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The scientific method  2.3.2.1

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 (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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Question 3	

A student conducts an experiment in which she attaches 
different masses to a hanging spring and measures the 
extension of the spring for each mass. She uses the same 
spring for all measurements. Match the type of variable with 
the variable in this experiment.

Type of variable

•	 Independent variable

•	 Dependent variable

•	 Controlled variable

Variable in this experiment

a	 Extension of spring

b	 Spring used

c	 Mass attached

Question 4	

Categorise measurements of the following experimental 
variables as either quantitative data or qualitative data.

I	 The length of a ramp down which a ball rolls

II	 The type of ball (basketball, soccer ball etc.)

III	 The material from which the ball is made

IV	 The angle of the ramp

V	 The diameter of the ball

Question 5	

For each statement, choose the type of explanation/
representation that it is best described by.

Explanation/representation

•	 Scientific theory

•	 Scientific model

•	 Scientific hypothesis

Statement

a	 The shape of the Earth is treated as a perfect sphere for 
the purpose of calculations.

b	 Ice melts into water when provided with sufficient heat.

c	 If larger mass objects roll downhill at a greater rate than 
smaller mass objects, then the time taken for the cart to 
reach the bottom should decrease when the mass on the 
cart is increased.

EXAM-STYLE QUESTIONS

This lesson

Question 6	 (5 MARKS)

Esther conducts an experiment in which she measures the 
maximum distance from her phone that she can hear the 
message alert tone for various volume settings (identified  
as ‘quiet’, ‘medium’, ‘loud’, and ‘very loud’) on the phone.  
She uses the same message alert tone for each trial and 
conducts the experiment in a large quiet outdoor space.

a	 Identify the independent variable and whether  
it is measured with quantitative data or  
qualitative data.  (2 MARKS)

b	 Identify the dependent variable and whether  
it is measured with quantitative data or  
qualitative data.  (2 MARKS)

c	 Identify a controlled variable in this experiment.  (1 MARK)

Adapted from 2017 VCAA Exam Section B Q9b

Question 7	 (1 MARK)

A simple representation that helps to describe and predict 
scientific results but which is known to be incomplete or 
partly incorrect is best described as

a	 a hypothesis.

b	 a scientific model.

c	 a scientific theory.

d	 an observation or measurement.

Question 8	 (1 MARK)

A logical prediction based on existing facts or observations is 
best described as

a	 a hypothesis.

b	 a scientific model.

c	 a scientific theory.

d	 an observation or measurement.

Question 9	 (1 MARK)

A conclusion that is formed with high confidence due 
to withstanding rigorous testing and which can explain 
observations and predict the results of future experiments is 
best described as

a	 a hypothesis.

b	 a scientific model.

c	 a scientific theory.

d	 an observation or measurement.

���������

����
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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. 

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. 

Significant figures  2.3.8.2

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 value 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 greater than 1 and 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, meaning there should be no 
leading zeros.  

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 (very large) 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 × 1​0​​ 3​ ​m (2 significant figures). 

Chapter 1: Practical investigations10





1B Questions
THEORY REVIEW QUESTIONS

Question 1	

Identify the number of significant figures in the  
following numbers. 

a	 ​570​

b	 ​0.0085076​

c	 ​00673.6​

d	 ​9​

e	 ​2.00067​

f	 ​8.73 × 1​0​​ 7​​

g	 ​0.7800​

h	 ​607.50​

i	 ​7.00 × 1​0​​ −6​​

Question 2	

Write the following numbers in scientific notation.

a	 ​0.12​

b	 ​6000​ (accurate to 2 significant figures)

c	 ​0.000000030​

d	 ​8 900 000​ (accurate to 2 significant figures)

e	 ​0.00078​

f	 ​63 700​ (accurate to 3 significant figures)

Question 3	

Compute the following mathematical results using correct 
significant figure conventions. You are not required to give 
your answers in scientific notation.

a	 ​6 + 38​

b	 ​37.564 − 4.2384​

c	 ​80 − 6.8​

d	 ​37.6 + 21.4​

e	 ​874.4 + 0.65​

f	 ​59.95 + 0.072​

Question 4	

Compute the following mathematical results following 
correct significant figure conventions. Give your answers in 
scientific notation.

a	 ​649 × 14​

b	 ​4.6 × 7.24​

c	 ​7.38 ÷ 200​

d	 ​​​(​​4.76 × 1​0​​ 6​​)​​ × 5.2​​

e	 ​0561 × 58.34​

f	 ​20 ÷ 0.004​

Question 5	

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

a	 600 ms 

b	 6.4 kJ

c	 0.400 μg

d	 23 MΩ

e	 360 nm

f	 7.0 pA

Question 6	

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

I	 seconds

II	 fahrenheit

III	 miles

IV	 ohms

V	 metres cubed (m3)

VI	 grams

VII	 light-years

VIII	 metres

IX	 years

X	 hours

XI	 electron volts

XII	 litres

XIII	 volts

EXAM-STYLE QUESTIONS

This lesson

Question 7	 (2 MARKS)

Calculate the electric potential energy (E) of a 4.00 C charge 
(Q) after passing through a 6.00 V (V) laptop charger to the 
correct number of significant figures. The formula for electric 
potential energy is ​E = VQ​.

Question 8	 (3 MARKS)

Calculate the average speed for the journey of a runner who 
takes 67.0 seconds to run 0.135 kilometres up a hill and a 
further 63 metres along a footpath to the correct number 
of significant figures. Average speed is calculated using ​

speed = ​ total distance ___________ time  ​​.

Chapter 1: Practical investigations12





Error  2.3.4.1

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 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:

•	 Misreading the scale on a thermometer

•	 Measuring the voltage across the wrong section of an electric circuit

•	 Using the diameter instead of the radius when calculating the area of a circle

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 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.

systematic error  a consistent, repeatable deviation in the measured results from the true values, 
often due to a problem with the experimental design or calibration of equipment

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

validity  the quality of an experiment measuring what it intends to measure

Chapter 1: Practical investigations14









Theory summary
•	 There are three kinds of experimental errors:

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

true values
	– 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 
vcaa.vic.edu.au/curriculum/vce/vce-study-designs/Physics/advice-for-teachers/Pages/
MeasurementinScienceOverview.aspx

1C Questions
THEORY REVIEW QUESTION

Question 1	

Which of the following statements are true?  
(Select all that apply)

I	 Random error is caused by incorrectly reading the scale 
when following the experimental design.

II	 Controlled variables cannot be changed throughout a 
valid experiment.

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

IV	 It is possible to know a value measured in an experiment 
with complete certainty.

V	 An experiment being repeatable increases the reliability 
of its conclusions.

VI	 Whether or not an experiment will be valid depends 
entirely on the planned experimental method.

VII	 Using more precise equipment can reduce random error.

VIII	 Systematic error consistently affects all data points.

IX	 Uncertainty is avoidable.

X	 The uncertainty in an individual measurement due to a 
measuring device is half the smallest increment on the 
measuring device.

XI	 A single set of measurements cannot be both accurate 
and precise.

XII	 Data that is far from the average (outliers) can be 
automatically excluded from a set of data.

EXAM-STYLE QUESTIONS

This lesson

Question 2	 (1 MARK)

Error is best described as

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

b	 how confident a scientist feels while performing  
data analysis.

c	 the process of repeating a measurement to  
improve reliability.

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

Chapter 1: Practical investigations18











Using these principles, an appropriate graph for the data from Table 1 is shown in Figure 2.
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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 ​​) can be seen in Figure 3. Note that linearised 
graphs do not need to trend towards the origin as these ones do.
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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.

If a variable is transformed appropriately and the result is a linear relationship, this indicates 
a proportionality relationship between the variables plotted. For example, if there is a straight 
line of best fit when a 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, which represents the gradient 
of the linearised graph). Note that similar transformations can be made to the dependent 
variable in order to linearise data and establish a relationship such as ​​√ 

_
 y ​ ∝ x​.
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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’.

Scales on axes:

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

•	 The scale on each axis should be chosen so that the data points take up the majority of 
the available graph space.

•	 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

Chapter 1: Practical investigations26

1D Questions
THEORY REVIEW QUESTIONS

Question 1	

When creating a graph of data, which of the following  
is incorrect?

a	 The independent variable should be plotted on the 
vertical axis.

b	 The variables should be labelled on their respective axis 
with units.

c	 The axes should have consistent scales.

d	 The scale on the axes should be chosen such that the data 
points take up the majority of the available graph space.

Question 2	

Which of the following statements is true regarding 
uncertainty bars?

a	 Vertical error bars indicate the uncertainty in the 
independent variable.

b	 The ‘true’ value should lie in the area indicated by the 
uncertainty bars.

c	 The distance between the two end caps of an 
uncertainty bar is the magnitude of the uncertainty.

d	 In general, uncertainty bars do not need to be included 
on graphs in physics.

Question 3	

Physicists have determined that the power (​P​) dissipated in 
a resistor of fixed resistance (​R​) as the voltage (​V​) across the 

resistor is varied can be calculated using the formula ​P = ​ ​V​​ 2​ __ R  ​​. 
A student is testing this theory and wants to linearise their 
data. Which of the following would successfully result in a 
graph that has a line of best fit?  (Select all that apply) ​​​ 

I	 ​P vs V​

II	 ​P vs ​V​​  2​​

III	 ​​√ 
_

 P ​ vs V​

IV	 ​​√ 
_

 P ​ vs ​V​​  2​​

EXAM-STYLE QUESTIONS

This lesson

Question 4	 (3 MARKS)

A student is plotting a graph of the gravitational potential 
energy of a ball versus the height it is lifted above the ground. 
The uncertainty in measuring the height is negligible and the 
constant uncertainty in measuring the gravitational potential 
energy is indicated on one graphed data point. 



1D QUESTIONS 27

Ball height (m) 

Gr
av

ita
tio

na
l p

ot
en

tia
l 

en
er

gy
 o

f b
al

l (
J)

 

2

0.5

1.0

1.5

2.0

2.5

3.0

4 6 8 10

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	 (5 MARKS)

Duncan and Arushi are studying the radioactive decay of 
phosphorus-32. They record the data shown in the table.

Time 
elapsed 
(days)

Uncertainty in 
time (days)

Phosphorus-32 
mass (g)

Uncertainty in 
phosphorus-32 
mass (g)

0 ±1 100 ±5

11 ±1 60 ±5

27 ±1 28 ±5

52 ±1 8 ±5

Using this data:

•	 Plot a graph of the phosphorus-32 mass versus the  
time elapsed. 

•	 Include uncertainty bars for each data point.

•	 Draw a curve of best fit.

•	 Include appropriate labels and scales for both axes. 

Question 6	 (5 MARKS)

Fatima is running on a track that has a marking every 10 m. 
Her friend records the time in seconds that it takes her to run 
100 metres, noting roughly the time it takes for her to pass 
each 10 m mark on the track. 

Distance, d (m) Time, t (​± 1​ s)

10 2

20 4

30 7

40 11

50 14

60 18

70 23

80 28

90 34

100 41

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

Question 7	 (12 MARKS)

Maneesha studies the current ​I​ passing through a resistor 
of resistance ​R​ in a circuit connected to a 1.5 V AA battery. 

Maneesha believes that ​I ∝ ​ 1 __ R ​​. 

I

Resistance, 
​R​ (Ω)

Uncertainty in 
resistance,​ R​ (Ω)

Current, ​I​ (A) Uncertainty in 
current, ​I​ (A)

0.50 ±0.05 3.0 ±0.1

1.00 ±0.05 1.5 ±0.1

1.50 ±0.05 1.0 ±0.1

2.00 ±0.05 0.8 ±0.1

2.50 ±0.05 0.6 ±0.1

3.00 ±0.05 0.5 ±0.1

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 _ R ​​ and hence plot the graph of  

​I​ versus ​​ 1 _ R ​​. 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 Maneesha’s hypothesis that ​I ∝ ​ 1 __ R ​​  supported by her 
experimental data?  (1 MARK)

Question 8	 (13 MARKS)

Aditya is investigating the relationship between the length of 
a ramp (​l​) measured in metres, held at a fixed angle, and the 
time it takes a toy truck to travel down the ramp (t) measured 
in seconds. 

His hypothesis is that ​t ∝ ​√ 
_
 l ​​. He records the following data:

Length of ramp, ​l​ (±0.1 m) Time, ​t​ (±0.02 s)

1.0 0.68

2.0 0.96

3.0 1.16

4.0 1.34

5.0  1.50

a	 Plot a graph of time versus length based on the data 
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 ​​√ 
_
 l ​​ 

and hence plot a graph that could support Aditya’s 
hypothesis. Only plot vertical uncertainty bars, and 
include a line or curve of best fit as appropriate.  (6 MARKS)

c	 Is Aditya’s hypothesis that ​t ∝ ​√ 
_
 l ​​ supported by the data? 

Explain your answer with reference to a graph created in 
either part a or part b.  (2 MARKS)











1E Questions
THEORY REVIEW QUESTIONS

Use the following graph to answer Questions 1–3.
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Question 1	

Which of the following expressions does the gradient of this 
graph represent?

a	 ​Δp × Δt​

b	 ​p + t​

c	 ​​ t _ p ​​

d	 ​​ 
Δp

 _ Δt ​​

Question 2	

Which of the following units should be used for the gradient 
of this graph?

a	 kg m s−2

b	 kg

c	 kg s

d	 kg m

Question 3	

It is known that ​Δp = FΔt​, where ​F​ is the force acting on the 
object being measured. Determine which of the following 
expressions the gradient of the graph also represents.

a	 ​F​

b	 ​​ 1 _ F ​​

c	 ​​  F _ Δt ​​

d	 ​​  F _ Δp ​​

Question 4	

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
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15

20
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Q

R

S

T

EXAM-STYLE QUESTIONS

This lesson

Question 5	 (4 MARKS)

A cart starts from rest and accelerates at a constant rate  
in a straight line. Its speed is measured at particular  
distances from its starting position. It is known that  
the speed, v (m s−1), relates to the distance travelled, ​d​ (m), 
by the equation ​​v​​ 2​ = 2ad​, where ​a​ is the magnitude of the 
acceleration (m s−2).

The data is plotted on a graph with ​d​ on the horizontal axis 
and ​​v​​ 2​​ on the vertical axis. A line of best fit is drawn through 
the data as shown.

0.5 3.5
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v2  (m
2 /s

2 )

2.52.01.51.0

2

3.0

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

b	 Use the gradient of the line of best fit to calculate the 
value of ​a​ determined in this experiment.  (2 MARKS)
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2A Questions
THEORY REVIEW QUESTIONS

Question 1	

If a patch of sand at the beach is at a higher temperature 
than the sea water, we can conclude that the _ 
(average/total) _ (internal/translational kinetic/
potential) energy of the particles that make up the sand is 
greater than that of the molecules that make up the water.

