

Flame test Spectroscope
Solution

. Colours (wavelength in hundreds of nm)
Colour in flame 4

4.5 5 5.5 [ 6.5 7

Copper chloride Blue or bluish-green
Barium chloride

Calcium chloride
Sodium chloride

Potassium chloride

A
B
(

Discussion

1 Determine the identity of the three unknown solutions. Justify your statements with data.

2 At which wavelengths would you observe dark lines in the Sun’s spectrum? Research which elements are
found in the Sun’s atmosphere that coincide with spectral lines at those wavelengths.

Luminosit case, but not always. Read on to find out what can also
y affect the brightness of a star.

When you look at stars in the night sky, you will notice

that they also vary in brightness. Astronomers call this Star life cycle

luminosity and define it as the rate at which a star o )

Stars do not have a limitless fuel source. At some point,
ey produces energy. The scale of
the intrinsic brightness of a
celestial object; the rate at

which a star produces energy

o each star will run out of material to burn and will come
luminosity is based around o
o to the end of its lifetime. The changes that stars go

our Sun, which is given a ) o )
o ) through in their life time are predictable and depend
luminosity of 1. Stars that are brighter than the Sun have - . ]
o on their size. A star’s life cycle is therefore dependent

a luminosity of greater than 1, and stars that are less ) o )
) ) o on its mass as well as the rate at which it is using up its
bright than the Sun are given a luminosity of less than 1. _ ) o o
) . . ) fuel: we can determine this by measuring its luminosity.

For example, a star with a luminosity of 100 is 100 times ] ) )
Generally, the more massive a star, the quicker it uses up

brighter than the Sun. We might assume that the brighter
a star is in the sky the closer it is to us. This is often the
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its fuel and so the shorter its lifetime. We can also assume

that the more luminous a star the shorter its lifetime.
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. ; .. : Ry ."_ White dwarf
Average star . b o ' s
Core collapses.

Planetary nebula

Main sequence star Red giant

p ) : y When a red giant:
Where stars spend the Helium builds up runs out of fuel

majority of their life. The in the star’s core ; the outer layers
phase in which they convert ~ and the star will - drift off.
Hydrogen into helium in IEEE=S I S, .

\ nuclear fusion. < oy 18 Neutron star
Molecular cloud \ : 4 . 0 g ) : .

Made of dust and gas’

- which collapse under
their own gravity to
form a protostar.

' § Massive star
Red supergiant Supernova - Black holes :
When a supetgiant runs If the star has a
out'of fuel it collapses  big mass the core
under its own gravity - can collapse’into a
producing a massive tiny amount of space
explosion. called a black hole.

Big stars: (bigger than the
Sun) that burn much hotter
and brighter than red

_ giants.

Figure 6.13 The life cycle of stars. How stars change over time depends on their size.

Spaghettification and worm holes
Black holes have captured the imagination of astronomy enthusiasts, science fiction writers and astrophysicists
alike since their existence was hypothesised in the early 1900s. There are many theories surrounding black holes
and how light and matter can interact with them.
Research the ideas behind spaghettification and worm holes and summarise the main concepts in a few paragraphs.
Propose what it might look like to watch something travel into a black hole.

Advances in science 6.1

The first image of a black hole

black hole Figure 6.14 shows the first

the extremely dense remnant
of a massive star; a region

‘image’ of a black hole,

in space where gravity is so released on 10 April 2019.
strong that nothing, not even o

light, can escape This is not a photograph,
galaxy but an image created by the
a gravitationally bound E . |

system of gas, dust and vent Horizon Telescope
millions or billions of stars (EHT) project A network of

and solar systems

eight radio observatories
on four continents collected data of a black hole in a Figure 6.14 The black hole at the centre of galaxy Messier 87
supergiant elliptical galaxy for 10 days in order to capture
the image. Scientist Dr Katie Bouman developed an algorithm called CHIRP to sift through the enormous amount
of data gathered by the EHT project. The algorithm created an image using the data.

The black hole itself is unseeable, as it's impossible for light to escape from it; what we can see is its event
horizon, or the golden ring in the image. The event horizon is the boundary around a black hole beyond which
no light or other radiation can escape the massive gravitational pull of the black hole. Objects that pass into the
event horizon go through spaghettification (refer back to your research in Explore! 6.2).
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Hertzsprung-Russell diagrams

A Hertzsprung— Blue and red supergiants
H-R diagram Soiwes
a graph where the star Russell or H-R : ‘e
luminosity is plotted against . . ..
spectral type/temperature dlagram 1sa plOt N 9
(Hertzsprung-Russell diagram) . Main "l.l’,“ » a* s
of star brightness sequence  “ta. *» Red giants
e

(measured as luminosity) against star

temperature/colour. In Figure 6.15, you can White/dwarfa

A O

7
S
2]

=

2 |
=

=
2]
o
=
,:
=
=

—4

see a diagonal band of coloured dots that
represent stars in the main sequence. Red
giants, supergiants and white dwarfs make up

their own section of the graph. 40000 20000 10000 5000 2500

- . Temperature, Ty
Remember, the luminosity scale gives us an ‘ §

idea of how bright a star is compared to our Figure 6.15 A Hertzsprung-Russell diagram plots star brightness

Sun. Stars with a luminosity of 1 are as bright (luminosity) against surface temperature.

as our Sun.

Remembering

Recall the temperature and luminosity of our Sun.

Understanding Quiz

Describe the process by which a star forms.
Explain the two factors that determine how bright a star appears from Earth.

Applying
Obtain a copy of a H-R diagram and plot the following stars on it:
Star Temperature (K)  Luminosity (Sun = 1)
Sirius 9940 25.4
Canopus 7350 10700
Arcturus 4290 170
Alpha Centauri 5790 1.5
Vega 9602 40
Rigel 11000 120000
Betelgeuse 3500 140000

Identify which of the stars you have plotted is a red supergiant.
Identify which of the stars you have plotted is most like our Sun.
Determine the colour of Canopus. How do you know?
Determine approximately how many times brighter Sirius is compared to the Sun.
Will Rigel's lifetime be longer or shorter than the Sun’s? Explain your answer.
Describe the relationship between star brightness, size and length of lifetime. Explain why this is the case.

Analysing
Propose a reason why nobody has ever seen a black hole. How do we know that they are there?

Evaluating
Consider the observable features of stars and how they relate to each other.
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@ Beyond the Milky Way

Learning goals
1 To classify galaxies in terms of their shape

2 To describe the differences in sizes and distances between structures in the universe

WORKSHEET

What are
some shapes
of galaxies?

All the stars that you can see in the

night sky are within the Milky Way. It is
mind-boggling to imagine the immense
distances in space unless some things are
put in perspective. Our closest star is the
Sun and it takes 500 seconds (about eight
minutes) for light to travel from the Sun
to Earth (a distance of 150000000 km).
The closest star to our solar system is
Alpha Centauri. Light takes 4.4 years to

travel from Alpha Centauri to Earth. Our solar system

is positioned on an outer arm of the Milky Way Galaxy

and it takes light 106 000 years to travel across it.

How do galaxies stay together if the stars and planets
are so far away from each other? Gravity is what keeps
them together. Every object in the universe exerts a
gravitational force on all other objects. Although the
attraction is weak, this is what keeps planets in orbit and

galaxies together.

Galaxies

Galaxies are classified by their shape, according to the
Hubble galaxy classification scheme. Galaxies can be
classified as elliptical, lenticular, spiral or irregular.

Figure 6.16 Our solar system sits on the Orion arm of the Milky Way.
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Section 6.3 BEYOND THE MILKY WAY 165

Classifying galaxies
Astronomers now have so many photos of galaxies that

Spiral e > Try this 6.1
Sb/

Elliptical @
1

Leniticular they simply do not have the time to classify them all.

‘.- + <SBa A group of astronomers has set up a crowd-sourced

E7 \SBK astronomy project called Galaxy Zoo that allows anyone
SBc
to take part in some real science. You can try this too
Search for Zooniverse Galaxy Zoo on the internet and
Irregular Barred spiral you can have a go at classifying galaxies for yourself. You
Irr will be shown a galaxy and asked a series of questions

Figure 6.17 Hubble's galaxy classification scheme Sooul What. youcan see.and the die(ere @ Ls gala.xy. Do
not be afraid that you will get it wrong — the galaxies are
shown about 30 different times to make sure that the

responses are consistent.

Quick check 6.4

Classify the following galaxies using Hubble's classification scheme.

Astronomical distances and the speed of light

Light travels at a speed of 300 million metres every second, or 3 x 10° m/s. A light year light year

the distance that light travels in

is a unit of distance equivalent to how far light travels in a year, which is equal to 9.46 e e (e 10 lHen L)

trillion kilometres.

Try this 6.2

Cheese and light

Use your microwave to calculate the speed of light! Be careful

1 Open your microwave and remove the rotating platform. FEElETT carel a; ETEEEe
2 Line a dinner plate with cheese singles and place it in the microwave. ey 6 el (e

3 Turn on the microwave for about 10 seconds or until small hotspots start

to form on the layer of cheese.
4 Take the plate out of the microwave and measure the distance between
two of the hotspots. This value will be half of the wavelength of the

microwave radiation.

5 Locate the frequency of your microwave, in hertz (Hz), which should be . i
Figure 6.18 A microwave wave

listed inside the door. heating up a slice of cheese

6 Use the formula v = fA, where v is the speed in m/s, fis the frequency in Hz
and A is the wavelength in m, to calculate the speed of light (remember to multiply your hotspot measurement
by two to get the wavelength). Compare it to the actual value.
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Parallax

If you hold your index finger in front of you at arm’s

length and close one eye, then swap eyes and close the

other one, your finger will appear to move because you
are essentially observing

parallax

the effect by which the
position of an object
seems to change when it
is observed from different
locations

your finger from a different
location. The same thing
happens when we look at the
etronomical it stars in the night sky from a

the distance between Earth
and the Sun

different position in space. As

Earth travels around the Sun,
baseline
a line between the two
viewpoints used to calculate
parallax angle (1 AU is the
baseline used for calculating
star parallax)

our position in space changes
and we see the stars arranged
slightly differently. We can
parsec measure the angle between the
the distance at which a
star appears to move one
arcsecond in six months

(equal to 3.26 light years or
30 trillion km)

apparent location of a nearby
star and a ‘fixed’ distant star.
This is called the parallax

angle. Using the distance between Earth and the Sun
(the astronomical unit or AU) as the baseline and
some trigonometry, we can work out how far the star is
from Earth.

This technique enables us to measure distant stars in
parsecs (pc): one parsec is equal to 3.26 light years or

30 trillion kilometres.

Using parsecs to measure distance makes it easier to

calculate distances with the following formula:

1

parallax angle (in arcseconds)

Distance to star (in pc) =

The further away a star is, the less it appears to move due
to parallax, and the smaller the parallax angle becomes.
This gives a limit to the distance that we can measure
using the parallax method, because when stars are too far
away, their parallax angle is too small to measure.

Parallax

View from Earth in January

® Distant stars
° e % o !
\ .
) ®

Earth in Nearby star

January
I/’ 11 AU S Nearby
I \ star
| Sun < ®
\\ .

Earth in
July

View from Earth in July

0.;0‘0

Nearby star

Figure 6.19 Astronomers can work out the distance to nearby stars by comparing their apparent
location relative to the background of distant stars (which are unaffected by parallax).

Quick check 6.5

1 Does a light year measure time or distance?

2 Will a closer star have a larger or smaller parallax angle?
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Practical 6.2

Parallax

Aim

To investigate the use of parallax angles to reliably calculate distance.

Materials

* an ‘object’ (something that can be placed in the middle of the school oval and be visible from the perimeter)
e 2rulers

* large protractor

e trundle wheel

Procedure

Part 1: Prepare the results table
Draw the table shown in the results section into your science journal. You will be collating your results with the
class to analyse the reliability of this method.

Part 2: Set up the distances

1 Your teacher will place an object in the middle of the school oval (the whole class will determine the distance
to this one object).

2 Find a location near the perimeter of the oval where the object lines up with a distant landmark; for example,
a tree, the edge of a fence, a gate, the edge of a building or a flagpole.

3 Atthis location, use the two rulers and protractor to
make a right angle, angle (A) perpendicular to the line * A very distant

going through the object and the landmark, as shown in tree or landmark
the diagram.
4 Measure out a 5 m line along this perpendicular direction
(this will be your baseline).
5 Atthe end of the 5 m line, use the two rulers and Object
protractor to measure angle (B) (between the base line
and the ruler directed towards the object). (You may have
to lie on your stomach to line up the objects by sight.)
Results
. Parallax
1 Calculate the parallax angle (P) by subtracting the angle angle (P)
(B) from 90°.
2 Use trigonometry D = to calculate the distance 5
(D) to the object. tan (P) %i
3 Use the trundle wheel to measure the actual distance to g
the object. § Measure
4 Calculate the relative error. B this angle
5 Combine data on a class board or spreadsheet. e
6 Draw a scatter plot to analyse the relationship between -7
the distance to the object and its parallax angle. xS ) “”15’;2
7 Add a line of best fit to the graph if possible. Note i & b\
the type of line that fits best to reflect the relationship
between the two variables. A 5m B
continued...
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...continued

Relative error

Baseline Calculated Measured
. . . Measured _ Calculated
distance distance to distance to cfsEnee e
(m) Angle B (°) | the object (m) [ the object (m) [ 1o distance *x 100
Group 1 5
Group 2 5
Group 3 5
Group 4 5
Group 5 5
Group 6 5
Mean 5
Discussion

1 Describe the relationship between the parallax angle and the calculated distance.
2 Describe the amount of relative error for your own calculations and the mean relative error for the class group.
3 Instrument error is one factor that could affect the precision of the experiment. Were other factors that could
affect the validity of the results successfully controlled during the experiment? Justify your reasoning.
4 Suggest any other changes that could be made to the method to improve the validity of the results in
future experiments.

Doppler effect The Doppler effect results in a lower frequency wave. You hear it

a change |'i';§;agf§:::fi¥t§; as a lower pitch. This phenomenon is called the

from an object when it When you hear an ambulance Dopoler effect

moves towards or away from . . PP :

oh observer travelling past you, the pitch of the

blue shift siren changes as it passes. When The same phenomenon happens with light

a spectrum shifted towards . . . . . K

shorter wavelengths the ambulance is travelling towards waves if an object is travelling fast enough.

red shift you, the sound wave is a little more When the object is travelling towards you, the

a spectrum shifted towards . A . o . .

longer wavelengths squashed than usual and results in a light it emits is of a higher frequency, which

higher frequency wave. You hear it translates to the light appearing more blue.

as a higher pitch. When the ambulance is travelling away from This is called blue shift. When the object is
you, the sound wave is a little more stretched than usual and travelling away from you, the light it emits is of

a lower frequency, which translates to the light

Doppler effect

aulya AN appearing more red. This is called red shift.
When astronomers look at spectra from distant
Low High galaxies, they find that the emission lines are
frequency frequency  almost always shifted towards the red part of the

spectrum. This tells us that the vast majority of

galaxies in the universe are moving away from us.

Figure 6.20 Sound waves are squashed together as
the ambulance travels into them, so we hear a higher
pitch. Sound waves are spread out as the ambulance
moves away from them, so we hear a lower pitch.
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Travelling large distances
gfarg near the speed of light with current technology. Even

Interstellar travel (that is, travelling outside our solar if we develop such technology in the future, travelling
system) throws up quite a few problems. These problems close to the speed of light has its own problems: it would
relate to the vast distances that we would need to travel not only require an enormous amount of energy to
in order to find and inhabit a new planet. Light takes accelerate a conventional space ship leaving the earth
just over four years to reach the closest star to our solar to 99% of the speed of light, but an equally enormous
system, Alpha Centauri. We cannot travel even remotely amount of energy to decelerate at journey’s end.
Advances in science 6.2
Dr Abigail Allwood

Dr Abigail Allwood is the first female and first Australian principal investigator on a NASA Mars Rover mission
searching for evidence of life on Mars. She grew up in Brisbane and studied stromatolites, detection of life
on other planets and evolution of life on early Earth at Queensland University of Technology and Macquarie
University in Sydney.

Section 6.3 questions

o) Remembering
1 Define the term ‘light year’ in your own words.

2 Recall the units used to measure parallax angle and star distance.
Quiz

Understanding
3 Explain why an ambulance siren changes to a slightly lower pitch as it drives past you.

Applying
4 An astronomer collects data from a star in January and then again in July and finds that its parallax angle is
0.8 arcseconds. Calculate the distance to the star. Express your answer in parsecs and light years.

Analysing
5 Explain what happens to the colour of light when stars move towards one another.
Evaluating

6 An astronomer finds that the spectral lines from a distant galaxy are shifted towards the red part of the spectrum.
Propose what this tells us about the galaxy and what it implies about the universe.
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@ The Big Bang

Learning goals
1 To appreciate how scientific thinking is refined over time

2 To recall how the universe began
3 To describe the evidence to support the Big Bang theory
4 To explain how this evidence supports the Big Bang theory

The beginnings of a theory dropping the cosmological constant and accepted the

expanding universe.
Albert Einstein, a theoretical physicist, developed the

theory of General Relativity between 1907 and 1915. He

By 1930, the expanding model of the universe was
proposed the existence of a ‘cosmological constant, a

generally accepted by cosmologists to be unsatisfactory.

term that he pioneered in 1917. The implication of it was As you can see, the scientific community is constantly

that the universe was static or non-evolving. reviewing their knowledge base with each new discovery

and advances in technology.
In 1927, Georges Lemaitre, a Catholic priest, astronomer,
mathematician and cosmologist, published a solution to Lemaitre explored the consequences of the expanding

the equations of General Relativity that built the case for universe even further. He reasoned that since the

an expanding universe. This was radically different to universe was expanding, then at some point in the

what the scientific community believed at that time. past, it must have originated from an initial point. He
proposed that the beginning of the universe came from

a single point he called the ‘Primeval Atom’ It was a

bold proposal, and the scientific community met it with
scepticism. Yet this idea was the start of what we are now

familiar with: the Big Bang theory.

The term ‘big bang’ was first used by steady state
astronomer Fred Hoyle while he was on a radio talk
show for the BBC in 1949. The term stuck. However,

it took another thirty years for the expanding universe

to be generally accepted. It was the discovery of cosmic
microwave background radiation in 1964, by Arno
Penzias and Robert Wilson, both radio astronomers, that
proved conclusive. Lemaitre died in 1966 and lived just

long enough to see his theory finally accepted.

Figure 6.21 Georges Lemaitre was also a professor of physics

at the Catholic University of Louvain in Belgium. Our present theories about the origin of the universe
continue to evolve. The inflationary model, dark energy
In 1929, Edwin Hubble and his team published a paper and dark matter are all currently being investigated, and
demonstrating that other visible galaxies seemed to a new generation of telescopes (e.g. the James Webb
be speeding away. This Space Telescope) are being built. Over the last 100 years
;i',?;;ﬂ:g’::g}':}ion supported Lemaitre’s views. the scientific community has been constantly reviewing
gﬁ%{/"gﬁg:ﬁfgiﬁ'ﬁ;'on At this point, Einstein and refining theories about the origin of the universe in
sz el i uriven: revised his equations, accordance with new discoveries.
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Quick check 6.6

What discoveries supported Lemaitre’s model of the expanding universe?

Contributions of countless many

It would be impossible to name every single individual
involved in shaping our understanding of the universe
to what it is today. Conduct some research on Jocelyn
Bell Burnell and Alan Guth and summarise their
contributions. How does their work link directly or
indirectly to the Big Bang theory?

Figure 6.22 Jocelyn Bell Burnell (left) and Alan Guth (right) are
two of the countless great minds in the modern era.

consistent with them being created
in a Big Bang and not inside stars Li

through nuclear fusion.

WORKSHEET

» Radiation left over from the Big
Bang, called cosmic microwave
background radiation, is consistent with the rate of

cooling calculated from such an explosion.

