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To the student
The Heinemann Physics 11 Student Workbook has
been created to help you achieve your best possible
performance in VCE Physics Units 1 and 2. It is
designed to be used in conjunction with your textbook
and class notes. This workbook will be an important
reference document throughout the course and in
preparation for the examinations. The workbook is
divided into six Areas of Study−three in Unit 1 and
three in Unit 2. The workbook has four main sections:
• Key knowledge
• Worksheets
• Practical activities
• Research and practical investigation skills.

WORKSHEETS
Each Area of Study includes a range of worksheets
designed to consolidate and test your understanding of
the essential knowledge required, and to further your
understanding of the key concepts. Once completed,
the worksheets will become an important part of your
revision notes. You can check your answers to these by
visiting ProductLink at pearsonplaces.com.au.

Thermodynamics

Temperature scales
The diagram below shows a temperature scale with several key points described. Assume that standard sea level
pressure applies.

1 List the following radiation types in order of increasing wavelength.
green

infrared

radio

ultraviolet

blue

red

X-rays

microwaves

1 Beside each key point, write the corresponding temperature in kelvin (K) and the equivalent temperature in
degrees Celsius (°C). You may need to do a little research to find some of the temperatures.

2 What is the temperature, in degrees Celsius, of melting ice? What is it in kelvin?

boiling point of water

3 For each of the situations in the table below, choose the correct name from this list:
condensation, transformation, freezing, boiling, combustion, melting
Situation

triple point of water
freezing point of water

Name

solid changes to liquid

KEY KNOWLEDGE

Even though the Earth’s surface is re-radiating heat
from the Sun out towards space, it is still able to stay
warm due to the greenhouse effect. Greenhouse gases
in the atmosphere absorb the long-wavelength radiation
emitted by Earth and re-radiate the energy down to
Earth’s surface. This is known as the greenhouse effect
and is what gives Earth the consistent temperatures that
have allowed life to evolve. On planets in our solar system
that do not have an atmosphere, there are extreme
swings in temperature. On Mercury, for example, the
lack of an atmosphere means temperatures range from
100 K to 700 K (from −170°C to 430°C).
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absorbed energy

the Earth’s surface.

The scientific method relies on processes to ensure
the reliability and accuracy of the data through repeat
tests, critical review by other scientists and by applying
standard procedures. By following the scientific method,
scientists are able to remove bias from their data.
Formulating a model for the enhanced greenhouse
effect is very complex, and scientists are unable to
give one single cause for climate change. What nonscientists view as uncertainty is really an essential part
of the scientific method.
Scientists have used a number of methods to study
climate change, including:
• ice-core samples
• tree rings
• pollen levels
• geographical features
• long-term weather observations.

ISSUES RELATED TO
THERMODYNAMICS
Some Australians have chosen to evaluate their
environmental impact by looking at passive design.
Passive design creates energy-efficient homes, reducing
the need for mechanical heating and cooling. Some
examples of passive design elements are listed in
Table 1.1.4.
Table 1.1.4 Elements of passive design
Type

Explanation

insulation and
thermal mass

utilising insulation so that less
heating and cooling is needed

orientation

taking advantage of sunlight or
cool breezes by orientating the
house a certain way; e.g. by adding
north-facing windows to utilise solar
radiation to help heat the house
during winter

shading

shading windows using window
awnings or deciduous trees to keep
the house cool during summer

glazing

using insulating glass to reduce
the transfer of heat by conduction,
usually in the form of double
glazing; this can reduce heat loss or
gain by 50% or more

Carbon dioxide levels

T anomaly (°C)

By comparing multiple data sets, climate scientists are
able to find trends and patterns and to make predictions.
An analysis of carbon dioxide levels of the last
400 000 years shows a connection between rising carbon
dioxide levels and higher temperatures (Figure 1.1.7).
However, this correlation (connection) can’t tell us
whether the increase in carbon dioxide causes the higher
temperatures or if it is the other way around.
2