Question 2	

a	 Which of the following best describes internal energy?

a	 The energy associated with the random disordered 
motion of atoms and molecules

b	 The energy associated with the temperature of each 
atom and molecule

b	 Which of the following best describes the type(s) of 
energy that make up internal energy?

a	 The energy due to the overall movement of 
the system

b	 Kinetic energy of atoms/molecules and potential 
energy due to interactions between atoms/molecules

Question 3	

A given system has the greatest internal energy when it 
is a _ (solid/liquid/gas). Its particles have the 
_ (greatest/least) freedom to move in this state.

The system has the least internal energy when it is a 
_ (solid/liquid/gas). Its particles have the 
_ (greatest/least) freedom to move in this state.

Question 4	

The atoms and molecules in _ objects are 
constantly moving.

a	 very hot

b	 all

Question 5	

The lowest possible temperature is _ K, which is 
equivalent to _°C.

a	 0, –273.15

b	 –273.15, 0

Question 6	

A change in temperature, ​ΔT​, of 200°C is equivalent to:

a	 (200 – 273.15) K

b	 (200 + 273.15) K

c	 200 K

DECONSTRUCTED EXAM-STYLE QUESTION

Question 7	 (3 MARKS)

A physics teacher is holding a hot cup of coffee in her hand as 
she marks exams. She is so busy marking the exams that she 
forgets to drink the coffee and, eventually, the cup of coffee 
reaches thermal equilibrium with her hand.

Prompts
a	 What is temperature a measure of?

a	 How hot each particle in a system is

b	 The total kinetic energy of a system

c	 The internal energy of a system

d	 The average translational kinetic energy of the 
particles in a system

b	 What does it mean for the teacher’s hand to be in 
thermal equilibrium with the cup of coffee?

a	 There is no force between the hand and the cup  
of coffee.

b	 The hand and the cup of coffee are at the  
same temperature.

c	 The particles in the hand and the cup of coffee have 
stopped moving.

d	 The temperatures of the hand and the cup of coffee 
add to zero.

Question
c	 Describe how the average translational kinetic energy 

of the particles in the teacher’s hand compares with the 
average translational kinetic energy of the particles in 
the cup of coffee throughout the process of reaching 
thermal equilibrium.  (3 MARKS)

EXAM-STYLE QUESTIONS

This lesson

Question 8	 (2 MARKS)

Is it possible to increase the temperature of a system while 
keeping the internal energy constant? Justify your answer.

Hint: use the "energy container" model to help you.

Question 9	 (1 MARK)

The surface of the planet Venus maintains a nearly constant 
temperature of 735 K. The temperature does not decrease 
during the night because of its thick atmosphere. Convert the 
temperature of the surface of Venus to degrees Celsius.
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Question 14	 (3 MARKS)

Xi and Ruth are heating a beaker that initially contains a 
mixture of ice and water. They measure the temperature 
throughout the process. They notice that the mixture 
has a temperature of 0°C at the beginning and that the 
temperature is still 0°C when the last bit of ice melts. Xi says 
that this means the internal energy of the contents of the 
beaker has not changed. Ruth says that the internal energy 
has increased. Evaluate the two statements and justify your 
answer with the appropriate physics principles.

Question 15	 (7 MARKS)

The graph shows the heating curve for 5.0 kg of lead as it 
melts to a liquid.
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a	 Calculate the gradient of the section of the graph 
corresponding to solid lead. Provide your answer in K J−1 
to two significant figures.  (2 MARKS)

b	 Using the data in the graph, calculate the specific heat 
capacity of solid lead. Provide your answer to two 
significant figures.  (3 MARKS)

c	 Use the graph to calculate the specific latent heat of 
fusion for lead. Provide your answer to two 
significant figures.  (2 MARKS)

Use the following data table to answer Questions 16–19.

Substance Water Glass Rubbing 
alcohol

Specific latent heat of 
fusion, Lf (J kg−1)

​3.3 × 1​0​​ 5​​ – –

Specific latent heat of 
vaporisation, Lv (J kg−1)

​2.3 × 1​0​​ 6​​ – ​8.5 × 1​0​​ 5​​

Specific heat capacity, 
c (J kg−1 K−1)

​4.2 × 1​0​​ 3​​ 840 –

Melting point (°C) 0 – –

Boiling point (°C) 100 – 79

Question 16	 (3 MARKS)

0.90 kg of ice at 0°C is provided with ​4.0 × 1​0​​ 5​​ J of heat so that 
it completely melts. Calculate the final temperature (in °C) of 
the water.

Question 17	 (3 MARKS)

Calculate the increase in temperature of a 4.0 kilogram glass 
window when 50 grams of steam at 100°C condenses to water 
at 100°C on its surface. Assume there are no heat transfers 
other than from the steam to the glass.

Question 18	 (5 MARKS)

200 g of ice at 0°C is added to 1.2 kg of water at 20°C in a 
thermally insulated container. Eventually the ice melts and 
thermal equilibrium is reached so there is only water in the 
container at a final temperature between 0°C and 20°C. What is 
the final temperature of the contents of the container?

Question 19	 (3 MARKS)

Explain the relevant physics principles behind the 
observation that rubbing alcohol cools your skin more 
quickly than water.

Previous lessons

Question 20	 (1 MARK)

The temperature in the clouds of Jupiter is –145°C. Provide this 
temperature in SI units.

Question 21	 (2 MARKS)

The difference in temperature between object A and object 
B is initially 400 K. After a period of time, the difference in 
temperature is only 100 K. By what factor has the rate of heat 

transfer ​​ 
Q

 __ Δt ​​ changed?

Key science skills

Question 22	 (8 MARKS)

Students conduct an experiment to measure the effect that 
known quantities of heat have on water. They heat 0.400 kg 
of water in a beaker and measure the temperature for every 
10 kJ of heat that is added. They record the following data. 
Assume that the temperature measurements have an 
uncertainty of ±2°C, but the heat measurements are known 
to a high degree of accuracy.

Heat input (kJ) 0 10 20 30 40 50

Temperature (°C) 20 25 31 36 40 45

a	 Plot the data on a graph with heat input on the 
horizontal axis and temperature on the vertical axis. 
Include axis labels (with units), an appropriate scale, 
uncertainty bars, and a line of best fit.  (5 MARKS)

b	 Use the gradient of the line of best fit to estimate the 
specific heat capacity of water.  (3 MARKS)
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2D Questions
THEORY REVIEW QUESTIONS

Use the following information to answer Questions 1–3.

A block of metal is in thermal equilibrium with a block of wood. 
The block of wood is also in thermal equilibrium with a brick.

Question 1	

What can be said about the block of metal and the block  
of wood?

a	 There is no net heat transfer between them when they 
are in thermal contact.

b	 The forces on each block are balanced.

Question 2	

What can be said about the block of wood and the brick?

a	 They have the same mass.

b	 They have the same temperature.

Question 3	

Which of the following statements is true about the block of 
metal and the brick?

a	 They are also in thermal equilibrium.

b	 We need to know their temperatures to determine the 
direction heat would flow between them.

Question 4	

Identify the two methods of energy transfer that can change 
the internal energy of a system.

Question 5	

When a balloon containing air is compressed (without losing 
air from the balloon)

a	 work is done by the air in the balloon.

b	 work is done on the system air in the balloon.

Question 6	

What effect does compressing a balloon containing air 
(without losing air from the balloon) have on the internal 
energy of the system?

a	 The internal energy increases.

b	 The internal energy decreases.

c	 There is no effect.

Question 7	

What happens to the internal energy of the air inside a 
balloon when the balloon expands (without gaining air)?

a	 The internal energy increases.

b	 The internal energy decreases.

c	 There is no effect.

DECONSTRUCTED EXAM-STYLE QUESTION

Question 8	 (3 MARKS)

2.0 kg of compressed gas in a cylinder does 0.800 kJ of 
work on its surroundings as the cylinder expands. During 
this expansion, the gas also gains 300 J of heat from its 
surroundings. Assume that the gas has a constant specific 
heat capacity of ​1.0 × 1​0​​ 3​​ J kg–1 K–1 throughout the process.

Prompts
a	 Which equation correctly shows the change in internal 

energy (measured in joules) of the gas?

a	 ​ΔU = 300 + 800​

b	 ​ΔU = 300 − 800​

c	 ​ΔU = − 300 + 800​

d	 ​ΔU = − 300 − 800​

b	 How does the change in internal energy relate to the 
change in temperature?

a	 ​ΔU = ΔT​

b	 ​ΔU = − ΔT​

c	 ​ΔU = ​ 1 __ 2 ​ mΔ​T​​ 2​​

d	 ​ΔU = mcΔT​

Question
c	 Calculate the change in temperature of the gas. 

Provide your answer in kelvin.  (3 MARKS)

EXAM-STYLE QUESTIONS

This lesson

Question 9	 (2 MARKS)

A container of water is in thermal equilibrium with a 
gas canister. When the container of water is placed in 
thermal contact with a cube of steel, heat flows from the 
water to the steel.

a	 In which direction would heat flow (from which system 
to which system), if at all, when the gas canister and the 
cube of steel are placed in thermal contact?  (1 MARK)

b	 What can be said about the relative temperature of the 
gas canister and the cube of steel before they are in 
thermal contact?  (1 MARK)

Question 10	 (3 MARKS)

Determine the change in internal energy of the gas in the 
following situations.

a	 A gas in a fixed container is heated by 300 J.  (1 MARK)

b	 150 J is used to move the piston of a well-insulated 
cylinder (so heat cannot transfer) to expand the volume 
of the cylinder.  (1 MARK)

c	 A plunger does 420 J of work to compress a gas, while the 
gas transfers 180 J of heat to its surroundings.  (1 MARK)
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Question 11	 (1 MARK)

A student named X Æ A-12 does 2400 J of work climbing 
some stairs. The exercise causes her temperature to increase 
so she also releases 3300 J of heat in the process. What is the 
change in X Æ A-12’s internal energy?

Question 12	 (3 MARKS)

The internal energy of gas in a balloon decreases by 500 J 
when the balloon is cooled so that 800 J of heat is transferred 
from the balloon to its surroundings. Determine whether 
work is done on the balloon or by the balloon in this situation. 
Calculate how much work is done.

Question 13	 (3 MARKS)

A syringe filled with gas does 72 J of work on its surroundings 
as it expands. The internal energy of the gas in the syringe 
decreases by 40 J. Determine whether heat has been 
transferred to the gas in the syringe or away from it and how 
much heat has been transferred.

Question 14	 (3 MARKS)

In her excitement while learning about the Zeroth Law of 
Thermodynamics, Fatima does 1200 J of work on her bottle 
containing 0.75 kg of cold water. The water also gains 100 J 
of heat from the surroundings. Calculate the increase in 
temperature of the water during this process. Provide your 
answer in degrees Celsius. Take the specific heat capacity of 
water to be ​4.2 × 1​0​​ 3​​ J kg–1 K–1.

Previous lessons

Question 15	 (2 MARKS)

With reference to the appropriate form of heat transfer, 
explain why air conditioning systems are commonly placed at 
a high position in buildings (high on the wall or in the ceiling, 
for example).

Question 16	 (2 MARKS)

Calculate the energy absorbed by 0.120 kg of water at 65°C 
as it warms up to 100°C and boils to steam at 100°C. Take the 
specific heat capacity of water to be ​4.2 × 1​0​​ 3​​ J kg–1 K–1 and 
the specific latent heat of vaporisation of water to be  
​2.3 × 1​0​​ 6​​ J kg–1 K–1.

Key science skills

Question 17	 (3 MARKS)

Lucy conducts an experiment in which she measures 
the effect that doing work on a gas has on the internal 
energy of the gas. She does work on a volume of the gas 
by compressing a syringe. She measures the change in 
temperature of the gas and uses this measurement to 
calculate the change in internal energy (with a known value 
of specific heat capacity for the gas). She expects to find that 
the change in internal energy will be equal to the work done. 
Her results are shown in the table.

​W​ (J) 10 20 30 40

​ΔU​ (J) 8 17 25 32

What type of error is responsible for the difference between 
the work done and the change in internal energy? Explain your 
answer and suggest a cause of this error.
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3A Questions
THEORY REVIEW QUESTIONS

Question 1	

Which of the following options lists the electromagnetic 
spectrum from the fastest wave to slowest wave in a vacuum?

a	 Gamma rays, X-rays, ultraviolet, visible, infrared, 
microwaves, radio waves

b	 Radio waves, microwaves, infrared, visible, ultraviolet, 
X-rays, gamma rays

c	 They all travel at random speeds and therefore it is 
impossible to rank them.

d	 They all travel at the same speed.

Question 2	

Fill in the gaps in the following paragraph.

Phones release low energy electromagnetic waves: 
the screens emit _ (visible light/gamma waves) 
and the antennas emit _ (X-rays/microwaves) 
to transmit information. Unlike high energy waves such as 
_ (visible light/gamma waves) and _ 
(X-rays/microwaves), the low energy waves are safe in 
large quantities.

Question 3	

Which of the following statements about radio waves, 
microwaves, infrared, visible, ultraviolet, X-ray, and gamma 
rays is false?

a	 They are all examples of electromagnetic waves.

b	 They are all different with no shared properties.

c	 They all exist on a spectrum and have some 
common properties.

Question 4	

We can model how a radio transforms radio waves into sound 
as the translation of verbal language into sign language.

Image: Anthony Correia/Shutterstock

As the presenter speaks, the interpreter translates the 
information into Auslan (sign language) so that deaf people 
can access the information.

Match the stages of translating verbal language into sign 
language with the stages of transforming a radio signal into 
sound (shown in an incorrect order).

Transforming a radio signal into sound

•	 Radio emits sound

•	 Radio station sends a radio wave signal

•	 Radio receives radio waves

Translating verbal language into sign language

a	 Presenter speaks

b	 Translator hears the spoken words

c	 Translator communicates in sign language

DECONSTRUCTED EXAM-STYLE QUESTION

Question 5	 (4 MARKS)

A burst of radio waves and gamma waves are sent from an 
electromagnetic source to a receiver. For the first half of the 
distance from the source to the receiver, the waves travel 
through empty space (a vacuum). For the second half, 
the waves travel through glass.

Gamma wave source

Empty space

Radio wave source

Glass

Receiver

Prompts
a	 What is the difference between gamma waves and 

radio waves?

a	 Gamma waves are electromagnetic waves whereas 
radio waves are sound waves.

b	 Gamma waves can be seen whereas radio waves 
are invisible.

c	 Gamma waves have a higher frequency than 
radio waves.

d	 Gamma waves can travel further than radio waves.

b	 What determines the speed of an electromagnetic wave 
in a vacuum?

a	 Frequency

b	 Wavelength

c	 Energy

d	 All electromagnetic waves travel at the same speed 
in a vacuum.
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3B Questions
THEORY REVIEW QUESTIONS

Question 1	

A black body _, _, and _.

a	 absorbs all incoming radiation, reflects no incoming 
radiation, has an emissivity of 1

b	 absorbs some radiation, emits all radiation, has an 
emissivity of 0

Use the following information to answer Questions 2 and 3.