Cosmic microwave background

Radiation is the name that we give to all frequencies of the
electromagnetic spectrum. Radiation was emitted from the
Big Bang, and we can still observe that radiation today. It

exists in the form of very low-

singularity

a point at which infinitely
dense matter occupies an
infinitely small space

frequency waves, even lower

) . o , frequency than radio waves,
Figure 6.23 Lemaitre and Einstein met on several occasions,

one of which was at Lemaitre’s lecture at the California Institute and was discovered in the
of Technology. 1960s, almost by accident. Two radio astronomers noticed

a subtle continuous buzzing that came from the skies
Evidence for the Big Bang and initially thought that it was some type of interference

The Big Bang theory suggests that the universe was coming from their antenna. They soon realised they were

created 13.7 billion years ago from a very small, yet detecting the cosmic microwave background.

very dense singularity. Three main pieces of evidence

support the Big Bang theory: When discrete particles of radiation (photons) are

emitted in space, they continue to radiate outwards
o Almost all galaxies are red shifted, which means that forever. This is just like if you threw a tennis ball in

. . space — it would continue its motion forever according
almost all galaxies are travelling away from each

other. This suggests that the universe is expanding. to Newton’s first law. For example, when we look at the

. The abundance of smaller elements in the universe is light from Alpha Centauri, it has taken 4.4 years to reach
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Earth, so we are actually looking 4.4 years back in time.

So, when we observe cosmic microwave background
radiation, we are looking back in time to the earliest
observable light in the universe. These photons were

emitted just under 13.7 billion years ago!

Dark energy
dark energy
a theoretical force
responsible for accelerating
the expansion of the

universe fact that light from other

We know that the universe

is expanding because of the

galaxies is red shifted. What is really interesting is that
galaxies are not just moving away from all other galaxies,
but they are doing so at an accelerating rate. It seems
that there is some sort of unobservable pressure that

is making the universe expansion rate accelerate. This
unknown pressure has been termed dark energy. It is
amazing to think that in the future, the universe may
have expanded so vastly that all other galaxies will be
outside our observable universe, so we will not actually

be able to see anything beyond our own galaxy!

13700000 000 years
after the Big Bang
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First stars
400000000 years
after the Big Bang

Inflation

Formation of
the solar system
8700000000 years
after the Big Bang

First galaxies
1000000000 years
after the Big Bang

The dark ages

Cosmic microwave
background
400000 years
after the Big Bang

The Big Bang

Figure 6.24 The history of the universe
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Age of the universe

Edwin Hubble made his observations about galaxies

in the 1920s, and observed that many ‘clouds’ of dust
and gas were actually distant galaxies. He noticed that
these distant galaxies were different sizes and concluded
that the smaller ones must be further away. While this
assumes that all galaxies are the same size, which they
are not, it is nevertheless a pretty good approximation at
these distances.

Hubble calculated the recessional velocity of the galaxies

(that is, the speed that they are travelling away from us)

Figure 6.25 The Wilkinson Microwave Anisotropy Probe by recording the red shift of their spectra. The further the
(WMAP) spacecraft operated in the early 2000s to collect spectral lines are shifted towards red, the faster the galaxy
temperature data from the cosmic microwave background. is moving. Hubble found that the further a galaxy is from

us, the faster it is travelling
recessional velocity

away from us, so he proposed the relative rate at which a
. . tar i i fi

a relationship between L DI AT

distance and recessional Hubble’s law

. . . .. the further away a galaxy is,
velocity. This relationship is the faster it is moving away

called Hubble’s law. from Earth

Figure 6.26 Data collected from WMAP was used to give a
temperature map of what the universe looked like shortly
after the Big Bang.

Advances in science 6.3

Professor Brian Schmidt
Professor Brian
Schmidt, Australian
National University,
was one of the
scientists who
discovered that
the universe’s

expansion rate is

accelerating rather Figure 6.28 Edwin Hubble, one of the most important

than decelerating. astronomers of all time
He received the , . .
L Hubble’s law demonstrates that the universe is not
Nobel Prize in

Physics in 2011 for

his discovery.

just expanding outwards from Earth, but rather it is

expanding from everywhere. If it was only expanding
Figure 6.27 Nobel Prize laureate,

Professor Brian Schmidt away from Earth, then the recessional velocity would be

the same for all galaxies.
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Practical 6.3

Modelling the expanding universe

Aim

To model the expanding universe with a balloon and evaluate the limitations of the model.
Materials

* balloon * ruler

e small dot stickers e paperclip

* permanent marker * stopwatch

e piece of string around 40 cm long
Procedure

Part 1: Prepare the results table
Draw the table shown in the results section into your science journal.

Part 2: Set up the model

1 Partially blow up the balloon to about 10 cm in diameter and secure the end with a paperclip (do not tie the
balloon as you will need to further inflate it later).

2 Stick six dots on the balloon at random points and label one H (for home) and the others A, B, C, D and E.
The home dot represents the Milky Way and the other dots represent neighbouring galaxies. You may add
more than five neighbouring galaxy dots if you like.

Part 3: Measure the variables

1 Use the string and ruler to measure the distances HA, HB, HC, HD and HE, and record them in the results
table under D,.

2 Remove the paperclip, then fully inflate the balloon, timing how long it takes you to do this with the
stopwatch. Tie the balloon off.

3 Measure the five distances again and record them in the results table under D,.

Results

Mean speed (cm/s)

Position on balloon D, (cm) D, (cm) _(b,-D)
t

HA
HB
HC
HD
HE

1 Calculate the mean speed that each dot was moving away from the home dot in the time () it took you to
D,-D
blow up the balloon, by using mean speed = M
2 Draw a scatter plot to analyse the relationship between mean speed (on the y-axis) and the D, (on the x-axis).
3 Add a line of best fit to the graph if possible. Note the type of line that fits best to reflect the relationship
between the two variables.

continued...
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...continued

Discussion

1 Describe the trend or pattern that is found when the line of best fit was applied to the graph. What type of
relationship was found?

2 Suggest how you apply this relationship to understanding the movement of galaxies and expansion of
the universe.

3 Predict the misconception that might arise if you drew the galaxies on with the marker rather than using stickers.

4 Evaluate the limitations of using a balloon as a model for 3D space and suggest a better model.

5 Can a valid conclusion regarding the expansion of the universe be drawn from modelled experiments such as
this one? Support your statement using data and limitations of the model.

6 Suggest any changes that could be made to the method to improve the quality of the data in future experiments.
Justify your suggestions by explaining how each change will improve the reliability or validity of the data.

Section 6.4 questions

Remembering p—

1 Recall the age of the universe. o X
2 List the evidence that supports the Big Bang theory.

Quliz

Understanding
3 Discuss the assumption that Hubble made about galaxies and what he concluded about galaxies
that appeared smaller than others.

Applying

4 Explain why the abundance of smaller elements in the universe gives evidence for the Big Bang.
Analysing

5 Describe the relationship between dark energy and the Big Bang theory.

Evaluating

6 Imagine a Year 6 student asked you how big the universe is. Propose one way to demonstrate the enormous size
of the universe.

7 Propose how theories and discoveries work together to refine scientific thinking. Use how we think about the

origin of the universe as an example.
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Chapter review

Chapter checklist

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

Success criteria Check
6.1 | can summarise the changes in the model of the universe that have been

proposed over time. SCORCHER

e.g. Contrast the heliocentric and geocentric models of the universe.

6.2 | can describe the formation and life cycle of different stars.
e.g. Recall how a red giant is formed.

6.3 | can determine the distance that stars and galaxies are from Earth.
e.g. Recall how parallax can be used to measure distances in space.

6.3 | can describe the Doppler effect.
e.g. Contrast red shift and blue shift.

6.4 | can describe the Big Bang.
e.g. Explain how cosmic microwave background is considered evidence for the

Big Bang.

Reflections

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

The universe is home to billions of stars, many much larger and much brighter than the star we call ‘the Sun’.

Figure 6.29 presents a selection of stars in our universe and shows their surface temperature and luminosity. As a
reference, the Sun has a luminosity of 1 and a surface temperature of approximately 5800 K. The stars in Figure 6.29
belong to four different categories depending on their properties: the main sequence, white dwarfs, red giants, and
blue and red supergiants.

6 —I Blue and red supergiants
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00,900 o .
e g 00 %9 o0 ¢
4 _|
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= Main ; ..
2 ] Q
§ 10 sequence
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Figure 6.29 A Hertzsprung-Russell diagram illustrating the surface temperature and luminosity of various stars in the universe

1 Identify the category of star to which our Sun would belong.

2 Determine which category of star is most luminous.

3 The x-axis provides the star surface temperature in units of kelvin (°C = K — 273). Given the surface temperature
of the Sun is 5800 K, calculate the surface temperature in °C.

4 ldentify the trend of surface temperature and luminosity of stars in the main sequence.

5 Contrast the properties of white dwarfs and red giants.

6 ldentify any patterns occurring in the properties of blue and red supergiants.

7 Alarge star has been discovered and classified as a main sequence star with a surface temperature of 25000 K.

Deduce the luminosity of this star compared to the Sun.

8 New data have suggested that this new star (from Question 7) is almost 100000 years old, its surface
temperature is cooling and it is becoming slightly more luminous. Predict the category this star will belong to as
it changes properties from the main sequence.

9 Compare the properties of all four categories of star. Do you think the size of a main sequence star will ultimately
determine whether it becomes a supergiant/giant/dwarf?
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Creating a representation of our solar

system to scale

Activity instructions dwarf planets. You will need to make sure that your

scale model helps others gain a better idea of the

The scale of the universe is immense. In this . .
vastness/true size of our solar system. To do this,

activity you will collaborate in groups to create a you will need to make sure that you find a way (for

representation of our planetary system to scale, usin . .
P P ysy ! 9 example, a formula) to convert distances and diameters

hands-on materials, while recordin r journey. Th . ,
ands-on materials, while recording your journey. The of planets into something humans can comprehend.

scale model must include all the planets and known

Figure 6.30 A representation of our solar system where the distances are not to scale, but the sizes are to scale.

Design brief: Design a scale model of the universe and present this information in the form of a vlog (video
blog or video log).

Suggested materials Research and feasibility
Model 1 Using the information in Table 6.2 on the following

e a basketball or soccer ball (the Sun) page, research how you could create a formula

large reel of measuring tape to assist you to convert all values from millions of
colouring pencils, cardboard and paper to kilometres to more manageable units (metres or

create your planets centimetres). What skills do you need to perform
protractor that task? Record all information on your vlog.

scissors 2 Discuss in your group the feasibility of presenting
movie-maker software and recording device the scale model within the restrictions of school.
List your ideas of how to demonstrate the vast size
Note: You may need to use the school oval to really of the solar system.

represent the distances involved.
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3 Record your research and results as the Research this dwarf planet is very different from other

and feasibility section of your vlog. dwarf planets.
6 Planets orbit around the Sun on elliptic orbits.
Design and sustainability a

4 Analyse Table 6.2 and make a statement about

Compare and contrast the average distance
from the Sun of planets and dwarf planets.

how the orbital period of a celestial body is b How do the orbits of dwarf planets compare

affected by its distance from the Sun. Explain (visually) to the orbit of inner planets in our

your reasoning. solar system? You can draw or sketch your

5 The dwarf planet Haumea has been described as answer if you like.

‘eccentric’ by its discoverers. Analyse Table 6.2 7 Record your analysis as a Design and sustainability

and determine which bit of data shows how section of your vlog.

Name of Average distance Diameter Time to spin Time to Distance Diameter
planet from Sun (km) (km) on axis orbit Sun scale (m) scale (cm)
Mercury 57900000 4878 59 days 88 days
Venus 108160000 12104 243 days 224 days
Earth 149600000 12756 23 hours, 56 mins  365.25 days 2 10
Mars 227 936 640 6794 24 hours, 37 mins 687 days
Jupiter 778369000 142984 9 hours, 55 mins  11.86 years
Saturn 1427034000 120536 10 hours, 39 mins 29 years
Uranus 2870658186 51118 17 hours, 14 mins 84 years
Neptune 4496976000 49532 16 hours, 7 mins  164.8 years
Dwarf planets
Ceres 413900000 950 9 hours, 4 years,
5 minutes 220 days
Pluto 4436820000 to 2370 6 days, 9 hours 248 years
7375930000
Haumea 5260000000 to 1960 x 1518 4 hours 258 years
7708000000 x 996
Eris 5665500000 to 2326 7 hours, 557 years
14634000000 46 minutes

Table 6.2 Some information about planets and dwarf planets within our solar system

Create Evaluate and modify

8 Create your 2D solar system model. Make sure to 10 Edit your vlog into a video file that can be shared.
include your scale. 11 Reflect on how effective your vliog is in

9 Record the whole creation of your 2D model in the demonstrating the vastness of our solar system.
Create section of your vlog. 12 Present your vlog to the class and discuss the

use of vlogs to share information, and the
effectiveness of its use.
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PRE-TEST

Our knowledge of how the world works
continuously improves and deepens with the
addition of new information from discoveries
and experiments. It was not so long ago that
it was thought that Earth's surface was like the
skin of an apple — unbroken. In this chapter, you

will learn how changing ideas about the structure

of Earth have led to a greater understanding of
why geological natural disasters occur. You will look
at the impact of these natural disasters and how early
detection methods using modern technology have

reduced their impacts.
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182 Chapter 7 OUR CHANGING EARTH

@ Continent movement theories

Learning goals

1 To recall the theory of continental drift and the evidence supplied for this theory
2 To describe how sea-floor spreading contributed to our understanding of plate tectonics
3 To explain how patterns in rock magnetism give evidence for plate tectonics

Since the late sixteenth century, scientists

DOC
Ti have speculated that continents may

have drifted on the Earth’s surface. In
WORKSHEET ) . ,
this section, you will learn about the

contribution that various scientists have

made to the understanding of the theory

VIDEO of continental drift.
Alfred
Wegener

Alfred Wegener - continental
drift

In 1912 Alfred Wegener, a German geophysicist and

meteorologist, proposed his theory of continental drift.

632

1880-1930

Figure 7.1 Alfred Wegener

ISBN 978-1-108-99259-6

Wegener hypothesised that Earth’s continents were once

part of a giant landmass, which he called Pangaea.

North America

South America

Figure 7.2 Wegener proposed that all the continents were
once together in a giant landmass called Pangaea.

Over time, this giant landmass  continental drift
the theory of how the

broke up and drifted apart to continents on Earth have

form the continents that you moved over millions of years
. Pangaea

know tOdaY' Flgure 7.3 shows the supercontinent which has

since broken into pieces and

how the continents have drifted apart

moved over millions of years.
Follow the movement of Australia to see how far we

have moved in that time.
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Section 7.1 CONTINENT MOVEMENT THEORIES 183

100 million years ago

Continental drift of plates

Earth today

Figure 7.3 The movement of the continents from a single landmass (Pangaea) to their current locations

A scientific theory cannot arise without evidence. So
how did Wegener justify his theory to the scientific
community? Wegener put forward four different pieces
of evidence to support his theory.

1 Continental outlines matched

You can see from Figure 7.4 that, when put together,
some of the existing continents look like they fit into
each other — just like pieces of a broken jigsaw puzzle.
You could argue that this is just a coincidence, so

Wegener needed more evidence to back up his theory.

South America

Figure 7.4 The outlines of Africa and South America fit
together like pieces in a jigsaw puzzle.

ISBN 978-1-108-99259-6

2 Similar fossils were found on different
continents

When observing the types of fossils on different
continents, Wegener found examples of the same
prehistoric land-based creatures on continents that are
now separated by oceans. He stated that the land masses
must have been together at some stage (as shown in
Figure 7.5) because these animals could not swim from
one continent to another. Opposing geologists argued
that land bridges could have existed in the past when
ocean levels were lower. These land bridges would have
allowed the fauna and flora to cross between continents.

3 Rock types on different continents
matched each other

When Wegener put the continents together, he also
found that bands of different rock types matched up,
giving further weight to his theory.

4 Coal found in cold areas and evidence of
glaciers found in the tropics

Coal only forms in hot and humid areas, and glaciers
only form in cold areas, so how could there be coal in
cold areas and evidence of past glaciers in regions that
are now hot? Wegener concluded that this land could
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184 Chapter 7 OUR CHANGING EARTH

South America

Figure 7.5 Wegener found that fossils on different continents matched up, supporting his theory of

continental drift.

have once been part of the same landmass and in a
different location.

Despite all the evidence compiled by Wegener, he was
unable to convince the scientific community at the time
of the validity of his hypothesis. Alternative theories

(like the land bridges) were proposed, and geologists
questioned his credibility because he was a meteorologist
and geophysicist known for polar climate research, and
not a geologist. However, the main flaw of Wegener’s
hypothesis was that he had no explanation for the
mechanism behind the movement of the continents.

Figure 7.6 Coal only forms in hot, swampy areas; glaciers only form in cold areas.
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Section 7.1

Quick check 7.1

1 What is the name of the scientist who is

best known for proposing the theory of
continental drift?

2 List the four different pieces of evidence he used
to support his theory.

3 Outline why his theory was not accepted at
the time.

The story of Alfred Wegener is a tragic one. In 1930, he
and another team member were caught in a blizzard on
an expedition in Greenland and did not survive. At the
time, his hypothesis was still yet to be accepted by the
scientific community.

Harry Hess - seafloor spreading

Around 30 years after the death of Alfred Wegener,
new evidence came to light that appeared to support
the theory of continental drift. Harry Hess, a professor
of geology at Princeton University in the United States,
first became interested in the ocean floor while serving
in the US navy during World War II. During this time,
he had access to sonar which allowed him to create a
map of the ocean floor. Sonar works by sending sound
waves into the ocean; when they bounce back they are
picked up as an echo. The time they take to bounce back
indicates the depth of that part of the ocean.

Most people at that time thought that the ocean floor was
flat. However, when Hess mapped the ocean floor, he

Figure 7.7 Harry Hess, a professor of geology who mapped the
ocean floor
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CONTINENT MOVEMENT THEORIES

Figure 7.8 A map of the Mid-Atlantic Ridge and its volcanoes
running down the middle of the Atlantic Ocean

found it contained deep trenches, underwater mountain
ranges and volcanoes. What surprised Hess the most was
that his findings appeared to show that the ocean floor was
changing. He discovered mid-ocean ridges that were raised
about 1.5 kilometres (km) above the flat sea floor.

In his book The History of Ocean Basins, Hess wrote
that volcanoes lining up along these ocean ridges bring

up molten rock from under :
seafloor spreading

a process by which new
oceanic crust is produced as
sea floor moves away from
ocean ridges

Earth’s crust. This molten rock
cools and forms new oceanic
rock. As more and more
oceanic rock is produced, the sea floor moves away from
the ridges. Hess called this process seafloor spreading.
This was a crucial piece of evidence to support Wegener’s
theory. If oceans are moving away from one another,
then continents on either side of the ocean must be
doing the same. Hess also proposed that the old ocean
floor was sinking in a process called subduction, forming
ocean trenches, (as shown in Figure 7.9). You will look at
subduction in more detail in the next section.

Ocean

Bedrock

Bedrock

What people expected
the ocean floor
to look like

Harry Hess's map of
the ocean floor

Figure 7.9 The sea floor is more interesting than was
previously thought.
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Advances in science 7.1

Journey to the bottom of the sea
The Challenger Deep, located in the
Mariana Trench in the western Pacific
Ocean, is the deepest known point in
the Earth’s ocean, measuring a depth of : :
10994 metres. : [ - - o .&‘-
The first people to reach the bottom mill e -
of the Challenger Deep were Don ;
Walsh and Jacques Piccard. Having
found the deepest part of the trench by
blowing up TNT and timing how long
it took them to hear the sound, they
climbed into a steel cabin that was very
cramped for two adults and descended.
About 9400 m down, they heard a loud
bang, but as there appeared to be

Figure 7.10 Trieste Il was a deep-diving manned submarine built in 1964.
nothing wrong they carried on. Later they

found out that a window had cracked.

Walsh and Piccard descended for nearly 5 hours, passing glowing creatures as they went. Finally, the cabin
touched the ground, stirring the ocean floor beneath it. They waited for 20 minutes and then started the long
ascent, which took 3 hours and 15 minutes, back to the surface.

Figure 7.11 Don Walsh (second from right) reached the bottom of Figure 7.12 The only light that can be observed in the
the Mariana Trench in 1960. ocean depths is created by the animals that live there.
This is called bioluminescence.