Global temperature

Fuelling a car

0
–2

There are many reasons why environmentally friendly
and sustainable fuels are gathering popularity, including:
• the environmental impact of burning fossil fuels,
which produces greenhouse gases
• the increasing cost of oil
• the need for Australia to import fuel.
Petrol engines have a high environmental impact,
because they are powered by non-renewable resources.
0 400 350 300 250 200 150 100
50
0 They also produce harmful emissions. Among other
Time (thousands of years before present)
things, petrol engines release carbon monoxide, oxides of
Figure 1.1.7 A comparison of carbon dioxide levels and global
nitrogen and unburnt hydrocarbons into the atmosphere.
temperatures over the last 400 000 years.
All of these products impact negatively on the environment.
A range of alternative fuels are now in use or are
In order to improve the validity of the results, under development, including:
the methods used to produce the data are largely • LPG
independent. Increased surface temperatures are only • ethanol
one line of evidence among many, including:
• biofuel
• the uptake of heat by the oceans
• electricity
• the melting of glaciers
• hydrogen.
• the rise in sea levels
• increased atmospheric surface humidity.
If the land surface temperature records were flawed
and the globe had not really warmed, then it would
be almost impossible to explain these changes. The
Intergovernmental Panel on Climate Change (IPCC)
has come to the conclusion that global warming is
undeniable.
–4
300

CO2 (ppm)

1950 level

Years before today (0 = 1950)
Figure 1.1.6 Carbon dioxide levels based on ice-core samples.

MODELLING THE ENHANCED
GREENHOUSE EFFECT
In order to make predictions about the future of Earth’s
climate, scientists create models based on data and
observations. The scientific method is the process
used to create theories to explain practical observations.
In order to follow the scientific method, scientists need
to critically evaluate if there are any personal and/or
cultural influences that would have an effect on their
results, and remove these.
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freezing point of CO2 (dry ice)

liquid changes to gas

CO2 concentration
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Figure 1.1.5 Light from the Sun is both absorbed and reflected by

2014 level
For 650 000 years, atmospheric carbon
dioxide had never been above this line.
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Most of the thermal energy Earth receives from the
Sun is short-wave radiant energy. This energy is then
absorbed by Earth’s surface, increasing the temperature
of the surface. Of the radiant energy reaching Earth from
the Sun, about 47% is eventually absorbed by the Earth’s
surface. The remaining radiant energy is either absorbed
by the atmosphere or reflected back towards outer space.
Over time, almost all of this absorbed energy is
re-radiated by the surface as long-wavelength radiant
energy (Figure 1.1.5).

Carbon dioxide level (ppm)

THE ENHANCED GREENHOUSE
EFFECT

350 000

P ∝ T4
where P is the power (W)
T is the temperature of the object (K).
That is, an object at 600 K will emit 34 or 81 times as
much energy via radiation as one at 200 K.

In more recent years, research has been conducted
into what has been termed the ‘enhanced’ greenhouse
effect. Evidence suggests that the atmosphere is
absorbing and retaining more of the long-wavelength
infrared radiation emitted by Earth’s surface, as a result
of the increased production of greenhouse gases that
coincides with the industrialisation of modern society.
The most abundant gases in Earth’s atmosphere
are, in order of abundance:
• water vapour (H2O)
• carbon dioxide (CO2)
• methane (CH4)
• nitrous oxide (N2O)
• ozone (O3)
• chlorofluorocarbons (CFCs).
One method used by scientists to analyse if there has
been an increase of these greenhouse gases over time
is to study Antarctic ice cores. For the 400 000 years
before the Industrial Revolution, the levels of carbon
dioxide in the atmosphere were relatively constant
(Figure 1.1.6). The graph shows that in 2014 the
carbon dioxide levels passed 400 parts per million
(ppm). This increase in greenhouse gases has mainly
occurred through the burning of fossil fuels and largescale land clearing.

400 000

Stefan–Boltzmann equation

freezing point of mercury

liquid changes to solid

4 Of the three methods of heat transfer (conduction, convection and radiation), select the one that describes
each situation in the table below.

Key knowledge is a set of summary notes that covers
the key knowledge set out in each Area of Study of the
Study Design. It is useful for highlighting information
essential to your understanding of the themes covered
in the textbook, and provides a ready reference for
completing the worksheets and for exam preparation.
As this is your workbook, you are encouraged to make
your own notes and highlight key points directly onto
the pages as you work.