Object S
Temperature: 0 K

Object T
Temperature: 100 K

Object U
Temperature: 1000 K

Object V
Temperature: 10000 K

Question 2	

Which of the objects are releasing thermal radiation?

a	 U, V

b	 T, U, and V

c	 All of the objects

Question 3	

Which of the objects has the longest peak wavelength?

a	 S

b	 T

c	 V

Question 4	

Which of the following statements about a black body 
emitting a peak wavelength of 650 nm (which is in the visible 
spectrum) is true?

a	 It also emits wavelengths in the infrared and  
ultraviolet spectrums. 

b	 All the thermal radiation it emits is visible.

Question 5	

One object is glowing red due to thermal radiation and 
another is glowing blue due to thermal radiation. What can 
we conclude?

a	 The red object is hotter. 

b	 The blue object is hotter.

Question 6	

Two objects of similar size, shape and temperature have 
different abilities to emit. One can be closely modelled to be 
a black body and the other cannot.

Black body
Temperature: 25°C

Non-black body
Temperature: 25°C

Which one is likely to release more energy as radiation?

a	 Black body

b	 Non-black body

Question 7	

From the graph, identify which point on the horizontal  
axis (A, B, or C) represents the peak wavelength released by 
the object.
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Question 8	

Fill in the gaps in the following paragraph.

A blue star releases thermal radiation _ (across the 
entire spectrum/as only blue light). The blue appearance of 
the star is created by the _ (reflection of blue light/ 
predominance of blue light in the radiation). 

Question 9	

Rollo points an electromagnetic wave detector at the Sun. 
The detector picks up large amounts of infrared, visible light, 
and a moderate amount of ultraviolet radiation. Which is the 
best reason that he detects only very small amounts of light 
from the other parts of the spectrum?

a	 Even though the Sun produces a large amount of all 
types of electromagnetic radiation, the atmosphere 
absorbs most of the light that is not infrared, visible  
or ultraviolet.

b	 The Sun does not release other types of light.

c	 The other types of radiation are mostly absorbed by 
other celestial bodies like Mercury, Mars, Venus, and  
the Moon.

d	 The Sun mainly emits infrared, visible, and  
ultraviolet radiation.
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Question 10	

An object that has an initial temperature of 20°C is found 
to have increased its radiative power by a factor of 16 
when its temperature doubles. This indicates that the final 
temperature of the object is:

a	 40°C

b	 313°C

DECONSTRUCTED EXAM-STYLE QUESTION

Question 11	 (4 MARKS)

A lump of iron is placed into a fire in order to mould it into 
shape. It is initially at a temperature of 23.5°C and it radiates 
33 W at this temperature. The blacksmith needs its surface 
to reach a certain temperature before she can start work on 
it but she forgot her thermometer. She does, however, have 
a wavelength detector and knows that the required peak 
wavelength is 3560 nm. 

Take Wien’s constant, ​b​, to be ​2.898 × 1​0​​ −3​​ m K.

Prompts
a	 What is the most appropriate equation to use to 

calculate the required temperature given that the 
required peak wavelength is known?

a	 ​​λ​ max​​ = ​ T __ b ​​

b	 ​​ 
​P​ f​​ __ ​P​ i​​

 ​ = ​ 
​​T​ f​​​​ 

4​
 ___ ​​T​ i​​​​ 

4​ ​​

c	 ​P = Aεσ ​T​​ 4​​

d	 ​​λ​ max​​ = ​ b __ T ​​

b	 What unit should be used for the wavelength in  
Wien’s Law?

a	 hertz

b	 metres per second

c	 metres

d	 nanometres

c	 Which of the following is the most useful way to 
represent the initial temperature of the iron for the 
purposes of relating temperature to power radiated?

a	 296.65 K

b	 296.65°C

c	 23.5 K

d	 23.5°C

d	 Which formula should be used to calculate the radiative 
power at the required temperature given that the  
initial power, initial temperature, and final temperature 
are known?

a	 ​P = ​ b __ T ​​

b	 ​P = ​T​​ 4​​

c	 ​​ 
​P​ f​​ __ ​P​ i​​

 ​ = ​ 
​​T​ f​​​​ 

4​
 ___ ​​T​ i​​​​ 

4​ ​​

d	 ​P = Aεσ ​T​​ 4​​

Question
e	 Calculate the power radiated after it has reached its  

final temperature.  (4 MARKS)

EXAM-STYLE QUESTIONS

This lesson

Question 12	 (2 MARKS)

Calculate the ​​λ​ max​​​ of a star with an average temperature of 
7000 K. Take Wien’s constant, ​b​, to be ​2.898 × 1​0−3​​  ​​ m K.

Question 13	 (1 MARK)

A student measures the power radiated by a body to increase 
from 2.0 W to 512 W as its temperature increases. By what 
factor did the temperature increase?

a	 2

b	 3

c	 4

d	 5

Question 14	 (4 MARKS)

Zayn is heating up a piece of metal. He finds, after a time, the 
metal changes colour from a “metallic silver” to a red, then 
orange, then bright white. 

a	 The change in the metal’s colour can be considered to 
occur in two stages:

•	 From “metallic silver” to red

•	 From red to orange to white

Explain the reasons for the colour change during these 
two stages, and describe how the intensity of light 
changes as the temperature increases.  (2 MARKS)

b	 Zayn finds that the most intensely emitted wavelength 
while the metal melts is 680 nm. Find the melting point 
of the metal in kelvin. Take ​b = 2.898 × 1​0​​ −3​​ m K.  (2 MARKS)

Question 15	 (5 MARKS)

A piece of glass has been heated to 1280°C and is glowing red.

a	 Calculate the ​​λ​ max​​​ for a black body at the same 
temperature as this piece of glass. Take Wien’s constant ​
b​ to be ​2.898 × 1​0​​ −3​​ m K.  (2 MARKS)

b	 Explain why the piece of glass is glowing red even 
though its ​​λ​ max​​​ is not in the visible range of  
the spectrum.  (3 MARKS)

Question 16	 (3 MARKS)

Luna and Selene are having a discussion about the nature of 
the Moon’s light. Luna claims that the bright light arriving on 
Earth from the Moon at night is evidence that the Moon must 
be acting like a black-body radiator. Selene disagrees. 

Evaluate Luna and Selene’s claims.
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Question 17	 (7 MARKS)

Suppose Xath is a distant star with the odd property that it 
rapidly changes temperature. At one extreme, Xath appears 
white with a blue tinge, with  ​​λ​ max​​ = 405​ nm. At the other 
extreme, Xath appears much redder with ​​λ​ max​​ = 710​ nm.  
Take Wien’s constant ​b​ to be ​2.898 × 1​0−3​​  ​​ m K

a	 Is Xath emitting less power when it appears white or red? 
Justify your answer.  (2 MARKS)

b	 Calculate Xath’s highest and lowest temperatures.  (2 MARKS)

c	 Express the radiative power when Xath is at its minimum 
temperature as a percentage of the radiative power 
when Xath is at its maximum temperature (to the 
nearest percent).  (3 MARKS)

Question 18	 (7 MARKS)

Simran has a lamp in her room and it shines on her face as 
she studies. After some time, she notices a small amount of 
warmth from the lamp. 

a	 The filament of the lamp starts at room temperature,  
298 K, and reaches 2700 K. Considering the lamp  
emits 99 W of power when it is at its hottest,  
calculate the power emitted by the lamp at  
room temperature.  (2 MARKS)

b	 Simran discovers that humans emit 1000 W of power. 
Considering a person has an average surface area of 
2.00 m2 and an average surface temperature of 35.2°C, 
calculate the emissivity of a person. Take the value of ​σ​ 
to be ​5.67 × 1​0​​ −8​​ W m−2 K−4.  (3 MARKS)

c	 Use your previous answer to comment on how well a 
black body could model a person.  (2 MARKS)

Previous lessons

Question 19	 (1 MARK)

Which of the following statements about electromagnetic 
waves is true?

a	 X-rays have longer wavelengths than waves in the 
ultraviolet region.

b	 The Sun releases mostly waves in the ultraviolet part of 
the spectrum.

c	 X-rays are more energetic (have more energy) than all 
other electromagnetic waves apart from gamma waves. 

d	 Radio waves and infrared have the same frequency. 

Question 20	 (4 MARKS)

An unknown liquid is found to have a specific heat capacity 
of ​6.3 × 1​0​​ 3​​ J kg−1 K−1. 

a	 Calculate the energy it would take to increase the 
temperature of 1.2 kg of this liquid from 20°C  
to 40°C.  (2 MARKS)

b	 The specific heat capacity of water is 4200 J kg−1 K−1.  
A kilogram of water and a kilogram of the unknown 
liquid are heated to 50.0°C and are left to cool.  
Assuming both release heat at the same rate, which  
do you expect to reach room temperature first?  
Explain your answer.  (2 MARKS)

Key science skills 

Question 21	 (2 MARKS)

Stella and Asteri are taking measurements of the Sun’s  
peak wavelength.

Stella Asteri

​​λ​ 1​​​ (nm) 646 511

​​λ​ 2​​​ (nm) 810 371

​​λ​ 3​​​ (nm) 401 611

​​λ​ 4​​​ (nm) 711 687

​​λ​ 5​​​ (nm) 526 305

​​λ​ 6​​​ (nm) 276 540

​​λ​ avg​​​ (nm) 562 504

Compare the precision of Stella and Asteri’s data. 
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3C Questions
THEORY REVIEW QUESTIONS

Question 1	

Convection cells in nature are caused by

a	 an even distribution of heat provided.

b	 an imbalance in heat provided.

Question 2	

Match the stages of the flowchart to the descriptions of the 
stages of the Hadley cell.

Flowchart

A B

C

Once it is cool enough, 
it sinks, causing a 
high pressure system. 
Air flows towards the 
low pressure system 
at the equator.

Stages of the Hadley cell

I	 Air at the equator is warmed by the land and water.

II	 Warm air loses its energy to the atmosphere and cools.

III	 Warm air rises as it is less dense causing a low 
pressure system.

Question 3	

“Regardless of the fact that the mantle is solid, 
convection occurs.”

Is the above statement true or false?

a	 True, the mantle behaves like a fluid over geologic 
time periods.

b	 False, the mantle cannot convect.

Question 4	

Considering an onshore wind blows from the sea to the land 
and an offshore wind blows from the land to the sea, fill in 
the gaps in the following sentences.

In situations where the sea is warmer than the land, 
an _ (onshore/offshore) wind is produced. 
In situations where the land is warmer than the sea, 
an _ (onshore/offshore) wind is produced.

Question 5	

On a hot day at the beach the wind from the ocean will be

a	 cooler than the land.

b	 warmer than the land.

DECONSTRUCTED EXAM-STYLE QUESTION

Question 6	 (3 MARKS)

The average temperature decreases as we move away from 
the equator.

Prompts
a	 The equator is warmer than the south pole due to

a	 conduction.

b	 convection.

c	 ocean currents carrying the warmth from the south 
to the equator.

d	 radiation from the Sun.

b	 The curvature of the Earth means that as you move 
north or south from the equator,

a	 the intensity of the Sun’s radiation decreases.

b	 the intensity of the Sun’s radiation increases.

c	 the Earth has more water which means that it 
absorbs greater amounts of energy from the 
atmosphere due to its high heat capacity.

d	 there is more cloud cover which reflects more 
incoming radiation causing the temperature to drop.

Question
c	 Explain one reason why the average temperature 

decreases as we move away from the equator.  (3 MARKS)

EXAM-STYLE QUESTIONS

This lesson

Question 7	 (1 MARK)

Convection is normally reserved for fluids but the solid rock 
in the mantle also undergoes convection. Identify which 
reason best explains the convection in the mantle.

a	 The tectonic plates that make up the Earth’s crust move 
due to ocean currents and pull the rock at the surface 
of the mantle, which makes room for the other rocks to 
move up.

b	 The heat melts the stone which allows it to move.

c	 The intense heat and pressure allows solids to convect 
very slowly in the Earth’s mantle.

d	 The convection cells are of the water within the rock’s in 
the mantle, not the rock itself.

Question 8	 (3 MARKS)

Identify the uneven heating causing these convection cells.

a	 A Hadley cell.  (1 MARK)

b	 The South Pacific Gyre.  (1 MARK)

c	 An offshore wind.  (1 MARK)
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Question 4	

When radiation is absorbed by matter, the matter gets hotter 
and emits its own radiation 

a	 with the same distribution of wavelengths that  
is absorbed. 

b	 with a distribution of wavelengths that depends on the 
temperature of the matter.

Question 5	

Reflected radiation has

a	 a distribution of wavelengths that depends on the 
spectrum of incident light. 

b	 a distribution of wavelengths that depends on the 
temperature of the matter.

Question 6	

The X and Z arrows represent reflected radiation with 
a spectrum that is better represented by spectrum 
_ (P/Q).

Question 7	

The W arrows represent radiation that has been _ 
(absorbed/emitted) by the atmosphere as a result of 
absorbing some of the Sun’s radiation and getting hotter.  
The spectrum of this radiation is better represented  
by _ (P/Q).

Question 8	

Much of the radiation represented by arrow Z passes through 
the atmosphere into space. Most of the radiation represented 
by arrow Y does not pass through the atmosphere. The reason 
for this difference is that greenhouse gases absorb a large 
proportion of the _ (longer (infrared)/shorter) 
wavelengths but they allow _ (longer (infrared)/
shorter) wavelengths to transmit.

Question 9	

An increase in the amount of greenhouse gas in the 
atmosphere causes

a	 an increase in the amount of radiation represented 
by arrow Y that is trapped by being absorbed (and a 
decrease in the amount of arrow Y that transmits 
through to space).

b	 an increase in the amount of radiation reaching the 
Earth from the Sun.

DECONSTRUCTED EXAM-STYLE QUESTION

Question 10	 (3 MARKS)

The Earth and the Sun are in a relationship called radiative 
equilibrium. This is achieved when the temperature of both 
bodies are relatively static even though the Earth is still 
receiving the Sun’s radiation.

Prompts
a	 Which of the following best describes the Earth’s incoming 

radiation in terms of its source and its wavelength?

a	 Shorter wavelength radiation from the Earth

b	 Longer wavelength radiation from the Earth

c	 Shorter wavelength radiation from the Sun

d	 Longer wavelength radiation from the Sun

b	 Which of the following best describes the Earth’s outgoing 
radiation in terms of its source and its wavelength?

a	 Shorter wavelength radiation from the Earth

b	 Longer wavelength radiation from the Earth

c	 Shorter wavelength radiation from the Sun

d	 Longer wavelength radiation from the Sun

c	 Which of the following are other ways radiation is 
retained or otherwise disrupted on its way into or out of 
the Earth’s atmosphere?

a	 Reflected by clouds

b	 Reflected by the atmosphere

c	 Absorbed by the atmosphere

d	 All of the above

Question
d	 Explain the temperature balance that the Earth  

reaches with the Sun. There is no need to address 
specific temperatures.  (3 MARKS)

EXAM-STYLE QUESTIONS

This lesson

Question 11	 (1 MARK)

Identify the name of the process that retains thermal energy 
in the Earth’s atmosphere.

a	 Geothermal warming

b	 Greenhouse effect

c	 Infrared radiation

d	 Solar radiation

Question 12	 (4 MARKS) 

a	 Identify which part of the electromagnetic spectrum 
makes up most of both solar radiation and Earth’s 
radiation and explain how this part of the spectrum is 
different between the two types of radiation.  (2 MARKS)

b	 Name three common greenhouse gases.  (2 MARKS)

Question 13	 (3 MARKS)

Of the energy that the Earth emits as radiation, only 5% of it 
directly escapes into space.

a	 Explain what happens to the remaining 95%.  (2 MARKS)

b	 In what region of the electromagnetic spectrum is the 
emitted radiation?  (1 MARK)
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CONCEPT DISCUSSION QUESTION

A change in the Earth’s climate is generally required to last for more than 30 years to  
be considered true climate change. Discuss why this specific time period might have 
been chosen.
Answers on page 504 H
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KEEN TO INVESTIGATE?

