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VCE Physics 3&4 

Study Summary and Transition Questions 
Physics seeks to understand and explain the physical world, both natural and constructed.  

It examines models and ideas used to make sense of the world and which are sometimes 
challenged as new knowledge develops.  

 

What do we actually “study” in Year 12 Physics? 

 

  

Rationale 
Physics is based on observations, experiments, measurements and mathematical analysis with 
the purpose of finding quantitative explanations for phenomena occurring from the subatomic 
scale through to the planets, solar systems and galaxies in the Universe.  

Whilst many scientific understandings in Physics have stood the test of time, many other areas 
continue to evolve.  

What does this mean “our understanding continue to evolve”? 

 

 

 

 

In VCE Physics students develop their inquiry, analytical and communication skills. They apply 
critical and creative thinking to analyse contemporary physics-related issues, and communicate 
their views from an informed position. 

 

What is “extended practical investigation”? What makes it “extended”? 

 

 

What was the topic of your investigation in Year 11? 

 

How did you report your findings? 

 

 

 

 

Name:________________ 
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Structure of Units 3 and 4 
 

Unit 3: How do fields explain motion and electricity? 
In this unit, students explore the importance of energy in explaining and describing the physical 
world.  

• Using the concept of “field” explain why objects move when they are not apparently 
in contact with other objects.  

What is the “field” in Physics? 
 
How many different physical fields do you know? 
 
 
 
 

• Explore the interactions, effects and applications of gravitational, electric and 
magnetic fields including the design and operation of particle accelerators.  

Small particle accelerators used to be a “must have” thing in almost every Australian home just 
15-20 years ago, but they were eventually replaced by other technology. Do you know what 
household device used to have a built in linear particle accelerator? 
 
 
 
 

• Production of electricity and its delivery to homes.  
Where is the electricity in our power points coming from?  
 
 
 
What the physical phenomenon is used to generate electricity at the power plant? 
 
 
Why the voltage in the power transmission lines is so high (tens or hundreds of thousands 
Volts) ? 
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• Use Newton’s laws and Einstein’s theories to investigate and describe motion.  
 
How can we use a set of kinematics formulas to solve problems on motion with uniform 
acceleration? 
 
 
 
What is the significance of “the speed of light”? 
 
 
Is it possible to travel faster than light? 
 
 
What would you see if you were travelling in a spacecraft approaching the speed of light? 
 
 
Aplha-Centauri is 4.367 light years away from the Earth 
How long does it take a photon of light to travel from Alpha-Centauri to Earth? 
 
 
If you were a photon flying with a speed of light, how long would it take YOU to travel from 
Alpha-Centauri to Earth?  
 
 
 

Unit 4: How can two contradictory models explain both light and matter? 

In this unit, students explore the use of wave and particle theories to model the properties of 
light and matter.  

Examine how the concept of the wave is used to explain the nature of light.  

What is a wave? 

 

Can you name essential properties of waves? 

 

 

Newton believed that light was a beam of tiny particles. Was he correct in his assumption? 
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Do you know any experiments what can prove that light is actually a wave? 

 

 

Did you ever use a light box to experiment with reflection and refraction of light? 

 

Investigate light by using a particle model to explain its behaviour.  

At the end of XIX century most of scientist believed that the Physics was “done”, “finished”, 
“completed” etc. Literally, only a couple of unsolved problems remained for the physicists… 
Young scientists were not recommended to go into “Physics” area, as it was believed that they 
would have no career prospects in the future… Do you know what has happened next? 

 

We all know (or can guess) that Einstein got a Noble Prise in Physics. Do you know what did he 
get it for? 

 

Can you name any experiment that shows the results that could only be explained using a 
particle model of light? 

 

So, was Sir Isaac Newton right in his assumption? 

 

A wave model is also used to explain the behaviour of matter  

 

What is the Plank’s constant?  

 

Is it possible calculate the wavelength of your teacher walking across the classroom? 

 

Why the result of this calculation would be an interesting but pretty useless fact? 

 

 

So, if it does not work for your teacher, what kind of objects will it work for? 

 

 

Do you know about any experiments that could show that objects can have wave properties? 
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The relationship between light and matter.  

Finally, what was “wrong” with Newton’s assumptions what light is a set of particles? 

 

 

Does that mean that all Newton’s discoveries about light were wrong? 

 

 

Can you think about an experiment that would show that light is both a wave and a beam of 
particles? 

 

EPI 

Students design and undertake investigations involving at least two continuous independent 
variables. A student-designed practical investigation related to waves, fields or motion is 
undertaken either in Unit 3 or Unit 4, or across both Unit 3 and Unit 4. The findings of the 
investigation are presented in a scientific poster format. 

Insanity: doing the same thing over and over again and expecting different results. 
Imagination is more important than knowledge. 
If you can't explain it simply, you don't understand it well enough. 
Two things are infinite: the universe and human stupidity; and I'm not sure about the universe. 
Life is like riding a bicycle. To keep your balance you must keep moving. 
No problem can be solved from the same level of consciousness that created it. 
The important thing is not to stop questioning. Curiosity has its own reason for existing. 
I have no special talents. I am only passionately curious. 
Anyone who has never made a mistake has never tried anything new. 
Logic will get you from A to B. Imagination will take you everywhere. 

Who is the author?  

What statements look most interesting for you?  
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Year 12 Physics Assessment 

Satisfactory completion of Units 3 and 4  (S/N) 
The award of satisfactory completion (S) for a unit is based on a decision that the student has 
demonstrated achievement of the set of outcomes specified for the unit. This decision will be 
based on the teacher’s assessment of the student’s performance on tasks designated for the 
unit.  

In order to achieve a Satisfactory (S) results in Unit 3 and 4 you will have to: 

Unit 3 and 4: Complete Edrolo Physics Course: video lessons and Chapter Questions. (progress 
recorded on Edrolo) 
Unit 3 Practical Investigations: Logbook with a detailed record of 2-3 practical investigation 
completed in class. 
Unit 4 Extended Practical Investigation: Design and conduct your own experiment. EPI Logbook 
with a detailed record of your experiment. 

What do you need to do to pass this subject? 

 

Levels of achievement (Score) 

Units 3 and 4 

In VCE Physics the student’s level of achievement will be determined by School-assessed 
Coursework (SAC) as specified in the VCE Physics study design and external assessment. 

 

Scored Assessment: 
Percentage contributions to the study score in VCE Physics are as follows:  

Unit 3 School-assessed Coursework: 90 points (19%) 
Topic Tests (Short Answer) on topics of Fields and Motion  (30 points) 
Scientific reports on 2-3 experiments completed in class (30 points) 
Data Analysis task (Extended Response) on a topic of Power Generation and Transmission. (30 
points) 
 
Unit 4 School-assessed Coursework: 95 points (21%) 
Topic Tests (Short Answer) on topics of waves and Interaction of Light and Matter (30 points) 
Report of Physics Phenomenon (Interaction of Light and Matter) (30 points) 
Extended Practical Investigation (Logbook and Scientific Poster) (35 points) 
  
End-of-year Examination: 60%. 
          
 
 
What should you do to get a high score in Physics? 
       
 
 
Why it is so important to start working on exam style questions? 
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Textbook 
We will use Edrolo textbook in 2022. (Edrolo online + printed textbook) 
https://edrolo.com.au/  
 

Transition Work  
 

1) We will work through one of the year 12 exams and try to answer 
the questions using all available resources: Textbook, Formula 
Sheet, your friends, your teacher, the Internet… 
But our scope will be the METACOGNITION. 
How do we learn the unknown things? 
What works for you and want does not work? 
How are you going to Study Physics outside of the classroom? 
 

2) We start studying Chapter 1A, B and C of the textbook 
(attachments) and Try to complete a practical investigation: 
“Period of a pendulum” 

 
Holiday Homework for 2022 - 2023: 

1) Knowledge (we are not repeating this staff after holidays!!!): 
• Read chapter 1A, 1B and 1C 
• Complete chapter questions 1A, 1B, 1C. 

 
2) Get ready to learn: 

Since Exams would be one of the major assessments, and both Unit 3 and Unit 4 will have tests, 
we need to learn how to approach Physics problems both in class and on the Exam. 
Most of the problems in Y12 Physics, will require you to choose a formula or two formulas that 
are relevant to the context of the equation, make an appropriate equation, substitute all given 
values and solve it to find the unknown value required in the question! Moreover, unlike in 
Further Mathematics, you cannot use you CAS calculator to solve those equations! 
 
In other words, you need to revise your Maths (and learn how to solve equation) and put it into 
the context of Physics.  
Then apply your knowledge to analyse and process VCAA Physics Formula sheet (Attached to 
this booklet): 

• Read all topic descriptors and highlight unfamiliar words. 
• Find the formulas in the Internet or textbook and explain the meaning of each letter in 

the formula: 
 

Σ – Greek letter sigma, that means “the sum”,   
ΣF – sum of all forces or “Net Force”,   
m – mass,  
a – acceleration.  
ma – mass x acceleration 

https://edrolo.com.au/
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• Transpose each formula to find other variables:    

 
• Some formulas have two equal signs: 

 
That means that there are three equations that you can make: 

 
 
 
 

• And some other formulas have no equal sign at all… 
 
 
 
 
In this case you will need to make an equation yourself. Use the descriptor to make the LHS 
of the equation: 
 
 
 
 
 
Now you have an equation that can be transposed to express m or v! 
 
Bring your “Transposed” formula sheet to class when you come back after holidays. You will be 
allowed to use your own formula sheet on all your tests! 
 
Good luck and see you next year! 

𝑚𝑚 = ∑𝐹𝐹
𝑎𝑎

    𝑎𝑎 =  ∑𝐹𝐹
𝑚𝑚

 

 

 

𝐾𝐾𝐾𝐾 =  
1
2
𝑚𝑚v2 



ASKING QUESTIONS, IDENTIFYING 
VARIABLES, AND MAKING PREDICTIONS

‘Why’ is a great question to ask. Why is the sky blue? Why do things fall? Why do dark objects 
that have been left  in sunlight become hotter than light objects?

Science is the process of asking questions and seeking explanations for how the universe 
behaves so that we can make informed and accurate predictions. Physics is the part of 
science that focuses on the most fundamental features of the universe: inanimate matter and 
energy. This lesson will explain the scientific method as a process of seeking explanations to 
questions by testing predictions involving diff erent variables.

1A Asking questions, 
identifying variables, and 
making predictions 

1B Scientific conventions 1C Collecting data 1D representing and 
analysing data 

1e gradients of lines of 
best fit 

Study design key knowledge dot points

• independent, dependent and controlled variables

• the characteristics of scientific research methodologies and techniques of primary qualitative and quantitative data 
collection relevant to the selected investigation, including experiments (gravity, magnetism, electricity, Newton’s laws of 
motion, waves) and/or the construction and evaluation of a device; precision, accuracy, reliability and validity of data; and 
the identification of, and distinction between, uncertainty and error

• models and theories, and their use in organising and understanding observed phenomena and physics concepts including 
their limitations

Study design key science skills dot points

• determine aims, hypotheses, questions and predictions that can be tested

• identify independent, dependent and controlled variables

• systematically generate, collect, record and summarise both qualitative and quantitative data

• explain how models are used to organise and understand observed phenomena and concepts related to physics, identifying 
limitations of the models

Key knowledge units 

The scientific method 4.3.3.1

Variables 4.3.1.1 & 4.3.3.8

Theories and models 4.3.6.1

No previous or new formulas for this lesson

 definitions for this lesson

controlled variable a variable that has been held constant in an experiment in order to test the 
relationship between the independent and dependent variables

dependent variable a variable that the experimenter measures, which is predicted to be aff ected 
by the independent variable. Dependent variables are plotted on the vertical axis of graphs.

hypothesis a proposed explanation that predicts a relationship between variables and can be 
tested through experimentation

independent variable the variable that the experimenter manipulates (selects or changes), which 
is predicted to have an eff ect on the dependent variable. Independent variables are plotted on the 
horizontal axis of graphs.

model (scientific) a representation of a physical process that cannot be directly experienced

observation the acquisition of data using senses such as seeing and hearing or with 
scientific instruments

1A
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qualitative data data that cannot be described by numerical values

quantitative data data that can be described by numerical values

theory (scientific) an explanation of a physical phenomenon that has been repeatedly confirmed 
by experimental evidence and observation

The scientific method 4.3.3.1

overview
The scientific method is a way of reasoning. It is a process of collecting and analysing 
information to disprove incorrect explanations about the world. This process provides great 
confidence in explanations about the world which have not been disproved.

theory details
The scientific method is a process which begins with the idea that all possible explanations 
for an observation could be true unless (and until) they are disproved. The process then 
follows a sequence of logical steps to gather information in order to test an explanation, 
known as the ‘hypothesis’. That is, we try to disprove the hypothesis. If, after multiple rigorous 
attempts to do this, the hypothesis has not been disproved then we have greater confidence 
that it is a correct explanation for our observations. This determination to disprove our own 
explanations is what makes scientific conclusions so powerful.

This section outlines the general process of following the scientific method, along with 
descriptions of its application to an example experiment for each step (indicated in the right 
hand column).

Step 1: Observe and question

We observe a physical phenomenon and ask ‘why does this happen?’ 
Sometimes we need to break the question into more specific parts such 
as ‘what are the factors that affect…?’
When we have answered this question, we could move to the question 
of why the identified factors have the effect that they do.

For example, we put a large jug of water and a small jug of water into 
the same freezer, and we observe that the water in the larger jug takes 
longer to freeze than the water in the smaller jug.
We ask ‘what are the factors that affect how long it takes to freeze water?’

Step 2: Formulate a hypothesis

A hypothesis should make a testable prediction by describing the effect 
of changing one variable on another variable. 
To ensure the hypothesis meets this requirement, it can help to follow a 
structure such as:

• If [describe predicted physics principles] then [describe the 
predicted change to the dependent variable] when [the independent 
variable] is increased.

• It is predicted that [increasing/decreasing][independent variable] 
will [increase/decrease][dependent variable] because [describe 
predicted relationship between independent variable and 
dependent variable].

We consider which conditions were (or could have been) different 
between the two jugs.

• The larger jug had a greater total surface area of water.
• The larger jug had a greater volume of water.
• The jugs might have had different initial temperatures.
• The jugs might have been made from different materials.

We decide that the different surface area might be the best explanation 
for the different freezing times.
So we formulate a hypothesis: ‘If the time taken for water to freeze is 
directly related to its total surface area, then the time taken for a fixed 
volume of water to freeze will increase when its surface area increases.’

Step 3: Experiment (test the hypothesis)

In performing an experiment, only an independent variable should be 
deliberately changed. The dependent variable should then be measured. 
All other variables (controlled variables) should be kept constant. 
We record our method in detail so that another experimenter could 
attempt to replicate it in order to verify our results.
Lesson 1C will further explain this section of the scientific method.