Did you know? 7.1

Extreme exploration

In 2020, former NASA astronaut Kathryn Sullivan became the first person to both walk in space and descend
to the deepest known point on Earth, after making the 11-kilometre ocean dive to the Challenger Deep. Her
3.5-hour space walk was in 1984.
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Quick check 7.2

1 Name the ridge located in the Atlantic Ocean.

2 Recall the name of the technique Harry Hess used to map the ocean floor.

3 Describe the results and major discovery of Harry Hess's ocean floor mapping.

Fredrick Vine, Drummond Matthews
and Lawrence Morley - reading the
ocean floor

A few years after Hess proposed his theory of sea-floor
spreading, further evidence was discovered to support
his theory. Fredrick Vine and Drummond Matthews
were British geologists who first worked together
when Vine was a PhD student under Matthews at the

= N .

normal magnetic polarity

1

reversed magnetic polarity

lithosphere

University of Cambridge in the late 1950s. Their work
using magnetometers (which measure the direction of
magnetic fields) showed that the sea floor has bands of
alternating normal and reverse magnetism, running
parallel to the mid-ocean ridge. At the same time
Canadian geologist Lawrence Morley also came up with
the same idea. Vine and Matthews however were the first
to publish their findings in 1963.

Mid-ocean ridge

Time

Figure 7.13 The pattern of magnetic stripes on the ocean floor

Vine and Matthews knew that the new molten rock
produced by the ocean ridges contained magnetite, a
magnetic mineral. While the molten rock cooled and
solidified, the magnetite aligned with Earth’s magnetic
field, with its magnetic poles matching the Earth’s
magnetic poles. On average, Earth’s magnetic field
reverses direction every 450000 years, and the cooling
rock preserves the record of Earth’s polarity at that time.

ISBN 978-1-108-99259-6

For rocks to have their magnetic minerals aligned in
different directions, they must have formed at different
times. As the pattern of magnetic stripes leading away
from the mid-ocean ridges is symmetrical, this led to
Vine and Matthews to conclude that new sea floor was
being added equally to each side of the ridge. At around
the same time, but quite independently, Canadian
geologist Lawrence Morley also saw the significance of
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the changes in the Earth’s magnetic field, magnetism increase in age. This is exactly what Vine, Matthews and
of the new oceanic crust and seafloor spreading as a Morley found.

mechanism for continental drift. That is why it is often
called the Vine-Matthews—-Morley hypothesis.

Further evidence to support the notion of seafloor
spreading comes from the age of the rocks on the sea

floor. If new rock is forming at the ridge and spreading
out equally in opposite directions, you would expect that Figure 7.14 Earth’s magnetic field has switched direction

as you move further away from the ridge, the rock would 183 times in the past 83 million years.

Quick check 7.3

1 Identify the name of the mineral in molten rock that is magnetic.

2 Discuss what happens to this magnetic mineral when the molten rock cools.

3 How did the presence of magnetic stripes in rocks parallel to ocean ridges prove that the sea floor was
spreading?

4 What other piece of evidence supports Hess's theory of seafloor spreading?

Try this 7.1

1 Get a piece of paper and re-create the diagram below, which shows the Earth’s magnetic field changing over
time from the present (centre) to the distant past (left and right edges).

N N N N N N N N
A A A A A A

— Z m wvw m X T

\/ \ / \/ \/ \/ \/
N N N N N N

2 Fold the paper in half in the middle of the section labelled ‘Present’.

3 Put the paper into a gap between two tables with the two short ends of the paper on the tables' edges, and
the reminder of the paper dropping down into the gap. Push the tables together so that the gap is closed and
most of the paper cannot be seen.

4 Pull apart the ends of paper to show the movement of the sea floor away from an ocean ridge.

You have just modelled seafloor spreading!
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Section 7.1 questions

Remembering

1 Name the theory proposed by each of the following scientists.
a Alfred Wegener

b Harry Hess. Quiz

2 Describe one piece of evidence that Wegener used to back up his theory.
3 Recall the piece of evidence that proved Harry Hess was correct.

Understanding

4 Explain why Wegener's theory was not accepted during his lifetime.

5 Show using labelled diagrams the results of Harry Hess's mapping of the ocean floor.
6 Describe how sonar works.

7 Outline the evidence that supports Harry Hess's theory of seafloor spreading.

Applying
8 Organise these major discoveries (A-E) on the movement of continents into chronological order (the earliest first).

A Harry Hess states that the sea floor is spreading outwards from mid-ocean ridges.

B Alfred Wegener outlines his theory of continental drift, stating that all the continents were once part of
a large landmass, which has split up and drifted apart.

C  The age of rock confirms that new rock is forming at mid-ocean ridges.
Magnetic striping patterns in the ocean rock confirm that new rock is constantly forming.

Harry Hess maps the ocean floor and confirms that it contains deep trenches, mountains and even
volcanoes.

Analysing
9 Distinguish between magnetic striping and magnetic field reversal.
10 Compare and contrast the properties of oceanic rock as you move away from a mid-ocean ridge.
11 Classify the following as theory or evidence.
a The sea floor spreads away from a mid-ocean ridge.
b The rock is older the further away from a ridge.
¢ The continents drifted away from one another.
d  Rock types on different continents match up with one another.

Evaluating

12 Deduce what would happen to a compass if Earth’s magnetic field was to change direction now.

13 Demonstrate by use of a diagram how Earth’s magnetic field has switched over time.

14 With the example of Alfred Wegener and Harry Hess, assess the impact of current scientific ideas with the
willingness to adopt new theories.
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e Plate tectonics and plate movement

Learning goals
1 To recall the three types of plate boundaries

2 To describe the key features of each plate boundary

3 To explain how convection currents and gravitational forces cause plate movement

With the help of Harry Hess, Fredrick Vine, Drummond

Matthews and Lawrence Morley, evidence for Wegener’s

crust
the top layer of Earth which supports
all life on Earth

mantle

the layer of the Earth underneath the
crust which is made up of mostly solid
rock and is where convection currents
take place

core
the inner part of Earth'’s structure

lithosphere

the solid outer layer of Earth
consisting of the crust and top layer of
the upper mantle. It is split into giant
slabs called tectonic plates

asthenosphere
the softer layer of rock under the
lithosphere

plate tectonics

the theory that the Earth’s lithosphere
is broken up into many pieces called
tectonic plates and that they are
moved by convection currents in the
mantle

tectonic plates

Earth’s lithosphere is split into gigantic
slabs of rigid rock which float on the
Earth’s surface

WORKSHEET

VIDEO
Plate
tectonics

theory of continental
drift was mounting. But
in order to explain how
the continents moved,
scientists needed to
understand more about
the structure of Earth.

Earth is made up of
four layers: the crust,
mantle, outer core and
inner core. The mantle
is divided into a lower
and upper mantle. The
lithosphere consists of
the topmost layer of the
upper mantle, which

is solid, and the crust.
The asthenosphere

Figure 7.15 Earth's layers
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is the softer layer of rock in the upper mantle, under
the lithosphere.

The crust is made of two different types of rock; oceanic
and continental crust. Oceanic crust is much thinner
and denser than continental crust, and supports the
world’s oceans. The continents and continental shelves

make up continental crust.

Scientists first proposed the theory of plate tectonics
in the late 1950s and early 1960s. They said that Earth’s
surface is split into tectonic plates, gigantic slabs of rigid

rock, which float on the Earth’s surface.

Quick check 7.4

1 List the layers of the Earth from the surface to the
centre of Earth.

2 Describe the differences between oceanic and
continental crusts.

3 State the name given to the giant slabs of rock
that make up Earth’s crust.

Crust: thinnest layer,
supporting all life on Earth

Lithosphere: crust and top rigid
layer of upper mantle

Asthenosphere: uppermost
layer in the mantle, more fluid
than the lithosphere

Mantle: made of semi-molten
rock which is quite dense

Outer core: completely liquid,
contains heavy metals

Inner core: made of heavy metals
which are solid despite the high
temperatures, due to the intense
pressure from the layers above
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Tectonic plates experience significant geological activity. You will find

out more about this in the next section. There are a few

As you can see from Figure 7.16, the major tectonic major plates and dozens of smaller or minor plates. No

plates are named after the continents that lie on them. . .
matter how small, every tectonic plate plays a role in

Australia is situated in the middle of the Australian shaping the Earth.

Plate, which is largely the reason why Australia does not

5 [k

SHNNSS
8

NORTH AMERICAN
PLATE

EURASIAN PLATE

CARIBBEAN
PLATE

PACIFIC
PLATE

cocL
AFRICAN
PLATE DN
A N =1
TRALIAN PLATE
v &

(‘; PACIFIC
PLATE

ﬂ ANTARCTIC W

Figure 7.16 The major and some minor tectonic plates on Earth’s surface

PHILIPPIN
PLATE

PACIFIC
PLATE

4

How do the plates
move?

Tectonic plates, which are

Lower

made from pieces of the crust mantle

and the topmost rigid layer
Hot rock
of the upper mantle (referred
to as the lithosphere), float
on top of the asthenosphere,

the next layer down in the

Figure 7.17 Convection currents in Earth’s mantle drive the movement of the tectonic plates.

upper mantle. In the top
layer of the upper mantle the rock is hard, but lower

down in the asthenosphere, the rock is softer and . .
o convection currents in the mantle

beginning to melt in places, a little bit like toffee when it -
o gravitational forces

ish . .

s heated o the rotation of Earth.

There are three main driving forces for the movement of The convection currents in the mantle are the most
tectonic plates: widely studied aspect of tectonic plate movement.
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The temperature increases as you move down through ,
Lithosphere

the mantle and get closer to the core. The heat created by

the core heats the rock in the lower mantle, causing it to

become less dense and rise towards the crust. As it rises

towards the cooler surface, it begins to cool down and

become denser. It is pushed aside by the hot rock that \) W hwo;;fl;

is still rising and falls back towards the core, as shown

in Figure 7.17. This cycle of hot rock rising and cooler ‘

rock sinking is called a convection cycle and is caused

by convection currents in Earth’s lower mantle. Figure 7.18 The sideways movement of rock in this example

causes the tectonic plates to move in opposite directions,

away from each other.
At the top of each cycle, the sideways movement of the /

cooling rock in the mantle causes the movement of the o .,
‘ o Gravity is another driving force for the movement of
tectonic plates above it. Figure 7.18 shows what can . I .
) tectonic plates. Gravitational forces cause older material

happen when the sideways

convection currents on the peaks and ridges to sink towards the ocean floor,

movement of rocks within movements of rocks in

Earth’s mantle due to aiding the movement of the plates. This is because the
temperature differences the mantle are in opposite . .

between the upper and o sinking dense crust drags the rest of the tectonic plates
lower layers directions.

and is the main cause of plate motion.

Quick check 7.5

What are the major tectonic plates named after?
Describe the differences in structure between the rocks in the upper and lower mantle.
Explain why hot rock rises.

B WN =

Describe how this movement of rocks in the mantle drives the movement of tectonic plates.

Practical 7.1

Observing convection currents
Aim

To observe convection currents.
Materials

e dark food colouring

e cold water

e 250 mL beaker

® ice cube tray

e Bunsen burner

® gauze mat

* tripod

* heatproof mat

Procedure
1 Mix 100 mL of water with some food colouring in a beaker (the darker the water the better).

2 Pour this mixture into the ice cube trays and place the trays in a freezer until the water has frozen.

3  Half fill a 250 mL beaker with cold water.
continued...
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...continued

4 Set up your equipment as shown in the diagram.

5 Set the Bunsen burner to a blue flame and concentrate the heat Beaker
on one corner of the beaker.
6 Drop an ice cube into the beaker and observe the water. Cold water
Results Gauze mat—e=e0——x——o——
Record your observations.
Discussion Heatproof — Tripod
1 Describe what happened to the ice cube when it hit the mat

warm water.

2 Describe the distribution of the coloured water from the ice cube Heat
just after it had melted.

3 Explain what you observed.

4 Discuss what happened to the distribution of the coloured water from the ice cube as the Bunsen burner
heated up the water.

5 Explain what you observed.

o

Describe and explain the appearance of the water at the end of the experiment.

7 Draw a labelled diagram to show what was happening to the water in the beaker.

What happens at plate boundaries? (conservative), relating to the  Jjate boundaries

the edges where t
movement of plates towards, ot kg

The direction of plate movement causes different types of away and alongside each other.

plate boundaries to form. Figure 7.19 shows the major
tectonic plates and the direction they are travelling. Table 7.1 summaries the three types of plate boundaries,

There are three types of plate boundaries: destructive the type of movement shown by each, and key features

(convergent), constructive (divergent) and transform and examples of these from around the world.

Type of boundary and Diagram and what
P v d Key features Example
movement happens to the crust?
Destructive (convergent) /’ﬁ Mountains Hikurangi subduction zone,
Plates move towards Trenches North Island, New Zealand;
each other Subduction zones Himalayan mountain range
Volcanoes
Crust is destroyed Earthquakes
Constructive (divergent) ﬁ// J Volcanoes Mid-Atlantic Ridge
Plates move away from Rifts (underwater volcanoes)
each other Ocean ridges
Crust is created
Transform (conservative) Earthquakes San Andreas Fault, California
Plates move parallel in
opposite directions ——
_i
Crust is conserved
Table 7.1 A summary of each type of plate boundary
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194 Chapter 7 OUR CHANGING EARTH

Figure 7.19 The major tectonic plates and their direction of travel. The small triangles on the lines indicate a convergent
plate boundary.

Explore! 7.1

The Chile Triple Junction
The Chile Triple Junction is located on the sea floor of the

Pacific Ocean off the southern coast of Chile. Use your A

preferred search engine to answer the following questions.

1 List which three tectonic plates meet at the Chile
Triple Junction.
2 Discuss why the triple junction is unusual.

Figure 7.20 The Chile Triple Junction
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Destructive boundaries

The effects and the features that form at destructive
boundaries depend on what the two plates are made
from. You have already learned that there are two types of
crust: oceanic and continental. Oceanic crust is thin and
dense; in comparison, continental crust is thicker and less
dense. So, what happens when plates with two different
types of crust on top of the upper mantle collide?

Quick check 7.6

1 Describe the movement of plates at a destructive
plate boundary.

2 What affects the features that form at this type of
plate boundary?

When an oceanic plate meets a continental plate
As the plate with the oceanic crust is denser than the
plate with the continental crust, when they collide,

the denser oceanic plate will sink underneath the
continental plate in a process called subduction. As the
oceanic plate sinks deeper and deeper into the mantle, it
begins to melt, forming magma. This magma can rise up

through the continental plate to form volcanoes.

—
—
~ —
Continental
Oceanic plate ——> plate
Subduction
Zone Magma

Figure 7.21 A subduction zone forms when the denser oceanic
plate subducts underneath the less dense continental plate.

Mountains and deep ocean trenches also form at this
type of destructive boundary.

Quick check 7.7

When two continental
plates meet

subduction
when the denser oceanic
plate sinks underneath less

. d tinental plat
When two continental place enee comnentatpiate

magma
hot liquid rock found
just below the surface of
the Earth

meet, both plates have the
same density, so when they
collide, subduction does not
take place. Instead, the crust buckles and breaks down.
The pressure of the collision forces the damaged crust

upwards, eventually forming mountains.

When two oceanic plates meet

Several events may happen when two oceanic plates
meet. If one plate is less dense than the other, a
subduction zone will be created. If they are equal

in density, the collision may create a ridge instead,
potentially forming islands.

Figure 7.22 The formation of mountains when two continental
plates collide

Figure 7.23 The Himalayan mountain range, the highest in the
world, was formed and is continuing to form at a destructive
plate boundary.

1 State the term which describes the action of one plate sinking underneath another.

2 List some of the features that can form at destructive plate boundaries.

3 Discuss why subduction does not take place when two continental plates collide.
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Practical 7.2

How dense are different rocks?

Aim

To compare the densities of different rock types.

Materials

e 4 different types of rock (basalt, granite, sandstone and chalk)
® 10 mL measuring cylinder

e displacement can

e balance

Procedure

Draw the results table below.

Measure the mass of each rock type and record in your results table.

Fill the displacement can with water.

Holding the 10 mL measuring cylinder at the spout of the displacement can, gently drop in one of the rocks.
Record the volume of water expelled in cubic centimetres (cm?) in the results table. (Note: 1 mL = 1 cm?)
Repeat twice more with the same piece of rock, refilling the can before each procedure.

Following the same procedure, repeat for the other rock types.

Calculate the average volume of water expelled from the displacement can.

NV 00O NONUT A WN -

Using the formula below, calculate the density of each rock type.
mass (9)

density (g/cm?) = —————
volume (cm?)

Results

Volume of water expelled (cm?) Mean X
Density

Type of rock Mass (g) Eeline (9/em?)

1 2 3 (em?)

Basalt
Granite
Sandstone

Chalk

Discussion

1 Organise the rocks from most to least dense.

2 Explain why the experiment was conducted three times for each rock type.

3 Explain why you should always measure at the bottom of the meniscus when measuring water levels.

4 Compare the density of each rock that you calculated to densities obtained from secondary sources on the
internet. How close were you to those values?

Conclusion

1 Identify which rock was the most dense and which rock was the least dense.

2 Using your results, explain why oceanic crusts made of basalt subduct underneath continental crust made
predominantly of granite at destructive plate boundaries.
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Did you know? 7.2

As the Eurasian and Indian plates are constantly
moving towards each other, Mount Everest — the
highest mountain in the world at 8850 m tall - is
actually getting taller each year, by 4 millimetres
(mm) in fact. If your ambition is to climb Mount
Everest, then you had better do it sooner, rather
than later, if you do not want to have to climb
even further!

Constructive boundaries
Plates moving away from one another are called
constructive plate boundaries.

In the ocean

When plates move apart in the ocean, magma (molten

rock) rises to fill the gap. As it reaches the colder surface,

the magma cools, forming igneous rock and gradually
building more oceanic crust.

Figure 7.24 A volcanic crater of basalt rocks near Portugal

On land

on land form rift zones. An active rift

Describe what
causes an
earthquake

from the rest of Africa. This rift will

new island version of East Africa.

ISBN 978-1-108-99259-6

Constructive plate boundaries that occur
zone is currently dividing Eastern Africa

eventually be filled with ocean, creating a

197

Quick check 7.8

1 Describe the movement of plates at a
constructive plate boundary.

2 List some of the features which can form at this
type of boundary.

3 Why are constructive plate boundaries also
known as divergent boundaries?

Transform boundaries

When plates move parallel to one another, but in
opposite directions, a tremendous amount of force

can build up in the form of friction, which stops the
plates from moving. When the force of the plate
movement overcomes the friction that is stopping
them from moving, the pressure is released in the form
of earthquakes. Transform boundaries are also known
as conservative boundaries as land is neither created
nor destroyed.

Figure 7.25 Thingvellir in Iceland is part of another fissure zone

running through the country, which is situated on the tectonic
plate boundaries of the Mid-Atlantic Ridge.
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Quick check 7.9

1 Describe the movement of plates at a transform

plate boundary.

2 List one of the characteristics of this type
of boundary.

3 Why are transform plate boundaries also known
as conservative boundaries?

()
WIDGET
Plate
movement at
boundaries
Figure 7.26 Earthquakes occur at transform boundaries. The
earthquake that occurred at the San Andreas Fault in 1906
caused this fence to separate by a huge distance.
Section 7.2 questions
Remembering o)

1 Identify the names of the three types of plate boundaries.

2 State the name of the mechanism which causes tectonic plates to move.

3 Label the following diagram showing the structure of the Earth. Quiz
4 Match the layer of the Earth (A-D) to its physical properties (1-4).
A Crust 1 Made of metals (iron and nickel)
Very hot temperatures
Under intense pressure from the layers above so is a solid structure
B Mantle 2 Made of dense solid rock which flows in the hot temperatures
C Outer core 3 Thinnest layer
Supports all the life on Earth
D Inner core 4 Made of metals (iron and nickel)
Very hot temperatures
Liquid
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5 Name a real-life example of each of the three types of plate boundaries.
6 Name two types of crust.

Understanding

7  Describe how temperature affects the structure of rocks in the mantle.

8 Explain why the physical states of the inner and outer core differ.

9 At destructive plate boundaries, crust is destroyed. Explain why the overall amount of crust on the Earth has
stayed the same despite this destruction.

10 Outline how magma forms at a subduction zone.

Applying
11 Construct a labelled diagram to show an oceanic plate subducting underneath a continental plate.
12 Identify the type of plate boundary where the following features would occur:

a trenches

b mountains

¢ earthquakes

d volcanoes

e ridges

f o orifts

g subduction zones.

13 Using the diagram below, model how convection currents in the mantle move tectonic plates.

Mantle

' CORE \

14 Compare and contrast oceanic and continental crusts.

Analysing

15 Analyse why mountains and trenches continue to increase in size.

Evaluating

16 Propose reasons why countries like Australia do not experience significant amounts of geological activity.
17 Explain why tectonic plates move across the surface of the Earth.