Climate Action Tracker – Australia 
climateactiontracker.org/countries/australia

NASA article: The Carbon Cycle 
earthobservatory.nasa.gov/features/CarbonCycle

NASA article: Milankovitch (Orbital) Cycles and their role in Earth’s Climate 
climate.nasa.gov/news/2948/milankovitch-orbital-cycles-and-their-role-in-earths-climate

Website: Skeptical Science 
skepticalscience.com/about.shtml

YouTube video: Kurzgesagt – In a Nutshell – Who Is Responsible for Climate Change? 
youtu.be/ipVxxxqwBQw

Theory summary
•	 The climate of a region can be thought of as its weather’s long-term average.

•	 Earth’s energy budget is affected by physical changes to the Earth, such as changes to its 
albedo, carbon cycle, and oceans.

•	 A process causing a physical change to the Earth can have positive or negative climate 
change feedback. 

	– Positive feedback is where the effects of a change result in the change being amplified.
	– Negative feedback is where the effects of a change result in the change being suppressed.

•	 Humans cause physical changes to the Earth, affecting the atmosphere’s greenhouse gas 
levels and the ground’s albedo.

	– Significantly more CO2 is in the atmosphere due to human emissions, resulting in what 
is known as the enhanced greenhouse effect.

•	 The average global temperature is rising at a rate much faster than expected for natural 
climate change

•	 Climate scientists spend a great deal of effort attempting to determine the validity, 
reliability, and uncertainty of the data they collect and the predictions made with that data, 
in order to communicate predictions and advice that is both informative and transparent.





















Figure 13 represents the basic operation of a heat pump, which is as follows:

•	 A gaseous refrigerant flows from Region 1 to a compressor. The compressor does work on 
the refrigerant by squeezing it, which raises its temperature above that of Region 2.

•	 The refrigerant flows to a coil in Region 2 where heat transfers by conduction from the 
refrigerant to the surrounding air. This heats up Region 2 and the refrigerant cools down 
enough to condense into a liquid.

•	 The liquid refrigerant flows out of Region 2 to an expansion valve, which reduces the 
pressure of the refrigerant so that it turns into a gas. Work is done by the refrigerant as it 
expands so it cools down to a temperature below that of Region 1.

•	 The gaseous refrigerant flows to a coil in Region 1 where heat transfers by conduction 
from the surrounding air to the refrigerant. This cools down Region 1 and the refrigerant 
heats up.

•	 The gaseous refrigerant then returns to the compressor to repeat the cycle.

A reverse cycle air conditioner can reverse the direction of the flow of the refrigerant so that 
Region 1 and Region 2 in Figure 13 effectively swap places so that it can change between 
heating a house and cooling a house.

Heat pumps or reverse cycle air conditioners are a relatively efficient means of maintaining a 
comfortable temperature inside a house because it uses energy only to move existing thermal 
energy around, rather than to convert other energy forms into thermal energy.

Resistive heaters

Resistive heating is the process of passing an electric current through an element (a wire or 
some other electrical conductor) so that the electrical energy transforms into thermal energy 
and the element becomes very hot. This is the same principle that toasters use. Three examples 
of resistive heaters are radiant heaters, electric fan heaters, and oil column heaters.

•	 Radiant heaters are resistive heaters that rely on radiation to transfer thermal 
energy directly. There is usually reflective material behind the element to help 
direct the radiation forwards.

•	 Electric fan heaters use the same principle to heat the element, but then they 
use a fan to blow air past the hot element. Heat transfers from the element to 
the air by conduction and the warm air is then forced around the room.

•	 Oil column heaters also use electricity to heat an element. However, in this case 
heat transfers from the element to the oil inside the columns which then flow 
due to natural convection. This is similar to the way that water is heated up in a 
kettle. The hot columns of oil then warm the surrounding air by conduction and 
emit some radiation into the room.

Resistive heaters are often cheap to buy and they can be useful for heating small spaces 
but they generally use a lot of energy which makes them expensive to run. Most of the 
electricity that supplies these devices in Victoria is derived from coal which produces a lot of 
greenhouse gases per joule.

Gas is a cleaner-burning fuel than coal and gas heaters transform the chemical energy of the 
gas directly into thermal energy (without converting to or from electrical energy, which can 
be inefficient). For these reasons, gas heaters generally have a much lower impact on  
the environment.

Evaporative coolers

Lesson 2C covered the way that evaporation draws heat from the surroundings and, therefore, 
cools them down. Evaporative coolers rely on this principle. They pump water from a reservoir 
to a cooling pad, and then use a fan to blow hot air through the pad. The water in the pad takes 
heat from the air as it evaporates, so the outgoing air is cooler. Evaporative air conditioning is an 
energy-efficient method of cooling a house because it needs only to pump water and blow air. 
However, evaporative cooling does not work effectively in humid conditions, which can be  
a significant issue on hot days in many parts of Australia.

Image: Maxx-Studio/Shutterstock.com

Figure 14  A radiant heater
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Solar hot water systems

The Sun provides a tremendous amount of energy – around 18 MJ per square  
metre per day. Given that about one-fifth of the energy used by a household is used  
to heat water, a simple and efficient way of harnessing the Sun’s energy is to allow  
water to absorb solar radiation to heat up. This avoids the inefficiencies associated  
with converting energy to and from electrical energy.

Solar hot water systems consist of a series of tubes or pipes that are good at  
absorbing solar radiation through which the water circulates. The tubes are usually 
installed on the roof of a house where they receive the most sunlight. The most 
efficient way of running a solar hot water system is to use the process of natural 
convection to circulate the water between a storage tank and the tubes.  
However, depending on the amount of hot water needed and the rate that the water 
heats up, an electric pump might be used to circulate the water. Even when an 
electric pump is used, solar systems are very efficient ways of providing hot water. 

Electrical resistive hot water systems

Electrical resistive hot water systems operate in a very similar way to a kettle. Electricity is 
used to heat an element at the bottom of an insulated tank of water. The element heats the 
surrounding water by conduction. The thermal energy is then distributed throughout the  
tank through natural convection. Due to water’s high specific heat capacity, this uses a lot  
of electricity. As a result, this type of hot water system is expensive and it indirectly creates a 
lot of greenhouse emissions per joule due to the coal that is burnt to produce the electricity.

If solar hot water is not an option, then a gas-heated water system is better for the same 
reasons that gas heaters are better than resistive heaters.

Automobile efficiencies  1.1.19.4

OVERVIEW
Transportation accounts for about one quarter of Australia’s total energy consumption.  
Most countries in the world use a similarly large amount of energy for transportation. 
Therefore, transitioning to vehicles that are more efficient and less reliant on fossil fuels is  
an important step in reducing the enhancement of the greenhouse effect.

THEORY DETAILS
At the beginning of the 20th century, cars were powered mostly by steam and electricity 
(they each made up about 40% of cars) and only 20% of cars used petrol. The main reason 
that petrol cars dominated the vehicle market by the 21st century is that Henry Ford, 
who happened to produce petrol-driven cars, developed the assembly line which drastically 
reduced the time and cost to build cars so people could afford to buy them. However, due to 
concerns about energy sustainability and the environment, we are now seeing a revival of 
other types of fuel.

Petrol

Petrol is derived from crude oil, which is a non-renewable fossil fuel. Petrol is a very  
energy-dense fuel, which makes it convenient since a vehicle can travel a long way with  
a relatively small amount of fuel. However, there are multiple downsides to petrol.  
Firstly, its price changes depending on oil supply which is affected by many factors out of  
our control (like conflicts and political changes on the other side of the world) which means it 
can be very expensive. In addition, as a non-renewable fuel it will run out and as a fossil-fuel 
it has a negative impact on our environment.

Diesel

Like petrol, diesel is derived from crude oil. Diesel is becoming an increasingly popular  
choice over petrol for fuelling cars because it is generally cheaper per kilometre. The reason 
for this is that diesel engines typically use around 20% less fuel, measured by volume,  
than petrol-powered vehicles per kilometre travelled. So, depending on the relative  
prices of unleaded petrol and diesel, a diesel car is typically cheaper to run.

However, Table 1 shows that diesel also releases more carbon dioxide per unit of  
energy released. Additionally, diesel produces nitrous oxide and other particulates that are 
harmful to human health. Therefore, diesel is not necessarily a better choice when energy 
sustainability and the environment are considered.

Image: Hill120/Shutterstock.com

Figure 15  A solar glass tube hot water panel
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•	 How much energy do various appliances around the house use? Are the energy  
ratings reliable?

•	 How do different fuel sources for cooking (such as an electric stove, an induction stove, 
and a gas stove) compare in terms of cost and efficiency? How do different methods of 
cooking (such as a conventional oven and a microwave oven) compare?

•	 How much energy is gained or lost due to poor insulation? How do the resulting heating 
and cooling costs compare with the cost of installing effective insulation?

•	 How do different construction materials (such as brick, timber, and concrete) compare in 
terms of cost and energy efficiency?

•	 How do different types of openable windows (such as sliding windows, louvres, and 
casement windows) compare? How does the size of the window affect the heat transfer 
through it? How much heat transfer occurs due to conduction compared with radiation?

•	 How much carbon dioxide is released per kilometre for a modern electric car and a 
modern petrol-driven car? How realistic is it that electric cars could eliminate their carbon 
dioxide emissions? How do fuel and air delivery systems in cars affect their efficiency?

The links provided in the Keen To Investigate box at the end of the lesson may be a helpful 
starting point for your investigation.

Theory summary
•	 The world is facing a significant challenge to reduce its reliance on fossil fuels for the  

sake of energy sustainability and to reduce the enhanced greenhouse effect. Energy is  
also expensive.

•	 Heating and cooling accounts for an enormous amount of Australia’s energy use so it is 
worth focusing on ways to reduce this.

•	 Passive designs use natural processes to maintain a comfortable temperature in  
an environment. Important principles include:

	– Using the different heights of the Sun in summer and winter to minimise the amount of 
sunlight reaching the house in summer and maximise it in winter.

	– Using the Sun’s energy for natural convection.
	– Using evaporative cooling.
	– Preventing unwanted heat transfer (both into and out of the house) using insulation, 

sealing gaps, and double-glazed windows for example.

•	 Active heating and cooling systems that move thermal energy (such as heat pumps or 
active solar hot water systems) rather than produce thermal energy are more efficient.

•	 Gas is a more efficient fuel source for active heating than electric-powered heating systems.

•	 Fuel sources for cars are diversifying with various pros and cons for both cost and  
the environment. Electric cars have the greatest potential since they depend on the  
source of the electricity.

KEEN TO INVESTIGATE?

ABC ‘Problem diesel filters “widespread”’ 
abc.net.au/news/2019-11-08/diesel-filter-problems-in-australian-cars-widespread/11655040

Australian Government ‘Energy information and services’ 
energy.gov.au

Australian Government ‘Green Vehicle Guide’ 
greenvehicleguide.gov.au

Australian Government ‘Your Home’ 
yourhome.gov.au

CSIRO ‘Australian Housing Data’ 
ahd.csiro.au

EIA ‘How much carbon dioxide is produced when different fuels are burned?’ 
eia.gov/tools/faqs/faq.php?id=73&t=11

Lawrence Livermore National Laboratory ‘Estimated International Energy Flows 2007’ 
flowcharts.llnl.gov/content/international/2007EnergyInternational.pdf
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CONCEPT DISCUSSION QUESTION

A refrigerator is an application of a heat pump. Discuss whether a refrigerator with its 
door left open would cool down the room it is in.
Answers on page 505
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3F Questions
THEORY REVIEW QUESTIONS

Question 1	

Approximately what percentage of an average Australian 
household’s energy use is used for heating and cooling 
(including heating water, cooking, and refrigeration)?

a	 10%

b	 25%

c	 40%

d	 70%

Question 2	

For the purpose of good passive design, which side of a 
house in a cold climate in the northern hemisphere should 
have large windows?

a	 North

b	 South

c	 East

d	 West

Question 3	

Good passive designs for heating and cooling

a	 maximise heat gain.

b	 minimise heat gain.

c	 maximise heat loss.

d	 minimise heat loss.

e	 All of the above depending on the season

Question 4	

Which of the following features of a house can both reduce 
heat loss and reduce heat gain? (Select all that apply)

I	 Insulation

II	 Eaves

III	 Double glazed windows

IV	 Sealing gaps

V	 Solar chimneys

Question 5	

Household insulation can reduce heat transfer due to

a	 conduction.

b	 convection.

c	 radiation.

d	 All of the above

Question 6	

What is the best description of the purpose of thermal mass 
in passive design?

a	 To keep a house warm in winter

b	 To keep a house cool in summer

c	 To reduce variation in household temperature between 
day and night

Question 7	

Why are heat pumps a relatively efficient way of heating or 
cooling a space?

a	 They do not rely on electricity or a fuel source to create 
thermal energy.

b	 They do not rely on electricity or a fuel source.

Tesla 
tesla.com/en_au

The Concord Consortium Energy 2D simulation 
energy.concord.org/energy2d/

Victorian Government ‘Heating options for your home’ 
sustainability.vic.gov.au/You-and-your-home/Save-energy/Heating/Choose-energy- 
efficient-heating

Window Energy Rating Scheme 
wers.net
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Question 8	

Georgia lives in tropical Queensland, which has a  
high humidity, and Greg lives in Alice Springs, which 
generally has a low humidity. For which person would an 
evaporative air conditioner be more effective?

a	 Georgia

b	 Greg

Question 9	

When comparing the polluting impact of different automobile 
fuel sources, it is best to compare

a	 the amount of pollution per litre of fuel.

b	 the amount of pollution per dollar.

c	 the amount of pollution per kilometre.

Question 10	

When comparing the cost of different automobile fuel sources, 
it is best to compare

a	 the cost per litre of fuel.

b	 the cost per unit of carbon dioxide released.

c	 the cost per kilometre.

DECONSTRUCTED EXAM-STYLE QUESTION

Question 11	 (3 MARKS)

Michelle is designing a new home. She plans to use shade as 
a way of reducing heat gain. She would also like to use the 
sunlight to cool the home.