We measure the time it takes to freeze water in a variety of different shapes 
that have different surface areas but we try to keep all of the following 
conditions constant: water volume (250 cm3), initial water temperature 
(20°C), freezer temperature (–18°C), and container material (silicone).
We use nine different values of surface area. Using a greater number of 
different values of the surface area will give us greater confidence in any 
trends we observe.
We take five measurements of the freezing time for each value of the 
surface area and then calculate the average time for each. 
The example results are shown in Table 1.
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table 1 Example results for the time taken for water to freeze with different surface areas

Surface area 
(cm2)

time to freeze (minutes)

trial 1 trial 2 trial 3 trial 4 trial 5 Average

200 299 287 295 297 307 297

300 254 268 260 274 264 264

400 230 244 224 240 232 234

500 197 207 213 201 217 207

600 170 188 190 170 182 180

700 169 157 161 159 149 159

800 148 128 136 140 138 138

900 113 115 127 123 107 117

1000 87 103 91 97 107 97

Step 4: Analyse and conclude

We should present information in a way that makes it clear what (if any) 
relationship exists between the variables in our experiment. Plotting 
graphs of the dependent variable versus the independent variable is a 
useful visual way of identifying relationships.
We try to make conclusions based on the analysis as to whether the 
data supports the hypothesis.
We acknowledge any factors that may have affected our results which 
we could not control or any uncertainty in our results. 
We can never have complete certainty that the conclusion is true 
because there may be variables which we did not correctly control or 
even recognise. 
Lessons 1D and 1E will further explain this section of the scientific method.

We choose to represent the data on a graph (see Figure 1), with the 
surface area on the horizontal axis and the average time to freeze on the 
vertical axis.  
We notice that the time for the water to freeze seems to decrease as 
surface area increases.
We conclude that our results do not support our hypothesis that 
‘increasing the surface area of water will increase the time it takes  
to freeze’ .
Even though we kept the volume constant, there may have been other 
differences in the geometry for each value of the surface area such as 
the existence/angles of corners.

Surface area (cm2)
1000200 400 600 800

50

100

150

200

250

300

Figure 1 A graphical representation of the data from Table 1

Step 5: Share the results

We make our results (and the method we used) public for other 
experimenters to view.

If other experimenters conduct their own experiments freezing water 
and find similar results, then we become increasingly confident that 
increasing surface area decreases the time taken for water to freeze.

1A theOrY  3
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Variables 4.3.1.1 & 4.3.3.8

overview
An independent variable is a variable that the experimenter directly and intentionally 
changes. A dependent variable is a variable that the experimenter measures. A controlled 
variable is a variable which is kept constant. Variables can be described by a numerical value 
(quantitative) or described by non-numerical characteristics (qualitative). 

theory details
In order to conduct a valid experiment according to the scientific method, we need to 
investigate the relationship between variables: what happens to variable Y when we change 
variable X? To have confidence in the relationship between variables, we need to make sure 
that any other conditions which might affect the results are kept constant.

• An independent variable is a variable that the experimenter directly and intentionally 
changes (to have particular chosen values) in order to determine what (if any) effect it has 
on the dependent variable. For the results of an experiment to be valid, we should change 
only one independent variable at a time. 

• A dependent variable is a variable that the experimenter measures in order to determine 
whether it is affected by (dependent on) the independent variable.

• A controlled variable is a variable which is kept constant to avoid potentially affecting the 
results for the dependent variable.

table 2 Classification of the variables used in the example experiment which was described in the context of the 
scientific method

variable classification example(s)

Independent variable Surface area of water/ice

Dependent variable Time taken to freeze

Controlled variable Volume of water
Initial temperature of water
Temperature of freezer
Container material

Quantitative data

Quantitative data describes any data which can be easily described with numerical values. 
Surface area, time, volume, and temperature are all properties which should be described by 
quantitative data.

Qualitative data

Qualitative data describes any data which cannot be (easily) described with numerical values. 
The material from which a container is made may be more easily described by non-numerical 
data (such as silicone) and so it would typically be considered qualitative data. Note that if 
we wanted to describe the material in greater detail then we would use quantitative data: the 
relevant physical properties of the material (such as thermal conductivity and density) are all 
best described with quantitative data. 

Theories and models 4.3.6.1

overview
In science, a theory is an explanation which is widely accepted to be true due to consistent 
and repeated observations which support the explanation. Models are often used in science 
to help explain a theory by building on concepts which we already understand.

theory details
When the predictions made by a hypothesis have been tested many times, and the results 
consistently support the hypothesis, then the scientific community will consider the 
hypothesis to be true with a high degree of confidence. At this point, the explanation is now 
considered a scientific theory. 

Figure 2 The progression of 
a possible explanation from a 
hypothesis to a theory

Hypothesis

Theory

Obervations 
repeatedly 
support 
hypothesis
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Remember that in science we can never say something is correct with complete certainty. 
Any explanation must be considered possible until it has been disproved. An example of this 
is the explanation of gravity. Issac Newton developed a universal law of gravitation, which 
was considered to be a correct theory for over 200 years (and which we will study in chapter 
5 since it makes very accurate predictions in most situations). However, Albert Einstein 
developed an alternative explanation which has been shown to make correct predictions 
even in the situations where Newton’s explanation failed. Einstein’s explanation is the theory 
of general relativity. 

Models simplify concepts for us to understand more easily when the concepts cannot be 
directly experienced or observed, especially when the details of the concept are complex. 
In general, all models have limitations and it is important to understand what they are. For 
example, we usually model matter as being continuous because this is consistent with what 
we see and feel. This model is useful for most applications relevant to our lives. However, our 
understanding of atomic theory tells us that matter consists of atoms, which are discrete and 
the mass of each atom is concentrated at the nucleus with mostly empty space around it. 
This reality is important if we are dealing with physics at very small scales when we should no 
longer model matter as being continuous. 

(a) (b)

Figure 3 (a) Our brains model solid objects as continuous matter but (b) if we draw the locations of where the 
matter is concentrated, we see the object is mostly empty space. This diagram is not to scale.

Examples of models we use in VCE Physics are field models for gravity, electricity, and 
magnetism; and wave and particle models for light and matter.  

Theory summary
• The scientific method is a way of reasoning in order to create correct theories about how 

the world works by testing whether or not a hypothesis is supported by observations.

• A hypothesis is a proposed explanation which makes testable predictions about the 
relationship between variables.

• An independent variable is directly changed by the experimenter.

• A dependent variable is observed or measured by the experimenter.

• A controlled variable is kept constant to avoid affecting the observations or measurements 
of the dependent variable.

• A scientific theory is a widely accepted explanation – it is the progression of an 
explanation from a hypothesis that has been confirmed with high confidence.

• Scientific models are representations which help explain physical theories.

keen to investigate?

Youtube video: Matthew rath – neil Degrasse tyson Analogy for the Scientific Method 
https://youtu.be/6FvSXI2iBcA

Youtube video: Seabala – Feynman on Scientific Method 
https://youtu.be/EYPapE-3FRw

Youtube video: Sprouts – the Scientific Method: Steps, examples, tips, and exercise 
https://youtu.be/yi0hwFDQTSQ
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1A Questions
THEORY REVIEW QUESTIONS

Question 1 

A student proposes the following statement as a hypothesis: 
‘The time taken for a ball to fall from a height of 1.0 metre is 
1.0 second.’

Which of the following best explains why this is a  
bad hypothesis?

A It is incorrect.

b It does not provide an explanation or predicted relation-
ship between variables.

c It does not make a prediction.

d It does not start with ‘It is predicted that…’

Question 2 

For each of the following concepts relating to thermal 
physics, choose whether it is best described as a scientific 
theory, a scientific model, or an observation/measurement.

a A glass of water has a temperature of 18°C.

b Heat flows from hot objects to cold objects.

c Temperature is a measure of the average translational 
kinetic energy of the particles in a region.

Question 3 

For each of the following three descriptions, choose whether 
it best describes an independent variable (IV), dependent 
variable (DV), or a controlled variable (CV).

a A variable which is observed and measured.

b A variable which is intentionally kept constant.

c A variable which is intentionally and directly changed.

Question 4 

What is true about a scientific model? Select all that apply.

A A scientific model is always correct.

b A scientific model can correctly represent physical  
processes in certain situations.

c A scientific model is never correct.

d A scientific model provides a simplification of something 
that cannot be directly experienced.

Question 5 

For each of the following variables, choose whether it is 
better described by quantitative data or qualitative data.

a The brand of tennis ball dropped from a height

b The height from which a ball is dropped

c The electric current flowing through a resistor

d The material from which a parachute is made

e The spring force applied to a block

EXAM-STYLE QUESTIONS

This lesson

Question 6 (7 MARKS)

Students conduct an experiment in which they drop balls 
with varying masses from a fixed height with an initial speed 
of zero and they measure the time it takes for the ball to 
reach the ground.

a Identify the independent variable in this experiment.
(1 MARK)

b Identify the dependent variable in this 
experiment. (1 MARK)

c Identify the two controlled variables in this experiment.
(2 MARKS)

d The students then conduct a second experiment where 
they drop the same ball from a variety of heights, and 
they use a radar gun to measure the speed of the ball 
just before it hits the ground.

 For this second experiment, identify the new 
independent variable, dependent variable, and 
controlled variable. (3 MARKS)

Adapted from 2017 VCAA Exam Section B Q9b

Question 7 (1 MARK)

Which one of the following best describes a hypothesis?

A An explanation that has been rigorously tested and  
considered to be correct with a high level of confidence

b A true statement

c An explanation that can be tested and needs supporting 
evidence to be considered true

d A representation that helps to make concepts easier  
to understand

Adapted from 2017 VCAA Exam Section A Q19

Question 8 (1 MARK)

Which one of the following best describes a scientific theory?

A An explanation that has been rigorously tested and  
considered to be correct with a high level of confidence

b A true statement

c An explanation that can be tested and needs supporting 
evidence to be considered true

d A representation that helps to make concepts easier  
to understand
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Question 9 (1 MARK)

Which one of the following best describes a scientific model?

A An explanation that has been rigorously tested and con-
sidered to be correct with a high level of confidence

b A true statement

c An explanation that can be tested and needs supporting 
evidence to be considered true

d A representation that helps to make concepts easier  
to understand

Question 10 (2 MARKS)

Students plan to conduct an experiment to determine the 
effect of slope angle on the final speed of a cart with a fixed 
mass. They intend to release the cart from the top of the 
slope, which has a fixed length, and use a radar gun to record 
the speed at the bottom.

Write a hypothesis for this investigation using an ‘If...then...
when…’ statement.

1A QUeStiOnS  7
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SCIENTIFIC CONVENTIONS
Scientific conventions such as SI units and the correct treatment of significant figures in 
physics let us eff iciently convey information, not only about the values we measure, 
but also about the precision of those values. 

1A Asking questions, 
identifying variables, and 
making predictions

1B Scientific conventions 1C Collecting data 1D Representing data 1E Analysing and 
interpreting data

Study design key knowledge dot point

• the conventions of scientific report writing and scientific poster presentation, including physics terminology and 
representations, symbols, equations and formulas, units of measurement, significant figures, standard abbreviations and 
acknowledgment of references.

Study design key science skills dot point

• process quantitative data using appropriate mathematical relationships, units and number of significant figures

key knowledge units 

Units of measurement 4.3.9.1

Significant figures 4.3.9.2

No previous or new formulas for this lesson

definitions for this lesson

Si unit the accepted standard unit used for measuring a quantity. It is an abbreviation of
“le Système international d’unités”

significant figures all the digits in a measurement that are confidently known

Units of measurement 4.3.9.1

overview
 The SI system of measurement is used globally as the preferred system of 
measurement for scientific contexts. It is comprised of the SI units - the units 
the scientific community has decided to express physical quantities in terms of.

theory details
We use units of measurement as a standard reference for the magnitude of 
diff erent quantities so that diff erent physical objects and processes can be 
compared. There are many diff erent systems of measurement used in diff erent 
countries and contexts. Examples include the International Nautical system 
(fathoms, nautical miles) and the imperial system (inch, foot, yard, mile).

The system of units used in scientific disciplines is the International System of 
Units (abbreviated to SI from the French name Système International). In most 
cases, the values used in physics formulas must be measured in SI units. This 
system comprises seven ‘base’ units which are defined in terms of physical 
constants or processes. For example, the metre is defined by the speed of light, 
the second is defined by the frequency of energy transitions in Caesium-133, 
and the kilogram (as of May 20, 2019) is defined by Planck’s constant.

Figure 1 3D rendering of the IPK (International 
Prototype of the Kilogram). The kilogram was the 
last unit to be defined in terms of a physical object. 
Prior to 2019, it was defined by the mass of the IPK, 
a cylinder made of platinum and iridium that was 
kept in a vault in France. 

Image: AlexLMX/Shutterstock.com
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Table 1 The base SI units and their symbols.

Quantity Unit name Symbol

Time second s

Length metre m

Mass kilogram kg

Electric current ampere A

Temperature kelvin K

Amount of substance mole mol

Luminous intensity candela cd

The kelvin, candela, and mole will not be used in VCE Physics Units 3/4. 

All other SI units are derived from the base SI units. That is, they are formed by multiplying or 
dividing the SI units. They are appropriately called 'derived SI units'. 

Table 2 The derived SI units and their symbols. The equivalent base SI units in this table are not required 
knowledge for VCE Physics.

Quantity Unit name Symbol Equivalent base SI units 

Frequency hertz Hz s−1

Force newton N kg m s−2

Energy joule J kg  m2 s−2

Power watt W kg  m2 s−3

Electric charge coulomb C s A

Voltage volt V kg m2 s−3 A−1

Resistance ohm Ω kg m2 s−3 A−2

Magnetic flux weber Wb kg m2 s−2 A−1

Magnetic flux density tesla T kg s−2 A−1

Velocity and acceleration do not have their own dedicated SI units. Instead they each use an 
equivalent base SI unit. These units are required knowledge for VCE Physics.

Table 3 The equivalent base SI units for velocity, or speed, and acceleration.

Quantity Equivalent base SI units 

Velocity m s−1

Acceleration m s−2

When an answer is asked for in SI units, this encompasses both base units and derived units. 

The order of magnitude of an SI unit can be adapted through prefixes. These indicate the 
factor by which the value should be multiplied. For example, one nanometre is 10−9 metres.

Table 4 The SI prefixes. This information is included in the VCE Physics exam formula sheet.