18 Propose your own reasons why some tectonic plates move faster than others.
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e The effects of plate movement

Learning goals
1 To describe how earthquakes and volcanoes occur
2 To outline how the theory of plate tectonics explains the formation of new landforms

If you live near a plate boundary, you are at risk of
L&j

experiencing some of the geological activity discussed.
t» ' WORKSHEET

In this section, you will examine the reasons for, and

effects of, three types of disasters that can occur at
plate boundaries.

Volcanoes

Where do volcanoes form?

Volcanoes can form at two types of plate boundaries.

When two plates move apart at a constructive plate

boundary, magma rises and seeps into the gap, as in Figure 7.27 A constructive plate boundary
Figure 7.27 forms where magma rises to fill the gap

when the plates move apart.

At a destructive boundary (particularly at subduction

zones), friction caused by one plate subducting When this magma erupts at the bottom of the sea it can
underneath another produces intense heat. This heat is make a chain of volcanoes called island arcs. Figure 7.28
enough to melt the rock of the subducting plate, forming ~ shows the island arc of the Aleutian Islands in the
magma. As the magma rises to the surface, it will northern Pacific Ocean. They are made up of a long
form volcanoes. chain of volcanoes associated with the Aleutian Trench.
trench at oceanic ridge at
. convergent boundary transform faultat  divergent boundary trench at
island arc transform boundary convergent boundary

lithosphere lithosphere lithosphere

Q,—J S hot spot

rising subduction rising magma
magma zZone

subduction
asthenosphere zone

——"roll-back"

Figure 7.28 Volcanoes can form at destructive (convergent) and constructive (divergent) plate boundaries.

Over three-quarters of the world’s active volcanoes can be found in an area called the Pacific Ring of Fire, the shape of
which can be seen in Figure 7.29.
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Puerto Rico trench

/ ; | o
Mariana trench §
Challenger Deep trench

)
;/
Ve
South Sandwich
trench
v -
5

Figure 7.29 The Ring of Fire is an active area of many subduction zones around the Pacific Ocean.

Volcanoes are unique geological features in that they do the tectonic plate above the hotspot moves, the volcano
not always occur where two plates meet. They can form created by the hotspot also moves, allowing for another
anywhere that a hotspot exists. A hotspot is a pocket hotspot volcano to form. Chains of volcanic islands like
of magma that sits just underneath the crust. It has the the Hawaiian Islands have .

potential to erupt at any time, forming volcanoes. As been made in this way. fuftojtzgf:erga??‘z that sis

O‘ahu Moloka'i

Figure 7.30 The Hawaiian island chain formed as the Pacific plate moves across a hotspot. The oldest island, Ni'ihau, formed
around 5.6 million years ago (‘Ma’); the, the top of the newest volcano, Lo'ihi, is less than 1000 m below the sea surface.
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Quick check 7.10

1 At what type of plate boundaries do volcanoes occur?
2 What is the name of the area of the world that contains the greatest number of active volcanoes?
3 Discuss what hotspot volcanoes are and how they differ from volcanoes formed in other ways.

Iceland’s Eyjafjallajékull volcanic eruption in 2010
In 2010, the Eyjafjallajokull volcano in Iceland erupted, throwing
volcanic ash several kilometres into the air. Conduct some
research to answer the following questions.

Recall how long the volcano was dormant before it erupted

in 2010.

The volcano is completely covered by an ice cap.

Describe how this affected residents in the area when

the volcano erupted.

Outline the most significant consequence of this

volcanic eruption.

Explain whether volcanic eruptions only affect the

Figure 7.31 This satellite image shows the volcanic
ash thrown out of Iceland’s Eyjafjallajokull volcano
in 2010 from the force of the eruption.

surrounding area. Use this case study as an example in
your answer.

Earthquakes and tsunamis How are earthquakes detected?
Earthquakes are detected by using an instrument called
Where do earthquakes occur? ] d _ Y & _ _
i a seismometer. A simple seismometer is shown in
Earthquakes occur when there is a sudden movement . . . .
_ ) Figure 7.33. Its basic structure uses a weight hanging
of land. This can happen at a transform or destructive ) .
o from a spring suspended from a frame which moves
(convergent) plate boundary. Friction between two . . . .
: along with the motion of Earth. A rotating drum is
plates must be overcome before the plates can slide past )
o k attached to the frame and a pen attached to the weight.

each other. When the driving force is strong enough

to overcome this friction, the two plates will suddenly When the land moves from o
seismic wave
wave that moves through

move, sending out waves of energy called seismic waves.
Earth during an earthquake

side to side, the base remains

The exact point under the Earth where the earthquake fixed to the ground and .
the exact point under the
surface of the Earth where
the earthquake occurs

occurs is called the focus. The point directly above the moves with it, but the mass

focus, on the surface of the Earth is called the epicentre. on the end of the spring

epicentre

Epicentre

Focus

Figure 7.32 A diagram showing the location of an earthquake’s

focus and epicentre
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Seismic waves

Earth's surface

stays in its original position.

It is not affected by the
movement of the ground. The
resulting pattern is called a
seismogram. Note that digital
seismometers are also available

for many smartphones.

the location on Earth’s
surface directly above the
focus of an earthquake

seismometer

an instrument that measures
the intensity and duration
of seismic waves during an
earthquake

seismogram

the pattern produced when
seismic activity is recorded
by a seismometer
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compressions

N P wave
Frame
Weight dilations
4 wave direction
Rotating

drum

Vibrations
detected

Base

wavelenth

Figure 7.33 A simple seismometer
Figure 7.34 P and S waves travelling through the Earth

The two main types of seismic waves produced by an

earthquake are primary (P) waves and secondary (S)
Lag time — the time

waves (see Figure 7.34). The properties of these waves , Earthquake
] . between the arrival of
are summarised in Table 7.2. IEIERA'S waves s .l /
P waves S waves
Name Primary Secondary dadiaci
Speed Fast Slow
Movement Longitudinal Transverse (side
(back and forth) to side or up
S wave
and down)
Materials they  Liquids and solids  Solids only Figure 7.35 A seismogram of seismic activity within the Earth
can travel
through
o . Quick check 7.11
Level of Minimal damage  Very destructive
damage to buildings from  due to side 1 Identify the two plate boundaries at which
caused up and down to side earthquakes occur.
movements movements 2 Why do they occur at these boundaries?

Table 7.2 The properties of P and S waves 3 Recall the name given to the part of Earth where

the earthquake is generated.

As P waves are the faster of the two waves, they are 4 What is the name of the equipment used to
detected by the seismometer first. You can see the detect seismic activity?

first seismic activity detected by the seismometer on 5 Which type of seismic wave is faster and therefore
the seismogram in Figure 7.35 is the P wave. The S first to arrive following an earthquake?

waves are slower and so arrive second. They are also

the most intense and so register larger movements on lag time _
the seismogram. g}et;:em: aieivéevfa”fehf el
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204 Chapter 7 OUR CHANGING EARTH

How do P and S waves give us evidence for the structure of the Earth?
The properties of P waves and S waves generated by an earthquake can be used to determine the properties
of the layers of the Earth. Danish scientist Inge Lehmann discovered that the Earth has a solid inner core inside
a molten outer core in 1936 after she analysed data from seismic stations around the world. She noticed some
irregularities in the data that disproved the accepted
idea that the core was entirely molten. It wasn't until Earthquake focus
1970 that her theory was confirmed!
What can you conclude about the movements of
P and S waves through Earth using the diagram in
Figure 7.367
Interpret the properties of the seismic waves listed
in Table 7.2 to make conclusions about the physical
properties of the outer core and the mantle.

When P waves travel through the inner core and
) X P waves detected
outer core they appear to bend. Discuss why you

think this is. AR :-
S wave shadow zone

/A S waves detected

What is the S wave shadow zone? Deduce why

it occurs. Figure 7.36 The pattern of seismic activity away from an
earthquake's focus

Is Australia at risk? In fact, Australia has more earthquakes than other
Australia is located in the middle of the Australian regions that sit in the middle of tectonic plates. In 1989,
plate and therefore is not directly at risk from major an earthquake of magnitude 5.6 hit Newcastle in New
earthquakes and volcanoes. However, because the South Wales, killing 13 people. In Victoria, Red Rock
Australian plate is moving gradually northwards and is a young volcano located to Melbourne’s south-west.
colliding with the Eurasian plate, a significant amount The whole province between Ballarat and Geelong
of pressure is building up at the boundary between these is volcanically active, and a new volcano could form
plates. This build-up of pressure can cause earthquakes anywhere at any time.

in Australia.

Figure 7.37 Rescue workers trying to find survivors under the rubble beneath the Kent Hotel in Hamilton, Newcastle, after the
1989 earthquake
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Section 7.3 THE EFFECTS OF PLATE MOVEMENT

Figure 7.38 The lower slope of Mount Noorat, Victoria, a volcano that last erupted between 5000 and 20000 years ago. It is
Australia’s largest dry volcanic crater and was a traditional meeting and bartering place for the Kirrae Wuurong people.

Section 7.3 questions

205

Remembering o
1 Name the equipment used to measure the seismic activity of the Earth.
2 Name the point on Earth’s surface directly above the focus of an earthquake.

3 Recall the name of the volcanoes that can form away from a plate boundary. Quiz

Understanding

4 Describe the three types of plate boundaries and how they affect the amount of crust.

5 Explain how mid-ocean ridges form.

6 Explain why plates at a transform or destructive plate boundary do not slide past each other all the time.
7 Outline the reasons why the Ring of Fire in the Pacific is so volcanically active.

Applying
8  On the seismogram below, identify which is the P wave and which is the S wave.

Mwﬁ I-. 4 .

-
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206 Chapter 7 OUR CHANGING EARTH

9 Identify the type of seismic wave from the description:
a Atransverse wave which cannot travel through liquids
b A longitudinal wave that can be detected on the opposite side of Earth to the epicentre of an earthquake.

Analysing

10 Hannah says that volcanoes only affect the people who live in the country of the eruption. Rob thinks that
volcanic eruptions can affect many countries. State who is right and examine the reasons why.

11 Compare and contrast the properties of P waves and S waves.

Evaluating
12 There are many different types of volcanoes. Deduce definitions for the following types of volcanoes:
a dormant
b extinct
c active.
13 Deduce what the term ‘lag time' is in relation to seismic waves and identify this on the seismograph below.

15 Decide whether more geological activity is experienced by countries in the middle of a plate boundary or by

countries on a plate boundary. Outline your reasoning.
16 Discuss the intensity and frequency of geological activity in Australia.

ISBN 978-1-108-99259-6 © Cambridge University Press 2021
Photocopying is restricted under law and this material must not be transferred to another party.



Section 7.4 TECHNOLOGIES AND NATURAL DISASTERS 207

@ Technologies and natural disasters

Learning goals

1 To recall technological developments that improve understanding of geological activity

2 To describe how these developments have increased scientific understanding

3 To give examples of developments in the Asia—Pacific region

As technology improves, so does our understanding of
geological patterns and changes. This greater understanding
has allowed scientists to predict the movement of
tectonic plates. It also assists governments and aid
organisations to respond quickly and more effectively

when plate movements result in natural disasters.

Measuring and mapping plate
movement

Global positioning system (GPS)

Forecasting the movements of tectonic plates has
become an important area of geology. To do this,
geologists use GPS and small base stations on the surface
of Earth. GPS relies on two dozen satellites that orbit the

Figure 7.39 GPS is used to measure position and therefore the
rate of movement of tectonic plates.

ISBN 978-1-108-99259-6

Earth as well as GPS receivers on the &=
DOC
ground which detect the radio signals Li

from the satellites. To determine precise
WORKSHEET

locations on Earth, the GPS receiver
must receive signals from at least four
different satellites. GPS receivers used for plate boundary
observation can determine their location to a precision

equal to the size of a grain of rice.

Gravity mapping

Gravity can be stronger and weaker at different points of
Earth’s surface. The Earth’s surface is very uneven due

to mountains and ocean trenches, both of which affect
gravity. Where rocks are denser the gravity is stronger,
and where they are less dense it is weaker. Scientists

can create a gravitational geoid

a model of the Earth’s
surface approximating
the height of sea level as
it would be if affected by
gravity alone (and not by
currents or tides)

map of Earth, called a geoid,
using these gravitational

measurements.

Ocean Dynamic Topography (cm) Oct 312, 1992

Figure 7.40 A geoid of the Earth

Computer modelling

Computer models that simulate the way tectonic plates
move are becoming more and more accurate. A new
model built by scientists in 2012 was found to be highly
accurate in predicting plate motion and the way in

which plate boundaries deform.
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208 Chapter 7 OUR CHANGING EARTH

Predicting and responding to
natural disasters

NASA volcanobots

Studying active volcanoes is dangerous. Volcanologists
(scientists who study volcanoes) working together with
robotics engineers are therefore developing robots that
will be able to go into crevices in volcanoes that no
human could access. VolcanoBot 1, built by NASAs

Jet Propulsion Laboratory, reached a depth of 25 m in

a volcano in Hawaii, and was able to put together a 3D
map of a volcanic fissure (crack). This enabled scientists
to understand the path that magma takes from the

mantle to the surface during an eruption.

Drones

Drones can make finding survivors faster and easier than
Figure 7.41 3D visualisation and geological modelling
suite being used by geologists to interpret seismic data
from an oilfield

ever before. If people can be found within half an hour
of a natural disaster, their chances of survival are 90%.
After 24 hours, this survival rate drops to 80%. Not only
do drones help find survivors, they can also quickly map
the areas in greatest need of aid, no matter how remote
1 List two pieces of technology used in predicting they are. This allows rescue teams and aid to be deployed

plate movements. first to those who need it the most.
2 What did the computer model constructed in

2012 allow for, so that plate movement could be
modelled more accurately?

Figure 7.43 Drones are being used to search for survivors
following natural disasters.

Quick check 7.13

1 State the name given to scientists that study
Figure 7.42 Robots similar to the one used in the mission to volcanoes.

Mars are being created to explore areas of volcanoes that
humans could never access.

2 Give one use of drones after an earthquake.
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Construction techniques

Most buildings are designed to support vertical forces;
for example, the walls support the roof. However,
earthquakes also produce sideways or horizontal forces,
which is why many buildings struggle to withstand
high-magnitude earthquakes. A building can be made

‘earthquake proof” in three ways.

1 Base isolation: buildings do not sit directly on the
ground, but are supported by ball bearings and
springs, which act like shock absorbers.

2 Vibration control: mass dampers are built to sway in
the opposite direction to the building’s sway during
an earthquake.

3 Seismic resistance: the walls, roof and foundations
are tied together into a rigid box that holds together
when shaken by an earthquake.

Earthquake-resistant house

Vibration control

o ()

~——

{ || 9 N
e ey "y

Figure 7.44 Buildings can be made earthquake proof by three
different methods.

Quick check 7.14

1 Give one way in which a building can be
earthquake proofed.

2 Discuss why many existing buildings are not able
to withstand high-magnitude earthquakes.

Advances in science 7.2

Levitating houses!

Air Danshin, a company in Japan, has invented levitating homes. Inventor Shoichi
Sakamoto developed a remarkably simple technology to raise a whole house
during an earthquake until the tremors stop. This has already been deployed in
nearly 90 sites across Japan. The house is separated from its foundations by an air
chamber. When an earthquake hits, air fills the chamber lifting the whole structure
about 3 cm off the ground. A sensor detects when the shaking stops, and the
house gently falls back into position. Although it seems like an excellent solution
to protect against earthquakes, it offers no protection if a tsunami hits: in fact, it
makes a house completely defenceless to such a large wave.

The Taipei 101

This building in Taiwan (previously called the Taipei World Financial Center)
is designed to withstand earthquakes and typhoons. Answer the following

questions by researching the structure of the building.
How tall is the building?

It was once the tallest building in the world. Identify the building that

overtook it to be the tallest in 2010.

Distinguish which of the three methods of earthquake proofing is used in

the building.

Explain the function of the pendulum that is suspended between the 89th

and 92nd floors.

In August 2015, the swinging of the pendulum set a world record when

Typhoon Soudelor hit. How far did it shift?

ISBN 978-1-108-99259-6

Figure 7.45 Would you want
to live in a floating house?
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210 Chapter 7 OUR CHANGING EARTH

Practical 7.3

Investigating how earthquakes affect buildings

Aim

To investigate how earthquakes affect buildings of different heights.
Planning

Complete some research and summarise the effects of earthquakes on buildings of different heights.
HINT: research the 1985 Mexico City earthquake.

Materials

e 2rulers

e elastic bands

e pieces of card

* paper clips

Procedure

1 Draw the results table below.

2 Set up the experiment as shown in the diagram below. Each ‘tower’ is made of 4 card strips held together at
the top by a paper clip and 2 rulers at the bottom. The rulers are held in place using rubber bands.

Direction of
vibration

3 Vibrate the rulers in a slow and gentle way in the direction shown in the diagram.

4 Slowly increase the rate of vibration until the shortest cardboard strip begins to resonate (start to regularly
and strongly vibrate). Note: This simulates a high frequency earthquake. The results would differ for low
frequency earthquakes.

5 Count the number of complete vibrations that occur in 10 seconds for each strip.

6 Continue to vibrate the rulers until you have recorded the three trials for each strip in your results table.

Results
Height of Number of vibrations in 10 seconds Mean number Frequency (vibrations
strip (cm) 1 2 3 of vibrations per second)
continued...
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...continued

1 Calculate the frequency by dividing the mean number of vibrations by 10.
2 Plot a graph of height of strip against frequency of vibrations.

Discussion

1 Identify any trends, patterns or relationships in your results.

2 Determine the height of buildings that would be damaged most by high-frequency earthquakes.

3 Identify any potential sources of error in this experiment.

4 Suggest any changes that could be made to the method to improve the quality of the data in future
experiments. Justify your suggestions by explaining how each change will improve the data quality.

Conclusion
Draw a conclusion from this experiment regarding building height and high-frequency earthquake damage.

Justify your answer with data.

Practical 7.4: Student design

Designing earthquake-proof building bases

Aim

To observe the effect of base isolation on damage to buildings during an earthquake.
Materials

e 100 gram (g) masses ® string

* plastic or paper straws * wooden block

* masking tape * wooden dowels or pens

e cardboard

Planning
Research base isolation. Propose if base isolation will create more or less damage to a building during an
earthquake.

Procedure

1 Using the equipment provided, except for the wooden block, dowels and pens, design two identical
earthquake-proof buildings. (You may want to refer to the STEM activity at the end of this chapter for the
building creation.)

2 Draw the results table below.

3 Putyour finished design on a table and shake the table for 20 seconds. Record what happened in your
results table.

4 Now lay the pens or the wooden dowels on the table so they align.

5 Place the wooden block on top of the pens or dowels and put your second building on top.

6 Shake the table again for 20 seconds and record what happened in your results table.

Results

Observations
Without base isolation (just on the table)

With base isolation (on the pens and wooden block)

continued...
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...continued

Discussion

1 Identify which structure was the most earthquake resistant and why.

2 Discuss how base isolation helps the building survive an earthquake.

3 Discuss how design and construction decisions make the building more earthquake resistant.

4 Recommend what you would do differently next time in the construction of your building. Explain why.

Section 7.4 questions

T Remembering

1 Recall what GPS stands for.
List the three methods of earthquake-proofing buildings.

Identify the name of NASA's first robot used to explore volcanoes.

2
Quz 3
4 Outline why scientists need to study the inside of volcanoes.

Understanding

5 Explain how GPS can map the position of tectonic plates.

6 Summarise the advantages of using drones after an earthquake.

7  Describe two examples of technological developments that have been used to reduce damage from
earthquakes in the Asia—Pacific region.

Applying
8 Apply your knowledge of tsunamis to explain why levitating homes are not effective in preventing damage
caused by them.

Analysing
9 Compare and contrast the three methods of protecting buildings from earthquakes.

Evaluating
10 Propose reasons why humans cannot enter some parts of volcanoes.

11 Suggest benefits and shortcomings of using technologies to map plate movement and Earth’s geology, by
using examples.

12 Recall the various earthquake-proofing methods you have learned about. Propose which earthquake-proofing
method you would choose and justify your choice.
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Chapter review

Chapter checklist

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

Success criteria Check

7.1 | can discuss the evidence surrounding continental drift.

e.g. Discuss the evidence that Alfred Wegener proposed regarding continental drift.
7.2 | can describe the structure of the Earth.

e.g. Construct a labelled diagram that shows the different layers of the Earth.

SCORCHER

7.2 | can explain the theory of plate tectonics.
e.g. Describe how convection currents cause the movement of tectonic plates.