Prompts
a	 What happens to air that is warmer than the  

surrounding air?

a	 It sinks below the surrounding air.

b	 It rises above the surrounding air.

c	 It immediately reaches thermal equilibrium by 
sharing its thermal energy with the surrounding air.

d	 Unless there is some other force, nothing happens.

b	 How can this effect be used to cool a house?

a	 The still air feels cooler than moving air.

b	 The house cools down as the warm air transfers 
heat to the surrounding air.

c	 Air movement has a cooling effect and the moving 
warm air can draw in cooler air from outside to 
replace it.

d	 The air cools down due to its movement.

Question
c	 How can the Sun’s energy be used (not just blocked) to 

cool a house?  (3 MARKS)

EXAM-STYLE QUESTIONS

This lesson

Question 12	 (2 MARKS)

Insulation is very important to keep a house warm in cold 
environments. Does that mean that insulation should not be 
used in hot environments? Explain your answer.

Question 13	 (1 MARK)

Identify the main type of heat transfer that double  
glazing reduces.

Question 14	 (2 MARKS)

Provide two reasons why gas is preferred to electricity for 
active heating systems in Victoria.

Question 15	 (3 MARKS)

Todd notices that electric cars do not have an exhaust pipe 
and concludes that driving an electric car must not create 
any greenhouse emissions. Explain why this statement is not 
necessarily true and describe the reasons that electric cars 
are still a helpful way of reducing greenhouse emissions  
(now and in the future).

Previous lessons

Question 16	 (1 MARK)

In which region of the electromagnetic spectrum do objects 
at room temperature radiate most energy?

Question 17	 (2 MARKS)

Why do greenhouse gases prevent a greater proportion 
of energy from leaving the Earth’s atmosphere than the 
proportion of energy that they prevent from entering the 
Earth’s atmosphere?

Key science skills

Question 18	 (3 MARKS)

A student is investigating the rate of heat loss through 
various types of windows during winter using a thermal 
imaging camera. He measures the heat loss through windows 
at ten different houses between mid afternoon and evening. 
Comment on the validity of this investigation.  
Justify your response.
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Theory summary
•	 Electric circuits are closed conducting loops.

•	 Electric charge, Q, is a fundamental property of subatomic particles such as electrons.

	– Charge is measured in coulombs (C).
	– Static electricity occurs when there is a stationary separation of charge.

•	 Potential difference, ​V​, is the change in electric potential energy per unit charge between 
two locations.

	– V = ​​ E _ Q ​​

	– Potential difference is measured in volts (V).
	– Potential difference is also known as voltage.

•	 Electric current, ​I​, is the rate that charge flows over time.

	– I = ​​ 
Q

 _ t  ​​

	– Current is measured in amperes (A).
	– A potential difference ‘pushes’ or ‘pulls’ on charged particles, causing a current to flow.
	– Current is not ‘used up’ around a circuit.

•	 Electric potential energy, ​E​, can be transformed into many types of energy such as kinetic 
and thermal.

	– Energy is measured in joules (J).
	– Energy sources like batteries store and deliver potential energy.
	– Energy consumers like light bulbs transform energy.

•	 Power, ​P​, is the rate of delivery or consumption of energy over time.

	– P = ​​ E _ t ​ = VI​

	– Power is measured in watts (W).

•	 The hydraulic circuit analogy reinforces key electrical concepts.

•	 Voltmeter probes should be connected in parallel across the locations they are measuring.

•	 Ammeters should be connected in series with the part of the circuit they are measuring.

CONCEPT DISCUSSION QUESTION

Two batteries with the same milliamp hour (mA h) rating are being used to power two 
circuits. Circuit X draws twice as much current from its battery as Circuit Y. Discuss what 
electrical quantity a mA h rating measures, and explain why the two batteries will run 
out at different times.
Answers on page 505 H

in
ts

W
ha

t e
qu

at
io

n 
re

la
te

s t
he

 
tw

o 
qu

an
tit

ie
s o

f m
ill

ia
m

p 
(m

A)
 a

nd
 h

ou
rs

 (h
)?

H
ow

 d
oe

s t
he

 c
ur

re
nt

 in
 

a 
ci

rc
ui

t r
el

at
e 

to
 h

ow
 

qu
ic

kl
y 

a 
ba

tt
er

y 
w

ill
 ru

n 
ou

t o
f c

ha
rg

e?

KEEN TO INVESTIGATE?

PhET ‘Circuit Construction Kit’ simulation 
phet.colorado.edu/en/simulation/circuit-construction-kit-dc-virtual-lab

YouTube video: How to Mechatronics – What is Electric Charge and How Electricity Works 
youtu.be/iqVtGNQAC2E
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b	 Which equation correctly calculates the number of 
electrons required to hold a charge of –1.00 C?

a	 ​​n​ e​​ = ​  −e _ −1.00 ​ = 1.6 × ​10​​ −19​​

b	 ​​n​ e​​ = ​  −e _ 1.00 ​ = 1.6 × ​10​​ 19​​

c	 ​​n​ e​​ = ​ −1.00 _ −e  ​ = 6.25 × ​10​​ 18​​

d	 ​​n​ e​​ = ​ −1.00 _ −e  ​ = 6.25 × ​10​​ −18​​

Question
c	 Determine the number of electrons required to  

provide the magnitude of charge transferred during  
the weld.  (4 MARKS)

EXAM-STYLE QUESTIONS

This lesson

Question 8	 (4 MARKS)

An electric drill that consumes 220 W of power is driven by a 
20 V ideal battery.

a	 What is the operating current of the drill?  (1 MARK)

b	 Jane uses the drill for 12 s to create a hole.  
How much energy is delivered by the battery to  
the drill in this period?  (1 MARK)

c	 How many electrons pass through a single point in 
the drill’s circuit during the 12 s? The magnitude of an 
electron’s charge is ​1.6 × ​10​​ −19​​ C.  (2 MARKS)

Question 9	 (1 MARK)

Determine the electric potential energy of a 3.0 C charge after 
it passes through a 5.0 V phone charger.

Question 10	 (5 MARKS)

A cell delivers 10 W of power to an electrical component.  
The component is replaced with a different device that uses 
20 W of power when connected to the cell.

a	 Determine the time it would take for the replacement 
component to use the same amount of energy as the 
first component would in 8.0 s.  (2 MARKS)

b	 Compare the voltage and current of each component. 
Justify your answer by referencing a property of an ideal 
source of potential difference.  (3 MARKS)

Question 11	 (3 MARKS)

Determine the voltage supplied to a light bulb that uses 
3.6 kJ of energy every hour and draws 2.0 A of current.

Question 12	 (2 MARKS)

A common cause of power blackouts is a flashover,  
which occurs when electricity arcs through the air between 
power lines and surrounding objects. A particular arc 
lasts 0.50 s and delivers ​500​ MJ of energy to the ground. 
Determine the amount of charge transferred from the  
power line by this arc if the power line voltage is 66 kV.

Question 13	 (2 MARKS)

Josie and Kendall are debating how electric current flows. 
Josie states that current can flow without the physical 
movement of particles, while Kendall states that current 
requires the physical movement of charged particles.  
Who is correct – Josie or Kendall? Explain your answer.

Question 14	 (3 MARKS)

Describe the flow of energy from the battery and through the 
circuit shown in the diagram. Make sure to reference where 
energy is stored, transferred, and transformed.

+

Previous lessons

Question 15	 (2 MARKS)

Rady Ation uses a furnace to melt some metal. As it heats up, 
he observes that it begins to glow.

a	 Name the type of heat transfer that is causing  
this glow.  (1 MARK)

b	 State the colour that the metal will first begin  
to glow.  (1 MARK)

Question 16	 (2 MARKS)

Determine whether or not the trend circled on this global 
average temperature versus time graph is a climatic trend. 
Support your answer with the relevant theory.
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mean
Five-year
smoothing
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0
0.2
0.4
0.6
0.8
1.0

Key science skills

Question 17	 (5 MARKS)

Cici T. Vee records the current passing through her security 
camera network at a range of power settings.

Power (W) Current (mA)

20 94

30 120

50 225

100 420

a	 Plot Cici’s data on a power vs current graph. Include a 
line of best fit.  (3 MARKS)

b	 Using the graph, determine the voltage at which the 
camera network is operating.  (2 MARKS)
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Theory summary
•	 Resistivity, ​ρ​, is how much a material opposes the flow of current.

	– Resistivity is an inherent property of a material that does not depend on geometry.
	– It is measured in ohm metres (Ω m).
	– Materials can be either conductors, insulators, or semiconductors depending on  

their resistivity.

•	 Resistance, ​R​, is how much an object opposes the flow of electric current.

	– Resistance depends on an object’s material and geometry.
	– It is measured in ohms (Ω).

	– For a uniform object: ​R = ρ ​ L __ A ​​

•	 A resistor is an electrical component used to add resistance to a circuit.

	– Resistors dissipate thermal energy.

•	 Ohm’s law tells us that for a given resistance, applying a greater potential difference will 
drive a greater current.

	– ​V = IR​
	– An ohmic device has a constant resistance for all voltages.

•	 Resistance is the ratio of current to potential difference.

	– I-V graphs of ohmic devices are linear so they have a constant gradient.

	– The gradient of an I-V graph for an ohmic device is ​​ 1 __ R ​​.

	– I-V graphs of non-ohmic devices are non-linear so they have a varying gradient.

CONCEPT DISCUSSION QUESTION

Components in common circuits have resistances that generally range in magnitude 
from ohms to megaohms (​× 1​0​​ 6​​ Ω). Discuss whether it is important to consider the 
resistance of the wires connecting the components when analysing these circuits. 
Discuss how your answer might change if the wires in the circuit were extremely long or 
extremely thick?
Answers on page 505
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KEEN TO INVESTIGATE?

Boston University ‘Ohm’s law’ simulation 
physics.bu.edu/~duffy/HTML5/ohm_IVgraph.html

PhET ‘Ohm’s law’ simulation 
phet.colorado.edu/en/simulation/ohms-law

YouTube video: SparkFun Electronics – Ohm’s law 
youtu.be/8jB6hDUqN0Y

YouTube video: The engineering mindset – Ohm’s law explained 
youtu.be/HsLLq6Rm5tU

Hyperphysics – Microscopic view of Ohm’s law 
hyperphysics.phy-astr.gsu.edu/hbase/electric/ohmmic.html
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EXAM-STYLE QUESTIONS

This lesson

Question 8	 (2 MARKS)

A cylindrical copper wire to be used inside an electric motor 
is 0.30 m long with a radius of ​2.0 × ​10​​ −3​​ m. The resistivity of 
copper is ​1.7 × ​10​​ −8​​ Ω m. Determine the resistance of this wire.

Question 9	 (1 MARK)

When a 12 V potential difference is applied across a resistor, it 
drives a current of 0.20 A. Determine the resistor’s resistance.

Question 10	 (4 MARKS)

A graphite electrode used in an arc furnace has a diameter of 
60 cm, a length of 2.4 m, and is known to have a resistance of 
12 μΩ.

a	 Determine the resistivity of the graphite in this electrode. 

(3 MARKS)

b	 Determine the current when a potential difference of  
900 V is applied across the electrode.  (1 MARK)

Question 11	 (2 MARKS)

A current of 40 mA is measured by the ammeter in this circuit.

V A+
−

90 Ω

40 mA

Determine the potential difference that will be measured by 
the voltmeter.

Question 12	 (2 MARKS)

When an ohmic device with resistance R is connected to an 
ideal source with potential difference V, a current of I flows 
through it.

a	 If the potential difference were to triple what would the 
resulting current be?  (1 MARK)

a	 ​I​

b	 ​2I​

c	 ​​ 1 __ 3 ​ I​

d	 ​3I​

b	 If the resistance were to double, what would the 
potential difference across the device be?  (1 MARK)

a	 ​​ 1 __ 2 ​ V​

b	 ​​ 1 __ 4 ​ V​

c	 ​V​

d	 ​2V​

Question 13	 (2 MARKS)

A piece of a wire has a resistance of 12 Ω.

a	 What would be the resistance of two of these pieces if 
they were placed side by side (in parallel)?  (1 MARK)

b	 What would be the resistance of the piece of wire if it 
were three times as long?  (1 MARK)

Question 14	 (2 MARKS)

3.0 A of current flows through an ohmic phone charger when 
an ideal 60 V source is connected. Determine the current that 
would flow through the charger if it was connected to an 
ideal 45 V source.

Question 15	 (6 MARKS)

I-V graphs are produced for two electrical devices P and Q.

I (A)

V (V)
–10 –5 5 10

0.02

–0.02

–0.04

0.04

P

I (A)

V (V)
–10 –5 5 10

2

–2

–4

4

Q

a	 Which of the devices is ohmic?  (1 MARK)

b	 Use the graph for device P to determine its resistance. 
(3 MARKS)

c	 Use Ohm’s law to determine the resistance of device Q 
when the voltage applied is 5 V.  (2 MARKS)
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Question 16	 (4 MARKS)

Compare the quantities resistivity and resistance. Your answer 
should reference what each term measures and the factors 
that affect each term.

Previous lessons

Question 17	 (2 MARKS)

A sample of lead is heated to 1700°C and is glowing red.  
By modelling the sample as a black body, calculate the ​​λ​ max​​​ 
of the radiation emitted. Take Wien’s constant ​b​ to be  
​2.89 × 1​0​​ −3​​ m K.

Question 18	 (2 MARKS)

The spectrum of electromagnetic radiation is divided into 
X-rays, visible light, infrared, radio waves, gamma rays, 
microwaves, and ultraviolet. List these types of radiation from

a	 longest to shortest wavelength.  (1 MARK)

b	 highest energy to lowest energy.  (1 MARK)

Key science skills

Question 19	 (6 MARKS)

Elle Ektrik is experimenting with two resistors of unknown 
resistance. She produces the following data with a high level 
of confidence:

Current (mA)

Voltage (V) Resistor 1 Resistor 2

1.5 70 40

3.0 160 80

4.5 230 110

6.0 280 150

a	 Plot the data on an I-V graph. Be sure to include  
axis labels, appropriate units, and lines of best fit.  
Label each line of best fit with the corresponding  
resistor number.  (5 MARKS)

b	 Without using calculations, determine which resistor has 
a greater resistance.  (1 MARK)
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Question 5	

Which of the following statements about series circuits  
is incorrect?

a	 All components in a series circuit are connected end  
to end.

b	 Adding more components to a series circuit will increase 
the total power transferred to the circuit.

c	 The voltage drop across individual series resistors 
follows Ohm’s law. 

d	 The current at all points in a series circuit is equal.

DECONSTRUCTED EXAM-STYLE QUESTION

Question 6	 (4 MARKS)

Students are experimenting with the series circuit shown.