Symbol p n μ m k M G

Prefix pico nano micro milli kilo mega giga

Order of magnitude 10−12 10−9 10−6 10−3 103 106 109

The SI unit for mass (the kilogram) is a special case since it has a prefix already within 
its name ('kilo'). Prefixes are put in front of ‘grams’ instead. For example, one milligram 
expressed in SI units would be 10−6 kilograms. 
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Examples:

9.0   pm  = 9.0 × 1 0   −12   m

 3  Ms  = 3 × 1 0   6   s

 2.3 × 1 0   5   mJ  = 2.3 × 1 0   2   J

useful tip
We can gain a lot of clues about physics problems from unit analysis. For example, if 
we see the unit for velocity is m s−1 (metres divided by seconds), that indicates that the 
formula for velocity will contain some length variable divided by some time variable.

Similarly, if we forget the unit for frequency is hertz, but we remember that frequency is 

calculated as the reciprocal of the period    (  f  =    1 __ T   )     where period is measured in seconds, 
we can determine that an equivalent unit for frequency is s−1. 

Significant figures 4.3.9.2

overview
Significant figures are all the digits in a value that convey how well that value is confidently 
known. The number of significant figures in a number can be determined using a set of rules. 
Large and small numbers should be expressed in scientific notation so that they are written to 
an appropriate number of significant figures. 

theory details
Significant figures indicate to what degree we know a value is correct. For example, if we have 
a number with two significant figures, that indicates to the reader that we are not confident 
in the value of that number past those first two digits. This ties heavily into the concept of 
uncertainty which will be explored in lesson 1C. 

There is a certain set of conventions taken in how we write numbers in VCE Physics so that the 
reader can understand how confident we are in our values. 

• Leading zeros are never significant

• All non-zero digits are always significant

• Trailing zeros are always significant

• Zeros between digits are always significant

In summary, all digits are significant except for leading zeros in VCE Physics. 

Scientific notation

We can use scientific notation to express large numbers to the correct amount of significant 
figures. We write numbers in scientific notation in the following form: m × 10n where  m  is a 
positive number less than 10 (such as 5 or 4.56) and  n  is an integer (such as −6 or 17). All the 
digits in  m  should be significant.

We use scientific notation for two reasons.  

Firstly, it allows us to write very large and very small numbers with only a few digits (consider 
how we would write  6.67 × 1 0   −11   without using scientific notation). This is especially important 
in physics, as we often work on quantum (very small) or astronomical scales. 

Secondly, scientific notation allows us to write large numbers even if they have a small 
number of significant figures.  For example, if we write a distance measurement as 2000 m 
(4 significant figures), it implies that the measurement is confidently known to the nearest 
metre. But if our measurement was taken to the nearest 100 m, then we should write the 
measurement as 2.0  ×  103 m (2 significant figures). 
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useful tip
When converting from standard notation to scientific notation, the magnitude of  n  is the 
number of digits between the space after the first significant digit and the decimal place.

If the first significant digit is before the decimal 
place, move the decimal place  n  digits to the left.  
If the first significant digit is after the decimal place, 
move the decimal place  n  digits to the right (the  n  
value is negative).  

5600000

0.00043 4.3 × 10−4

5.6 × 106

n = 6 n = 6

n = −4 n = −4

Table 5 Examples of how to write numbers using scientific notation.

Number Scientific 
notation 

Significant 
figures

Number Scientific 
notation

Significant 
figures

 230  2.30 × 1 0   2  3  0450.2  4.502 × 1 0   2  4

 0.00067  6.7 × 1 0   −4  2  0.3700  3.700 × 1 0   −1  4

 5.034  5.034 × 1 0   0  4  7.00 × 1 0   −6   7.00 × 1 0   −6  3

 2 × 1 0   −6   2 × 1 0   −6  1  37  3.7 × 1 0   1  2

Significant figures in calculations 

• When two values are being added or subtracted, the number of decimal places  
in the answer should match the value from the addition/subtraction with the fewest 
decimal places

• When two values are being multiplied or divided, the number of significant figures 
in the answer should match the value from the multiplication/division with the fewest 
significant figures

These rules allow the results of our calculations to express the correct level of confidence 
given the level of certainty in the numbers with which we started. 

Examples: 

 5 + 5 = 10  (final answer has 0 decimal places as  5  has 0 decimal places)

 7 × 4 = 3 × 1 0   1   (final answer has 1 significant figure as  7  and 4 both have 1 significant figure)

 34.477 + 2.31 = 36.79  (final answer has 2 decimal places as  2.31  has 2 decimal places)

 34.477 × 2.31 = 79.6  (final answer has 3 significant figures as  2.31  has 3 significant figures)

Note: in worked answers in this book, we will provide additional significant figures in each 
line of working as it is good practice to do so to ensure accuracy in the final answer and 
it will make it easier for you to check your working. We will give the answer to the correct 
number of significant figures. 

useful tip
Calculations should be rounded to the correct amount of significant figures only in the 
last step. Otherwise, rounding during working can result in an incorrect answer.

Theory summary
• SI units are used in scientific contexts, and most physical formulas require SI units to be 

used to attain correct values.

 – Prefixes can be added to SI units to indicate different orders of magnitude.

• Significant figure rules:

 – All digits are significant except leading zeros in VCE Physics. 

• Numbers can be written in scientific notation by writing in the form  m × 1 0   n  .

useful tip
The significant figures 
given for constants 
in the VCE Physics 
formula sheet limit 
the amount of 
significant figures in 
exam questions. For 
example, any question 
involving 
  c = 3.0 × 1 0   8   m s−1 
will be limited to 2 
significant figures. 
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1B Questions
THEORY REVIEW QUESTIONS

Question 1 

Identify the number of significant figures in the  
following numbers.

a  400 

b  7 

c  300.20 

d  5.98 × 1 0   8  

e  00345.2 

f  1.00034 

g  0.0045678 

h  0.4500 

i  3.00 × 1 0   −6  

Question 2 

Write the following numbers in scientific notation.

a  3000  (accurate to 2 significant figures)

b  2 600 000  (accurate to 2 significant figures)

c  59 800  (accurate 3 significant figures)

d  0.24 

e  0.00045 

f  0.000000060 

Question 3 

Compute the following mathematical results following  
correct significant figure conventions.

a  35.5 + 10.1 

b  654.2 + 0.34 

c  54.678 − 5.3974 

d  7 + 45 

e  70 − 9.8 

f  69.95 + 0.063 

Question 4 

Compute the following mathematical results following  
correct significant figure conventions.

a  3.4 × 8.23 

b  9.45 ÷ 300 

c  539 × 23 

d    (  3.56 × 1 0   6  )   × 4.7  

e  10 ÷ 0.003 

f  0430 × 54.21 

Question 5 

Express the following quantities in terms of SI units and in 
scientific notation.

a 3.2 kJ

b 8.0 pA

c 750 nm

d 500 ms 

e 0.300 μg

f 54 MΩ

Question 6 

Select which of the following are SI units. Select all that apply.

a miles

B metres cubed (m3)

c litres

d grams

E celcius

f pounds

g hours

h seconds

i light years 

j volts

k electron volts

l ohms

EXAM-STYLE QUESTIONS

This lesson

Question 7 (5 MARKS)

In each of the following cases, provide your answers to the 
appropriate number of significant figures.  

a Calculate the magnitude of the net force acting on a 
block. The mass of the block, m, is measured to be 250 g 
and the magnitude of its acceleration, a, is measured  
to be 3.0 m s−2. The net force can be calculated using 
  F  net   = ma . (2 MARKS)

b Calculate the average speed for the journey of a cyclist 
who takes 22.0 seconds to ride a distance of 132 m along 
a road and a further 56 m along a footpath. Average 

speed is calculated using  speed =   total distance ___________ time    . (3 MARKS)
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COLLECTING DATA
Can we know any measurement in physics with absolute certainty? What are the important 
elements of designing experiments? 

The ability to properly conduct experiments and gather data is an essential part of science. In 
this lesson we will discuss important considerations when collecting data: error, uncertainty, 
accuracy, precision, reproducibility, and repeatability. 

1A Asking questions, 
identifying variables, and 
making predictions 

1B Scientific conventions 1C Collecting data 1D representing data 1e Analysing and 
interpreting data 

Study design key knowledge dot point

• the characteristics of scientific research methodologies and techniques of primary qualitative and quantitative data 
collection relevant to the selected investigation, including experiments (gravity, magnetism, electricity, Newton's laws of 
motion, waves), and/or the construction and evaluation of a device; precision, accuracy, reliability and validity of data; and 
identification of, and distance between, uncertainty and error

Study design key science skills dot points

• select and use equipment, materials and procedures appropriate to the investigation, taking into account potential sources 
of error and uncertainty 

• take a qualitative approach when identifying and analysing experimental data with reference to accuracy, precision, 
reliability, validity, uncertainty and errors (random and systematic)

• explain the merit of replicating procedures and the eff ects of sample sizes to obtain reliable data

Key knowledge units 

Error 4.3.3.2

Uncertainty 4.3.3.3

Precision and accuracy 4.3.3.4

Validity 4.3.3.5

Repeatability and reproducibility 4.3.3.6

No previous or new formulas for this lesson

 definitions for this lesson

accuracy a relative indicator of how well a measurement agrees with the ‘true’ value of 
a measurement

error the diff erence between a measured value and its ‘true’ value

human error see personal error

personal error mistakes in an experiment’s design, execution or analysis caused by a lack of care 
that negatively impact or invalidate the conclusions of an experiment

precision a relative indicator of how closely diff erent measurements of the same quantity agree 
with each other

random error the unpredictable variations in the measurement of quantities

reliability a qualitative description of how likely it is that another experimenter can perform an 
experiment and find the same results within a small range

repeatability the closeness of agreement of results when an experiment is repeated by the same 
experimenter under the same conditions (using the same equipment and in the same lab)

reproducibility the closeness of agreement of results when an experiment is repeated by a 
diff erent experimenter under slightly diff erent conditions (using their own equipment and lab)

systematic error a consistent, repeatable deviation in the measured result from the actual results, 
oft en due to a problem with the experimental design or calibration of equipment

1C
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uncertainty a quantitative indicator of a range that the ‘true’ value of a measurement should lie within

validity the qualitative appraisal of how well an experiment measures what it is intended to measure

Error 4.3.3.2

overview
Error refers to the difference between a measured value and its ‘true’ value. 

theory details
Personal error

Personal errors are mistakes in an experiment’s design, execution, or analysis caused by a 
lack of care that negatively impact or invalidate the conclusions of an experiment. Personal 
error can also be called human error. Examples of personal errors include contaminating 
samples, breaking equipment, and using the wrong formula in data analysis. 

Data that has been impacted by personal error should be discounted. 

Systematic error 

Systematic errors are errors that uniformly affect the accuracy of data in an experiment. 
An uncalibrated weighing scale is an example of a cause of systematic error since each 
measurement would differ from the true value by a consistent amount. Parallax error, 
which occurs when an analogue scale is read at an angle to the display, is another cause of 
systematic error. 

On a graph that is supposed to have a trend pass through the origin, having a non-zero 
y-intercept is usually an indicator of systematic error. This can be seen in Figure 1. 

The effect of systematic errors cannot be improved by taking the average of multiple 
measurements because all the measurements will consistently be affected in the same way.  
The cause of any systematic error that is identified should be fixed and the experiment 
repeated. Possible sources of systematic errors that cannot be removed, or were not 
identified during the experiment, should be analysed in the discussion section of an 
experimental report when they are present. 

Random error

Random error is the unpredictable variation in the measurement of quantities. In 
general, random errors can be reduced but not entirely avoided.

Any physical measurement will have an associated random error which is caused 
by uncontrolled variations in the conditions of an experiment between each trial. 
Try and measure the time it takes to drop a ball from a fixed height three times 
and you will find a slightly different result each time! 

Random errors commonly originate from readings that are between the intervals 
of a measuring device or from taking a measurement when the values on a 
measuring device are fluctuating. Random errors greatly affect the precision 
and accuracy of measurements. Random errors can be reduced by choosing 
equipment and methods that will result in less variation, such as using a timer 
that is activated by an automatic sensor rather than a person timing with a 
stopwatch. The effect of random errors can be reduced by using an averaged 
result from repeated measurements. 

The effect of random errors can be seen on a graph by data points sitting above 
and below their trendline, as seen in Figure 1. 

Figure 1 Plots of two experiments measuring 
a relationship between the same two variables. 
The ‘true’ relationship is linear and passes 
through the origin. The measurements plotted 
in blue have been affected by systematic error 
since all measurements are consistently above 
the ‘true’ values. All measurements have been 
affected by random error.
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Uncertainty 4.3.3.3

overview
Uncertainty is an indicator of a range that the ‘true’ value of a measurement should lie within.  

theory details
Uncertainty

Uncertainty is an unavoidable part of experimentation and taking measurements. This means 
that there is always a level of doubt in the accuracy of a measured value. Uncertainty is not 
a “bad” thing. In fact, it is incredibly important to be honest with the level of uncertainty 
in scientific measurements so that there can be an appropriate level of confidence in the 
conclusions of an experiment. 

Having uncertainty in measurements is unavoidable due to how measurements vary 
when repeated (random error). In fact, uncertainty can be thought of as an estimate of the 
maximum random error associated with a measurement. By using equipment with smaller 
intervals – such as a ruler with millimetre markings rather than centimetre markings – the 
level of uncertainty in an experiment can be reduced, but not eliminated.  

Uncertainty can be expressed as an absolute uncertainty (in the same units as the 
measurement) or as a percentage of the measurement. For example, a measurement of  
5.0 cm with an uncertainty of 0.2 cm can be written as:

•  5.0 ± 0.2  cm (absolute uncertainty); or

•  5.0 ± 4%  (relative /percentage uncertainty)

Absolute uncertainties should be expressed to one significant figure, and the measured value 
should be quoted to the place value of the uncertainty. Place value refers to the ‘tens’ place, 
‘ones’ place, ‘tenths’ place. For example, if a measurement of 600 m is taken with a measured 
uncertainty of 10 m, the measurement should be written as  6.0 × 1 0   2  ± 0.1 × 1 0   2   m.

Uncertainty in an individual measurement due to a measuring device

The uncertainty in the value measured by a measuring device is half of the smallest increment 
on the measuring device. For example, on a digital scale that gives values to the nearest 
0.01 kg, the uncertainty is  ± 0.005  kg. If a ruler has measurement intervals of 0.001 m, the 
uncertainty is  ± 0.0005  m. The measured value should have the same lowest place value as 
the uncertainty. For example, using this ruler, the side of this box should be recorded as  
5.40 ± 0.05  cm.

0
cm

1 2 3 4 5 6 7 8 9 10

Figure 3 A box being measured by a ruler. The smallest increment on the ruler is 0.1 cm.

Uncertainty in the average of multiple measurements

As measurements will vary each time they are recorded due to the effects of random errors, 
measurements should be repeated multiple times and averaged in order to find a more 
accurate estimate of the ‘true’ measurement. 