Ludwig Boltzmann and Joseph Stefan, two Austrian
physicists, found a relationship between the rate at
which an object radiates energy and its temperature in
kelvin. The rate an object radiates energy is known as its
power, which is measured in watts (W), where 1 watt is
equivalent to 1 joule per second ( J s−1).

gas changes to liquid
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Situation

melting point of nitrogen

Method

darker coloured clothes hold heat in summer

melting point of helium
absolute zero

a drinks cooler is made from polystyrene foam
the air near the ceiling of a room is warmer than near the floor
a saucepan has a plastic handle

5 Complete the following paragraph relating to specific and latent heat from the word list provided.
phase

specific heat capacity

energy

When heat is

transferred

temperature

latent

2 The triple point of water has particular significance in determining one of the temperature scales. Define the
triple point of water and explain its significance in determining a temperature scale.

energy

to or from a system or object, the

change depends upon the amount of

transferred, and the mass and the

3 A temperature of −100 K has no meaning. State why this is the case.

of the material. When a solid material changes state,
is needed to separate the particles by overcoming the attractive forces between them. This is known as a
change. The energy required to do so is referred to as
or hidden heat.
6 From the Key Knowledge section, your textbook or another suitable source, define each of the following
means of heat transfer.
Conduction
Convection
Radiation
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PRACTICAL ACTIVITIES
Each Area of Study includes a range of activities
related to the various themes covered in this course.
These investigations include several practical activities
designed to satisfy the requirements of the Area of
Study Outcomes. The activities offered help you
develop the skills of scientific enquiry outlined in the
Study Design. They give you practice in designing,
conducting and evaluating scientific investigations,
as well as gathering and analysing data. Discussion,
results and conclusions can be recorded directly into
your workbook. The activities in this section of your
workbook support and extend the key skills relevant
to Units 1 and 2, and the key concepts within each
Area of Study.
 This symbol indicates that the activity includes
hazards and your teacher will discuss these
with you.
 This symbol indicates that you should wear
safety glasses.
In other practical activities your teacher may require
you to complete the risk assessment yourself. In this
case you will be required to sign the risk assessment data
sheet, to indicate that you have read and understood it,
before completing each activity.
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To the teacher
RESEARCH AND PRACTICAL
INVESTIGATION SKILLS

The multiple intelligence worksheets cater for a range of
learning styles. The worksheets provide opportunities to
revise, consolidate and extend the student’s knowledge and
understanding of the key physics principles prescribed
in the VCE Units 1 and 2 Study Design. Answers can be
found at ProductLink pearsonplaces.com.au.

PRACTICAL ACTIVITIES
The activities and investigations included here offer a range
of opportunities for exploration of the themes covered
in Units 1 and 2 of this course. The practical activities
represent the most popular and effective activities relevant
to the VCE Physics course. They provide students with an
opportunity to develop and demonstrate skills of scientific
enquiry and method, including experimental design and
evaluation, constructing and testing hypotheses, and
gathering and analysing data, as well as opportunities to
consider technological advances in Physics. The range of
tasks deliberately illustrates different kinds of approaches
to assessment items. Each activity has been carefully
designed for completion within the suggested timeframes
for this course. Risk assessment advice, as well as teacher
notes to support each practical activity, are available on
the Pearson Reader. The practical investigations focus on
the key knowledge outlined in the Study Design with a
view to contributing to the assessment requirements of
the course.

OPTIONS
There are two options available within this book for
Unit 2 Area of Study 2. These include 2.1 What are
stars? and 2.11 How can performance in ball sports be
improved? Key knowledge, worksheets and practical
activities are available for these options. A further four
options are available on the Heinemann Physics 11
eBook, and experiments and investigations can also be
found on Productlink.
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DISCUSSION
The following guiding questions can be used to inform your investigation.
1 If you were to design a bumper for a model vehicle right now, how would you construct it and what materials, from
those permitted, would you use? Develop an inquiry question that will be the focus of your design.
2 What variables are being tested?
3 How will you control these variables during testing?
4 When a moving object is involved in a collision, its momentum changes. This change in momentum depends on the
type of collision that occurs, the time over which it occurs, and whether it is an elastic or inelastic collision. Which type
of collision (elastic or inelastic) has less change in the magnitude of momentum from before to after the collision? Why?
5 What was the biggest reduction in peak force recorded by the class? How did this value compare to your group’s
lowest peak force value?
6 Look at the designs produced by other groups. What was different about their designs that would have affected their
performance relative to yours? What made some designs more effective and some less effective?

METHODOLOGY
Prepare your methodology, outlining each step. Always
consider any potential hazards and make sure your
procedure allows for a valid and reliable investigation.
You may want to talk to your teacher before proceeding.
Design requirements:
• The design must not impede the trolley’s ability to
move.
• The design cannot extend more than 5.0 cm in
length.
• The design must not add more than 200 g to the
mass of the trolley.
• The design must be constructed so that it attaches
firmly to the front of the trolley, but can be attached
and removed without modifying the trolley itself.
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Road accidents are an unfortunate but inevitable part of highway and city driving. Manufacturers take the safety of their
customers seriously and invest millions of dollars in research to design a vehicle that prioritises minimising damage to
passengers while also seeking to minimise damage to the vehicle. Most modern vehicle designs include sophisticated
crumple zones and strategically placed absorbers, airbags and more.
The impulse, or change in momentum, experienced by a vehicle during a crash is given by the equation Δp = FΔt.
This means that by increasing the time taken during the collision, the force imparted will be reduced. This investigation
aims to design and construct a crumple zone for a model vehicle that minimises the impact forces experienced in a collision.