100 Ω

400 Ω14.0 V

200 Ω

R2

R3

R1

Prompts
a	 What is the relationship between the current going 

through each resistor?

a	 Equal

b	 Proportional to resistance

c	 Inversely proportional to resistance

d	 Not enough information to determine

b	 What is the equivalent resistance of the three resistors?

a	 57 Ω

b	 400 Ω

c	 700 Ω

d	 1400 Ω

c	 What is the current through ​​R​ 3​​​?

a	 0.200 A

b	 0.0200 A

c	 0.140 A

d	 0.0140 A

d	 What is the voltage drop across ​​R​ 3​​​?

a	 20.0 V

b	 2.00 V

c	 14.0 V

d	 1.40 V

Question
e	 Determine the power dissipated by ​​R​ 3​​​.  (4 MARKS)

EXAM-STYLE QUESTIONS

This lesson

Question 7	 (2 MARKS)

Three resistors are connected in series.

450 Ω 400 Ω

200 Ω

R2R3

R1

a	 What is the equivalent resistance of the series  
resistors shown?  (1 MARK)

b	 What is the equivalent resistance of resistors ​​R​ 2​​​ and ​​R​ 3​​​?   
(1 MARK)

Question 8	 (3 MARKS)

An ideal cell provides 12 V to the series circuit shown.

20 Ω

10 Ω

12 V
+ R2

R1

a	 Determine the current through the circuit.  (2 MARKS)

b	 Determine the voltage drop across ​​R​ 2​​​.  (1 MARK)

Question 9	 (3 MARKS)

Determine the voltage of the DC supply in this circuit.  
The voltage drop across ​​R​ 2​​​ is 4.0 V.

400 Ω 4.0 V

200 Ω

R2

R1

Question 10	 (3 MARKS)

A 20 V DC source is connected to the circuit shown. 
Determine the voltage drops across each of ​​R​ 1​​​, ​​R​ 2​​​, and ​​R​ 3​​​.

2x Ω

x Ω

x Ω

20 V R2

R1

R3
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Question 11	 (1 MARK)

Determine the power dissipated by the resistor ​​R​ 2​​​ in the 
circuit shown.

10 Ω

20 Ω

40 Ω

20 V R2

R1

R3

Question 12	 (5 MARKS)

The following circuit is being tested.

10 Ω

20 Ω

40 Ω

20 V R2

R1

R3

a	 What is the power delivered by the DC voltage source? 
(3 MARKS)

b	 What is the power consumed by ​​R​ 3​​​?  (2 MARKS)

Question 13	 (9 MARKS)

Four 1.5 V AA cells are powering the circuit of a remote 
controlled toy. In this configuration, the toy’s antenna is 
transmitting information. The remote control unit will 
overheat if a current greater than 7.00 mA flows through it.

1.0 kΩ

25 Ω 30 Ω

Antenna
transmitting

Remote 
control unit

+1.5 V
+1.5 V
+1.5 V
+1.5 V

a	 Will the unit overheat in the configuration shown?  (3 MARKS)

b	 The 1.0 kΩ resistor stops working and needs to be 
replaced. Four replacement resistors are available with 
resistances of 800 Ω, 810 Ω, 820 Ω, or 830 Ω. Determine 
the resistor with minimum resistance that will prevent 
the control unit from overheating.  (3 MARKS)

c	 When the antenna is receiving information, it can be 
modelled as a 0.33 V DC voltage source rather than a 
resistor, as shown.

1.0 kΩ

0.33 V 30 Ω

Antenna transmitting

Remote 
control unit

+1.5 V
+1.5 V
+1.5 V
+1.5 V

	 What is the power delivered to the circuit by the 
antenna? Give your answer in mW.  (3 MARKS)

Question 14	 (3 MARKS)

Sione and Bruno are debating the effect of adding resistive 
components on the power usage of a series circuit. Sione 
says that adding components will decrease the power used, 
whereas Bruno says that it will increase power use. Evaluate 
both claims and state who is correct.

Question 15	 (2 MARKS)

A DC source delivers 10 W to this series circuit. Determine the 
power dissipated by ​​R​ 3​​​ to three significant figures.

1 kΩ

2 kΩ

5 kΩ

R2

R3

R1

Question 16	 (6 MARKS)

A circuit containing two DC sources and three resistors is 
shown below.

50 Ω

150 Ω

200 Ω
5.0 V

5.0 V

a	 Determine the power delivered by each source.  (3 MARKS)

b	 Draw an equivalent circuit which has only one source, 
VT , and one resistor, ​​R​ T​​​ . Label each component and 
include the values of ​​V​ T​​​ and ​​R​ T​​​ .  (2 MARKS)

c	 What would happen to the power delivered by each 
source if the position of the 200 Ω resistor and a source 
were swapped?  (1 MARK)

Previous lessons

Question 17	 (2 MARKS)

Explain why the solid rock in the Earth’s mantle can convect. 
Comment on the speed of the convection.

Question 18	 (2 MARKS)

Determine the voltage supplied to a light bulb that uses  
7.2 kJ every hour and draws 1.0 A of current.

Key science skills 

Question 19	 (2 MARKS)

Mahua is investigating the effect of increasing resistance 
on power delivery in series circuits. She connects an ideal 
cell to an increasing number of resistors, each having equal 
resistance. Each time Mahua connects another resistor, she 
records the current through the circuit once and proceeds 
with adding the next resistor. Explain how a change to 
Mahua’s experiment could decrease the effect of random 
error on her results.
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Question 4	

Fill in the blanks below to complete the paragraph about 
parallel circuits.

In parallel circuits, multiple components are connected 
_ (end to end/to the same node). When more 
resistive components are added to a parallel circuit powered 
by an ideal source, the power consumption of the circuit 
_ (decreases/increases/stays the same), while the 
power consumption of each original resistive component 
_ (decreases/increases/stays the same).

Question 5	

List the four resistors below in an increasing order of the 
power they consume.

5 V

R1
10 Ω

R2
20 Ω

R3
30 Ω

R4
40 Ω

Question 6	

Which of the following would not happen to the circuit 
shown if one bulb were removed? When removed, the bulb is 
replaced by a gap in the circuit.

50 Ω50 Ω 50 Ω
+

a	 The power consumption of each remaining bulb would 
not change.

b	 The power consumption of the circuit would decrease.

c	 No current would flow through the circuit since there is 
a gap.

d	 The voltage across each bulb would remain the same.

Question 7	

Rank the three circuits below from the lowest equivalent 
resistance to the highest equivalent resistance.

Circuit 1 Circuit 2 Circuit 3

10
 Ω

10
 Ω

20
 Ω

20
 Ω

10
 Ω

10
 Ω

10
 Ω

DECONSTRUCTED EXAM-STYLE QUESTION

Question 8	 (4 MARKS)

A 240 V DC power source is being used to run a set of 
appliances wired in parallel. Assume each appliance can be 
modelled as a resistor.

300 Ω200 Ω 400 Ω

240 V

Prompts
a	 What is the voltage across the 300 Ω resistor?

a	 240 V

b	 120 V

c	 80 V

d	 60 V

b	 Which of the following equations could be used to find 
the total current provided by the source?

a	 ​240 = ​I​ T​​ × 300​

b	 ​80 = ​I​ T​​ × 900​

c	 ​240 = ​I​ T​​ × ​R​ T​​​

d	 ​80 = ​I​ T​​ × ​R​ T​​​

c	 Which of the following equations could be used to find 
the current through the 300 Ω resistor?

a	 ​240 = ​I​ 300 Ω​​ × 300​

b	 ​80 = ​I​ 300 Ω​​ × 900​

c	 ​240 = ​I​ 300 Ω​​ × ​R​ T​​​

d	 ​80 = ​I​ 300 Ω​​ × ​R​ T​​​

Question
d	 By calculating both power values, determine what 

fraction of the total power delivered by the source is 
consumed by the 300 Ω resistor.  (4 MARKS)

EXAM-STYLE QUESTIONS

This lesson

Question 9	 (2 MARKS)

Determine the equivalent resistance of the following  
parallel resistors.

a	

R2
400 Ω

R1
600 Ω

R3
800 Ω

b	

R5
100 kΩ

R4
100 Ω
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Question 10	 (4 MARKS)

a	 Determine the total current provided to this parallel 
circuit by the ideal cell.  (2 MARKS)

+

9 V
100 Ω50 Ω 50 Ω

b	 Determine the current passing through the  
100 Ω resistor.  (2 MARKS)

Question 11	 (2 MARKS)

The total current provided to this parallel circuit by the ideal 
DC source is 5.0 A. Calculate the current passing through ​​R​ 2​​​.

R2
4x Ω

R1
x Ω

Question 12	 (5 MARKS)

+

9.0 V
40 Ω20 Ω 20 Ω

a	 Determine the total power dissipated by this  
parallel circuit.  (3 MARKS)

b	 Determine the power dissipated by the two  
20 Ω resistors.  (2 MARKS)

Question 13	 (2 MARKS)

Joanne is comparing different sets of decorative lights 
and wants to choose the lights with the lower power 
consumption. The two sets of lights contain different 
numbers of identical bulbs which have the same electrical 
characteristics and are connected in parallel. Explain whether 
Joanne should choose the set with more or fewer lights.

Question 14	 (5 MARKS)

The circuit for an electronic toy can be driven by either a single 
1.5 V cell or two 1.5 V cells in parallel, as shown. With reference 
to Ohm’s law, compare the voltage and current provided by 
the cell/cells to the circuit in each setup.

+

1.5 V
Toy circuit

+

1.5 V 1.5 V
Toy circuit

Question 15	 (1 MARK)

What would be the effect on power consumption if infinitely 
many resistors were added to an ideal source in parallel?

Question 16	 (3 MARKS)

An engineer is tasked with constructing a radio tuning circuit 
and requires a 200 Ω resistor. However, the only resistors 
available are one each of a 100 Ω, a 400 Ω, a 600 Ω, a 1000 Ω, 
and a 1200 Ω resistor. Draw a parallel combination of resistors 
that the engineer can use to create a 200 Ω resistor.

Previous lessons

Question 17	 (1 MARK) 

What is the driving factor influencing the formation of energy 
flows at the Earth’s surface?

Question 18	 (3 MARKS)

a	 Determine the resistance of a bulb that draws a  
current of 10 A when a potential difference of 240 V  
is applied.  (1 MARK)

b	 If the bulb filament is 2.0 cm long and has a 
cross-sectional area of 1.0 mm2, determine the 
resistivity of the filament.  (2 MARKS)

Key science skills

Question 19	 (3 MARKS)

Rahj conducts an investigation where he measures the 
total current supplied by a voltage source to a parallel 
circuit as different numbers of 1 kΩ resistors are connected. 
Identify the independent variable, the dependent variable, 
and a controlled variable in this experiment.
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4E Questions
THEORY REVIEW QUESTIONS

Question 1	

Identify the types of connections (series or parallel) for 
each labelled group of components S, T, U, and V in this 
combination circuit.

S

T

U

V

Question 2	

Simone has been asked to find the current passing through R4. 
Number the actions below to create a step-by-step process 
for Simone to solve this problem.

R1

R2

R5R4R3

Step no. Action

Find total equivalent resistance of the circuit

Find the equivalent resistance of the parallel resistors

Find the current passing through R4 using Ohm’s law  

or In ∝ ​​ 1  __ ​R​ n​​ ​​

Find the total current using Ohm’s law

Question 3	

Which of the following options is an equivalent circuit 
diagram to this combination circuit?

R1

R2

R5
R4

R3

A B

R1 R1

R2
R2

R5
R5

R4

R4

R3

R3

DECONSTRUCTED EXAM-STYLE QUESTION

Question 4	 (4 MARKS)

This electric circuit represents the internal circuitry of  
an appliance.

R2 = 400 Ω

R1 = 100 Ω

R3 = 400 Ω
230 Ω R4 = 30.0 Ω

CONCEPT DISCUSSION QUESTION

When we measure the voltage across a component, a voltmeter is connected in parallel 
with that component. However, a voltmeter is a resistive component, which we would 
expect to affect the operation of the circuit. 

Discuss the requirement for the voltmeter resistance in order for its measurement to 
accurately represent the component voltage if the voltmeter were not present.
Answers on page 505 H
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Prompts
a	 Which of the following is closest to the equivalent 

resistance for the group of components containing ​​R​ 2​​​ 
and ​​R​ 3​​​ only?

a	 100 Ω

b	 200 Ω

c	 400 Ω

d	 800 Ω

b	 Which of the following is closest to the total equivalent 
resistance of the circuit?

a	 20.0 Ω

b	 230 Ω

c	 330 Ω

d	 930 Ω

c	 Which of the following statements about the appliance 
circuit is incorrect?

a	 The current through ​​R​ 4​​​ is equal to ​​ 
​I​ T​​

 __ ​R​ 4​​ ​​

b	 The current through ​​R​ 4​​​ is equal to ​​I​ T​​​

c	 The voltage across ​​R​ 4​​​ is equal to ​​ 
​R​ 4​​

 __ ​R​ T​​ ​ × ​V​ T​​​

d	 The voltage across ​​R​ 4​​​ is equal to ​​I​ T​​ × ​R​ 4​​​

Question
d	 How much power is consumed by ​​R​ 4​​​?  (4 MARKS)

EXAM-STYLE QUESTIONS

This lesson

Question 5	 (6 MARKS)

Determine the equivalent resistance of each 
combination circuit.

a	

R6
4.0 Ω

R7
4.0 Ω

R5
8.0 Ω

R3
3.0 Ω

R2
7.0 Ω

R4
5.0 Ω

R1
5.0 Ω

(2 MARKS)

b	

 

R3
50 Ω

R6
50 Ω

R4
40 Ω

R5
60 Ω

R1
30 Ω

R2
200 Ω

(2 MARKS)

c	

R3
30 Ω R4

70 Ω

R2
600 Ω

R1
200 Ω

 

(2 MARKS)

Question 6	 (4 MARKS)

Determine the voltage drop across ​​R​ 1​​​ and ​​R​ 4​​​ in this 
combination circuit.

 

30 V

R1
7.5 Ω

R2
10 Ω

R5
15 Ω

R4
15 Ω

R3
15 Ω

Question 7	 (5 MARKS)

1.0 A of current flows through ​​R​ 1​​​ in this combination circuit. 
Determine the resistance of ​​R​ 2​​​.

R3
10 Ω

R1
12 Ω R2

R4
14 Ω

48 V
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Question 8	 (5 MARKS)

Which of the resistors in this combination circuit would 
consume the most power? Show your working.

E120 V

R5
15 Ω

R1
20 Ω

R3
10 Ω

R4
2.0 kΩ

R2
30 Ω

Previous lessons

Question 9	 (2 MARKS)

During which Southern Hemisphere season does Australia 
receive the greatest intensity of solar radiation? Explain why 
this is the case. Ignore the effects of weather.

Question 10	 (2 MARKS)

Determine the total current provided by the source in this 
series circuit.

9 V

R1
10 Ω

R3
50 Ω

R2
30 Ω

Key science skills

Question 11	 (3 MARKS)

Joanne has performed two experiments to determine the 
total current provided to a combination circuit. She records 
the following results:

​​I​ T​​​ (mA)

Experiment 1 5.5 5.4 5.6 5.6 5.6

Experiment 2 5.8 5.1 5.9 5.9 5.5

The true value of ​​I​ T​​​ is known to be 5.5 mA.