The uncertainty of multiple measurements depends on how much difference there is in the 
measured values. In VCE Physics, when calculating the uncertainty in the average of multiple 
measurements, the uncertainty can be taken as the magnitude of the difference between 
the average value of the measurements and the most extreme measurement (the individual 
measurement which is furthest from the average). 

Measured valueX

X − U

X + U

True X?

True X?

True X?

Figure 2 A quantity is measured 
to be X ± U. This indicates the 
‘true’ value of a measured quantity 
X should lie within the range of 
uncertainty U around X. It should 
not be assumed that the measured 
value X is the ‘true’ value.
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When there is uncertainty in an average value due to multiple measurements and an 
uncertainty in individual measurements due to the measuring device, we should always  
take the larger value of uncertainty.

Precision and accuracy 4.3.3.4

overview
Precision and accuracy are very specific concepts in physics. Precision describes how closely 
different measurements of the same quantity agree with each other. Accuracy describes how 
well the set of measurements relates to the ‘true’ value. They are both relative measures.

theory details
Precision is an indicator of how well a set of measurements agree with each other. It can 
be thought of as a measure of the spread or range of data – a bigger range is less precise. It 
is a relative indicator. A set of measurements cannot be ‘precise’, it can only be more or less 
precise than another set of measurements. 

The precision of a set of measurements can be improved by having good experimental 
technique and using measuring devices with smaller uncertainties. Note that these are 
methods for reducing the size of random errors. In this sense, precision is closely related  
to random error.

useful tip
When asked to identify a more precise set of measurements, identify the set with the 
smallest range (maximum value – minimum value). 

Worked example

Calculate the average net force and associated uncertainty of a ball being kicked by a student 
based on the force data in the table.

trial 1 2 3 4 5

net force (n)  20.0 ± 0.1  20.6 ± 0.1  19.8 ± 0.1  18.2 ± 0.1  20.4 ± 0.1 

Average net force =    20.0 + 20.6 + 19.8 + 18.2 + 20.4  ________________________  5    = 19.8  N

Difference between average and most extreme value:   |19.8 − 18.2|  = 1.6  N  ≈ 2  N

Note that we round 1.6 up to 2 because the uncertainty should be given to one significant figure.

Therefore, average net force is  20 ± 2  N

1

Worked example

Calculate the average net force and associated uncertainty of a ball hitting a wall based on the 
force data in the table.

trial 1 2 3 4 5

net force (n) 20.0 ± 0.5 20.0 ± 0.5 20.0 ± 0.5 20.5 ± 0.5 20.5 ± 0.5

Average net force =     20.0 + 20.0 + 20.0 + 20.5 + 20.5  ________________________  5    = 20.2  N

Difference between average and most extreme value:   |20.5 − 20.2|  = 0.3  N

Note that the uncertainty of an individual value ( 0.5  N) is larger than this uncertainty. 

Therefore, average net force is  20.2 ± 0.5  N

2
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Accuracy is an indicator of how well a measurement agrees with the ‘true’ value of a 
measurement. This ‘true’ value is the value that would be measured if it were possible to 
take measurements with no errors.  Like precision, a measurement cannot be objectively 
‘accurate’, it can only be more or less accurate than another measurement. 

The accuracy of a measurement can be improved by reducing systematic errors in the 
experimental design and choosing equipment and methods that will result in less random 
error. In this sense, accuracy is related to both systematic errors and random errors.

Accuracy can also be applied to sets of measurements. If the average of a set of 
measurements is closer to the ‘true’ value than the average of another set of measurements, 
then it is more accurate than that other set. 

The accuracy of a set of measurements can be improved by increasing the number of 
measurements since the variations from the ‘true’ value of individual measurements will tend 
to offset each other when an average is taken from a large enough set. In this sense, taking 
multiple measurements can reduce the effect of random error (but it does not reduce the 
random error itself).

useful tip
When asked to identify a more accurate set of measurements, identify the data set with 
an average that is closer to the ‘true’ value.

Validity 4.3.3.5

overview
Validity in an experiment refers to whether an experiment actually measures what it intends 
to measure. The validity of an experiment depends on the experimental design, how the 
experiment is conducted, and how the results are processed and analysed.  

theory details
An experiment is valid if it is able to successfully measure what it aims to measure. The validity 
of an experiment can be impacted before, during, and after performing an experiment. 

table 1 Some requirements for an experiment to be valid before, during, and after an experiment.  
This list is not exhaustive.

time period elements necessary to be valid

Before the 
experiment

• Experiment is designed so that there is only one independent variable.
• Experiment is designed so that it can measure the dependent variable.
• Experiment is designed to minimise systematic error and personal error. 
• Sample sizes are appropriately large enough (this is more relevant in  

psychological experiments).
• All necessary assumptions for analysis (such as simplifications) are addressed in the 

design of the experiment.

During the 
experiment

• Observer bias is minimised.
• No controlled variables are allowed to change.
• All steps of the scientific method are followed.
• The experiment measures the correct dependent variable.
• Appropriate equipment is used.
• No personal error impacting results.

After the 
experiment 
(data analysis)

• All data is processed correctly.
• All data is included and explained. Data cannot be arbitrarily selected to produce the 

desired trend.
• Any outliers are addressed in discussion and are included in the initial data. 
• Results are examined, and the possibility of other causal relationships are considered. 

Correlation between two variables is not automatically assumed to mean causation. 
• Experiment is able to be repeated and reproduced.
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Repeatability and reproducibility 4.3.3.6

overview
The reliability of an experiment is a qualitative description of how likely it is that another 
experimenter can perform an experiment and find the same results within a small range, and 
it is primarily tested through an experiment’s repeatability and reproducibility. 

theory details
In order for the results of an experiment to be deemed reliable enough to draw strong 
conclusions, the experiment must be repeatable and reproducible.

Repeatability refers to the closeness of agreement of results (the precision) when an 
experiment is repeated by the same experimenter under the same conditions (using the same 
equipment and in the same lab). 

Reproducibility refers to the closeness of agreement of results (the precision) when an 
experiment is repeated by a different experimenter under slightly different conditions (using 
their own equipment and lab). 

Reproducibility is especially important because comparing results with a different 
experimenter helps reveal bias, systematic errors, or experimental flaws that impact the 
validity of an experiment. 

The vital nature of reproducibility to draw conclusions is why the publication of the 
experimental reports in peer-reviewed journals is a key part of physics research. The validity 
of the experiment is then assessed in the publication process and it provides the necessary 
information for other experimenters to reproduce the experiment. 

table 2 Conditions for repeatability versus reproducibility

repeatability reproducibility

Experimenter Same Different

Conditions (lab, equipment) Same Different

Theory summary
• There are three kinds of experimental errors:

1. Personal error – mistakes in an experiment’s design, execution or analysis 
2. Systematic error – a consistent, repeatable deviation in the measured result from  

the actual results
3. Random error – the unpredictable variations in the measurement  

of quantities 

• Uncertainty is an indicator of a range that the ‘true’ value of a measurement should  
lie within.  

 – Uncertainty in a measuring device is half the smallest measuring increment.
 – Uncertainty in the average of multiple measurements can be taken as the magnitude 

of the difference between the most extreme measurement and the average value.

• Precision and accuracy are relative measures describing the spread of a set of measured 
values and how well the set of measurements relates to the ‘true’ value. 

 – A more precise set of measurements will have a smaller range of measurements. 
Precision is related to random error.

 – A more accurate set of measurements will have an average of the set of measurements 
closer to the true value. Accuracy is related to both systematic error and random error.

• An experiment is valid if it is able to measure what it intends to measure. 

• Repeatability and reproducibility are qualities that describe how well the results of a 
repeat of an experiment agree with the original experiment.

keen to  
investigate?

vCAA Measurement in 
science  
https://www.vcaa.vic 
.edu.au/curriculum/
vce/vce-study-designs/
Physics/advice-for-
teachers/Pages/
Measurementin 
ScienceOverview.aspx
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1C Questions
THEORY REVIEW QUESTIONS

Question 1 

Choose whether the following statements are true or false.

a A value measured in an experiment can be known with 
complete certainty.

b Uncertainty is always a “bad” thing. 

c Uncertainty is unavoidable.

d Data that is known to have been affected by personal 
error should be kept and treated to be as valid as all 
other data. 

e Data should be manipulated until the uncertainty is as 
small as possible.

f Systematic error is often caused by poor calibration  
of equipment.

g Random error will always occur. 

h Random error can be reduced by using more  
precise equipment.

i The uncertainty in the average of multiple 
measurements is the magnitude of the difference 
between the most extreme value and the average value.

j A single set of measurements can be accurate and precise.

k Observer bias makes an experiment invalid.

l Validity in an experiment is determined only by the 
experimental design.

m An experiment being reproducible increases the 
reliability of its conclusions.

EXAM-STYLE QUESTIONS

This lesson

Question 2 (1 MARK)

The best description of experimental uncertainty in a 
measurement is

A how confident a scientist feels while performing  
data analysis. 

b a quantitative estimate of the random error associated 
with the measurement.

C the difference between a measured value and its  
‘true’ value.

d the process of repeating a measurement to  
improve reliability.

Adapted from 2018 VCAA Exam Section A Q18

Question 3 (1 MARK)

Which of the following is a true statement about uncertainty?

A Repeated measurements can eliminate uncertainty.

b Personal error should be included when  
calculating uncertainty.

C The ‘true’ value lies exactly in the middle of the range 
indicated by the uncertainties.

d Using more precise equipment can reduce the level  
of uncertainty.

Question 4 (1 MARK)

Which of the following statements about repeating readings 
is correct?

A Repeating readings reduces the effect of systematic error.

b Repeating readings reduces the effect of random error.

C Repeating readings increases the effect of  
systematic error.

d Repeating readings has no effect on random error.

Adapted from 2018 VCAA NHT Exam Section A Q20

Question 5 (1 MARK)

Which of the following statements about systematic and 
random errors is incorrect? 

A Systematic errors affect all data points equally.

b Systematic errors are unavoidable.

C Random errors affect all data points.

d Random errors are unavoidable.

Question 6 (1 MARK)

Which of the following is true about reproducibility  
and repeatability?

A A repeatable experiment will always produce results that 
agree with the original experiment when performed by a 
different experimenter.

b When the results of an experiment are published, they 
are deemed repeatable, reliable, and reproducible by 
the scientific community. 

C Reproducibility helps to discover bias and experimental 
flaws in the original experiment.

d A reproducible experiment may not produce the same 
results if the second experimenter does not use the exact 
same equipment. 

Question 7 (1 MARK)

Arshya and Thanushi measure the voltage across a resistor in 
the same circuit on separate occasions. 

Arshya takes the following readings: 3.40 V, 4.20 V, 3.70 V,  
and 4.00 V (average 3.85 V).

Thanushi takes the following readings: 2.60 V, 3.80 V, 3.60 V, 
and 5.00 V (average 3.75 V).

The true value of the voltage is 3.70 V. 
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Which of the following statements best describes these sets 
of measurements? 

A Both sets of results are equally precise.

b Arshya’s results are more accurate than Thanushi’s results.

C Both sets of results are equally accurate.

d Thanushi’s results are less precise than Arshya’s results.

Adapted from 2017 VCAA Exam Section A Q18

Question 8 (1 MARK)

Some students set up the photoelectric effect to measure the 
value of Planck’s constant which has a well established value 
of  6.63 × 1 0   −34   J s. They take five measurements, as follows:

•  6.67 × 1 0   −34   J s

•  6.59 × 1 0   −34   J s

•  6.63 × 1 0   −34   J s

•  6.54 × 1 0   −34   J s

•  6.72 × 1 0   −34   J s

A reasonable measurement uncertainty for the students  
to cite is

A  0.09 × 1 0   −34  J s

b  0.05 × 1 0   −34  J s

C  0.07 × 1 0   −34   J s

d  0.005 × 1 0   −34   J s

Adapted from 2017 VCAA Sample Exam Section A Q9

Use the following information to answer Questions 9–12. 

Four students take a measurement of the length between 
two lenses. The measurements are then indicated as dots 
on a ruler (as shown on the diagram). The true value of the 
distance between the lenses is also indicated on the diagram.

Student A

True value

Student B Student C Student D

Adapted from 2019 VCAA NHT Exam Section A Q19

Question 9 (1 MARK)

Which student has results that are relatively accurate but 
relatively imprecise?

A Student A

b Student B

C Student C

d Student D

Question 10 (1 MARK)

 Which student has results that are relatively precise but 
relatively inaccurate?

A Student A

b Student B

C Student C

d Student D

Question 11 (1 MARK)

Which student’s results are the least accurate?

A Student A

b Student B

C Student C

d Student D

Question 12 (1 MARK)

Which student’s results are the most precise and accurate?

A Student A

b Student B

C Student C

d Student D

Question 13 (1 MARK)

What is the best estimate for the uncertainty in this voltmeter?

V

300

0

100
200

600

500
400

A 20 V

b 10 V

C 5 V

d 1 V

Question 14 (2 MARKS)

What is experimental uncertainty? Identify one method by 
which experimental uncertainty can be reduced.  
Adapted from 2019 VCAA NHT Exam Section B Q8a

Question 15 (2 MARKS)

Taking multiple measurements of the same quantity will not 
reduce the systematic error or random error in any individual 
measurement. Why, then, can taking multiple measurements 
improve the accuracy of experimental results?
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Question 16 (8 MARKS)

Sam and Jess perform an experiment and measure the 
following frequencies of a wave. The true value of the 
frequency is known to be 64 Hz. 

trial 1 trial 2 trial 3 trial 4

Sam 68 Hz 76 Hz 54 Hz 66 Hz

Jess 79 Hz 81 Hz 60 Hz 64 Hz

a Calculate the average of Sam’s results and the average of 
Jess’ results. (2 MARKS)

b Calculate the range of Sam’s results and the range of 
Jess’ results. (2 MARKS)

c Comment on the accuracy of Sam and Jess’ results.
(2 MARKS)

d Comment on the precision of Sam and Jess’ results.
(2 MARKS)

Question 17 (5 MARKS)

Claire designs an experiment to determine how the mass 
of a ball impacts the time it takes for the ball to go down a 
ramp. There is a stopper at the end of the ramp. Consider 
the options below and indicate which options (when added 
individually to this experimental design) would result in the 
experiment (including experimental method, analysis, and 
conclusions) being invalid. 

a The mass of the ball is varied between 5 kg and 10 kg in 
1 kg increments.

b Children’s bowling balls are used as the 5 kg and 6 kg balls, 
small bowling balls are used for the 7 kg and 8 kg balls and 
large bowling balls are used as the 9 kg and 10 kg ball.

c A timer is used to measure the ball as it goes down the 
ramp. The timer is started when the ball is released and 
stopped when the ball hits the stopper. 

d The length of the ramp, starting position of the ball, 
ramp material, and the angle of elevation of the ramp 
are kept constant throughout the experiment.

e Claire accidentally breaks the ramp by dropping one of 
the bowling balls on it and continues with the experiment.

f Claire stops the timer a bit aft er the ball hits the stopper 
so that the data better aligns with the trend she is seeing.

g Data is analysed to plot mass on the horizontal axis and 
time on the vertical axis.

h An obvious outlier result is excluded from the data in 
Claire’s report and left  unmentioned.

i Claire concludes that having a shorter time for the ball 
to go down the ramp results in the mass of the ball 
being greater.

j Another student, Sally, is able to repeat Claire’s 
experiment and get the same results.
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REPRESENTING AND ANALYSING DATA
The analysis stage of a scientific investigation is when conclusions about the world can 
be made. It involves the identification of trends in data, making allowances for errors 
and uncertainties, in order to determine the nature of the relationship (if any exists) 
between the dependent variable and the independent variable. This lesson explores the 
conventions of graphing data and drawing lines and curves of best fit. Understanding 
these conventions is critically important for clearly and correctly communicating the data 
from a scientific investigation. 