7.2 | can describe the effects of tectonic plates interacting with each other.
e.g. Describe the effect of a destructive plate boundary.

7.3 | can explain how earthquakes and volcanoes form.
e.g. Define the term 'hotspot’ in your own words.

7.3 | can explain how technological developments have increased our scientific
understanding.
e.g. Describe one technology that helps in detecting or responding to natural

disasters.
Reflections
1 What connections come to mind when you think about plate tectonics and your everyday life?
2 What new concepts have extended your thinking about how the earth changes?

3 What information did you find challenging or confusing?
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Data questions

New Zealand is a country that lies very close to a fault boundary and consequently experiences thousands of
earthquakes a year. Earthquakes are categorised using the Richter scale, which measures earthquake magnitude on
a scale of 0 to 10 (see Table 7.3). The magnitudes of ten New Zealand earthquakes from 2010 to 2019 are presented
in Table 7.4.

Richter scale Observation Earthquake reference Magnitude (Richter scale)
0.0-2.9 Not felt by humans 1 4.1
3.0-4.9 Felt by humans and not 2 7.8
damaging 3 43
5.0-5.9 Small risk of damage to 4 29
buildings
5 5.1
6.0-6.9 Moderate risk of damage
to buildings & 9
o 7 2.3
7.0-7.9 High risk of damage to
buildings 8 6.1
8.0+ High probability of severe 9 1.1
destruction 10 7.6
Téble 7.3 Severity of earthquake observed with Table 7.4 The magnitude on the Richter scale of ten earthquakes that
Richter scale value occurred in New Zealand between 2010 and 2019

1 Identify the most severe earthquake recorded in Table 7.4.

2 Determine the earthquakes that had a high risk of damage to buildings.

3 The media are reporting a new earthquake in New Zealand that measures 6.5 on the Richter scale. Identify the
likely observations relating to buildings in the area.

4 Categorise the earthquakes presented in Table 7.4 as ‘'not felt’ or ‘felt’.

5 Identify a trend in the Richter scale and severity of earthquakes.

6 Based only on the ten earthquakes presented, infer whether there is a higher chance that an earthquake in New
Zealand would not be felt or would damage buildings.

7 There are over 10000 earthquakes a year in New Zealand. Justify whether your answer to question 6 would
be reliable.

8 The largest magnitude earthquake ever recorded in New Zealand was 8.2 on the Richter scale while the largest
in Japan was 9.0. Justify whether it is possible to suggest that Japan is more at risk than New Zealand for severe
earthquakes.

9  The media in New Zealand are reporting a mild earthquake that caused a tremor that did not damage buildings
but moved furniture in buildings in the area. Deduce the magnitude of this earthquake on the Richter scale.
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STEM activity: EARTHQUAKE-PROOF STRUCTURES

STEM activity: Earthquake-proof structures

Background information

Experts have demonstrated that most deaths in
earthquakes occur because buildings and dwellings
collapse due to poor construction.

Papua New Guinea (PNG) is one of the poorest
countries in the world and is severely affected by
earthquakes. Earthquakes are particularly severe in
PNG because of a combination of factors — steep
terrain, poor infrastructure and housing, lack of
roads and extensive seasonal rains — all of which
create an environment that is prone to collapse
after an earthquake.

Design brief: Design and test building designs to
improve durability in earthquake risk zones, and
present this information in a format that would be
useful to a small PNG community.

Activity instructions

In groups (maximum of four people), you will
investigate how housing design can affect the
stability of a building.

Role Responsibility

Project Making sure the project is on time and

manager  within a budget.

Engineer  Conducting research on the current
models, finding new ways to improve
design

Builder Creating the proposed design and
checking that the design is functional

Presenter Researching on cultural awareness

of the local community and how to
effectively present the design

Suggested materials

e wooden sticks

e sticky tape

e glue

* mobile phone or video recording equipment for
vlog (if chosen as mode to communicate ideas)

® software for creating a presentation

e software for video editing

ISBN 978-
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Research and feasibility

1

Research current house design in villages and list
the features, including types of materials used.
Discuss and research as a group how a structure’s
strength can be improved.

Research social and cultural information about
PNG communities.

Design and sustainability

4

As a group, discuss some design features you
could use in a model house structure and make
multiple sketches with ideas.

Decide as a group which design will be the most
sustainable and suitable to build with the PNG
communities in mind.

Decide and design the format you will use for your
presentation design for the PNG community.

Create

7
8

10

Construct your design using allowable materials.
Test your design by performing the following tests.
Draw a results table.

A Shake test: Place your design on a table and
secure it using tape. Shake the table forwards
and backwards four times.

B Weight test: Compare how it behaves when
0.5 kilogram (kg) masses are placed on top
of it.

C Combination test: Repeat tests A and B at the
same time.

Reflect and, if there is time, create and test
another design. Reflect on how the second
design performed.

Create the presentation while building and
testing your design.

Evaluate and modify

1"

12

Evaluate the effectiveness and cost of materials
of your design. It is important to remember who
your target audience is throughout this project.
Give your presentation to the class and reflect
on how it demonstrates cultural awareness

and how well it communicates effective
building methods.
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PRE-TEST

The first time people had a glimpse of
Earth from space was in October 1946,
when a film camera set to take photos
every 1.5 seconds was launched on a rocket.
Earth was photographed in greater detail in
December 1968 by Apollo 8 astronauts on their
trip to orbit the Moon. This encouraged us to

understand Earth from a different perspective:

as a global system. Earth is a dynamic and ever-
changing planet consisting of interconnecting
spheres. In this chapter, you will learn about Earth’s
chemical spheres and how they interact. You will
understand how humans are disrupting the balance and
how scientists can make predictions about our future. It is the
TR interactions between Earth’s systems, both natural and enhanced,

that have shaped its history and will continue to shape its future.




The spheres:

» ©® Overlap one another
e |nteract with each other
e Are affected by natural events.

Earth has chemical spheres:
Greenhouse
e The atmosphere effects can

e The biosphere be natural or
e The hydrosphere enhanced.
¢ The lithosphere.

. 4

Evidence for climate change:

e Human influences
e Effects of climate change

e Use of computer modelling.
Nutrient cycles

in the biosphere:

e Carbon cycle
e Nitrogen cycle
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@ Earth’s interacting spheres

Learning goals

1 To recall the features of each of Earth’s chemical spheres
2 To understand how global systems rely on interactions between chemical spheres
3 To describe some impacts of natural events on Earth’s chemical spheres

Chemical spheres Our atmosphere in total is about 500 km thick and
I—i contains five layers: the troposphere, stratosphere,

To make it easier to describe the mesosphere, thermosphere and exosphere. These layers

WORKSHEET | movement of matter around Earth,

allow us and other living things to breathe, protect us
scientists have split the planet into four

from the Sun’s harmful ultraviolet (UV) radiation and

major systems called spheres. Despite keep the surface temperature of Earth constant. The

their name, they are not spherical in layers of most importance to us and other life on Earth

shape. These spheres are the atmosphere,

are the troposphere and the stratosphere.

Name and

biosphere, lithosphere and hydrosphere.

briefly explain
Earth’s
ikl The atmosphere
atmosphere The atmosphere consists of Exosphere
EEZ $‘§§i§ sff e above all the gases above Earth’s
troposphere surface — without it there Thermosphere

a layer of Earth's atmosphere
which is closest to Earth’s
surface and where most of
the weather occurs

stratosphere atmosphere: nitrogen and

a layer of Earth's atmosphere
above the troposphere
containing the ozone layer

would be no life on Earth.

Two main gases make up our Mesosphere

oxygen. There are also smaller
Stratosphere: where the

proportions of other gases. ozone layer is found

Troposphere: where most

Atmospheric gas Perce.njcage of the weather occurs and
composition (%) where greenhouse gases
are found
Nitrogen 78
Figure 8.1 The five layers of Earth’s atmosphere
Oxygen 21
Argon 1 Quick check 8.1
Trace gases (e.g. carbon <1 1 Name the gas which is the most abundant in
dioxide, neon, methane, Earth’s atmosphere.
water vapour) 2 Recall the functions of Earth’s atmosphere.

Table 8.1 The composition of gases in Earth’s atmosphere
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The Antarctic hole in the ozone layer
In 1985 scientists found that parts of the ozone layer above the
continent of Antarctica had broken down. They also noticed that
similar thinning of the ozone layer was happening over parts of
Australia, and that this correlated with an increase in cases of skin
cancer. They needed to find out why this had happened and if it could
be reversed. Do some research and answer the following:
Compare the atomic structures of oxygen gas (O,) and ozone
gas (O,).
Identify the main function of the ozone layer in more detail
to explain the impact of ozone thinning.

Research the causes of ozone thinning.

Describe the purpose of the Montreal Protocol.

Figure 8.2 The hole in the ozone layer
above Antarctica. The bluish purple areas
show the least amount of ozone.

Advances in science 8.1

Felix Baumgartner: the fastest skydiver on Earth
On 14 October 2012, Austria‘s Felix Baumgartner climbed
nearly 39 km to the stratosphere in a helium-filled balloon.

Discuss whether the process of ozone thinning can be reversed.
Provide evidence to support your discussion.

He then jumped into thin air, freefalling for 4 minutes
and 22 seconds before opening his parachute. The entire
journey back to the ground lasted just over 4 minutes.
Baumgartner reached an estimated speed of 1342 km/h
which makes him the first man to break the speed of sound
in freefall. In addition, he broke the record for the world'’s
highest ever freefall.

The jump nearly did not happen because a fault in the
heater of Baumgartner’s visor was making it fog up when

he breathed out. During the dive, there was concern early

Figure 8.3 Felix Baumgartner

on as he could not get in to the correct position for freefall
(head down, arms swept back). Instead, he found himself tumbling over and over. However, due to his extensive
freefalling experience, Baumgartner was able to correct his fall and get into a stable position.

The biosphere Quick check 8.2
The biosphere consists of all areas of Earth and its

atmosphere that contain life. It comprises all the living 1 What is the biosphere?

organisms on the planet, including plants, animals 2 Flying birds are part of the atmosphere, true or

(including humans), fungi and false? Justify your choice.

biosphere

all the areas on Earth and ; : :

il amesphere that mICroscopic organisms such

contain life as bacteria.
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220 Chapter 8 GLOBAL SYSTEMS

The hydrosphere Quick check 8.3
The hydrosphere is made up of all the water on Earth.

This includes the oceans, rivers, lakes, glaciers, rain, 1 What is the hydrosphere?
hydrosphere water vapour, underground 2 Give an example of something that is part of the
il of th f .
Eurth (oo, bkesand e basins and even puddles. hydrosphere.

Figure 8.4 Elephants, as living organisms, are part of the biosphere. Fox Glacier in New Zealand is part of the hydrosphere.

The lithosphere

The lithosphere consists of the Earth’s geological
material, such as magma, lava, rocks and minerals
located in the Earth’s crust and upper part of the mantle.

The lithosphere is in a constant cycle, with matter
constantly moving in the processes involved in the rock
cycle. Magma erupts from volcanoes as lava, which
solidifies, forming rocks. This rock is eroded into

sediment, which builds up

lithosphere
the geological parts of over time and sinks further
Earth’s crust and rigid layer . .
of the upper part of the into the crust until it is spewed
mantle 5
out onto Earth’s surface
again as lava. Figure 8.5 Uluru is part of the lithosphere.
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Figure 8.6 The lithosphere is constantly in motion due to the many processes involved in the rock cycle.

The lithosphere is broken up into tectonic plates which
float on top of the mantle — most earthquakes and

volcanoes occur at boundaries between tectonic plates.

Quick check 8.4

1 What is the lithosphere?
2 Give an example of something that is part of

the lithosphere.
3 Name the cycle that results in constant
movement of the lithosphere.

Overlapping spheres

Sometimes it is not easy to classify substances as being
exclusively part of one sphere. This is because, if you
look closely, some matter belongs to two or more
spheres at the same time. A productive soil is described
as one that contains plenty of water, air, minerals and
bacteria, as well as other organic matter. If we were to
assign soil to a chemical sphere, you could argue that

it belongs to them all: water from the hydrosphere, air
from the atmosphere, minerals from the lithosphere and

bacteria from the biosphere.

Sphere interactions

The chemical spheres on Earth interact and affect each

other, maintaining a natural balance. Matter constantly

ISBN 978-1-108-99259-6

moves between spheres in cycles. The energy driving the
movement of matter comes from the Sun and from the
Earth’s core. It is the flow of this energy and the cycling
of matter that produces chemical and physical changes
in Earth’s materials. Earth gains and loses matter and

energy in different ways, as summarised in Table 8.2.

Figure 8.7 Productive soil belongs to all four chemical spheres.

Gain Loss
Energy Radiation from the Sun  Heat loss into
(mostly infrared, visible  space
and UV wavelengths)
Matter Meteorites and comets  Escape of gases

into space

Table 8.2 A summary of Earth’s gains and losses of matter
and energy
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The lithosphere interacts with the other spheres through the cycles of matter. Let’s take Figure 8.8 as an example
to describe some of the sphere interactions that can take place. Plants in the biosphere obtain water from the
hydrosphere and nutrients from the lithosphere via soil. Water vapour is released by plants into the atmosphere.

Figure 8.8 Farmland is one place where multiple spheres interact. ~ Figure 8.9 Plants interact with multiple chemical spheres.

Quick check 8.5

1 Earth can be described as a closed system, meaning that its total mass does not change. Decide whether this

statement is true or false.

2 List one way that Earth can gain and lose mass, and one way it can gain and lose energy.

3 The rate that matter moves around Earth varies, from very slow to incredibly fast. Decide whether this
statement is true or false.

4 Give an example of a transfer of matter from the biosphere to the atmosphere.

Natural events affecting chemical spheres

Natural events such as earthquakes and volcanoes influence the interactions between the chemical spheres. Table 8.3

summarises how natural events cause sphere interactions.

Natural . Effect on the Effect on the Effect on the
Effect on the lithosphere .
event biosphere atmosphere hydrosphere
Earthquake Fault lines move apart or Damages lithosphere  Gas emissions from  Tsunamis

together Destroys ecosystems  the ground release Changes the course
Land rises or subducts (sinks) toxic gases of rivers
Landslides Destroys dams
Mudslides

Table 8.3 How natural events influence the interaction between spheres
continued...
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Natural . Effect on the Effect on the
Effect on the lithosphere i
event biosphere atmosphere
Volcano Volcanic lava can create Lava burns plants Large ash clouds
islands and animals release many
Volcanic explosions can New islands gases, including
destroy mountains and become habitats for  greenhouse gases
islands that were created by ~ ecosystems and toxic gases

the volcanoes.

Cyclone Intense rainfall causes Uproots trees and High wind speeds
erosion of the land plants destroying
ecosystems

Table 8.3 (Continued)

Section 8.1 questions

Effect on the
hydrosphere

Toxic gases dissolve
in water and fall as
acid rain, which can
dissolve building

materials

Produces very heavy
rain causing floods
Storm surges

Remembering

1 Define the following terms in your own words: atmosphere, biosphere, lithosphere, hydrosphere.

2 Choose the correct sphere for the following examples:

a
b
c

d

3 Recall the layer of the atmosphere where most
of the weather occurs.

4 Give the name of the second most abundant
gas in Earth’s atmosphere.

Understanding

5 Explain why you cannot describe Earth as a
closed system (one where the total mass does
not change).

6 Show examples of the chemical spheres
present in Figure 8.10.

7 Explain the problems associated with a hole in
the ozone layer.

glacier
tectonic plates
earthworms
ozone.

Applying
8 Identify which of Earth’s spheres would contain matter that has arrived from space.

9 Identify the role of Earth’s atmosphere as it relates to sustaining life on Earth.
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Figure 8.10 Irrigation channels flowing through farmland
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10 Identify the sphere interactions taking place
in Figure 8.11.

Analysing

11 Analyse why a healthy river containing
dissolved nitrogen, oxygen and carbon
dioxide, algae and other organisms, and
mineral and rock fragments, contains
components from all the chemical spheres.

Evaluating

12 Decide which sphere clouds belong to, and
justify your choice.

13 Discuss how a natural disaster, such as an

earthquake, can affect chemical spheres. Try
to include all the spheres in your answer. Figure 8.1 A seaside landscape

@ Nutrient cycles

Learning goals

1 To recall the stages in the carbon and nitrogen cycle
2 To explain how nutrient cycles show how global systems rely on sphere interactions

The cycling and recycling of nutrients all four spheres. Carbon is one of the most important
DOC
L_ such as nitrogen, carbon and water chemicals for life on Earth as it is an essential building
¥ in the chemical spheres is important block for cells. The carbon cycle occurs in many stages,
WORKSHEET o L
for sustaining life and ecosystems. but it is important to note that carbon can stay at one

A sustainable ecosystem is a biological particular stage for thousands of years before moving on

environment that is able to support itself to the next stage.

VIDEO
Why is carbon

important? Table 8.4 summarises the forms of carbon in each of the
The carbon cycle chemical spheres.

without outside assistance.

sustainable ecosystem

a biological environment
that is able to support itself
without outside assistance

The carbon cycle describes the
movement of carbon through

Chemical sphere Carbon content

Atmosphere Carbon dioxide (CO,), methane (CH,)

Biosphere Carbohydrates (such as glucose C,H,,0,), fats, proteins, vitamins and the DNA of all
living things

Hydrosphere CO, dissolved in rivers, lakes and the ocean, forming carbonic acid (H,CO,)

Lithosphere Decomposed organic matter in soils

Fossil fuels (coal, oil and gas)
Limestone (calcium carbonate, CaCO,)

Table 8.4 A summary of the carbon content in each chemical sphere
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Atmospheric
carbon dioxide

Photosynthesis
s (1)

=

Combustion (6)

Respiration (3)

Dissolving
Factory

Decomposition (4) Excretion (4)

Fossil fuels (5)

Figure 8.12 The main stages and processes in the carbon cycle. The numbers in this figure relate to the text that follows.

The carbon cycle can be summarised in seven processes, Ouick check 8.6
uick check 8.
which either increase or decrease carbon dioxide in

the atmosphere. 1 What is a sustainable ecosystem?
2 Why is the recycling of carbon so important?
1. Photosynthesis 3 Give the name of the form of carbon in
Carbon dioxide in Earth’s atmosphere is absorbed by the hydrosphere.
plants during photosynthesis. The carbon dioxide reacts 4 What form of carbon is carbon dioxide converted

' ' : . . o
with water taken in from the soil to make glucose, a into during photosynthesis?

carbon-containing compound.
2. Transfer of carbon through the food chain

The following equations summarise the process of Animals obtain their carbon by eating plants and

photosynthesis for plants: other animals. When animals and plants are eaten,

their carbon content is transferred through the

carbon dioxide + water — glucose + oxygen )
food chain.

6CO, + 12H,0 » CH,,0, + 60, + 6H,0 (full)

Figure 8.14 The carbon content of the cricket is now being
consumed by the leopard gecko.

6CO, + 6H,0 > C.H 0, + 60, (net)

Carbon

dioxide
9 The leaves take
in carbon dioxide
from the air and
release oxygen.

-

@ Al 7
The plant draws up water

and minerals from the
ground through roots.

Oxygen
N

e Chloroplasts use
light energy to
make glucose.

Figure 8.13 Plants remove carbon dioxide from the atmosphere
during photosynthesis.
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3. Respiration Dead animals and plants decomposer

Plants and animals break down glucose using oxygen to (organic matter) also Eﬁﬂiﬁgga"’n”ffrﬂ'n;?,ﬂjf
form carbon dioxide, water and ATP (a form of energy contribute to the carbon Enr:tatl;sr down dead organic
that the body uses). This process is called respiration. content of the soil. Waste

The carbon dioxide is added to the atmosphere when material and dead organic matter is broken down by
organisms breathe out. decomposers, which respire, releasing carbon dioxide

back into the atmosphere.

Quick check 8.7

1 How do animals obtain their carbon in the

Figure 8.15 During respiration, organisms release carbon
dioxide gas into the atmosphere.

carbon cycle?

2 Apart from carbon dioxide, what other product
is released during the breakdown of glucose
in respiration?

3 Name ways that animals can increase the carbon
content of soil.

5. Formation of fossil fuels

Fossil fuels like coal, oil and gas are composed of the
carbon from plants and animals that died millions of
years ago. Carbon is stored as fossil fuels for millions of

years before re-entering the carbon cycle.