Determine which experiment produced the more precise 
results, and which experiment produced the more accurate 
results. Explain your answer.















Voltage dividers  1.2.7.2

OVERVIEW
Voltage dividers use the ratio of resistances between two resistors to output a 
specific voltage that is smaller than the input voltage.

THEORY DETAILS
Many complex circuits require different voltages to operate their various 
components. As such, it is often required to ‘divide’ a fixed input voltage into  
a smaller output voltage. The simplest method to achieve this is to use a  
voltage divider.

•	 A voltage divider consists of two resistors in series, with the output defined as 
the voltage across one of the resistors.

•	 Since the resistors are in series, the total input voltage is split between the 
resistors proportional to their resistances.

If we define ​​R​ 2​​​ as the output resistor:

​​V​ out​​ = ​ 
​R​ 2​​

 ______ ​R​ 1​​ + ​R​ 2​​ ​ × ​V​ in​​​

​​V​ out​​​ = output voltage (V), ​​R​ 2​​​ = resistance of output resistor (Ω), 

​​R​ 1​​​= resistance of other resistor (Ω), ​​V​ in​​​ = input voltage (V)

The performance of voltage dividers is heavily affected by the load that is connected at  
the output.

•	 The output resistor ​​R​ 2​​​ and the connected load ​​R​ L​​​ form a parallel connection.

•	 When ​​R​ L​​​ is significantly larger than ​​R​ 2​​​, like when a voltmeter is the load, the output 
voltage is not significantly affected.

•	 However, if the load resistance is not much greater than ​​R​ 2​​​, the output voltage will be 
significantly reduced.

This loading effect is a key limitation of voltage dividers, and the reason that more complex 
voltage converters are used when a load needs to be powered.

Behaviour of real electrical components  1.2.11.1

OVERVIEW
Real electrical components have non-ideal properties. Light bulbs do not behave as 
ohmic resistors, and voltage and current sources have an associated internal resistance.

THEORY DETAILS
In Chapter 4, we analysed circuits with ideal sources and mainly ohmic components. 
However, real components have limitations that make their behaviour non-ideal.

Light bulbs

Light bulbs are often modelled as resistors with a constant resistance, however light bulbs do 
not behave like this in real circuits. 

Incandescent (filament) bulbs produce light through thermal radiation by heating their 
filament with a current. We learned in Lesson 4B that resistance is dependent on temperature, 
so when the filament heats up, its resistance increases.

•	 When a small voltage is applied to an incandescent bulb, a small current flows, so the 
filament does not heat up significantly and the resistance remains small.

•	 As the voltage increases, the current increases and the filament heats up more,  
increasing the resistance.

•	 Because the resistance is increasing with the applied voltage, the light bulb is a  
non-ohmic device.

Vin

R2

R1

Vout =       
R2     × Vin R1 + R2

Figure 1  A voltage divider

I (A)

V (V)

Low resistance at 
low temperature

High resistance at 
high temperature

Figure 2  An I-V graph of an 
incandescent bulb. As the applied 
voltage and current increases, the 
temperature of the filament rises, 
increasing the resistance of the bulb 
and limiting the current.
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Thermistors

Thermistors are variable resistors whose resistance varies with temperature. While all 
resistors are affected by temperature, thermistors are much more sensitive, so their 
resistance varies more significantly.

Thermistors can increase or decrease resistance with increasing temperature. The resistance 
of a thermistor at a specific temperature must be read from its resistance-temperature graph. 
For example, if we were told that the thermistor represented in Figure 11 was at 25°C,  
we would use the graph to determine it has a resistance of 10 kΩ.

Temperature (°C)

Re
si

st
an

ce
 (k

Ω
)

15 20 25 30 35 40 45 5010

6

4

8

10

12

14

16

18

Figure 11  An example of a resistance-temperature graph for a thermistor

Light-dependent resistors

Light-dependent resistors (LDRs), also known as photoresistors, are a type of variable resistor 
where the resistance decreases as the intensity of light hitting its sensitive surface increases. 

Like thermistors, a graph (in this case a resistance-light intensity graph) must be used to 
determine the resistance of an LDR for a given light intensity.

Light intensity in luxDark Very bright

Re
si

st
an

ce
 (k

Ω
)

100 200 300 400 500 600 700 8000

200

0

400

600

800

1000

Figure 13  An example of a resistance-light intensity graph for a thermistor

Transducers

A transducer is any device that is designed to convert energy between different forms. 
An electric component (such as an LED, microphone, or motor) or a circuit itself can be 
a transducer. Transducers are important parts of electric circuits, often acting as sensors or 
outputs of a circuit. A common way that transducer circuits are constructed is using a variable 
resistor in a voltage divider to transform an input energy – such as thermal energy or light – 
into an electric signal with electrical potential energy.

In such a voltage divider, a variable resistor can be either the output resistor or the 
other resistor. Figure 14 is an example of using a thermistor as the other resistor.

If we choose a thermistor whose resistance decreases with temperature, the output voltage 
of the divider will increase with temperature. In this way, we have essentially created a 
digital thermometer. A switching circuit that turns on at a certain voltage can then be used 
to operate additional components when a certain temperature (and thus voltage) is reached. 
A transducer like this could be used as a temperature sensor in the control system of an 
air conditioner.

Figure 10  The circuit diagram 
symbol for a thermistor

OR

Figure 12  The circuit diagram 
symbols for a light-dependent 
resistor

Vout

Vin

R1

R2

Figure 14  Using a thermistor in a 
voltage divider circuit to create a 
digital thermometer
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DECONSTRUCTED EXAM-STYLE QUESTION

Question 6	 (4 MARKS)

An engineer is designing the circuitry of an air conditioner. 
She has a 12.0 V source with an internal resistance of 1.00 Ω, 
a thermistor represented by the graph below, and a 
potentiometer with a range of 200–1000 Ω.

Thermistor properties

Temperature (°C)

R 
(Ω

)

20 22 24 26 28 3018

240

260

280

300

320

340

360

380

400

Prompts
a	 What is the resistance of the thermistor at 24°C?

a	 200 Ω

b	 300 Ω

c	 350 Ω

d	 250 Ω

b	 If we want to create a voltage divider that increases the 
output voltage with temperature, should the thermistor 
be the output resistor ​​R​ 2​​​?

a	 Yes

b	 No

c	 To output a voltage of 5.00 V, the ratio ​​ 
R2 _ R1 + R2

 ​​ of a voltage 

divider with a 12.0 V source needs to be equal to:

a	 ​​ 1 _ 2 ​​

b	 ​​ 1 _ 3 ​​

c	 ​​ 12 _ 5  ​​

d	 ​​  5 _ 12 ​​

Question
d	 Design a circuit using the circuit elements the engineer 

has available that will output a voltage of 5.00 V at 24°C, 
and above 5.00 V for temperatures above 24°C.  (4 MARKS)

EXAM-STYLE QUESTIONS 

This lesson

Question 7	 (2 MARKS)

An LED has a threshold voltage of 2.0 V and a maximum 
current of 20 mA. If it is to be powered with a 5.0 V source, 
what is the minimum resistance that could be used as a 
current-limiting resistor in the circuit shown?

5.0 V

2.0 V

R

Question 8	 (4 MARKS)

5.0 V

LDR

2.0 V
R1
20 Ω

Determine the voltage drop across the LDR in this circuit 
when the light intensity is 900 lux. The LDR and LED 
characteristics are represented by the graphs below.

LDR properties

Intensity (lux)

R 
(Ω

)

850 900 950 1000 1050 1100 1150 1200800

8

10

12

14

16

18

20

22

24

26

28

I

V2.0 V
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Question 9	 (1 MARK)

What is the current flowing through the thermistor in this 
combination circuit?

20 V 20 Ω

20 Ω

Question 10	 (2 MARKS)

Explain the effect of an internal resistance on the voltage and 
current that can be provided by a voltage source, compared to 
if the source was ideal.

Question 11	 (3 MARKS)

7.0 V

100 Ω

100 Ω

Determine the temperature of the thermistor in this circuit 
when a current of 100 mA is being provided by the source.  
The properties of the thermistor are shown in the graph below.

T (°C)

R 
(Ω

)

50 10 15 20

10

20

30

40

50

Question 12	 (4 MARKS)

Using an LDR with characteristics of the graph below, a 
potentiometer with a range of 40–4000 Ω, and a 300 V 
ideal source, design a circuit that will output 100 V when 
the intensity of light hitting the LDR is 500 lux, and which 
decreases the output voltage as intensity decreases.

Light intensity (lux)

R 
(k

Ω
)

5000 1000 1500 2000

1

2

3

4

5

Previous lessons

Question 13	 (2 MARKS)

Compare the interactions of solar radiation and Earth’s 
radiation when they encounter greenhouse gases. 

Question 14	 (2 MARKS)

Calculate the equivalent resistance of the parallel resistors 
shown in the diagram.

20 Ω

100 Ω

40 Ω

40 Ω

Key science skills 

Question 15	 (2 MARKS)

Explain what it means for an experiment to be valid, and list 
the stages of experimentation which affect validity.
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CONCEPT DISCUSSION QUESTION

While a household electrical system uses alternating current, some electronic 
appliances – especially those that store and process information such as mobile phones 
and computers – convert AC to DC. But appliances that simply convert electrical energy 
into another form of energy generally can run on AC. 

Discuss how AC can transfer electrical energy from the source to the appliance even 
though the individual charges (electrons) only move back and forth by very small 
distances. Use a hand saw as an analogy in your discussion.
Answers on page 505 H
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KEEN TO INVESTIGATE?

PhET ‘AC circuit construction’ simulation 
phet.colorado.edu/sims/html/circuit-construction-kit-ac/latest/circuit-construction-kit-ac_en.html

PhET ‘Generator’ simulation 
phet.colorado.edu/en/simulation/generator

YouTube video: AddOhms – Difference between AC and DC 
youtu.be/vN9aR2wKv0U

YouTube video: Chris Mahl – AC vs DC 
youtu.be/BcIDRet787k

YouTube video: Educational Video Library – What is Alternating Current? 
youtu.be/q-DKc4KHPqU

YouTube video: The Life Guide – Nikola Tesla Explained in 16 Minutes 
youtu.be/Ok8JDXSYw1U

5B Questions
THEORY REVIEW QUESTIONS

Question 1	

What does a kilowatt-hour measure?

a	 Energy

b	 Power

c	 Power per unit of time

Question 2	

How much energy is used by an electric oven that operates at 
3.0 kW for 2.0 hours?

a	 1.5 kW h

b	 6.0 kW h

Question 3	

2.0 kW h is equivalent to

a	 ​5.6 × 1​0​​ −7​​ J.

b	 ​1.8 × 1​0​​ 6​​ J.

c	 ​7.2 × 1​0​​ 6​​ J.

Question 4	

Which of the following statements is true?

a	 The ‘active wire’ is the name given to the positive 
terminal in an AC circuit and the ‘neutral wire’ is the 
name given to the negative terminal.

b	 The ‘active wire’ is the name given to the negative 
terminal in an AC circuit and the ‘neutral wire’ is the 
name given to the positive terminal.

c	 The active wire varies between having a positive 
potential and a negative potential. The neutral wire is 
fixed at 0 V.

Question 5	

Which of the following statements is true?

a	 The direction of current changes in an AC circuit.

b	 In an AC circuit, conventional current always flows from 
the active terminal to the negative terminal.

c	 In an AC circuit, conventional current always flows from 
the negative terminal to the positive terminal.
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Question 6	

The potential in the active wire of an AC electrical system varies 
between +200 V and –200 V. Which of the following is closest to 
the DC voltage that would deliver the same average power?

a	 ​​  1 ____ 
​√ 

_
 2 ​
 ​ × 200 = 141​ V

b	 200 V

c	 ​200 × ​√ 
_

 2 ​ = 283​ V

d	 400 V

Question 7	

Which of the following is the best reason for why circuits in 
homes are mostly parallel circuits?

a	 Parallel connections use less energy so they are cheaper 
and better for the environment.

b	 Parallel circuits allow individual appliances to be 
switched on or off without affecting other appliances.

DECONSTRUCTED EXAM-STYLE QUESTION

Question 8	 (3 MARKS)

An electric heater has a resistance of 80 Ω. It is connected to 
an AC electrical system so that the peak voltage across it is 
300 V. It operates for 4.0 hours.

Prompts
a	 Which of the following is closest to the RMS voltage 

across the heater?

a	 212 V

b	 300 V

c	 424 V

d	 600 V

b	 How is the RMS voltage related to the power 
consumption of the heater?

a	 ​P = ​V​ RMS​​ R​

b	 ​P = ​V​ RMS​​ × t​

c	 ​P = ​ 
​​V​ RMS​​​​ 2​

 _____ R  ​​

d	 ​P = ​ 
​V​ RMS​​

 ____ I  ​​

c	 How is the energy use related to the power consumption 
and the time of operation?

a	 ​E = ​ P __ t ​​

b	 ​E = P × t​

c	 ​E = ​P​​ 2​ × t​

d	 ​E = ​ t __ P ​​

Question
d	 Calculate the energy used by the electric heater over this 

time. Provide your answer in kilowatt-hours.  (3 MARKS)

EXAM-STYLE QUESTIONS 

This lesson

Question 9	 (3 MARKS)

A microwave oven heats a meal in 6.0 minutes and uses  
0.16 kW h in that time.

a	 Determine the power of the microwave oven in kilowatts. 
(2 MARKS)

b	 How much energy is used by the microwave oven over 
the 6.0 minute-period in joules?  (1 MARK)

Question 10	 (2 MARKS)

Rex is measuring the voltage from an AC signal generator 
using an oscilloscope, which produces the following output. 
The vertical scale is set to 0.4 V cm−1.

1 cm

Calculate the value of the constant DC voltage that would 
deliver the same power as this signal generator.
Adapted from 2010 VCAA Exam 1 Section B Detailed study 3 Q4

Question 11	 (2 MARKS)

The power outlets and fixed appliances in a household are 
usually connected in parallel. Explain how the operation of 
the lights in a household would be different if they were all 
connected in series. 

Question 12	 (5 MARKS)

An electric appliance with a resistance of 50 Ω uses an average 
of 242 W while operating on a household electrical system.

a	 Show that the RMS current flowing through the 
appliance is 2.2 A.  (2 MARKS)

b	 Calculate the peak current flowing through  
the appliance.  (1 MARK)

c	 How much energy is used by the appliance if it is 
operating for 2.5 hours? Provide your answer in  
kilowatt-hours.  (2 MARKS)
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CONCEPT DISCUSSION QUESTION

Consider what would happen if the earth pin and the neutral pin were swapped 
in a power outlet so that the appliance was wired between the active wire and the 
connection to the earth. Discuss whether the appliance will operate as normal and if 
there are any safety risks in this configuration.
Answers on page 506 H
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KEEN TO INVESTIGATE?