1A Asking questions, 
identifying variables, and 
making predictions

1B Scientific conventions 1C Collecting data 1D representing and 
analysing data

1e gradients of lines 
of best fit

Study design key knowledge dot points

• methods of organising, analysing and evaluating primary data to identify patterns and relationships including sources of 
uncertainty and error, and limitations of data and methodologies

• the nature of evidence that supports or refutes a hypothesis, model or theory

• the conventions of scientific report writing and scientific poster presentation, including physics terminology and 
representations, symbols, equations and formulas, units of measurement, significant figures, standard abbreviations and 
acknowledgment of references

Study design key science skills dot point

• organise, present and interpret data using tables, line graphs, correlation, line of best fit, calculations of mean and fitting an 
appropriate curve to graphical data, including the use of error bars on graphs

Key knowledge units 

Plotting data 4.3.5.1 & 4.3.9.3

Drawing lines and curves of best fit 4.3.5.2 & 4.3.7.1

No previous or new formulas for this lesson

Definitions for this lesson

curve of best fit a curved line that indicates the relationship between the independent and 
dependent variables on a graph. It must pass through the uncertainty bars of all data points

line of best fit a straight line that indicates the relationship between the independent and 
dependent variables on a graph. It must pass through the uncertainty bars of all data points

linearise the process of transforming data through mathematical operations so that, when 
graphed, a line of best fit can be drawn through the data

trendline see line of best fit or curve of best fit

Plotting data 4.3.5.1 & 4.3.9.3

oVerVieW
Graphs can be plotted from tables of data. There are conventions that should be followed 
for labelling the graph, choosing axis scales, and plotting uncertainty bars. Data can also 
be linearised before it is graphed to help understand the relationship between variables. 

1D
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theory details
Generating a table of data

To collect data we must: 

• take multiple trials of each measurement. 

• average these measurements so there is one dependent result for each tested quantity of 
the independent variable.

• calculate uncertainties of the final values appropriately using the ‘uncertainty in the 
average of multiple measurements’ process discussed in lesson 1C. 

This data should be represented in a table. 

To explore these concepts, we use the example of an experiment that investigates the 
relationship between the time it takes for a block to slide down a ramp and the angle of the 
ramp. The length of the ramp is fixed at 1.0 metre and the block starts from rest. The data for 
this example is shown in Table 1. 

Table 1 Data collected and analysed in an experiment investigating how the time for a block 
to slide down a ramp varies with the angle of the ramp.

Angle (± 5°)
Time for block to slide down ramp (± 0.1 s)

Average time (s)
Trial 1 Trial 2 Trial 3

10 3.2 3.5 3.4 3.4 ± 0.2 

20 2.4 2.5 2.4 2.4 ± 0.1

30 1.8 2.1 2.0 2.0 ± 0.2

40 1.8 1.8 1.7 1.8 ± 0.1

50 1.5 1.7 1.6 1.6 ± 0.1

60 1.4 1.5 1.5 1.5 ± 0.1

We use the table to create a list of points that should be graphed to analyse the relationship 
between the independent variable and dependent variable. The first listed coordinate 
in a point corresponds to the independent variable and the second corresponds to the 
dependent variable.

In this example, the independent variable is the angle of the ramp and the dependent variable 
is the average time for the block to slide down the ramp. As such, the points to be plotted are: 

(10, 3.4), (20, 2.4), (30, 2.0), (40, 1.8), (50, 1.6), (60, 1.5). 

Graphing conventions

There are several conventions that must be followed to correctly present scientific data  
on a graph.

Labelling:

• The independent variable should be plotted on the horizontal axis.
• The dependent variable should be plotted on the vertical axis.
• The variables should be labelled on the relevant axis with their respective units. 

• The graph title should generally be of the form ‘[dependent variable] versus  
[independent variable]’.

Axis scales:

• Each axis should have a consistent scale so that the intervals between grid lines on an 
axis represents a constant value.

• The axis scales should be chosen so that the data points take up the majority of the 
graph (the data points should cover more than 50% of each axis).

• The axis can (but does not have to) indicate a power of ten on the scale by which all values 
on that axis should be multiplied.

useful tip
In an exam, marked 
axes and a grid will 
be provided but you 
will usually need to 
choose an appropriate 
scale. When answering 
graphing questions 
from this book, it is 
suggested to sketch 
answers on graph 
paper to get practice 
in choosing an 
appropriate scale to  
fit a given grid and 
data set.
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Using uncertainty bars

An uncertainty bar (or error bar) is a line with an end cap that indicates the size of the 
uncertainty in a given value. Horizontal uncertainty bars are the uncertainty in the independent 
variable and vertical uncertainty bars are the uncertainty in the dependent variable. The 
combination of the horizontal and vertical uncertainty bars indicates a rectangular area where 
the ‘true’ value may be. 

The uncertainty value quoted is added to both sides of the point so that the distance between 
the two end caps of an uncertainty bar is twice the uncertainty. If measurement uncertainties 
are stated, uncertainty bars should be plotted on the graph. 

Using these principles, an appropriate graph for the data from Table 1 is shown in Figure 2.

Time for block to slide down ramp versus ramp angle

10 20 30 40 50 60 70
  

Ramp angle (°)

1

2

3

4

Ti
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id

e 
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w
n 

ra
m

p 
(s

)

Units of 
dependent 
variable

Dependent 
variable

Consistent scale 
(major gridlines 
increase by 1 s)

Consistent scale 
(major gridlines 
increase by 10°)

Independent 
variable

Units of independent 
variable

Smooth curve of best fit (passes 
through all uncertainty bars)

Horizontal uncertainty bars 
(independent variable)

Vertical uncertainty bars 
(dependent variable)

Title

Figure 2 An annotated graph of the data from Table 1

Linearising data

Linearising data is the process of transforming one or both of the independent and 
dependent values so that, when graphed, the points have a line of best fit. This is valuable 
because it can help us to determine the mathematical form of an unknown relationship 
between two variables. 

Examples of how a variable ( x ) can be transformed include raising it to a power (  x   2  ), taking the 

square root  ( √ 
_

 x  )  or taking the reciprocal   (  1 __ x  )  . 

Figure 3 Examples of how different graphs can be linearised by transforming the independent variable. A straight 
line of best fit that passes through the origin means that the variables on the axes are proportional to each other. 

0.5 1 1.5 2 2.5

1
2
3
4
5

x

1
x

y y vs x

1 2 3 4 5

1
2
3
4
5

x2

y y vs x2

5 10 15 20 25

1
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4
5

x

y y vs x

1 2 3 4 5

1
2
3
4
5

y y vs √x

1 2 3 4 5

1
2
3
4
5

x

y y vs x

1 2 3 4 5

1
2
3
4
5

y y vs 

√x 1
x

Uncertainty 
in dependent 
variable

Uncertainty in 
independent 
variable

Figure 1 An example point with 
horizontal and vertical uncertainty 
bars. The yellow area indicates a 
range where the ‘true’ value might 
be located. 
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If a variable is transformed appropriately and the result is a linear relationship, this 
indicates a proportionality relationship between the variables. For example, if there is a 
straight line of best fit when some variable  y  is graphed against the square root of another 
variable  ( √

_
x  ) , we can write that  y ∝ √

_
x    or  y = k  √

_
x    (where  k  is a constant). Note that 

similar transformations can be made to the dependent variable in order to linearise data 
and establish a relationship such as   √

_
y   ∝ x .

Worked example

A student collected data on the distance travelled ( d ) by a ball that starts from rest and rolls down a ramp for diff erent amounts of 
time ( t ). The angle of the ramp is fixed.

a plot a graph of the data with a curve of best fit. Assume the uncertainty in distance and time are negligible.  

b linearise the data and plot a graph to show that  d ∝  t2  . 

Time,  t  (s) Distance,  d  (m)

1.0 0.5

2.0 2.0

3.0 4.5

4.0 8.0

5.0 12.5

a Plotting this data as given results in the following graph:

1 2 3 4 5 6

2

4

6

8

10

12

14

Distance versus time for ball rolling down a ramp
d (m)

t (s)

  As the graph is curved, it is diff icult to directly determine 
a relationship between  d  and  t , so we linearise the data. 

b To linearise the data, calculate the values of   t2  .

t2 (s2) Distance d (m)

1.0 0.5

4.0 2.0

9.0 4.5

16 8.0

25 12.5

  Now draw a graph with   t 2   on the horizontal axis 
instead of  t :

5 10 15 20 25 30

2

4

6

8

10

12

14

d versus t2
d (m)

t2 (s2)

  This data now fits a straight line of best fit. This indicates 
we have successfully linearised our data, which supports 
the relationship  d ∝  t2  .

1
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Drawing lines and curves of best fit 4.3.5.2 & 4.3.7.1

oVerVieW
Lines of best fit and curves of best fit are straight and curved lines respectively that indicate 
the relationship between the independent and dependent variables on a graph. To be a valid 
indicator of the relationship between variables, a line or curve of best fit must pass through 
the uncertainty bars of all points.

theory details
A line or curve of best fit indicates the relationship between two variables. Lines and curves of 
best fit can also be called ‘trendlines’.  

Lines and curves of best fit must meet the following requirements:

• Must pass through the uncertainty bars of all points (it does not need to pass through the 
specific data point)

• Should be smooth 

• Should not be forced to pass through the origin

• Should not be forced to pass through the first and/or last point (or any point on the graph)

• Should not extend significantly beyond the region of the points 

The reason for not forcing the line or curve of best fit through the origin, first point, or last point is 
that all data points are equally important. Forcing it through one of these points would incorrectly 
give that point more importance than the other data points when determining the overall trend.

A line or curve of best fit that does not pass through the origin when it is expected to do so 
can indicate a systematic error in the experiment. 

useful tip
When using a computer program to create a graph, choose a ‘scatter plot’ and then add 
a trendline. Do not choose a plot that connects the data points dot-to-dot. 

If a straight line cannot be drawn so that it passes through all the uncertainty bars, there 
cannot be a line of best fit, so the trend would be better represented by a curve of best fit. 
If a line of best fit can be drawn, it indicates that the data may have a linear relationship, 
but it is also possible that the uncertainty is too great or the spread of data is too small to 
establish the true relationship. 

Time for block to slide down 
ramp versus ramp angle
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Time for block to slide down 
ramp versus ramp angle
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(a) (b)

Figure 4 (a) The curve of best fit is valid as it passes through the uncertainty bars of all points. (b) The line of best 
fit is not valid as it does not pass through the uncertainty bars of all points. 
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Theory summary
Graph labelling:

• The independent variable should be plotted on the horizontal axis.

• The dependent variable should be plotted on the vertical axis.

• The variables should be labelled on the relevant axis with their respective units. 

• The graph title should generally be of the form ‘dependent variable versus 
independent variable’.

Axis scales:

• Each axis should have a consistent scale so that the intervals between grid lines on an axis 
represents a constant value.

• The axis scales should be chosen so that the data points take up the majority of the graph.

• The axis can (but does not have to) indicate a power of ten on the scale by which all values 
on that axis should be multiplied.

Line and curve of best fit requirements:

• Must pass through the uncertainty bars of all points (it does not need to pass through the 
specific data point).

• Should be smooth.

• Should not be forced to pass through the origin.

• Should not be forced to pass through the first and/or last point (or any point of the graph).

• Should not extend significantly beyond the region of the points.

1D Questions
THEORY REVIEW QUESTIONS

Question 1 

The following graphs show different sets of data. Which graph 
has the most appropriately scaled axes for its set of data?

A B

C D

Question 2 

Should the following graphs have curves of best fit or lines of 
best fit?

a b

c d

e
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Question 3 

A student creates a graph according to the graphing conventions 
with the data points (5, 3), (10, 6) and (20, 9). The scales on the 
axes have then been removed. Which of the following could be 
the student’s graph? 

A B

C D

EXAM-STYLE QUESTIONS

This lesson

Question 4 (3 MARKS)

A student is part way through plotting a graph of the 
sine of an angle of refraction versus the sine of the angle 
of incidence for an experiment investigating index of 
refraction. The uncertainty in measuring the sine of the 
angle of incidence is negligible and the constant uncertainty 
in measuring the sine of the angle of refraction is indicated 
on one graphed data point. 

Sine of angle of incidence 

Si
ne

 o
f a

ng
le

 o
f r

ef
ra

ct
io

n 

a Describe the steps that must be taken to determine if this 
graph can have a line of best fit. (2 MARKS) 

b Use the process you described in part a to determine if this 
graph can have a line of best fit. (1 MARK) 

Adapted from 2017 VCAA Sample Exam Q17f

Question 5 (6 MARKS)

Jake and Sally record the data shown in the table below.

Distance 
between 
charges  
( 1 0   −12   m)

Uncertainty 
in distance 
between 
charges  
( 1 0   −12   m)

Force between 
charges  
( 1 0   −3   n)

Uncertainty in 
force between 
charges  
( 1 0    −3   n)

0.50 ±0.05 0.92 ±0.02

0.60 ±0.05 0.64 ±0.02

0.80 ±0.05 0.36 ±0.02

1.00 ±0.05 0.24 ±0.02

1.20 ±0.05 0.16 ±0.02

Using this data:

• Plot the force between charges versus distance  
between charges.

• Draw uncertainty bars for each data point.

• Draw a curve of best fit.

Include labels and scales for both axes.

Adapted from 2018 VCAA NHT Exam Section B Q10

Question 6 (6 MARKS)

Amelia places a single lightbulb into a circuit and varies the 
voltage of the power supply. She then measures the current 
passing through the bulb at each voltage. 