The following equation summarises respiration:
glucose + oxygen — carbon dioxide + water + ATP
C.H O, + 60, 6CO, + 6H,0 + ATP
4. Excretion, egestion, death and
decomposition

Some of the carbon content of animals and plants enters

the soil as waste such as urine, faeces and leaf litter.

Figure 8.16 Excretion of waste materials, such as these wombat

faeces, increases the carbon content of the soil. Figure 8.17 Coal is a fossil fuel formed from the carbon content
of dead plants that have been buried and compressed for
millions of years.

6. Combustion

When fuel is burned in oxygen (combustion), carbon
dioxide and water are formed. Carbon dioxide is
therefore released back into the atmosphere. Later in
this chapter, we will look in more detail at how humans
are affecting the balance of carbon in the carbon cycle
by releasing carbon that has been buried for millions

of years.
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Quick check 8.8

1 Give an example of a fossil fuel.

2 Give the name of the processes where fuels
are burned releasing carbon dioxide back into
the atmosphere.

3 What is the scientific name and formula for the
main compound in limestone?

Table 8.5 summarises the gains and losses of

atmospheric carbon in the carbon cycle.

Atmospheric carbon Atmospheric carbon
gains losses
Respiration Photosynthesis

Combustion

Dissolving in the oceans

Figure 8.18 The combustion of coal in furnace produces large

amounts of carbon dioxide gas. Table 8.5 A summary of the gains and losses of atmospheric
carbon within the carbon cycle

The following equation shows the combustion of octane,

a component of oil:
octane + oxygen — carbon dioxide + water

2C,H, +250, > 16CO, + 18H,0

7. Formation of limestone

Carbon dioxide gas in the atmosphere can dissolve

in the oceans, forming carbonic acid. The carbon
dioxide also provides the carbon that combines with
calcium in mineral deposits to make calcium carbonate
(CaCO,), which is the major component of shells and
the exoskeletons of marine microorganisms. These
dead organisms sink to the bottom of the ocean. Over
and over millions of years, become compacted forming

limestone. Limestone is a sedimentary rock and an
important building material. Figure 8.19 Fossilised shells in limestone
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Practical 8.1

Limestone and carbon dioxide

Aim

Materials

we use marble chips to represent this.)
* hydrochloric acid (1 M)
e limewater
e 2 x 10 mL measuring cylinders
e 2 test tubes
e delivery tube
* test-tube rack

Procedure

4 Observe what happens to the limewater.

Results

Discussion
1 Describe what happened to the limewater solution.

third product.

To determine whether limestone is a store of carbon dioxide. T L

e calcium carbonate chips (Limestone is essentially made of calcium carbonate; Wear safety glasses.

1 Using a 10 mL measuring cylinder, measure 5 mL of hydrochloric acid and pour it into one of the test tubes.

2 Using another 10 mL measuring cylinder, measure 5 mL of limewater and pour it into the other test tube.

3 Add three calcium carbonate chips to the acid, and at the same time attach the bung of the delivery tube to
this test tube with the other end of the tube in the limewater solution.

Record your observations from the experiment in your science journal.

2 In this reaction, calcium carbonate was reacted with hydrochloric acid. Three products were formed. Two of
those products were calcium chloride and water. Write a word equation for the reaction which includes the

3 Identify the part of the carbon cycle represented by this investigation.

Be careful

The nitrogen cycle

Nitrogen in its elemental form has the formula N_.
Nitrogen is important for all living things as it is the
basis of DNA and amino acids, the subunits of proteins.
The majority of gas found in the atmosphere is N,
(78%). However, a large proportion of organisms cannot
access this form of nitrogen.

The nitrogen cycle can be summarised in six processes,
each of which can result in either a gain or loss of
nitrogen in the form of nitrates from the soil. Table 8.6
shows the forms of nitrogen in each of the chemical
spheres. These processes are illustrated in Figure 8.20.

ISBN 978-1-108-99259-6

Chemical sphere Nitrogen content
Atmosphere Nitrogen (N,) gas
Biosphere Amino acids (the building blocks

of proteins) and the DNA and
RNA of all living things
Hydrosphere Nitrates (NO,) leached into the
water from the soil
Lithosphere Nitrates (NO,) from the
decomposition of organic matter
and nitrification

Table 8.6 A summary of the nitrogen content in each
chemical sphere
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Stage Details

1. Nitrogen fixation Nitrogen from the atmosphere is made accessible to organisms by
lightning and nitrogen-fixing bacteria.

2. Uptake by plants Plants absorb nitrate in the soil to build up proteins.
3. Transfer through the food chain Animals obtain their nitrogen by eating plants and other animals.
4. Ammonification Excreted material is broken down by decomposers. Nitrogen is

returned to the soil as ammonia.
5. Nitrification Ammonia is converted back to nitrates by nitrifying bacteria.

6. Denitrification Nitrates in the soil are converted back into nitrogen gas by
denitrifying bacteria.

Table 8.7 A nitrogen cycle: the numbers in the table relate to those in Figure 8.20.

Free Nitrogen (N5)

Denitrification by
denitrifying bacteria

Nitrogen (often in waterlogged soils) (6)

fixation by
lightning (1)

Nitrogen fixation
by nitrogen fixing
bacteria in root nodules (1)

N
DR

itrogen fixation ﬂ/! 7 R Ué?-“ N
by free living T

bacteria in soil (1) Assimilated
4 Stie o by animals (3)

. ~ Urea, egested material and the bodies of dead organisms \
= are broken down by decomposers
(ammonification) (4) N

Ammonia (NH5)
and Ammonium (NHg4+)

Ammonia (NH3)
and Ammonium (NHg4*)

Assimilated

by plants (2) Nitrification by
nitrifying bacteria (5)

Nitrites ( NO,)

Nitrification by
nitrifying bacteria (5)

Nitrates ( NO3)

RIT

Figure 8.20 The main stages and processes in the nitrogen cycle

Nitrate gains Nitrate losses
Excretion, death and decomposition Denitrification
Nitrogen fixation Uptake by plants

Nitrification

Table 8.8 A summary of the gains and losses of nitrates in the soil in the nitrogen cycle
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Quick check 8.9

1 Identify where the majority of nitrogen is found in
the nitrogen cycle.

2 Name the process and type of organisms
involved in converting nitrogen gas into useful
nitrogen-containing compounds.

3 Name the process and types of organism
involved in converting nitrates back into
nitrogen gas.

4 State the importance of nitrogen for living
organisms.

Figure 8.21 Nitrogen-fixing bacteria can be trapped in root
nodules of certain plants.

Section 8.2 questions

Remembering

[eee ]
1 Identify the cycle (carbon or nitrogen) which includes the following processes:
a denitrification ¢ decomposition
Quiz b respiration d  combustion.

2 State the name and formula of the compound in which carbon is found in the atmosphere.
3 Recall the name of the process that takes nitrogen gas out of the atmosphere and adds it into the soil
as ammonia.
4 Give the reason why animals and plants require nitrogen.
5 Bacteria can take nitrogen from the atmosphere and convert it into nitrogen compounds in the soil. State
another component of the nitrogen cycle that is able to do this.

Understanding

6 Describe the process of photosynthesis to show how carbon dioxide from the atmosphere is transferred into
plants and animals.

7 Demonstrate, with the use of a word equation, why respiration is part of the carbon cycle.

8 Outline the role of decomposers in both the carbon and nitrogen cycles.

9  Explain where the carbon in coal, oil and gas originally came from.

Applying

10 Identify which of the following processes involves bacteria:
* nitrification e denitrification
° decomposition ° combustion

* photosynthesis.
11 Select the best definition for a sustainable ecosystem, and justify your choice.
A An environment that requires intervention to continue.
B A biological environment which is self-sustaining; that is, does not require any outside assistance.
C A system that is a mixture of biotic and abiotic factors.

Analysing
12 Compare and contrast the processes of nitrogen fixation and denitrification in the nitrogen cycle.
13 Examine both the carbon and nitrogen cycles. What processes are similar?
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Evaluating

14 Evan says that humans are affecting both the carbon and the nitrogen cycles in a negative way. Trent however,
disagrees with this statement and thinks that humans do not affect these cycles at all. Discuss who you think
is correct.

15 Explain why carbon stored in fossil fuels remains in this form for a long period of time.

16 Explain why plants can suffer from a lack of nitrogen when they are surrounded by a plentiful supply of nitrogen
in the atmosphere.

17 Deduce what would happen if the nitrogen cycle stopped.

@ The greenhouse effect in
the atmosphere

Learning goals

1 To describe the differences between the natural and enhanced greenhouse effects
2 To explain how the greenhouse effect warms Earth

3 To explain how humans have contributed to the enhanced greenhouse effects

Greenhouses are made from glass and plastic. When The natural greenhouse effect =
DOC
the Sun’s radiation passes through these materials, it Li

Earth has it f keeping the heat
heats the ground and air inside the greenhouse. As AT Ras TS oW wey of Keeping The hed

in, similar to a greenhouse but on a much | WORKSHEET

the air heats up, it starts to rise, but it cannot exit the , o
o larger scale. Most of the Sun’s radiation
greenhouse as it is stopped by the roof and walls. Some ,
- o . ) passes through Earth’s atmosphere where
infrared radiation emitted by the ground is also reflected

the majority heats the ground and the oceans. The
back by the roof. All of this results in the greenhouse ) ) Y & ) ]

) i ) remainder is reflected back into space by ice, clouds
heating up, keeping the plants at an optimum ) )
and water. The ground and oceans emit radiant energy
temperature for growth.

back towards the atmosphere as infrared radiation.
e 7 N A N ¥ P However, instead of leaving Earth’s atmosphere, some
V4 ' W _ Yy of this radiation is absorbed and reflected back towards
A \§ Z TN N \ 24 the surface by a layer of gases called greenhouse gases.
Radiation = ##\ Roof reflects or §  Radiation Water vapour (H,O) is the most abundant (95%)

,f rom the sun Y4 abs?;gisa't?ifred \ § from the Sun greenhouse gas. Methane (CH,), carbon dioxide (CO,)
i

w

and nitrous oxide (N,0)

greenhouse gases
gases that contribute to the
greenhouse effect

are three of the other most

= i e common greenhouse gases.

’ v 1EEroudnd (émis s L5 g
L SR ol Quick check 8.10

1 Name a type of radiation emitted by matter due
to its heat.

ry N
v &

2 Explain why greenhouses are made of glass
Figure 8.22 Greenhouses protect plants from cold and adverse

re otec or plastic.
weather conditions by keeping in the thermal energy.
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Table 8.9 compares the effectiveness in retaining heat of the three most common greenhouse gases after water vapour.

Carbon dioxide (CO,) Methane (CH,) Nitrous oxide (N,O)
% of the total amount of a4 . -
greenhouse gases
Persistence in the atmosphere 100 years 10 years 100 years

Effectiveness of trapping heat
PP .g . 30 times more effective 300 times more effective
compared to carbon dioxide

Table 8.9 A summary of the three most common greenhouse gases, excluding water vapour

The process of trapping the Sun’s solar

energy in Earth’s atmosphere is called

Radiated
the greenhouse effect. The radiation Sun emits infrared
from the Sun is described as short- radiation. radiation in

— space.
wave radiation. This type of radiation Infrared radiation P

is absorbed and

is able to pass directly through the reflected by
atmosphere. The infrared radiation greenhouse
emitted from the ground and the gases.
oceans is described as long-wave
radiation. This type of radiation is /
absorbed by the greenhouse gases, - /
e '/ ¥/ Greenhouse gases

keeping Earth warm. If most of the Sun’s

radiation was not converted by the ground

Ground and
oceans emit
Radiation || infrared radiation.
heats up
the ground
and oceans.

and the ocean into longer wavelength

infrared, we would lose all of the thermal
energy back into space, and Earth would be much
less habitable. Plants, animals and humans would

struggle to survive on Earth without the greenhouse Figure 8.23 A summary of the greenhouse effect

greenhouse effect effect’s role in maintaining

the trapping of the Sun’s
warmth by a layer of gases in
the lower atmosphere

a comfortable consistent

average temperature.

Quick check 8.11

1 Give the name and formula of one common greenhouse gas.
2 Most of the radiation emitted from the Sun heats the ground and the oceans. What happens to the rest of
this radiation?

Did you know? 8.1

We need the natural greenhouse effect
Earth's average temperature is 14°C. Without the natural greenhouse effect, this
temperature would decrease to —18°C.

Figure 8.24 Earth would freeze without
the greenhouse effect.
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Table 8.10 summarises the features of visible light, UV and infrared radiation.

Visible and UV light radiation Infrared radiation
Emitted by the Sun Emitted by the Sun, the ground and oceans
Short-wave Long-wave

Not trapped by the atmosphere  Trapped by greenhouse gases in the atmosphere

Table 8.10 Features of visible light, UV and infrared radiation

Quick check 8.12

1 Name a source of short-wave radiation.
2 Name the radiation that is absorbed by greenhouse gases in the atmosphere.

The enhanced greenhouse effect Causes enhanced greenhouse effect
. the intensifying of the natural
The major cause of the greenhouse effect due to

The natural greenhouse effect keeps our planet at a human activity

o enhanced greenhouse effect
comfortable temperature; however, human activity has ) ] i )
. . . . is an increase in the concentration of greenhouse gases,
caused this natural process to intensify. This is called the o . i
carbon dioxide, methane, nitrous oxide and water
enhanced greenhouse effect. ] )

vapour, in the atmosphere. Table 8.11 summarises how
humans have contributed to the increased levels of these

greenhouse gases.

Greenhouse gas How humans have increased its concentration in the atmosphere

Carbon dioxide Burning fossils fuels such as coal, oil and gas.
Currently, 70% of Australia’s electricity is
produced by burning coal.

Methane Farming cattle (which produce methane when
they digest grass) and growing rice in paddies.
Increased temperatures lead to the melting
of permafrost in the Arctic. Permafrost is frozen
soil which contains trapped methane produced
from the decomposition of plants and animals.

Table 8.11 How humans have increased the concentration of greenhouse gases in the atmosphere
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Greenhouse gas How humans have increased its concentration in the atmosphere

Nitrous oxide Using fertilisers increases the amount of nitrogen F

in the nitrogen cycle, which increases the
production of nitrous oxide.

Water vapour Water vapour is already the most abundant greenhouse gas naturally, but as the
concentrations of carbon dioxide, methane and nitrous oxide in the atmosphere increase
due to human activity, more heat is trapped, which contributes to increasing water vapour
concentrations (increased humidity). This has a positive feedback effect on increasing
temperatures, enhancing the greenhouse effect.

Table 8.11 (Continued)

Your environmental footprint

An environmental footprint is the effect that an individual has on the environment. It can include greenhouse
gas contributions and pollution with non-biodegradable materials. Use your preferred search engine to
research how you can calculate your own environmental footprint. Make a list of the things that make up your
environmental footprint.

Quick check 8.13

1 State one way in which we have increased the concentration of carbon dioxide in the atmosphere.
2 Give one way we have increased the concentration of nitrous oxide in the atmosphere.
3 State the composition of permafrost.

Practical 8.2

Comparing the natural and enhanced greenhouse effects

Aim

To compare the impacts of the natural and enhanced greenhouse effects.

Materials

* baking soda e cling wrap * sticky tape

° water e 2 elastic bands * stopwatch

® vinegar e 2 weighing boats e 2 thermometers

e 2 x 500 mL beakers * balance * high-intensity lamp
e 100 mL measuring cylinder e marker pen * heat-resistant gloves
Procedure

Part 1: Prepare the results table
1 Read the rest of the steps in the method and make a prediction on what will happen.
2 Create an appropriate results table for this experiment.

continued...
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...continued

Part 2: Prepare the equipment Be careful

1 With the marker pen, label one of the 500 mL beakers ‘Control". | Com dheulle e men wiben |

2 Using the sticky tape, tape one of the thermometers to the inside of ~handling the lamp as it can
this beaker. It must be about 5 cm above the bottom of the beaker. become hot with prolonged

3 With the marker pen, label the second beaker ‘CO," use. Ensure heat-resistant

4  Tape the thermometer to the inside of this beaker, again making sure gloves are worn.

itis 5 cm from the bottom.

5 Prepare the cling wrap and elastic bands for sealing; you will cover each beaker immediately after you have
poured in the liquid.

Part 3: Collect the data

1 Using the balance, weigh out 35 g of baking soda into each weighing boat and pour into each beaker.

2 Using the 100 mL measuring cylinder, measure 65 mL of water and pour into the control beaker.
Immediately cover it with the cling wrap and seal with the elastic band.

3 Using the same 100 mL measuring cylinder, measure 65 mL of vinegar and pour into the CO, beaker.
Immediately cover it with the cling wrap and seal with the elastic band.

Swirl the contents of each beaker to make sure that the baking soda has fully dissolved.
Place both beakers underneath the lamp.
Record the starting temperature of each atmosphere before the lamp is turned on.

Turn on the lamp and start the stopwatch.

o N o~ g b~

Measure the temperature in each beaker every 2 minutes for 8 minutes, recording the temperature in your
results table.
9 At 8 minutes, measure the temperature and then turn off the light.

10 Record the final temperature 2 minutes later.

Results
1 Calculate the increase in temperature in each container by the difference between the temperature at
8 minutes and the starting temperature.

2 Calculate the thermal energy retention by the difference in the temperature at 8 minutes to the temperature
at 10 minutes.

Discussion
1 Identify the container that gave the greatest increase in temperature. Did this match your prediction?
2 Identify the container that retained the most thermal energy in the final two minutes.

3 Explain these results using your own knowledge and scientific research.

Conclusion
1 State a conclusion about the enhanced greenhouse effect based on this experiment.

2 Support the statement by using your data.
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VIDEO
Name some
effects of
climate
change

()

WIDGET
Greenhouse
effect

carbon sources

processes or areas that

release carbon

carbon sinks

areas where carbon is stored

(e.g. fossil fuels)

Chapter 8 GLOBAL SYSTEMS

Out of balance the hydrosphere during rainfall) and carbon sinks, areas

Carbon dioxide emissions from human where carbon is stored (such as the oceans or fossil fuels).

activity are our most significant

contributor to the enhanced greenhouse The problem with burning fossils fuels and releasing the

effect. Since the Industrial Revolution in carbon stored in them is that the carbon cycle does not

the 1800s, we have been burning large have enough carbon sinks to remove the excess carbon

amounts of fossil fuels for energy. This from the atmosphere. Fossil fuels take millions of years

3 .
means we have been moving stored to form, and Earth’s carbon sinks cannot remove enough

carbon from the lithosphere into the carbon dioxide to prevent it from building up in the

atmosphere, directly affecting the balance ~ atmosphere. The accumulation of carbon dioxide in the

atmosphere is increasing Earth’s greenhouse effect.

Quick check 8.14

1 State the definition of carbon sources and give

of the carbon cycle.

As part of the carbon cycle,
Earth has carbon sources,

processes or areas that release |
an example.
carbon (such as when carbon _— . .

( 2 State the definition of carbon sinks and give

moves from the atmosphere to
an example.

Section 8.3 questions

Quiz

Remembering
1 Name three gases in the atmosphere that are responsible for the greenhouse effect.
2 Define the term ‘enhanced greenhouse effect’ in your own words.
3 State what types of radiation is emitted from:
a the Sun
b the ground and oceans.

Understanding

4 Explain the differences between the natural and enhanced greenhouse effects.

5 Compare and contrast short-wave and long-wave radiation.

6 Explain why the following statement is incorrect:

"The greenhouse effect is caused by humans.’

7  Explain how a greenhouse mimics the greenhouse effect.

Applying

8 Identify why your feet burn on the sand on the beach on a sunny day, but are freezing cold in the water.

9 Draw a diagram to show how the greenhouse effect keeps Earth warm.

10 Predict what the conditions on Earth would be like without greenhouse gases and the greenhouse effect.

Analysing

11 Distinguish between greenhouse gases and other gases in the atmosphere, such as nitrogen and oxygen.

12 Compare and contrast carbon sinks and carbon sources by giving examples.

Evaluating

13 Evaluate why our focus related to the enhanced greenhouse effect is on carbon dioxide and not on other

greenhouse gases.

14 Propose reasons why, even though we have known about the damaging effects of carbon emissions for a long

time, Australia still produces 70% of its electricity from coal.