Include a list of the materials used in your investigation.
The following are possible materials you may use.
• 1 m2 cardboard
• 6 sheets of A4 paper
• 6 rubber balloons
• 0.3 m2 aluminium foil
• 120 g soft clay
• 10 rubber bands
• 20 toothpicks
• 10 cm length of velcro
• ramp
• force sensor

These summary notes cover the key knowledge in each
Area of Study and so offer a convenient and succinct
set of study notes. They are highly illustrated and
written in a straightforward and easy-to-understand
style to assist students of all reading abilities.

School:

INTRODUCTION

MATERIALS

KEY KNOWLEDGE

WORKSHEETS

Name:

Crumple zones and collisions—how can impulse
be utilised to improve the safety of vehicles?

HEINEMANN PHYSICS 11 Workbook 1st edition

PURPOSE
Design and construct a crumple zone for a model
vehicle that minimises the impact forces experienced in
a collision while also minimising size and weight. Your
design will be tested in no more than three separate
trials, not including initial trials to determine the initial
force in your design. The lowest peak force from the
three trials will be used to evaluate how well the task
was executed.

CONCLUSION

RESULTS
The following graph and table examples may be helpful in collating your
results. In your final poster, you may not want to present both of these—pick
the better representation of your data.
Average force (N)

Average time (s)

Impulse (N s)

This is a summary of research
findings according to your
aim and hypothesis. Include
recommendations for future
research.

No crumple zone

RISK ASSESSMENT
Five levels of safety should be considered in an
investigation.
• Elimination: Remove all very dangerous items.
• Substitution: Replace dangerous chemicals with
less dangerous ones or do a computer simulation
instead of an experiment.
• Engineering: Build-in safety features such as master
switches.
• Administration: Supervise the users of dangerous
items, keep equipment in a storeroom.
• Personal protective equipment: Wear safety glasses
and closed shoes.
The school and your teacher are responsible for
reducing most of these risks. You as a student scientist
can take measures to reduce risks as well. Before you
begin an investigation, complete a risk assessment
to identify possible risks for which you can take
responsibility and think of ways you can reduce risks to
create a safe experiment environment.
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Design 1

REFERENCES

Design 2

Always include a list of any
reference
materials
used
throughout your investigation.
These must be formatted in
a consistent style, such as
the American Psychological
Association (APA) referencing
style. Always remember to
note the reference information
throughout your investigation
for every resource you use. It
is very time consuming and
difficult to back-track to obtain
these details when you need
them to write the references.

Design 3

0.16
0.14
0.12
Force (N)

The Heinemann Physics 11 Student Workbook has been
created wholly with a view to meeting the requirements
of the Study Design in this subject, and is designed
to be used in conjunction with the textbook. This
workbook helps students check their understanding of
key knowledge, consolidate ideas, extend their thinking,
address technologies, apply key skills, and undertake
practical activities and assessment tasks.

0.1

0.08
0.06
0.04
0.02
control
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The Study Design for Area of Study 3 in Unit 2
focuses on developing crucial scientific skills around
research and practical investigation.
A suggested template for the presentation of a research
investigation as well as a practical investigation has been
provided for the students. Throughout the Heinemann
Physics 11 Student Workbook there are also skilldevelopment worksheets to assist students in beginning
to develop or consolidate the skills of analysing sources
and conducting practical investigations. The templates
and worksheets provided are designed to be used
multiple times to allow students to practise developing
these skills using different sources and practical
investigations.

PRODUCTLINK
Heinemann Physics 11 4e ProductLink supports all
Heinemann Physics texts and resources, including
Heinemann Physics 11 (4th edition) and Heinemann
Physics 12 (4th edition) and the student workbooks
Heinemann Physics 11 Student Workbook (1st edition)
and Heinemann Physics 12 Student Workbook (1st
edition). It includes:
• course advice and a week-by-week work program
that integrates the text and student workbook
• practical notes and advice
• additional practical activities
• risk assessments
• chapter tests and solutions
• answers to the student worksheets contained in the
student workbook
• assessment advice.
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