She collects the following data:

voltage, V ( ± 0.5  v) Current, I ( ± 0.1  A)

1.0 1.5

2.0 2.5

3.0 3.3

4.0 3.8

5.0 4.0

a Draw a graph of this data with uncertainty bars and a line or 
curve of best fit as appropriate. (5 MARKS)

b An ohmic resistor will have a line of best fit on a  
graph of its current versus voltage. Is this light bulb an 
ohmic resistor? (1 MARK)

Question 7 (12 MARKS)

Michael studies the radius of the circular path,  r , taken by an 
electron when it travels through a magnetic field with magnetic 

field strength  B . Michael believes that  r ∝   1 __ B   . 

Magnetic field 
strength, B (T)

Uncertainty in 
magnetic field 
strength, B (T)

radius, 
r (10−2 m)

Uncertainty  
in radius, 
r (10−2 m)

0.010 ±0.005 2.3  ± 0.1 

0.020 ±0.005 1.1  ± 0.1 

0.030 ±0.005 0.8  ± 0.1 

0.040 ±0.005 0.6  ± 0.1 

0.050 ±0.005 0.5  ± 0.1 
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a Plot a graph of the data recorded in the table above.  
Include uncertainty bars and a curve of best fit  
as appropriate. (5 MARKS) 

b Calculate the values of    1 __ B    and hence plot the graph of  r  

versus     1 __ B    . Include vertical uncertainty bars (horizontal 
uncertainty bars are not required), and include a line or 
curve of best fit as appropriate. (6 MARKS)

c Is Michael’s hypothesis that  r ∝   1 __ B    supported by his 
experimental data? (1 MARK)

Question 8 (13 MARKS)

Claire is investigating the relationship between different  
light bulbs' power ( P ) and the current ( I ) running through the 
light bulbs when switched out in a simple circuit with a 230 V 
power supply. Her hypothesis is that  P ∝  I   2  . She records the 
following data:

power  P  (± 0.5 W) Current  I  (± 5 mA)

4.0 18

8.0 35

9.5 42

14.5 63

20.0  87

a Plot a graph of current versus power based on the data 
above recorded in the table above. Include uncertainty 
bars and a line or curve of best fit as appropriate. (5 MARKS)

b Transform this data by calculating values of   I   2   and hence 
plot a graph that could support Claire’s hypothesis. Only 
plot horizontal uncertainty bars, and include a line or curve 
of best fit as appropriate. (6 MARKS)

c Is Claire’s hypothesis that P ∝ I2 supported by the data? 
Explain your answer with reference to the graphs created 
in part a and part b. (2 MARKS)
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GRADIENTS OF LINES OF BEST FIT
The gradient of data that displays a linear relationship is oft en a physically significant 
value which represents the constant rate of change between the two quantities being 
analysed. This lesson explains how to correctly calculate the gradient from experimental 
data, and how to interpret the physical meaning of a gradient.

1A Asking questions, 
identifying variables, and 
making predictions

1B Scientific conventions 1C Collecting data 1D Representing and 
analysing data

1E gradients of lines 
of best fit

Study design key knowledge dot point

• methods of organising, analysing and evaluating primary data to identify patterns and relationships including sources of 
uncertainty and error, and limitations of data and methodologies

Study design key science skills dot points

• process quantitative data using appropriate mathematical relationships, units and number of significant figures  

• organise, present and interpret data using tables, line graphs, correlation, line of best fit, calculations of mean and fitting an 
appropriate curve to graphical data, including the use of error bars on graphs

Key knowledge units 

Calculating the gradient of a line of best fit 4.3.5.3

The meaning of a gradient 4.3.5.4

Formulas for this lesson

Previous lessons New formulas

No previous formulas in this lesson  gradient =   
 y  2   −  y  1_____
 x  2   −  x  1   

(*Indicates formula, or a similar version, is on VCAA formula sheet)

definitions for this lesson

gradient the rate of change of one variable with respect to another

calculating the gradient of a line of best fit 4.3.5.3 

OVERVIEW
On a graph, the gradient (or slope) is the ratio of the change in the variable on the 
vertical axis to the change in the variable on the horizontal axis. When a line of best fit is 
appropriate for a set of data, the gradient should be calculated from points on the line 
rather than from specific data points.

THEORY DETAILS
Straight line graphs have a constant gradient, which means that the 
dependent variable (on the vertical axis) will increase or decrease by a 
fixed amount for every unit increase in the independent variable (on the 
horizontal axis). Consider Figure 1, which shows the speed of an object that 
has been released from rest and is in free fall without air resistance. 
The object’s speed increases by a fixed amount, 9.8 m s−1, for each second 

that passes. This means the gradient is 9.8 m s−2   (
9.8 m  s   −1_______

1 s   ) . So when the 
time increases by 5.0 seconds, the speed increases by  5.0 × 9.8 = 49  m s−1.

1E

2 4 6 8

20

40

60

80

Time (s)

Sp
ee

d 
(m

 s−1
)

49 m s−1

5.0 s

9.8 m s−1

1.0 s

Figure 1 Speed vs Time graph for an object in free fall 
without air resistance.
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We can calculate the gradient of a straight line from two points on the line:

 gradient =   
 y  2   −  y  1_
 x  2   −  x  1   

(x1, y1) = a point on the line of best fit, (x2, y2) = another point on the line of best fit

The change in the vertical axis values (  y2  −  y1  ) is oft en called the ‘rise’ and the change in the 
horizontal axis values (  x2  −  x1  ) is oft en called the ‘run’. 

There are some important points to emphasise for calculating the gradient of a line of best fit:

• We should choose points that are far apart. This reduces the eff ect of any errors that 
we make when reading the points from the graph, which improves the accuracy of the 
gradient calculation. This is shown in Figure 2, where the red and blue data points have 
the same error when compared to the ‘true’ values, but the gradient that would be 
calculated using the blue data points is more accurate than the gradient that would be 
calculated using the red data points.

• We should ignore the measured data points and use only points that are on the line 
of best fit. 

• Check the scale on each axis and apply a scale factor if applicable (see Worked example 1).

• The units of the gradient are given by   units on vertical axis  ___________________  units on horizontal acis   .

2 4 6 8

20

40

60

80

‘True’ relationship

Relationship corresponding to the 
gradient that would be calculated 
if red points were used

Relationship corresponding to the 
gradient that would be calculated 
if blue points were used

Time (s)

Sp
ee

d 
(m

 s−1
)

Figure 2 A small error when reading points from a graph can lead to a large error in the calculation of 
the gradient if the two points are close together.

Worked example

Find the gradient of this current versus voltage graph.

1 2 3 4 5 6
Voltage (103 V)

5

10

15

20

Cu
rr

en
t (

A)

1
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Pick two points on the line that are far apart and use them to calculate the gradient. 

1 2 3 4 5 6
Voltage (103 V)

5

10

15

20

Cu
rr

en
t (

A)

(x2, y2) = (4.8 × 103, 18)

(x1, y1) = (1.3 × 103, 5.0)

run = 3.5 × 103 V

rise = 13 A

Remember to include the scale factor on the horizontal axis in the calculation of the run.

gradient =  
y2   −  y1_
x2   −  x1

  =  18 − 5.0____________
(  4.8 − 1.3 )   × 1 0   3

gradient = 3.7 × 10 −3   A V−1

The meaning of a gradient 4.3.5.4

OVERVIEW
A gradient is a rate of change. For a line of best fit for physical data, this rate of change oft en 
represents a meaningful physical quantity. 

THEORY DETAILS
In its most general form:

• A positive gradient means that, when the independent variable increases, the 
dependent variable also increases.

• A negative gradient means that, when the independent variable increases, the 
dependent variable decreases.

• The greater the magnitude of the gradient, the more the dependent variable will increase 
(or decrease) per unit increase in the independent variable. 

The gradient represents the change in the vertical axis variable divided by the change in the 

horizontal axis variable   (gradient =   
Δy___
Δx  ) . If it is known that the line passes through the origin, 

then this is equivalent to the vertical axis variable divided by the horizontal axis variable

(gradient =   
y__
x  ) . We can determine the physical meaning of a gradient from an equation 

relating the two variables and the context of the physical situation. 

From Figure 1,  gradient =  
change in speed

  _____________
change in time =  Δv___

Δt  . We also know that the magnitude of 

acceleration is given by  a =  Δv___
Δt  . Therefore we can conclude that the gradient in Figure 1 is 

equal to the magnitude of acceleration.

USEFUL TIP
It is common for an exam question to ask us to use the gradient from a line of best fit to 
determine the experimental value of a known constant. It is important that we do use 
the gradient of the line of best fit for the experimental data in these cases, rather than 
the known value.

1E THEORY  3
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Theory summary
• Gradients can be calculated by finding two points on the line of best fit and substituting 

them into the formula:  gradient =  
y2   − y1_____
x2   − x1

  .

– Points should be chosen that are far apart on the line.

• By dividing the variables of the vertical axis by those of the horizontal axis, we can 
determine what the gradient represents. 

Worked example

The electric force that acts between two charges can be calculated from the equation  F =  
kq1    q2_____

r 2   , 
where  k = 8.99 × 1 0   9   n m2 C−2 is a constant,   q1   and   q2   are the magnitudes of the charges, and  r  is 
the distance between the charges. 

Scientists undertake an experiment where they measure the electric force that acts between 

two charges as the distance between the charges varies. They plot the data for  F  vs   1__
r 2   and draw 

a line of best fit as shown. The line of best fit has a gradient of 4.5 n m2.

1 2 3 4 5

5

10

15

20

Fo
rc

e 
(N

)

r2   1

it is known that one of the charges has a value   q1   = 2.0 × 1 0   −5   C. Use the gradient to calculate the 
value of the other charge,   q2  . 

The gradient represents   ΔF____

Δ (     1__
r 2   )

  . 

From the relationship  F =  
kq1    q2_____

r 2   =  1__
r 2  × kq1   q2  , we can see that  F → 0  when   1__

r 2  → 0 , so the line 

should pass through the origin.

Hence,  gradient =  F____
   1__
r 2   

  = kq 1   q2

 4.5 = 8.99 × 1 0   9  × 2.0 × 1 0   −5  ×  q2

q2  = 2.5 × 1 0   −5   C

Note that, due to the uncertainty bars of each data point, there are a range of possible lines 
of best fit which could be used with a range of gradients and, hence, a range of possible 
values for   q2   . This would be a possible method for providing the uncertainty in the value 
of   q2, however it is not expected knowledge in VCE Physics.

2
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1E Questions
THEORY REVIEW QUESTIONS

Question 1 

A gradient is calculated for the graph. This gradient is:

a positive and constant.

b negative and constant. 

c positive and increasing.

d negative and decreasing. 

Question 2 

Which two data points from those identified on the graph 
(P, Q, R, S, and T) would be the best choice to calculate the 
gradient of the line of best fit?

1 2 3 4 5 6

5

10

15

20

P

Q

R

S

T

Question 3 

Data is collected for the force due to gravity (F ) acting on 
objects with different masses (M1, M2). The data is plotted 
on a set of axes with F on the vertical axis and M2 on the 
horizontal axis, and an appropriate line of best fit is drawn.  

The equation that relates these quantities is  F =   
G M  1    M  2  

 _____ 
 r   2 

    .  

What would the gradient of the line of best fit represent?

a  G M  1   r   2  

b    
G M  1  

 ____ 
 r   2 

    

c    
G M  2  

 ____ 
 r   2 

    

d  G M  1  r 

EXAM-STYLE QUESTIONS

This lesson

Question 4 (2 MARKS)

A student collects data from a weight scale and a set of 
masses and produces a line of best fit as shown. It is known 
that the force due to gravity is related to mass by the 
equation   F  g   = mg .

2 4 6 8 10

20

40

60

80

100

Fo
rc

e 
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e 
to

 g
ra
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ty

 (N
)

Mass (kg)

Use the gradient of the line of best fit to calculate the value 
of  g  determined in this experiment.

Question 5 (5 MARKS)

Data is collected for an experiment in which a cart travels 
with constant speed along a circular path. The net force 
acting on the cart, F, can be calculated from the equation 

 F =   4 π   2  mr ______ 
 T   2 

    , where T is the time it takes to complete one 

revolution, m is the mass of the cart (kg), and r is the radius 
of the roundabout (m). The data is plotted on a set of axes 
with F on the vertical axis and     1 __ 

 T   2 
    on the horizontal axis. A line 

of best fit for the data is produced as is shown. 
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a Calculate the gradient of the line of best fit. (2 MARKS)

b If the radius of the circular path is 1.0 m, find the mass  
of the cart. (3 MARKS)

Question 6 (5 MARKS)

The radius of the circular motion of a charged particle 
which is moving perpendicularly through a magnetic field 
is given by the equation  r =   mv ___ qB   , where m is the mass of the 

charged particle (kg), v is the speed of the particle (m s−1), q 
is the charge of the particle (C), and B is the strength of the 
magnetic field (T). The graph shows a trendline for data which 
has been collected in an experiment involving an electron 
moving through a magnetic field (the data measurements are 
not shown).

1 2 3 4 5
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20

25

30
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 (1

0−4
 m

)

Speed (105 m s−1)

a Calculate the gradient of the line of best fit. (2 MARKS)

b Given that an electron has a charge of  1.6 × 1 0   −19   C and 
the magnetic field used has a strength  8.7 × 1 0   −4   T, use 
the gradient to find the mass of an electron. (3 MARKS)

Question 7 (6 MARKS)

CJ conducts an experiment to measure the speed of a cricket 
ball just before it hits the ground when released from various 
heights. She finds the balls fall with the relationship  v =  √ 

_
 2gh    

where v is speed (m s−1), h is height (m), and g represents the 
magnitude of the acceleration due to gravity (m s−2). 

1 2 3 4 5
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)

√h (√m)

a Copy the graph and draw a line of best fit. (2 MARKS)

b Use the line of best fit to calculate the magnitude of the 
acceleration due to gravity. (4 MARKS)
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ChApTer revIeW

CHAPTER 1 QUESTIONS
These questions are typical of one hour’s worth of questions on the vCe physics exam.

TOTAL MARKS: 50

SEcTION a

All questions in this section are worth one mark.

Unless otherwise indicated, the diagrams in this book are not drawn to scale.

Question 1 

A scientist measures the speed of light accurately to 3 significant figures. If the exact speed of light is  299 792 458  m s−1, 
what was the measurement taken by the scientist?

a  2.9 × 1 0   8   m s−1 b  2.99 × 1 0   8   m s−1 c  3.0 × 1 0   8   m s−1 d  3.00 × 1 0   8   m s−1

Question 2 

Which of the following includes only SI units?

a Seconds, newtons, grams

b Metres, seconds, kilograms

c Volts, kilojoules, watts

d Centimetres, joules, grams

Question 3 

This ruler is used to measure the length of a metal 
block. Which of the following is the best measure of the 
uncertainty of this ruler?

a 0.1 cm b 0.5 cm c 1.0 cm d 0.05 cm

Question 4 

Which of the following statements is correct?

a Repeating an experiment can reduce systematic error.

b Repeating an experiment can reduce random error.

c Repeating an experiment can reduce both systematic and random error.

d Repeating an experiment cannot reduce systematic or random error.