15 Assess the reasons why the carbon cycle is altered by the release of carbon emissions from burning fossil fuels.
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@ Changing climates

Learning goals

1 To describe the causes and effects of climate change

2 To evaluate the scientific evidence associated with the effect of climate change

3 To explain how computer modelling can be used to make predictions about climates

The climate of an area is how it behaves over a long period of time, usually over a period of 30 years
or more. Areas of the world have differing climates due their position on Earth’ surface. Li
WORKSHEET

HE

Figure 8.25 Frozen ships and shipwrecks shipwrecks on Lake Baikal in Siberia, Russia. The climate there is
described as sub-Arctic with annual average temperatures of about -5°C.

Did you know? 8.2

How China used rockets to control the weather

China used rockets before and during the 2008 Beijing
Olympics opening ceremony to control the weather. They
fired 1100 rockets at a rain belt that could have disrupted
the ceremony. The rockets contained silver iodide which
caused the rain clouds to disperse. As a result, a city
south-west of Beijing recorded 100 mm of rainfall on the
evening of the opening ceremony, whereas the capital
stayed dry. However, this practice, known as cloud-seeding,

is controversial, as not all attempts to use it to control the
weather are successful.

Figure 8.26 The opening ceremony of the Beijing
Olympics in 2008
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Climate change

Climate change has occurred when there has been a significant change to normal weather patterns that have been
sustained for a long time — between thousands and millions of years.
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peitee] @i dline Figure 8.27 Earth has undergone natural cycles of warming and cooling.

Earth has undergone natural cycles of warming and
cooling throughout its history.

A glacial period is when a reduction in global
temperatures is sustained for a long period of time. The
last glacial period started around 115000 years ago and
ended around 11700 years ago. During the latter part
of this period, Kangaroo Island off the South Australian
coast was connected to the mainland and parts of

Tasmania were covered by glaciers.

An interglacial period is when an increase in global
temperatures is sustained for a long period of time.
We are currently experiencing an interglacial period.

However, scientists are concerned about the current

unusually rapid rises in temperature, and the evidence Figure 8.28 Kangaroo Island is located south-west of
Adelaide, about 14.5 km off the coast. The star on the picture

shows the location of mainland Australia. The island was
with it. connected to the mainland at the end of the last glacial period.

Quick check 8.15

1 Define the term ‘climate change’ in your own words.

suggests that human activities have something to do

2 State the name of the term for when Earth is undergoing a period of cooling.
3 State the name of the term for when Earth is undergoing a period of warming.
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Human influences on climate change

It is clear that humans are influencing climate change. The concentration of carbon dioxide in the atmosphere has
increased from 280 parts per million (ppm) before 1800 to well over 400 ppm in 2018. Table 8.12 summarises the
influences that humans are having on the climate and how climate change is affecting global systems.

Human Global system
. Y How the climate is affected
influence affected
Deforestation  Carbon cycle Fewer trees results in less carbon dioxide

and water cycle  being taken in from the atmosphere
through photosynthesis. If the wood is
burned, this contributes further to the
greenhouse effect.

Trees release large amounts of water
vapour during transpiration. Fewer
trees means less water vapour in the
atmosphere and less rain. In 2017-19,
parts of New South Wales experienced
the lowest ever rainfall on record.

Agriculture Carbon cycle Cows and sheep produce carbon-
containing methane when digesting
grass. More cattle mean more emissions.
Agriculture accounts for 11% of Australia’s
greenhouse gas emissions, and 70% of
that comes directly from livestock.

Burning fossil ~ Carbon and Burning fossil fuels produces carbon

fuels nitrogen cycle emissions, which alters the carbon cycle.
Nitrogen oxides (NO)) are also produced
when fossil fuels burn, causing smog
and acid rain.

Fertilisers Nitrogen cycle  Adding fertilisers containing nitrates to
the soil speeds up their conversion into
nitrous oxide, another greenhouse gas.

Table 8.12 A summary of some human influences on climate change

ISBN 978-1-108-99259-6 © Cambridge University Press 2021
Photocopying is restricted under law and this material must not be transferred to another party.



240 Chapter 8 GLOBAL SYSTEMS

Quick check 8.16

1 State one way humans have affected the nitrogen cycle.
2 Explain how burning fossil fuels affects the carbon cycle.

Effects of climate change
As carbon dioxide concentrations rise, Earth continues to warm.
Over the past 100 years, Earth’s average temperature has risen between 0.4 and 0.8°C; 2016 was the hottest year and

2019 was the second hottest since records began. While people have varying opinions on the possible consequences of
climate change, the effects of rising temperatures could have dramatic repercussions.
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Seripps CO2 Program (hiip2/scrippsco2.ucsd.edu). Accessed 2019-07-20

Figure 8.29 The Keeling curve shows the concentration of carbon dioxide in parts per million from 1959
to 2019 using measurements taken from an observatory in Hawaii. This positive gradient shows that
carbon dioxide levels are continuing to increase.
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Polar ice

Melting polar ice caps

As temperatures on Earth rise, polar ice caps melt, which
raises sea levels. Low-lying areas of land, such as Osaka
in Japan, which is already being battered by coastal
typhoons, are most at risk. Ice also acts as a barrier that
prevents sunlight from reaching the oceans. With less

ice cover, more of the ocean is able to absorb sunlight,
increasing its temperature. This is an ongoing cycle,
ultimately leading to increased ice melting and sea

level rise.

Reflecting ice

Meltwater contributing to a greater volume of seawater
is not the only risk caused by melting polar ice. Ice
reflects the Sun’s radiation back into space, which has a

cooling effect on the planet. Less ice means less radiation
is reflected, which results in an increase in global Figure 8.30 Melting ice in Eqi Glacier, Greenland

temperatures.
Figure 8.31 Ice reflecting the midnight sun in the Arctic Ocean

Ocean density driving currents

When seawater freezes in winter, only the water

freezes — the salt is left behind in the unfrozen seawater
below. Waters with higher concentrations of salt are
denser and are the main cause of ocean currents,
circulating seawater from the sea floor to the surface and
all around the globe, along with thermal energy, organic

matter and nutrients.

With rising temperatures, less seawater is freezing,
which is reducing the density of the oceans. These global
ocean currents could eventually cease all together. As
seawater becomes stagnant, organic matter and nutrients
are not circulated and would impact on the survival of

marine life.

Quick check 8.17

1 Identify the main problem of melting polar

ice caps.

2 ldentify the problem with a decreased ocean
density resulting from reduced freezing of water
in winter.
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Practical 8.3

Salinity and density

Aim

To determine how the concentration of salt in water (salinity) affects its density.
Materials

e 10 mL measuring cylinder e salt

e 100 mL measuring cylinder e water

* 5 x 100 mL beakers e weighing boats

* 5 pipettes * balance

e food colouring (blue, green, yellow and red)

Procedure

1 Draw the table shown in the results section into your science journal.

2 Using a 100 mL measuring cylinder, measure 60 mL of water and pour it into one of the 100 mL beakers.
Repeat four more times.

Amount of food
Mass of salt (g) Volume of water (mL) .
colouring (drops)
5 60

1 2 of blue

2 10 60 2 of green

3 15 60 2 of yellow

4 20 60 1 of yellow,
one of red

5 25 60 2 of red

3 Using the weighing boats and balance, measure the five different masses of salt. Pour the salt into the
correct coloured beaker.

Add the required drops of food colouring from the table above to each beaker.

Stir the solutions to make sure all the salt has dissolved.

Using a pipette, draw up 2 mL of solution 5 and add to the 10 mL measuring cylinder.

N oo b

Using a pipette, draw up 2 mL of solution 4. Place the pipette along the inside of the measuring cylinder,
near the solution added previously. Drop solution 4 drop by drop, allowing it to roll down the side of the
measuring cylinder.

8 Repeat step 7 for solutions 3, 2 and 1, adding each in turn to the 10 mL measuring cylinder.

Results
1 Complete the results table.

Mass of | Mass of Mass of the solution Volume of Density of the solution
(g) (mass of salt + ) (g/mL) (mass of
salt (g) | water (g) solution (mL) .
mass of water) solution + volume)
1 5 60 60
2 10 60 60
3 15 60 60
4 20 60 60
5 25 60 60
continued...
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...continued

2 Sketch a coloured diagram of the measuring cylinder you created.
3 Plot a graph of mass of salt on the x-axis and density on the y-axis.

Discussion
1 Use your graph to describe the link between amount of salt and the density of a solution.
2 Discuss how rising global temperatures affects the concentration of salt in the oceans and how this relates to

climate change.

Conclusion
State a conclusion about how water salinity affects water density. Support your statement by using your
experimental data.

Biodiversity
Biodiversity is a measure of the variety of environments,

species and genes in an area.

The more biodiverse an environment, the more resistant
that environment is to change (it is more stable). An
environment which is not biodiverse may be at risk of
complete collapse. Any changes to an environment, like

biodiversity the ones previously discussed
the variety of species,
ecosystems and genes that
exist in a particular area

can affect the balance within

Figure 8.32 The Amazon rainforest is one of the most
an ecosystem. biodiverse ecosystems in the world.

Climate change effects on Earth
Climate change is a cause of changing global temperatures and, in particular, melting of polar sea ice.
Investigate and summarise the long-term effects of melting sea ice on:

ocean water levels

deep ocean currents

marine biodiversity.

Computer modelling and its applications Figure 8.33 A supercomputer at the German Climate
Computing Centre crunches data about Earth’s climate to

predict the future effects of climate change.

Computer modelling is the use of computer simulations
to make accurate predictions about Earth’s climate
thousands and millions of years into the future. With
their high processing power, computers are able to run
numerous simulations over and over again in a short
period of time, something that could take a human
over a lifetime to complete. By running numerous
simulations, predictions made by computer modelling
are much more accurate than those made manually

by humans.
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Table 8.13 summarises the applications of computer modelling.

Application of computer modelling Description

Predicting the weather You will see this use every day if you watch the news. Multiple
simulations are run by computers. Meteorologists (scientists who study
the weather) use these simulations to predict the weather conditions
for that week.

Models predicting climate change are based on observational data and
fundamental numerical laws such as Newton’s laws. Perhaps the most
complex climate models are the general circulation models (GCMs).
Data on climate change reported in the media is generated from
numerous simulations of the GCMs.

Monitoring pollution levels Atmospheric dispersion modelling predicts the behaviour of pollutants
in the air over a specific period of time. It is used by governments

to monitor air quality as well as to make predictions of the effects of
chemical spills.

Table 8.13 A summary of some of the applications of computer modelling

Quick check 8.18

1 Why do scientists use computer modelling to predict phenomena?
2 Give one application of computer modelling.

Computer models rely on accurate data being fed into the simulation. An example of high-quality data is that
obtained at the International Space Station by the cloud-aerosol transport system, which can accurately measure
atmospheric clouds and aerosols (extremely small particles in the air) all over the world. This data is used in computer
modelling to predict what Earth will be like in years to come.

Figure 8.34 The ice on Lake Baikal in Siberia, Russia
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Explore! 8.4

Reducing the impact of climate change
Human influences on climate change are not always negative, and there are many technologies being used in

Australia and internationally to reduce the impacts of climate change. Examples of alternatives to fossil fuels that
are used throughout Australia include solar cells and wind turbines, which reduce greenhouse gas emission. Many
new technologies require government financial support for implementation on a large scale.

Write a paragraph summarising each of these technologies.

© Solar cells

©  Wind turbines

© Traditional Aboriginal firestick farming

© Carbon capture

For each technology, complete the following.

1 Describe what they are.

2 Explain how the technology works.

2 Reflect on how they contribute to the effects of climate change.

Section 8.4 questions

Remembering
Name the models used to make predictions about climate change.

Define the term ‘climate’ in your own words.

Quiz

Complete the sentence: Earth is currently experiencing an interglacial/a glacial period.
State one way that humans have influenced the climate on Earth.

a b w N =

Give a property of ice that allows it to have a cooling effect on Earth.

Understanding

6 Classify the following as either an effect or a cause of climate change:
a melting polar ice ¢ increased use of fertilisers
b reduced ocean currents d  reduced biodiversity.

7 Explain why computer models are useful in predicting future events.

8 Describe some differences in climate between Central Australia and Siberia.

9  Explain why it is important to maintain the biodiversity of an environment.

Applying
10 Identify the uses of atmospheric dispersion modelling.

Analysing
11 Compare global warming and climate change.
12 Describe the relationship between global temperatures and the terms glacial and interglacial periods.

Evaluating

13 Explain how global warming could cause sea levels to rise.

14 Evaluate the effect of an unexpected volcanic eruption on climate change predictions.

15 There is debate as to whether climate change is a significant risk to life on Earth. Decide whether you agree,
based on what you have learned in this chapter. Justify your opinion with facts and evidence.

16 Discuss the different measurements or criteria used by different groups of people when analysing the
interactions of Earth's spheres.
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Chapter review

Chapter checklist

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

Success criteria Check

8.1 | can identify and describe the different spheres of Earth and its atmosphere.
e.g. Discuss how the biosphere, hydrosphere and lithosphere are all connected. SCORCHER

8.2 | can describe the carbon cycle.
e.g. Identify the part of the carbon cycle that removes carbon dioxide from
the atmosphere.

8.2 | can describe the nitrogen cycle.
e.g. Summarise the role of bacteria in the nitrogen cycle.

8.3 | can explain the greenhouse effect.
e.g. State some causes of the enhanced greenhouse effect.

8.4 | can describe the causes and effects of climate change.
e.g. Discuss some of the outcomes of a global climate change.

Reflections

1 What connections come to mind when you think about global systems and your everyday life?
2 What new concepts have extended your thinking about the interactions between Earth’s spheres?
3 What information did you find challenging or confusing?
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Data questions

The Keeling curve in Figure 8.35 illustrates the change in atmospheric carbon dioxide concentration from 1960
to 2005, as measured from the atmosphere above Hawaii, USA. A media outlet is using this data as evidence to
suggest that ‘climate is changing because there is increasing atmospheric carbon dioxide'.
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310

The Keeling Curve

Figure 8.35 Keeling curve showing the atmospheric carbon dioxide concentration over time

Identify the year which had the lowest average atmospheric CO, in the atmosphere.
Use the red line to determine the average concentration of atmospheric CO, in 1965.
Determine the annual cycles observed for the brown line.
Distinguish the difference between the brown line and the red line.
Identify the general trend of carbon dioxide concentration as time increases.
Identify the pattern(s) occurring in the brown line.
Can the data in Figure 8.35 be used to justify the statement: 'there is increasing atmospheric carbon dioxide'?
Can the data in Figure 8.35 be used to justify the statement: 'climate is changing'?
Infer the atmospheric concentration of CO, in 2030, using the trend you have observed in Question 5.
0 Determine how each of the following people would interpret this data. If you think their opinions would differ,

= VYV 0O NO UV Hh WDN =

explain your reasoning.

a climatologist (scientists who study the climate)

b amember of the Kuring-gai people (Aboriginal tribe in Sydney)
¢ owner of a petrol company
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Background information

Today, we use high-tech satellites to gather high-quality
data from our ever-changing world. We can now use
this technology to help us monitor our impact in our
environment.

This was shown on 5 November 2015, the day
the world heard about the municipality of Mariana,
in the state of Minas Gerais, Brazil. This once
paradisiacal location was the location of Brazil's biggest
environmental disaster — the collapse of a dam wall on
the Gualaxo do Norte river. The resulting flow killed
18 people and covered an entire sub-district with toxic
mud from an upstream mine. Studies that will assist
with recovering the area and the affected rivers are
underway. Satellite imagery will play a pivotal role in the
recovery of the area for years to come.

Design brief: Design a method to use aerial
imagery to track environmental change and make
environmental impact predictions.

Activity instructions
You are an environmental researcher working for your
local council along with a team of other professionals,
including engineers, policymakers and designers.

The Land Management Team asked you to design

an interactive tool capable of tracking environmental
change over time in specific areas within the council
boundaries. They want to demolish a number of
buildings in the area for development, and have
requested your opinion about possible implications for
nearby rivers and creeks. You understand the potential
for satellite imagery use (available free on Google Earth)
in this situation, and you decide to give your advice after
creating a time-lapse video (or series of images) that
shows changes in landscape use over time. (Teachers,
please check the Online Teaching Suite for a detailed
guide and example for this activity.)

ISBN 978-1-108-99259-6

STEM activity: Using aerial imagery to track

environmental change

Suggested materials

Google Earth Pro (free to download)
web browser (any)

iMovie, Movie Maker or GIFMaker.org
(recommended)

Research and feasibility

1

Outline the advantages and disadvantages of using
satellite imagery to assess environmental change
within your region. Describe the expertise (skills)
needed to gather and decode these images and the
potential benefits to the local economy (for example,
possible jobs created or improvement to traffic
conditions) of using them.

Advantages Disadvantages

e.g. Economy — e.g. Environmental -

predict areas for incorrect use of images

growth without considerations

Research and decide on a local area that has a
river/creek, and a combination of natural/built
environment or natural environment that could
have development proposed.

Design and sustainability

3 List all the environmental issues currently faced by

the chosen area, and future predicted issues based
on current and future infrastructure.

Discuss as a group future development that could be
completed in the chosen area. Make a sketch of the
future development and annotate the changes, make
a list of environmental impacts of the development.
Decide on the best possible technology to use to
create a time-lapse sequence.
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Figure 8.36 Viewed from above: (a) rice terraces in Bali, (b) a quarry, (c) farmland, (d) suburban houses

Create Evaluate and modify

6 Create a time-lapse sequence of the area and list 8 In your own words, explain how you could
at least 10 noticeable changes to the landscape use the skills gained in this activity to enhance
within your chosen area. What benefits or environmental conservation in your region.

disadvantages have these changes brought to the
local community?

7 Add your future development diagram to your
time-lapse and show the environmental impact of
your development ideas.
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The human body is a fascinating, yet
complex, biological machine. All body
systems work in an inter-related way to
contribute to the health of the entire
organism. The word homeostasis originates
from the Greek words for ‘same’ and ‘steady’.

It refers to the processes living things use to

maintain a relatively stable internal environment,
in spite of external changes. All cells within the
body depend upon the internal body environment
to survive and function, and some are very fussy about
the conditions they are prepared to tolerate! This chapter
will focus on the role of feedback systems in the human
body that detect and respond to change, including the damage
made by invading pathogens and the body'’s ability to defend itself
against that damage.

.
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The requirements for life

Learning goals

1 To recall the difference between multicellular and unicellular organisms

2 To identify the requirements of life and outline their role within the human body

3 To describe cellular respiration and its role in all living organisms

Multicellular versus
. .
Li unicellular organisms
WORKSHEET | Recall that all living organisms consist of
cells. Complex organisms, such as fish,
humans and other mammals, consist of
many cells and are called multicellular
VIDEO )
Components | organisms. For example, the human
;i;i!‘:,lsg body is made up of trillions of cells.

Multicellular organisms are complex

and require specialised
multicellular
composed of more than
one cell

systems to carry out specific

functions. They contain
unicellular

cemperdleiadige] various levels of organisation

cellular respiration Where lndIVIdual CeHS perform
an energy-releasing process
in which glucose reacts with
oxygen, producing carbon
dioxide and water and
releasing energy

specific functions, yet also
work together for the good of

the whole organism. Simple

R

PP e d’ Too @
.I‘ Q:

Figure 9.1 A unicellular organism known as Paramecium
caudatum
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organisms like bacteria, amoebas and paramecium
consist of just one cell and are called ‘unicellular’ or
‘single-celled’” organisms. In unicellular organisms,

the single cell functions on its own and performs all
required life functions. This chapter, however, will focus
on multicellular organisms that rely on highly organised
and interdependent internal body systems to respond to

changes in their environment.

Essential requirements for life

Animals, such as humans, can live for several weeks
without the nutrients obtained from food and survive
a few days without water, yet can only live a few
minutes without oxygen. Humans clearly need water,
oxygen and nutrients to produce the energy required
for purposes like breathing, digestion, movement
and growth.

During a process called cellular respiration, the energy
stored in the chemical bonds of glucose (which is
obtained in one’s diet) is released as useable chemical
energy in the form of ATP. This process occurs in
organelles called mitochondria, and it provides cells with
the energy required for their specialised functions. The
other reactant needed for cellular respiration is oxygen,
and you obtain this by breathing in the oxygen from the
air. The word equation for cellular respiration is shown
in Figure 9.2. The reactants are on the left of the arrow
and the products are on the right.

useable energy (ATP)

glucose + oxygen 4 carbon dioxide + water

Figure 9.2 Word equation for cellular respiration
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Carbon dioxide and water are waste products in
this process, and although the water can be used in
other processes, carbon dioxide must be excreted, as
high concentrations in the body can lead to serious

complications.

el

Figure 9.3 Cellular respiration occurs in the mitochondria of
animal and plant cells to provide energy for cellular work. The
reactants of the chemical reaction are shown in green and the
products are shown in red.