Adapted from 2017 VCAA Exam Section A Q20

Use the following information to answer Questions 5 and 6.
Four students are trying archery for the first time and take four shots each, aiming at the centre of the target. The results 
of their attempts are shown on the targets.

A B C D

0
cm

1 2 3 4 5 6 7 8 9 10

 1
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Question 5 

Which student produced results that were accurate but imprecise?

a Student A b Student B c Student C d Student D

Question 6 

Which student produced results that were precise but inaccurate? 

a Student A b Student B c Student C d Student D

Adapted from 2019 VCAA NHT Exam Section A Q20

Question 7 

Which of the following best describes a hypothesis?

a An explanation that is widely accepted by the scientific community

b An explanation that is supported by a body of scientific evidence

c A possible explanation that will need to be supported by experimental evidence

d An explanation derived from a mathematical formula 

Adapted from 2017 VCAA Exam Section A Q19

Question 8 

A student measures the resistance of a resistor as 500 kΩ. What is the number of significant figures in this measurement?

a 1 b 2 c 3 d 6

Question 9 

Which of the following best describes a scientific model?

a A description of a physical process that has been directly observed through experiment

b A representation of a physical process that cannot be directly experienced

c A method for how an experiment will be conducted

d A scaled down version of a larger object

Question 10 

Gwen and Arthur are taking measurements of the velocity of a ball. Gwen obtains the following readings: 2.1 m s−1, 
2.5 m s−1, 2.3 m s−1,  2.4 m s−1, 1.7 m s−1 (average 2.2 m s−1). Arthur obtains the following readings: 2.2 m s−1, 3.5 m s−1, 
1.2 m s−1,  2.6 m s−1, 2.5 m s−1 (average 2.4 m s−1). The true value of the ball’s velocity is 2.4 m s−1. Which one of the 
following statements is most correct?

a Gwen’s results are more accurate than Arthur’s results.

b Both sets of results are equally accurate.

c Gwen’s results are more precise than Arthur’s results.

d Both sets of results are equally precise.

Adapted from 2017 VCAA Exam Section A Q18

Question 11 

A student measures the thickness of a thin wire as 0.000540 m. The number of significant figures in this measurement is

a 2 b 3 c 6 d 7

Adapted from 2018 VCAA NHT Exam Section A Q18
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CHAPTER REVIEW

Question 12 

Which of the following best describes a scientific theory?

a A possible explanation of a physical observation that is currently lacking experimental evidence

b A hypothesis that describes the formation of physical phenomena that have not yet been proven

c An explanation of a physical phenomenon that has been repeatedly confirmed by experimental evidence 
and observation

d A speculative guess as to the cause of a physical observation that is widely accepted by scientists

Question 13 

Given that net force is equal to the product of mass and acceleration, the unit equivalent to newtons (N) is:

a kg m s−2

b kg m s−1

c m A

d kg A

Question 14 

The diagram shows a properly calibrated ammeter with its needle pointing 
close to a current of 170 A. Which of the following is the best measure of the 
uncertainty of this reading?

a 10 A

b 5 A

c 1 A

d 0.5 A

Adapted from 2018 VCAA Exam Section A Q19

Question 15 

Anne is designing an experiment to calculate the impact of light intensity on current in the photoelectric effect. She 
changes the intensity of light as measured relative to a maximum value (20%, 40%, 60%, 80%) in each trial. She repeats 
the experiment three times at each intensity level and averages the current readings taken with the ammeter. She uses a 
red laser for the 20% and 40% light intensity and a green laser for the 60% and 80% light intensity. She ensures that the 
ammeter is zeroed and calibrated before the experiment.

This experiment is invalid. Which of the following is the best description of its invalidity? 

a Changing light intensity and the colour of the light means that there is more than one independent variable in 
this experiment.

b Averaging the readings of each trial introduces the possibility of human error in the calculations. 

c Calibrating the ammeter will be a source of systematic error in the experiment.

d Anne does not have the correct measuring device to measure the current in the circuit.

Question 16 

Which of the following statements about reproducibility and repeatability is false?

a Repeatability refers to the ability of an experiment to be performed again a short while later by the same 
experimenter with the same equipment and produce the same results.

b Reproducibility refers to the ability of a different experimenter to perform the same experimental method again 
using the same equipment to produce different results.

c An experiment may not be repeatable or reproducible if it used small sample sizes or too few trials.

d Reproducing experiments is a method of checking for undisclosed systematic errors in the method of the 
first experiment.

A

300

0

100
200

600

500
400
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Question 17 

In the course of one experiment investigating voltage in a circuit, a student

• consistently reads an analogue voltmeter from an angle causing parallax error (error 1);

• finds that the voltage across a resistor varies in each trial with the same independent variable values (error 2); and

• incorrectly averages the three values by accidentally dividing by 4 instead of 3 (error 3).

Identify the kinds of errors.

error 1 error 2 error 3

a Personal Systematic Random

b Systematic Random Personal

c Personal Random Systematic

d Systematic Systematic Personal

SEcTION b

In questions where more than one mark is available, appropriate working must be shown.

Unless otherwise indicated, the diagrams in this book are not drawn to scale.

Question 18 (5 MARKS)

A student releases a ball with a mass of 1.0 kg from rest at the top of a fixed ramp of length 1.5 m. The student measures 
the speed of the ball at 1 second intervals.  They repeat the experiment three times with the same ball and average the 
results of the speed at each time interval.

a Identify one example of each of the following kinds of variables:

 i Independent variable (1 MARK)

 ii Dependent variable (1 MARK)

 iii Controlled variable (1 MARK)

b The student produces this graph of the results of their experiment.

time (s)

speed (m s−1)

1.5

0.5

1.0

2.0

0.5 1.0 1.5 2.0

Use this graph to calculate the magnitude of the acceleration of the ball given that acceleration can be found using 

the formula  a =   Δv ___ Δt   . (2 MARKS)

Question 19 (12 MARKS)

A student is examining the power loss in a transmission line to 
understand the effect of changing the current on the resulting power 
loss. The uncertainty in the power loss is 50 W.  She recorded the data 
in the table.

a Calculate the values of   I   2   (in units of A2) and add them as a 
column to a copy of this table. You should provide these values 
to a suitable number of significant figures. (2 MARKS)

power loss P (W) Current I (A)

450 3.0

800 4.0

1250 5.0

1800 6.0
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CHAPTER REVIEW

b Identify whether current is an independent, dependent, or controlled variable. (1 MARK)

c Plot a graph of  P  versus   I   2  .

Remember to use an appropriate scale, include the correct uncertainty bars for  P  values, label each axis correctly, 
and draw a line of best fit. (6 MARKS)

d The relationship between power and current is  P =  I   2  R , where  P  is the power (W),  I  is the current (A) and  R  is the 
resistance (Ω). Using the line of best fit in part c, determine the value of the resistance of the transmission line 
in ohms. (3 MARKS)

Question 20 (16 MARKS)

An electrical engineer is testing Coulomb’s law, which is an electromagnetic law that describes the force between two 
charged bodies. 

The electrical engineer changes the separation between two charged spheres and measures the electrostatic force. The 
amounts of charge on the two spheres are kept constant.

a As a ‘pilot study’ of this experiment, the engineer measures the force between two charged metal spheres that are 
held 6.54 mm apart. Write this distance in SI units and scientific notation. (2 MARKS)

b Identify one example of an independent variable, dependent variable, and controlled variable in this 
experiment. (3 MARKS)

c The data recorded by the engineer is recorded in the table below. Calculate the values of    1 __  r   2     in units of m−2 and add 
them as a column to a copy of this table. (2 MARKS)

Separation r (mm) Force (N)

10.0  6.90 × 1 0   −27  

20.0  1.73 × 1 0   −27  

30.0  7.67 × 1 0   −28  

40.0  4.31 × 1 0   −28  

d Hence plot a graph of  F  versus    1 __  r   2    .

Remember to use an appropriate scale, label each axis correctly, and draw a line of best fit. (5 MARKS)

e The relationship described by Coulomb’s law is given by  F =   
k  q  1    q  2  

 _____  r   2     , where  F  is the force between the two bodies in 
newtons (N),   q  1    is the charge of one body in coulombs (C),   q  2    is the charge of the second body in coulombs (C), and  r 
is the separation between the bodies in metres (m).  k  is a constant called Coulomb’s constant.

The value of   q  1    is  5.00 × 1 0   −20   C and the value of   q  2    is  1.50 × 1 0   −21   C.

Use the line of best fit in part d to determine the value of Coulomb’s constant,  k , that would be obtained in this 
experiment. Give your answer in N m2 C−2. (4 MARKS)
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1A Asking questions, identifying 
variables, and making predictions

Theory review questions
B

1 B

2 a Observation/measurement

b Model

c Theory

3 a DV  b CV  c IV

4 B and D

5 Quantitative: b, c, e. 

Qualitative: a, d.

Exam-style questions

This lesson

6 a Mass of ball

b Time to reach the ground

c Height (1 MARK)

 Initial speed (1 MARK)

d IV: height (1 MARK)

DV: speed just before hitting the ground (1 MARK)

CV: mass of ball used (1 MARK)

7 C

8 A

9 D

10 [If the final speed varies with the slope angle,1][then the final speed will 
increase when the slope angle increases.2]

I have stated a predicted relationship between the DV (final 
speed) and the IV (slope angle).1

I have explicitly addressed the effect on the DV (final speed) 
when the IV (slope angle) increases.2

I have used an ‘If...then...when…’ statement.
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1B Scientific conventions
Theory review questions

1 a 3 (trailing zeros are significant)

b 1

c 5 (all non-leading zeros are significant)

d 3

e 4 (leading zeros are not significant)

f 6

g 5 (leading zeros are not significant)

h 4 (leading zeros are not significant)

i 3

2 a  3.0 × 1 0   3   (2 significant figures as per the accuracy mentioned  
in the question)

b  2.6 × 1 0   6  

c  5.98 × 1 0   4  

d  2.4 × 1 0   −1   (note all digits beside leading zeros are significant)

e  4.5 × 1 0   −4  

f  6.0 × 1 0   −8  

3 a  45.6  (1 decimal place)

b  654.5  (1 decimal place)

c  49.281  (3 decimal places)

d  52  (0 decimal places)

e  60  (0 decimal places)

f  70.01  (2 decimal places)

4 a  28  (2 significant figures)

b 3.15  × 1 0   −2   (3 significant figures)

c  1.2 × 1 0   4   (2 significant figures)

d  1.7 × 1 0   7   (2 significant figures)

e  3 × 1 0   3   (1 significant figure)

f  2.33 × 1 0   4   (3 significant figures)

5 a  3.2 × 1 0   3   J

b  8.0 × 1 0   −12   A

c  750  nm  =   750 × 1 0   −9   m =  7.50 × 1 0   −7   m

d  500  ms =  500 × 1 0   −3   s =  5.00 × 1 0   −1   s

e  0.300  μg =  0.300 × 1 0   −9   kg =  3.00 × 1 0   −10   kg

f  54  MΩ =  54 × 1 0   6   Ω =  5.4 × 1 0   7   Ω

6 B, H, J, L

Exam-style questions

This lesson

7 a   F  net   = ma = 0.250 × 3.0  (1 MARK)

   F  net   = 0.75  N (2 significant figures) (1 MARK)

b  total distance = 132 + 56 = 188  m (3 significant figures) (1 MARK)

 speed =   total distance ___________ time    =   188 ____ 22.0    (1 MARK)

speed =   188 ____ 22.0   = 8.55  m s−1 (3 significant figures) (1 MARK)
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1C Collecting data
Theory review questions

B

1 a False   b False   c True   d False
False

  e False   f True   g True   h True
False

  i True   j True   k True   l False
l True

  m True

Exam-style questions

This lesson

2 B 3 D 4 B 5 B
C

6 C 7 D 8 A 9 B
A

10 A 11 A 12 D 13 B

14 [Experimental uncertainty is the quantitative indicator of the random 
error associated with a measurement.1][One method to reduce 
experimental uncertainty is to use equipment that can take more 
precise measurements.2] 

I have explicitly addressed the meaning of  
experimental uncertainty.1

I have explicitly addressed a way to reduce  
experimental uncertainty.2

15 [Multiple measurements can be averaged to find a value that is generally 
going to be more accurate than an individual measurement.1][This is 
because the variations of individual measurements from the ‘true’  
value due to random errors will tend to offset each other when an 
average is taken.2] 

I have used the relevant theory: how averages affect accuracy.1

I have used the relevant theory: reducing the effect of 
random error by taking an average.2

16 a Sam:     68 + 76 + 54 + 66  ______________ 4    = 66  Hz (1 MARK)

 Jess:     79 + 81 + 60 + 64  ______________ 4    = 71  Hz (1 MARK)

b Sam:  76 − 54 = 22  Hz (1 MARK)

 Jess:  81 − 60 = 21  Hz (1 MARK)

c [Sam’s data is more accurate than Jess’ data1][as Sam’s average  
of 66 Hz is closer to the true frequency of 64 Hz than Jess’ average  
of 71 Hz.2]

I have explicitly compared the accuracy of Sam’s and 
Jess’ data.1

I have used relevant theory: accuracy.2

I have related my answer to the context of the question.

d [Jess’ data is more precise than Sam’s data1][as the range of Jess’ 
results (21 Hz) is smaller than the range of Sam’s results (22 Hz).2]

I have explicitly compared the precision of Sam’s  
and Jess’ data.1

I have used relevant theory: precision.2

I have related my answer to the context of the question.

17 b, e, f, h, i (5 MARKS)
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1D

1D Representing and analysing data
Theory review questions

1 B

2 Curve of best fit: a, c, e 
Line of best fit: b, d

3 A

Exam-style questions

This lesson

4 a  [Firstly, draw vertical uncertainty bars of equal size on each data 
point.1][Then test if a straight line can be drawn through the 
uncertainty bars of all data points. If it can, then a line of best  
fit is valid.2]

I have used the relevant theory: uncertainty bars.1

I have used the relevant theory: lines of best fit.2

b The graph can have a line of best fit

5 

0.2 0.4 0.6 0.8 1 1.2
Distance between charges (10−12 m)

0.2

0.4

0.6

0.8

1

Fo
rc

e 
be

tw
ee

n 
ch

ar
ge

s (
10

−3
 N

)

I have correctly labelled the horizontal axis and included 
correct units. 

I have correctly labelled the vertical axis and included 
correct units.

I have included an appropriate and consistent scale on 
the horizontal axis.

I have included an appropriate and consistent scale on 
the vertical axis.

I have plotted each point of data: (0.50, 0.92), (0.60, 0.64), 
(0.80, 0.36), (1.00, 0.24), (1.20, 0.16)

I have drawn correctly sized uncertainty bars: (horizontal:  
± 0.05 × 1 0   −12   m, vertical:  ± 0.02 × 1 0   −3   N)

I have drawn a curve of best fit which passes through all 
uncertainty bars.

6 a Current through a light bulb versus voltage

1 2 3 4 5 6
Voltage (V)

1

2

3

4

Cu
rr

en
t (

A)

I have correctly labelled the horizontal axis and included 
correct units.

I have correctly labelled the vertical axis and included 
correct units.

I have included an appropriate and consistent scale on 
the horizontal axis.

I have included an appropriate and consistent scale on 
the vertical axis.

I have plotted each point of data: (1.0, 1.5), (2.0, 2.5),  
(3.0, 3.3), (4.0, 3.8), (5.0, 4.0)

I have drawn correctly sized uncertainty bars:  
(horizontal:  ± 0.5  V, vertical:  ± 0.1  A)

I have drawn a curve of best fit which passes through all 
uncertainty bars.

b The lightbulb is not an ohmic resistor (since a straight line does not 
fit the data).

7 a Radius of electron path versus magnetic field strength

0.01 0.02 0.03 0.04 0.05 0.06
Magnetic field strength (T)

0.5

1

1.5

2

2.5

Ra
di

us
 (1

0−2
 m

)

I have correctly labelled the horizontal axis and included 
correct units.

I have correctly labelled the vertical axis and included 
correct units.

I have included an appropriate and consistent scale on 
the horizontal axis.

I have included an appropriate and consistent scale on 
the vertical axis.

I have plotted each point of data: (0.010, 2.3), (0.020, 1.1), 
(0.030, 0.8), (0.040,0.6), (0.050, 0.5)

I have drawn correctly sized uncertainty bars (horizontal:  
± 0.005  T, vertical:  ± 0.1 × 1 0   −2   m)
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I have drawn a curve of best fit which passes through all 
uncertainty bars.

b Radius of electron path versus 1
B

20 40 60 80 100
1/B (T−1)

0.5

1

1.5

2

2.5

Ra
di

us
 (1

0−2
 m

)

I have correctly labelled the horizontal axis and included 
correct units.

I have correctly labelled the vertical axis and included 
correct units.

I have included an appropriate and consistent scale on 
the horizontal axis.

I have included an appropriate and consistent scale on 
the vertical axis.

I have plotted each point of data: (20, 0.5), (25, 0.6),  
(33, 0.8), (50, 1.1), (100, 2.3)

I have drawn correctly sized uncertainty bars:  
(vertical:  ± 0.1 × 1 0   −2   m)

I have drawn a line of best fit which passes through all 
uncertainty bars.

c Michael is correct that  r ∝   1 __ B    (since a straight line fits the 
linearised data).

8 a 

5 10 15 20
Power (W)

20

40

60

80

100

Cu
rr

en
t (

m
A)

I have correctly labelled the horizontal axis and included 
correct units.

I have correctly labelled the vertical axis and included 
correct units.

I have included an appropriate and consistent scale on 
the horizontal axis.

I have included an appropriate and consistent scale on 
the vertical axis.

I have plotted each point of data: (4.0, 18), (8.0, 35),  
(9.5, 42), (14.5, 63), (20.0, 87)

I have drawn correctly sized uncertainty bars:  
(horizontal:  ± 0.5  W, vertical:  ± 5  mA)

I have drawn a line of best fit which passes through all 
uncertainty bars.

b 

2 4 6 8 10 12 14 16 18 20 22

1000

2000

3000

4000

5000

6000

7000

8000

P (W)

I2 (mA2)

I have correctly labelled the horizontal axis and included 
correct units.

I have correctly labelled the vertical axis and included 
correct units.

I have included an appropriate and consistent scale on 
the horizontal axis.

I have included an appropriate and consistent scale on 
the vertical axis.

I have plotted each point of data: (4.0, 324), (8.0, 1225), 
(9.5, 1764), (14.5, 3969), (20.0, 7569)

I have drawn correctly sized uncertainty bars:  
(horizontal:  ± 0.5  W)

I have drawn a curve of best fit which passes through all 
uncertainty bars.

c [Claire is not correct in saying that  P ∝  I   2  1][as the graph in 
part b does not have a line of best fit.2][ P ∝ I  as the graph in 
part a3][has a line of best fit.4] 

I have explicitly answered the question.1

I have used the provided data (the graph in part b) in  
my answer.2

I have proposed the correct relationship using the 
provided data (the graph in part a) in my answer.3

I have used the relevant theory: linearising data.4
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1E

1E Gradients of lines of best fit
Theory review questions

1 A 2 Q and S 3 B

Exam-style questions

This lesson

4 Use any two points from the line of best fit that are far apart to calculate 
the gradient.

 gradient =   
 y  2   −  y  1  

 _____  x  2   −  x  1     =    75 − 10 _______ 8.0 − 1.0   = 9.3  N kg−1 (1 MARK)

 gradient =   rise ___ run   =   
 F  g  

 __ m   = g  ∴  g = 9.3  N kg−1 (1 MARK)

5 a  Use any two points from the line of best fit that are far apart to 
calculate the gradient.

  gradient =   
 y  2   −  y  1  

 _____  x  2   −  x  1     =   20 − 5.0 _______ 4.0 − 1.0    (1 MARK)

  gradient = 5.0  N s2 (1 MARK)

b  gradient =   rise _ run   =    F ___ 
 (      1 __ 

 T   2 
   )  

   = F T   2  

  The original equation is 

 F =   4 π   2 mr ______ 
 T   2 

     ∴  F T   2  = 4 π   2 mr  ∴  gradient = 4 π   2 mr  (1 MARK)

  5.0 = 4 ×  π   2  × m × 1.0  (1 MARK)

  m = 0.13  kg (1 MARK)

6 a  Use any two points from the line of best fit that are far apart to 
calculate the gradient.

  gradient =   
 y  2   −  y  1  

 _____  x  2   −  x  1     =   
 (  25 − 9.0 )   × 1 0   −4 

 _____________  (  3.9 − 1.4 )   × 1 0   5     (1 MARK)

  gradient = 6.4 × 1 0   −9   s (1 MARK)

b  gradient =   rise _ run   =   r _ v   

 The original equation is  r =   mv ___ qB    ∴    r __ v   =   m ___ qB    ∴  gradient =   m ___ qB    (1 MARK)

  6.4 × 1 0   −9  =    m _________________  
1.6 × 1 0   −19  × 8.7 × 1 0   −4 

    (1 MARK)

  m = 8.9 × 1 0   −31   kg (1 MARK)

7 a 

1 2 3 4 5

5

10

15

20

25

Sp
ee

d 
at

 g
ro

un
d 

(m
 s−1

)

√h (√m)

I have drawn a line of best fit that passes through all 
uncertainty bars.

I have drawn a line that only passes through the range of 
values for which we have data.

b Use any two points from the line of best fit that are far apart to 
calculate the gradient.

  gradient =   
 y  2   −  y  1  

 _____  x  2   −  x  1     =   20 − 9.0 _______ 4.5 − 2.0    (1 MARK)

  gradient = 4.4    √ 
_

 m   s−1  (1 MARK)

 Gradient represents  gradient =   rise ___ run   =    v __ 
 √ 

_
 h  
   

 The original equation is 

  v =  √ 
_

 2gh    ∴     v __ 
 √ 

_
 h  
   =  √ 

_
 2g    ∴  gradient =  √ 

_
 2g    (1 MARK)

  4.4 =  √ 
_

 2g   

  g = 9.7  m s−2 (1 MARK)
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chapter 1 Review
Section a

1 D 2 B 3 D 4 B 5 B

6 C 7 C 8 C 9 B 10 C

11 B 12 C 13 A 14 B 15 A

16 B 17 B

Section b

18 a i Independent: time (1 MARK)

 ii Dependent: speed (1 MARK)

 iii  Controlled: mass of ball OR ramp height/length/angle OR 
ball type (1 MARK)

b Identify two points on the line of best fit such as (0,0) 
and (2.0,1.5). (1 MARK)

  a =   Δv ___ Δt   =   1.5 − 0 ______ 2.0 − 0   = 0.75  m s−2 (1 MARK)

19 a 
I2 (A2)

9.0

16

25

36

 (1 MARK FOR CORRECT SIGNIFICANT FIGURES)

 (1 MARK FOR CORRECT VALUES)

b Independent variable

c 

I2 (A2)

P (W)

1500

500

1000

2000

10 20 30 40

I have correctly labelled the horizontal axis and 
included correct units.

I have correctly labelled the vertical axis and 
included correct units.

I have included an appropriate and consistent scale 
on the axes.

I have plotted each point of data.

I have drawn correctly sized uncertainty bars.

I have drawn a straight line of best fit which passes 
through all uncertainty bars.

d  P =  I   2  R  ∴  gradient = R  (1 MARK)

  Identify two points on the line of best fit such as (34, 1700) 
and (10,500).

  Gradient =   rise ___ run   =   1700 − 500 _________ 34 − 10     (1 MARK)

  R = 50  Ω (1 MARK)

20 a  6.54 × 1 0   −3   m (2 MARKS)

b Independent: Separation of the charged bodies (1 MARK)

 Dependent: Force between the charged bodies (1 MARK)

 Controlled: Charge on the two spheres (1 MARK)

c 
   1 __  r   2     (m−2)

 1.00 × 1 0   4  

 2.50 × 1 0   3  

 1.11 × 1 0   3  

 6.25 ×  10   2  

 (1 MARK FOR CORRECT SIGNIFICANT FIGURES)

 (1 MARK FOR CORRECT VALUES)

d 

 (m−2)1
r2

force (10−28 N)

60

20

40

80

2000 4000 6000 8000 10000

I have correctly labelled the horizontal axis and 
included correct units.

I have correctly labelled the vertical axis and 
included correct units.

I have included an appropriate and consistent scale 
on the axes.

I have plotted each point of data.

I have drawn a straight line of best fit.

e  F = k  q  1    q  2   ×   1 __  r   2     ∴  gradient = k  q  1    q  2    (1 MARK)

  Identify two points on the line of best fit such as 
   (  1.00 × 1 0   4 , 69.0 × 1 0   −28  )     and    (  625, 4.31 × 1 0   −28  )    

   Gradient =   rise ___ run   =    
(  69.0 − 4.31 )   × 1 0   −28   ________________  1.00 × 1 0   4  − 625    = 6.90 × 1 0   −31   N m2 (1 MARK)

 ∴  6.90 × 1 0   −31  = k × 5.00 × 1 0   −20  × 1.50 × 1 0   −21   (1 MARK)

  k = 9.20 × 1 0   9   N m2 C−2 (1 MARK)

ANSWERS6 

SUBJE
CT TO C

HANGE

©Edrolo 2019



Victorian Certificate of Education 
Year

PHYSICS

Written examination

FORMULA SHEET

Instructions

This formula sheet is provided for your reference.
A question and answer book is provided with this formula sheet.

Students are NOT permitted to bring mobile phones and/or any other unauthorised electronic 
devices into the examination room.

© VICTORIAN CURRICULUM AND ASSESSMENT AUTHORITY 2018
January 2018



PHYSICS FORMULA SHEET 2

Physics formulas

Motion and related energy transformations

velocity; acceleration v s
t

a v
t

= =
∆
∆

∆
∆

;

equations for constant acceleration

v u at

s ut at

s vt at

v u as

s v u t

= +

= +

= −

= +

= +( )

1
2
1
2

2
1
2

2

2

2 2

Newton’s second law ΣF = ma

circular motion a v
r

r
T

= =
2 2

2
4π

Hooke’s law F = –kΔ x

elastic potential energy
1
2

k(Δ x)2

gravitational potential energy near the  
surface of Earth mgΔh

kinetic energy
1
2

2mv

Newton’s law of universal gravitation F G M M
r

= 1 2
2

gravitational field g G M
r

= 2

impulse FΔ t

momentum mv

Lorentz factor
γ =

−

1

1
2

2
v
c

time dilation t = toγ

length contraction L L
= o
γ

rest energy Erest = mc2

relativistic total energy Etotal = γmc2

relativistic kinetic energy Ek = (γ – 1)mc2



 3 PHYSICS FORMULA SHEET

TURN OVER

Fields and application of field concepts

electric field between charged plates E V
d

=

energy transformations of charges in an  
electric field

1
2

2mv qV=

field of a point charge E kq
r

= 2

force on an electric charge F = qE

Coulomb’s law F kq q
r

= 1 2
2

magnetic force on a moving charge F = qvB

magnetic force on a current carrying conductor F = nIlB

radius of a charged particle in a magnetic field r mv
qB

=

Generation and transmission of electricity

voltage; power V = RI; P = VI = I2R

resistors in series RT = R1 + R2

resistors in parallel
1 1 1

1 2R R RT
= +

ideal transformer action
V
V

N
N

I
I

1

2

1

2

2

1
= =

AC voltage and current V VRMS peak=
1
2    

I IRMS peak=
1
2

electromagnetic induction  Β
 ΒEMF: flux:N B A

t
Φε Φ ⊥

∆
= − =

∆

transmission losses Vdrop = Iline Rline  Ploss = I 2line Rline

Wave concepts

wave equation v = f λ

constructive interference path difference = nλ

destructive interference path difference = −





n 1

2
λ

fringe spacing ∆x L
d

=
λ

Snell’s law n1 sinθ1 = n2 sinθ2 

refractive index and wave speed n1 v1 = n2 v2



PHYSICS FORMULA SHEET 4

END OF FORMULA SHEET

The nature of light and matter

photoelectric effect E hfk  max = −φ

photon energy E = hf

photon momentum p h
=
λ

de Broglie wavelength λ =
h
p

Data

acceleration due to gravity at Earth’s surface g = 9.8 m s–2

mass of the electron me = 9.1 × 10–31 kg

magnitude of the charge of the electron e = 1.6 × 10–19 C

Planck’s constant h = 6.63 × 10–34 J s   h = 4.14 × 10–15 eV s

speed of light in a vacuum c = 3.0 × 108 m s–1

gravitational constant G = 6.67 × 10–11 N m2 kg–2

mass of Earth ME = 5.98 × 1024 kg

radius of Earth RE = 6.37 × 106 m

Coulomb constant k = 8.99 × 109 N m2 C–2

Prefixes/Units

p = pico = 10–12 n = nano = 10–9 μ = micro = 10–6 m = milli = 10–3

k = kilo = 103 M = mega = 106 G = giga = 109 t = tonne = 103 kg
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