Try this 9.1

Make a revision poster!

Orient your paper in landscape mode and draw
the word equation for cellular respiration across
the page. Underneath each word, draw a diagram
of the substance. Also annotate the equation to
show where the reactants come from and how the
products are removed from the body.

CELLULAR RESPIRATION REVISION POSTER
useable energy (ATP)

glucose + oxygen 4 carbon dioxide + water
Quick check 9.1

1 State the main difference between a unicellular
and a multicellular organism.

2 Recall the essential requirements for life.

3 State the reactants and products from the process
of cellular respiration.

4 Recall why cellular respiration is an essential
requirement for life.
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Nutrients

Nutrients are the chemicals obtained from a healthy diet
that provide you with the energy and building blocks

your body needs to grow and repair.

The five main groups of nutrients that your body needs

for optimum functioning are:

carbohydrate

biological molecule made

of carbon, hydrogen and
oxygen, which can be broken
down in the body with the

o carbohydrates
o lipids (fats and oils)

e proteins release of energy
e vitamins lipid
. 1 a chemical substance such as
e Iminerals. a fat or oil that can be used
as an energy source
Carbohydrates

Carbohydrates provide the main fuel source

for many vital organs, including the brain and
kidneys. The digestive system breaks down complex
carbohydrates into glucose which cells then use in
cellular respiration to make energy available.

Lipids

Fats and oils, also called lipids, are greasy substances
that also provide the body with energy. A gram of fat
provides at least twice as much energy as a gram (g)
of carbohydrate, but the energy stored in fats and
oils cannot be obtained as quickly as the energy

in carbohydrates. The body uses fat for long-term

energy storage.

Figure 9.4 Fats tend to be solid at room temperature (like
butter). Qils tend to be liquid at room temperature (like olive
oil). Their chemical properties determine their melting points.
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Fat deposits under the skin also provide thermal insulation
to control the loss of heat from the body, while some vital
organs are surrounded by

protein

a chemical substance
composed of amino acids
which has structural and
regulatory functions; can also
be used as an energy source

layers of fat that help to protect
them from shock.

Proteins
enzyme

a biological catalyst that
increases the rate of a
chemical reaction without
itself being changed by the
reaction

Proteins are found in all living
things and perform many
functions, especially structural
antibody and regulatory ones. The
also called immunoglobulin;
a protective protein
produced by the immune
system in response to

the presence of a foreign
substance (called an antigen)

following describes some of
the main functions of proteins.
Structural proteins, for

amino acid example, muscle, skin and
an organic molecule that
forms the basic building

block of a protein

hair, are composed mainly

of protein.

A protein s _ _

o Proteins called enzymes are responsible for
controlling the chemical reactions that take place in
your body.

» Some proteins have specific functions - for
example, haemoglobin carries oxygen around in
the bloodstream.

o Antibodies are a type of protein which enable your

body to resist infectious diseases.

Humans consume protein in their diet, and the
digestive system breaks these large molecules down into
their building blocks, called amino acids, that can be
reassembled to make structural and functional proteins.
Major dietary sources of protein include meat, fish,
dairy, legumes, nuts and seeds.

Digestion

Amino acids

Figure 9.5 During digestion, proteins are broken down into individual amino acids. Your body
cannot absorb protein molecules, but amino acids can be absorbed and reassembled within

the body to build new proteins.

Vitamins and minerals

Your body needs tiny amounts of essential
micronutrients known as vitamins and minerals. These
chemical compounds assist in thousands of chemical
reactions in the body: some work with enzymes as
catalysts; others play a role in strengthening your

bones, healing wounds and helping nerve cells conduct
electrical impulses; and others assist in the breakdown of

ISBN 978-1-108-99259-6

carbohydrates and proteins. A deficiency of vitamins can
lead to disease, such as scurvy or rickets. Most people
can get all of the necessary vitamins and minerals by
eating a healthy, varied diet and do not need to routinely
take supplements in tablet form. Some vitamins

and minerals are toxic when taken in excess of the

body’s requirements.
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a \@ Scurvy
Throughout the thirteenth to sixteenth centuries,
e thousands of sailors and explorers on long journeys
@ @ * died from what is now known to be a preventable

G disease: scurvy. Research some of the gruesome
FOODS symptoms that were observed aboard the sailing
G FOR GETTING & ships, and how this disease was combatted at
VITAMINS the time.
5 . g G @ ’. Quick check 9.2
‘ = h 1 State the five main groups of nutrients that your
é ‘ @ body needs.

2 Draw up a table to describe the function or

purpose of each of the five nutrient groups in
Figure 9.6 This vitamin wheel shows some of the different the body.

vitamins your body needs and the foods they are found in.

Practical 9.1

Measuring the energy content in food

Aim Be careful

To investigate the amount of chemical energy stored in various foods. No food items are to be
. consumed.

Materials

e large test tube

* test-tube rack

* test-tube holder (wooden peg)

* heatproof mat

* bottle cork with a needle inserted into the top

e thermometer

® tin can open at both ends (to act as a chimney)

e 25 millilitres (mL) measuring cylinder

e assorted food samples, e.g. Twisties (do not use nuts)
® measuring scale

Planning

1 Write a paragraph about the chemical energy stored in food and the different components of food that
provide energy.

2 Develop a hypothesis to predict which food sample/s will transfer the most energy.

3 Identify as many controlled variables as possible and describe how these will be managed to prevent them
from affecting the measurements.

4 Complete a risk assessment for this investigation, describing how any risks will be controlled.

continued...
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...continued

Procedure
1 Draw the results table below.

2 Place the tin can, Bunsen burner test tube

and cork on the heatproof mat. \
Ensure the room is well ventilated / y test-tube holder

to avoid a build-up of smoke. Q)
3 Use the measuring cylinder to ‘

pour 10 mL of water into the

test tube. tin can (open at the
4 Measure the starting temperature top and bottom)

of the water and record it in the

\ 
results table.
5 Measure the mass of the food \\

sample and record it in the results
table.
6 Place the food sample on

the needle. O cork
7 Have the test tube in its holder,

ready to be placed over

food sample

needle

the flame. Figure 9.7 Experimental set-up

8 Use the Bunsen burner to light the food sample. Immediately place the tin can over the top and hold the
bottom of the test tube in the flame.

9 Measure the final temperature of the water as soon as the food sample is completely burned out
and record it in the results table. (If it doesn't burn completely, relight it from the Bunsen burner and
continue immediately.)

10 Repeat with other food samples.

11 It takes 42 joules to raise the temperature of 10 mL of water by 1°C. Multiply the temperature change for
each sample by 42 to find the energy content of the sample.

Results

Type of Energy Starting Temperature Energy content
food content per temperature | temperature | change (final - (temperature

100 g (J) (°C) starting change x
temperature) (°C) 42 joules) (J)

Discussion
1 Describe any trends, patterns or relationships in your results.
2 When the food was burned, the chemical energy was released as heat energy which was measured by how
much it heated up the water. Deduce whether any energy was lost, and if so, how.
3 Identify the foods that contained the most and least energy per gram. Was your hypothesis supported?
4 |dentify any unusual results that you found.
continued...
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...continued

5 Compare the actual energy content per 100 g of food (found on the nutritional label) with the energy
content that you calculated.

6 Identify any potential sources of error in this experiment.

7 Suggest any changes that could be made to the method to improve the quality of the data in future
experiments. Justify your suggestions by explaining how each change will improve the data quality.

Conclusion
Draw a conclusion from this experiment regarding foods and energy content. Justify your answer with data.

Advances in science 9.1

Hydration
More than half of your

body by mass is water: it is
found in your blood, inside
your cells and between

your cells. You use water

to maintain your blood
pressure and your body
temperature and for many
other day-to-day functions.
It is recommended that you
drink 2 L of water per day, as
fluids are readily lost through
sweating, passing urine and
even breathing! This fluid
loss is heightened when

you are exposed to high
temperatures and during

Figure 9.8 Even very small amounts of dehydration will reduce an athlete’s performance
in individual or team sports, including football.

high-intensity exercise, so
you need to increase your
fluid intake to prevent your body from becoming dehydrated. Dehydration leads to decreased blood pressure,
increased heart rate and temperature, and a loss of physical coordination, meaning you are not performing at
your best. A lot of energy is expended trying to regulate the internal conditions. As dehydration progresses,

you can experience muscle cramping, nausea, vomiting and diarrhoea, as well as accompanying psychological
symptoms such as a decrease in concentration and mental functioning.

Most elite athletes playing Australian Rules football can expect to lose, on average, approximately 1 L of fluid
per hour, and in hot, humid weather, 2-3 L per hour. One way they combat this is by drinking sports drinks, which
contain water, carbohydrates and salts that are claimed to result in improved hydration. However, these sports
drinks often contain high levels of sugar, and scientific studies have shown they contribute to childhood obesity
(as teenagers drink them when not engaging in sports) and tooth decay in elite footballers.
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Section 9.1 questions

e Remembering

1 Identify one major difference between a unicellular and a multicellular organism.

2 Provide two examples of a unicellular organism and two examples of a multicellular organism.
Quiz 3

List three requirements for healthy human life.

Understanding

4 In your own words, explain what occurs during the process of cellular respiration.
5 Suggest two ways that water is lost through the body.

6 Explain three different functions of proteins in the human body.

Applying
7  List three essential nutrients that you think a healthy diet should include.
8 Suggest a reason why pasta is often eaten by footballers the night before they play their match.

Analysing

9 An athlete is contemplating going on a diet to lose some weight and decides to minimise their carbohydrate
intake. Propose some potential consequences or considerations for the athlete.

10 On average, females tend to need less energy overall in their daily recommended energy intake (kJ) compared to
men. If men have on average more muscle mass and less body fat, propose possible reasons for this difference.

11 Dietary fats are essential for cell growth and energy. Fats provide more energy than carbohydrates. Suggest why
athletes don't eat lots of fatty food just before they compete.

Evaluating

12 Predict if any health issues would arise if a person was drinking sports drinks when they were not physically
required to do so.

13 According to the Australian Institute of Health and Welfare, 1 in 4 Australian children were overweight or obese
in 2014-2015. Decide whether or not childhood obesity is a problem in Australia. Recommend several strategies
on how childhood obesity rates might be reduced.

14 If the New South Wales Government banned all sugary foods and drinks in all schools, would this solve obesity in
children? Discuss the pros and cons of this rule.
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Body systems working together

Learning goals

1 To recall the organs involved in the respiratory, circulatory, digestive and excretory systems of the body
2 To define homeostasis using the stimulus—response model

3 To describe, using examples, how body systems maintain homeostasis

Coordination: It's a team effort! All multicellular organisms depend upon
their body systems working together to Li

Within the human body, 11 major organ systems maintain homeostasis. The body does

interact with each other to enable humans to grow, WORKSHEET

an amazing job to maintain a stable
maintain life and reproduce. Each system depends upon . . .
internal environment, despite homeostasis
the maintenance of a

relatively stable internal

other systems to keep the body functioning at an optimal considerable changes within

level, and each is made up of organs with highly specific

the external environment. Sﬁ:ggi’;"iir:otﬂzZ:Efefnejpite
functions. The systems are: This process is known as By ol
o circulator o muscular . . N

Y homeostasis. When a change occurs in an animal’s

o endocrine o immune . . .

external environment, such as an increase in temperature,
o skeletal o integumentary (skin . .

& y( an adjustment must be made so that the internal
 reproductive and outer bod . .
p Y environment of the body and cells remains stable.

o digestive coverings)
* excretory * respiratory. The nervous system plays the primary role in controlling
o nervous

and coordinating most actions of the human body. It works

Oxygen and nutrient molecules
circulated by the circulatory
system used for functions such
| as cellular respiration.

Wastes are excreted through the
_ excretory and respiratory system.

Oxygen (moves into
blood at lungs)

Carbon dioxide
Water (leaves blood

at lungs)
Lipids
Carbohydrates
Proteins L —
Vitamins and minerals | Lipids
(absorbed from the Glucose
intestines) Amino acids
(transported to
_ rest of body via the
Wastes such as nitrogen | bloodstream)
compounds and carbon
dioxide are removed by
the kidneys and lungs.
[ Circulatory system [C] Respiratory system [l Excretory system [l Digestive system
(heart and blood vessels) (lungs) (kidneys, skin and lungs)
Figure 9.9 An example of how 4 of the 11 body systems work together with other systems
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in partnership with the endocrine system, detected by receptor sites within the body, and if a

which produces particular hormones response is required, then certain actions are brought

that are released into the blood stream in about by effectors within the body to bring the body

response to external or internal changes. back to its ‘normal’ or optimum level. This can be

Describe
hofw r:jek?atlive Together they form a team: the nervous described using the five-step stimulus-response model,
eel acl
works system provides fast-acting, short-lasting shown in Figure 9.10 and Table 9.1.

effects, and the endocrine system triggers

slow-acting, long-lasting effects. Stimulus - ——> Receptor

4

Stimulus-response model Control centre

To achieve homeostasis, the body needs to respond

Response <—— Effector «———-

to changes within the body’s internal and external

environment as the result of stimuli. Changes are Figure 9.10 A flow chart outlining the stimulus-response model

stimulus

(plural: stimuli) any Stage Description Example
Zﬁii?aosreen\/;n,;t:?t Stimulus The thing that has changed in the  External temperature drops drastically
ﬁegfﬁfggi'i;fjpc’”se external or internal environment

receptor Receptor Specialised cells that detect the Temperature receptors

a sense organ (or cell
or group of cells) that
detects a stimulus

effector

a muscle, gland or
organ capable of
responding to a
response signal from
the control centre

X-ray art

X-ray art is an artistic style used by the Aboriginal
peoples of Arnhem Land to draw native animals.
This style of painting using the cross-hatch design
is known as ‘rrark’. Animals are painted showing
some internal anatomical features. Use the
internet to find some more examples of paintings,
sculptures or headdresses produced by Aboriginal
and Torres Strait Islander peoples that show

Control centre

change and send a stimulus signal
to the control centre

Receives the signal from the
receptors and coordinates the
response, sending a response
signal to the effector

(thermoreceptors) in the skin

Hypothalamus in the brain receives
the information regarding the

drop in temperature and sends an
electrochemical signal to the effector

Effector The muscles or organs that are Muscles begin to contract and relax
signalled to cause the response quickly (shivering) to generate heat
Response The body returns to a state of Body core temperature is raised back

internal features of animals.
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balance so the receptors are no
longer active

""A b = Y
% Z > Qi g 4

to within normal range

Table 9.1 A summary of the stages of the stimulus—response model

Figure 9.11 Aboriginal paintings depicting X-ray figures stand
on Nourlangie rock in Arnhem Land, Northern Territory.
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Section 9.2 BODY SYSTEMS WORKING TOGETHER 261

Quick check 9.3

Define the term 'homeostasis’.

Explain why homeostasis is so important to your survival.
State the part/s of the body that are involved in maintaining homeostasis.

A WON =

Create a stimulus-response model in your notes or on A4 paper, and using an example such as body
temperature, annotate it with information about each of the five parts, similar to Figure 9.12.

Control centre

Figure 9.12 A flow chart outlining the stimulus—response model

Body systems maintain homeostasis carbohydrates, enzymes begin to break them down

The di . from the moment they enter your mouth: even a
e digestive system savoury cracker begins to taste sweet when left on the

The food you eat contains a variety of nutrients that tongue for a few minutes as enzymes in saliva begin

are necessary for building new body tissue, repairing to break the complex carbohydrates down into sugars.

damaged tissues and providing energy to power your This partially digested food is then broken down

cellular processes. The digestive system enables you to physically (by the teeth), before it progresses through

break down the food you eat and absorb the nutrients the digestive system and continues to be broken down

along with all their stored energy. It also enables you to chemically (by enzymes). The smaller molecules, such

absorb water, vitamins and minerals, and to eliminate as glucose, will diffuse across the cell membranes in

wastes from the body. your intestines and be absorbed into the bloodstream,

For example, recall that your body needs glucose ready to be circulated around the body to where they
- are needed.
for cellular respiration. When you consume

Figure 9.13 Villi are the finger-like projections found in the small intestine which
have a high surface area to aid the absorption of nutrients into the bloodstream.
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Diffusion is the movement of a substance from an area It is an important process for moving substances within

of high concentration to an area of low concentration. cells as well as into and out of them. When glucose-

If a drop of dye is added to a glass of water, without rich blood flows near actively respiring cells (which are
stirring, the dye will gradually spread and colour using glucose), glucose will diffuse from the blood into
the entire contents - this is an example of diffusion. those cells.

Mouth Salivary glands

Oesophagus

Liver

Stomach

Gall bladder Pancreas

Large intestine
Small intestine

Appendix Rectum

Anus

Figure 9.14 The human digestive system

Did you know? 9.1

No stomach

The platypus and echidna, both egg-laying mammals (monotremes), do not have stomachs. With the use of DNA
sequencing, scientists discovered that the genes responsible for making important digestive enzymes are missing
and that the platypus and echidna evolved without a stomach. Research how the platypus and echidna digest
their food without a stomach.

Figure 9.15 Both the platypus and echidna do not have a stomach.
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Regulating blood glucose levels

Body cells function best when conditions are stable
within narrow physical and chemical ranges. One

of the substances that needs to be closely regulated

is the concentration of glucose in your blood. Your
brain requires a constant glucose supply and is highly
sensitive to changes in blood glucose levels. When you
over-indulge and eat three doughnuts in a row, your
body is swamped with glucose, and your blood sugar
levels surge. Similarly, your body must also cope with
prolonged periods of time when you do not ingest
any glucose - like when you are asleep! Such drastic
swings must be ironed out and the glucose level must

be kept constant.

Homeostasis of blood glucose levels is P
(q)
controlled by two hormones that are
secreted by the pancreas: insulin and
glucagon. Both hormones are slow- WIDGET
. . Maintaining
acting products of your endocrine homeostasis

system, and they act upon

insulin

a hormone secreted by the
pancreas that triggers cells

to take up glucose from the
bloodstream and the liver to
store glucose as glycogen,
lowering blood glucose levels

effectors (which are usually
glands or organs) to bring
about changes to regulate
the blood sugar level. They
are released in different glucagon
a hormone secreted by the
pancreas that triggers the liver
and muscle cells to convert

glycogen into glucose, raising
blood glucose levels

amounts according to your
blood glucose levels (see
Figure 9.16).

More insulin released

by pancreas
A

Blood glucose
levels increase

Insulin causes glucose to move
from the blood into the cells.

In liver and muscle cells, any
excess glucose is converted to
glycogen for storage — blood
glucose levels fall

—> Normal blood glucose levels —<——
Glucagon signals the muscle cells
and liver cells to release the
. Blood glucose
stored glycogen and convert it
levels decrease
back to glucose — blood glucose
levels rise A
More glucagon released
by pancreas
. Insulin
High .
release Insulin
release

T>> Blood glucose Blood glucose

2 level rises level falls

2 Medium ~

8 Blood

3 glucose

o level

Low 4 S Glucagon rses
Carbohydrate release
meal _

Time ———

Figure 9.16 After a carbohydrate-rich meal, insulin levels in the bloodstream increase as the body needs to decrease the

blood glucose levels.
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Try this 9.2

Using the information provided in this chapter, construct a flow chart showing the stimulus—response model in

action for control of blood glucose levels. You may choose either scenario: blood sugar levels are too high or too

low. Ensure your flow chart features all the stages: stimulus, receptor, control centre, effector and response.
Extension: Try to draw a double loop that shows both scenarios!

Diabetes
Diabetes is a medical condition where the body does not produce enough insulin or the body cells become
resistant to insulin over time. It has become increasingly common in Australian society, due in part to some
lifestyle factors. Research the following questions:

What is the difference between type 1 and type 2 diabetes?

Who is normally affected by each type of diabetes and at what age is it typically diagnosed?

How is each type of diabetes treated?

What are some of the factors that predispose people to developing diabetes?

Figure 9.17 Insulin is injected into the body by a person with diabetes.

Quick check 9.4

1 Recall the primary role of the human digestive system.

2 Describe the role that digestive enzymes play in providing energy to your cells.
3 After a meal rich in simple carbohydrates, your blood glucose levels rise sharply. Recall the hormone that is
released by the pancreas to decrease the levels.

ISBN 978-1-108-99259-6 © Cambridge Uni<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>