Country Fire Authority (2018), Victorian preventable house fire statistics 
news.cfa.vic.gov.au/-/victorian-preventable-house-fire-statistics 

YouTube video: Warped Perception – How a Circuit Breaker Works in Slow Motion 
youtu.be/wGFnooeA6Iw

5C Questions
THEORY REVIEW QUESTIONS

Question 1	

When a circuit containing a fuse is operating correctly

a	 current does not flow through the fuse.

b	 the fuse forms part of the circuit.

Question 2	

A fuse is designed to prevent

a	 electric shock.

b	 fires and damage to appliances.

Question 3	

A fuse is not an effective protection against electric  
shock because

a	 the current required by most appliances, which must 
also flow through the fuse, is greater than the amount 
required to cause electric shock.

b	 there is usually some current left in a circuit, even  
when the circuit has opened, which can still cause 
electric shock.

Question 4	

When a fuse has opened a circuit due to too much current

a	 it can be reset.

b	 it must be replaced.

Question 5	

The main difference between a circuit breaker and a fuse  
is that

a	 circuit breakers can be reset once they have been tripped.

b	 circuit breakers open a circuit when too much current 
flows through the circuit.

Question 6	

If the current flowing through the active wire is greater than 
the current flowing through the neutral wire, it indicates that

a	 current is flowing somewhere that it is not supposed to.

b	 current is being used up by the appliance.

Question 7	

A residual current device opens a circuit when

a	 there is too much current flowing through the active and 
neutral wires.

b	 the device detects different amounts of current in the 
active and neutral wires.

Question 8	

The main purpose of an RCD and the earth wire is to prevent

a	 electric shock

b	 fires and damage to appliances.

Question 9	

When a circuit is operating correctly

a	 current does not flow through the earth wire.

b	 the earth wire forms part of the circuit.

Question 10	

Which of the following measurements, by itself, would give 
the best indication of the severity of an electric shock?

a	 The voltage applied to the person

b	 The amount of current flowing through the person

c	 The resistance of the person
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Question 17	 (4 MARKS)

Tyson is installing a small refrigeration system into an esky 
so that the refrigerator motor turns on when the temperature 
is greater than 5°C. He builds the electric circuit from the 
following devices.

•	 A thermistor with the characteristics shown in the graph.

5 10 15 20 25 30

1000

2000

3000

4000

Resistance (Ω)

Temperature (°C)

•	 A 12 V battery

•	 One of the following resistors: 2500 Ω, 5000 Ω, 7500 Ω

•	 A switching circuit that turns on the refrigerator motor 
when the voltage across the input is greater than 8 V

Input MotorSwitching 
circuit

a	 What is the resistance of the thermistor when the 
temperature is 5°C?  (1 MARK)

b	 Using the thermistor, the 12 V battery, and one resistor 
from the listed resistors, draw a circuit to produce a 
voltage greater than 8 V at the input of the switching 
circuit when the temperature is greater than 5°C,  
thus turning the refrigerator motor on. You must  
include the value of the resistor you have used in  
your diagram.  (3 MARKS)

Adapted from 2011 VCAA Exam 1 Section A AoS 2 Q5–6

Key science skills

Question 18	 (2 MARKS)

Some students are measuring the current rating of an 
electrical fuse that is well established to have a rating of  
5.0 ± 0.2 A. They take five measurements, as follows: 5.4 A,  
5.1 A, 5.5 A, 5.6 A, 5.9 A.

a	 The students could reasonably describe the 
measurement uncertainty of their results as about

a	 0.2 A

b	 0.3 A

c	 0.4 A

d	 0.8 A

(1 MARK)

b	 If the manufacturer’s rating is taken to be correct, 
what is the minimum error in the student’s average 
measurement?

a	 0 A

b	 0.2 A

c	 0.3 A

d	 0.5 A

(1 MARK)

Adapted from 2017 VCAA Sample Exam Section A Q9





































•	 Initially, physicists thought that there were both protons and electrons in the nucleus, 
so that extra protons in the nucleus could add the required mass and have their charge 
‘cancelled out’ by the presence of electrons.

•	 This theory does not align with spin predictions and other quantum mechanical theories.

Discovery:

•	 A 1930 experiment by Walther Bothe and Herbert Becker found that alpha particles 
(described in Lesson 6D) hitting a beryllium atom produced uncharged radiation. 
They thought the radiation might be gamma radiation, but this did not align with the 
experimental results.  

•	 Based on this experiment, in 1932 James Chadwick performed a series of experiments 
that demonstrated that the uncharged radiation was actually uncharged particles with 
approximately the same mass as a proton – these were neutrons! He won the 1935 Nobel 
Prize in Physics for his discovery. 

Neutrino

Prediction:

•	 Wolfgang Pauli proposed the existence of the neutrino in 1930 because an extra unobserved 
particle was needed in order for the experimentally observed results of beta decay 
(described in Lesson 6D) to follow momentum conservation and energy conservation.

Discovery:

•	 In 1956, Clyde Cowan and Frederick Reines ran an experiment where an unknown type of 
particle produced by a nuclear reactor reacted with protons. By observing the products of 
the reaction, they were able to prove that the unknown particles had to be antineutrinos. 
Scientists knew this meant that neutrinos must exist too.  

Positron 

Prediction:

•	 In 1928, Paul Dirac published a paper that predicted that electrons could have positive 
and negative charges as a mathematical consequence of his calculations. He then 
proposed the positron as a separate particle in 1931 as a response to the controversy 
surrounding his prediction.

Discovery: 

•	 In 1932, Carl David Anderson ran an experiment where cosmic rays  
passed through a cloud chamber (a container full of a gas that leaves 
cloud-like tracks where energetic charged particles passed through). 
An external magnetic field was applied to the cloud chamber so 
charged particles would have their path bent by the magnetic force. 
Anderson discovered the positron by observing a particle that had 
the same mass to charge ratio as an electron, but with a positive 
charge (indicated by the direction in which its path was bent), 
as shown in Figure 6.

Higgs boson

Prediction:

•	 Initially, the Standard Model predicted that the gauge bosons of the 
electromagnetic force and weak force should be massless. This holds 
for the photon, but the W and Z bosons are massive, even more 
massive than an atom of iron!

•	 In 1964, Peter Higgs predicted that there must be another particle 
(and associated field) that particles were interacting with that was 
responsible for producing their mass. This would be allowed by the 
Standard Model, while matching the experimental observation of 
the mass of the W and Z bosons. 

Discovery: 

•	 The discovery of the Higgs boson was announced on July 4, 2012 by the team at the ATLAS 
and CMS detectors at the Large Hadron Collider at CERN. Protons were collided together 
trillions of times at speeds close to the speed of light. By analysing promising collisions 
and with statistical analysis physicists proved the existence of the particle. 

Figure 6  The image created by Anderson that proved the 
existence of the positron. The positron travelled from the bottom 
to the top of the image, curving to the left. An electron under the 
same conditions would curve to the right.
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Theory summary 
•	 The standard model divides the fundamental particles into three categories – quarks, 

leptons and bosons.

	– Quarks combine to form baryons (composed of an odd number of quarks) and mesons 
(composed of a quark and antiquark).

	– Leptons are composed of the electron, muon and tau particle and their  
corresponding neutrinos.

	– Gauge bosons are responsible for the fundamental forces. The Higgs boson and Higgs 
field are responsible for particles having mass.

•	 All particles have an antiparticle that has the same mass and spin but opposite charge and 
other quantum numbers (such as baryon number, lepton number, and strangeness).

	– Some particles are their own antiparticle (e.g. photons).
	– A particle and an antiparticle can annihilate to produce energy/particles (e.g. photons).
	– A particle and an antiparticle can be produced through pair production if they are near 

a nucleus (to ensure momentum conservation).

•	 Particles have different properties like mass, charge, spin, strangeness, baryon number, 
and lepton number. 

	– Some of these properties follow conservation laws (meaning they cannot change in 
the process of a reaction) while others (like mass) do not. 

•	 All fundamental particles went through a process of prediction and then discovery.  
The nature of these predictions and the subsequent experimental discovery varies in  
each case.

CONCEPT DISCUSSION QUESTION

Antimatter is a concept often fantastically exaggerated in science fiction. It is easy to 
see why: only a gram of antimatter (​1​0​​ −2​​ kg) could produce an explosion the size of a 
nuclear bomb. In movies like Angels and Demons (2009), antimatter stolen from CERN 
threatens to destroy the world. 

In reality, the amount of antimatter created at CERN in total is about 1 nanogram  
(​1​0​​ −12​​ kg). CERN has been successful in creating antihydrogen. Antimatter created at 
CERN has to be stored in isolation from all other matter. This requires the use of a vacuum 
chamber, electric fields and magnetic fields. To detect the created antimatter, scientists 
turn off these systems so that the antimatter collides with the walls of the detector. 

Discuss whether antimatter poses the existential threat that it seems to in science 
fiction with reference to the experiments at CERN.
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KEEN TO INVESTIGATE?

CERN: The Higgs Boson  
home.cern/science/physics/higgs-boson

Symmetry: Ten Things You Might Not Know About Antimatter 
symmetrymagazine.org/article/april-2015/ten-things-you-might-not-know-about-antimatter

YouTube video: Physics Girl – Quarks Explained in Four Minutes  
youtu.be/LraNu_78sCw

YouTube video: SciShow – How Quarks Fixed the Mess That Was Particle Physics 
youtu.be/j-993mWNcHk
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d	 Calculate the sum of the baryon numbers before the 
decay and after the decay. Identify the relationship 
between these two numbers.

e	 Calculate the sum of the electronic numbers before 
the decay and after the decay. Identify the relationship 
between these two numbers.

Question 
f	 In physics, quantities often have to be conserved 

throughout an interaction. List four different laws of 
conservation demonstrated in beta decay.  (4 MARKS)

EXAM-STYLE QUESTIONS 

This lesson

Question 6	 (2 MARKS) 

Explain how the positron was experimentally discovered. 

Question 7	 (3 MARKS)

Describe the Standard Model in terms of the three main 
categories of elementary particles, briefly explaining which 
particles make up each category. 

Question 8	 (2 MARKS)

The antiparticle of a baryon is composed of the antiquarks of 
each respective quark in the baryon.

Consider the proton (uud).

a	 Write down the quark structure of the antiproton.  (1 MARK)

b	 Verify that the antiproton has the correct charge.  (1 MARK)

Question 9	 (8 MARKS)

Calculate the baryon number of the following particles and 
hence classify them as baryons or mesons. 

a	 ​​​Ω​​ −​ ​(​​sss​)​​​​  (2 MARKS)

b	 ​​​K​​ 0​ ​(​​d​ 
_

 s​​)​​​​  (2 MARKS)

c	 The rare pentaquark ​​P​ c​ +​​ (​uudc​ 
_

 c​​)  (2 MARKS) 

d	 ​​​Ξ​​ −​​(​​dss​)​​​​  (2 MARKS) 

Question 10	 (4 MARKS)

Calculate the strangeness of the following particles.  

a	 ​​​Ω​​ −​ ​(​​sss​)​​​​  (1 MARK)

b	 ​​​K​​ 0​ ​(​​d​ 
_

 s​​)​​​​  (1 MARK)

c	 The rare pentaquark ​​P​ c​ +​​ (​uudc​ 
_

 c​​)  (1 MARK) 

d	 ​​​Ξ​​ −​​(​​dss​)​​​​  (1 MARK) 

Question 11	 (2 MARKS)

Describe the differences in the compositions of baryons  
and mesons.

Question 12	 (4 MARKS)

If a particle is its own antiparticle, the quantum numbers of 
the particle and the antiparticle are equal.

a	 Is the neutron its own antiparticle? Justify your answer 
with reference to baryon number.  (2 MARKS)

b	 Is the neutral pion ​​π​​ 0​​ (u​​
_

 u​​) its own antiparticle?  
Explain your answer.  (2 MARKS) 

Previous lessons

Question 13	 (3 MARKS)

Explain why increasing the Earth’s average albedo would 
reduce the greenhouse effect.

Question 14	 (2 MARKS)

Determine the RMS voltage of this AC voltage signal.

Voltage (V)

Time (s)0

162.5

325

−325

−162.5

Key science skills 

Question 15	 (3 MARKS)

While the neutron was discovered by James Chadwick in 1932, 
it was first predicted in the early 1900s.

The four steps in the scientific method identified in Chapter 1 
are: ‘observe and question’, ‘formulate a hypothesis’, 
‘experiment’, and ‘analyse and conclude’.

a	 Identify the part of the scientific method that best 
describes the initial prediction that there were both 
protons and electrons in the nucleus.  (1 MARK)

b	 With reference to the scientific method, explain why 
it is important that Chadwick performed a series of 
experiments in his discovery of the neutron and repeated 
each of those experiments multiple times.  (2 MARKS)
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Theory summary 
•	 There are four fundamental forces: the gravitational force, the electromagnetic force,  

the strong force, and the weak force.

	– The strong force holds together quarks within nucleons and holds together the 
nucleons within the nucleus.  

	– The weak force acts on quarks and is responsible for a form of radioactive decay in 
which a proton transforms into a neutron or vice versa to make the atom more stable.

	– The electromagnetic force acts on charged particles. It causes protons in the nucleus 
to be repelled. 

	– The gravitational force is the weakest force and acts on particles with mass.

•	 Isotopes of elements can be represented in nuclear notation, where:

	– ​A​ = the number of nucleons
	– ​Z​ = the number of protons
	– ​N​ = the number of neutrons

•	 The primary reason a nucleus can be unstable is if there is an imbalance of forces within 
the nucleus.

•	 There are three main ways a nucleus can be unstable:

	– Having too many protons
	– Being too large (​Z ≥ 84​)
	– Having too many neutrons

KEEN TO INVESTIGATE?

Hyperphysics: The Pauli Exclusion Principle 
hyperphysics.phy-astr.gsu.edu/hbase/pauli.html

PhET ‘Build an Atom’ simulation 
phet.colorado.edu/en/simulation/build-an-atom

YouTube video: Fermilab – Why is the Weak Force weak?  
youtu.be/yOiABZM7wTU

YouTube video: SciShow – Strong Interaction 
youtu.be/Yv3EMq2Dgq8

YouTube video: SciShow – Weak Interaction 
youtu.be/cnL_nwmCLpY

CONCEPT DISCUSSION QUESTION

The strong force and the weak force are not easily observable in day to day life. 
Discuss the theoretical consequences of each of these forces not existing.
Answers on page 506
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6B Questions
THEORY REVIEW QUESTIONS

Question 1	

The strong force is _ (attractive/repulsive) at very 
short distances, and _ (attractive/repulsive) 
at slightly longer distances. The strong force acts on 
_ (protons/neutrons/nucleons) within the 
nucleus as a residual effect of holding together _ 
(electrons/quarks/protons). 

Question 2	

Match the symbols to the provided definitions.

Symbols

•	 A

•	 Z

•	 X

Symbol definitions

a	 Chemical symbol

b	 Number of protons in nucleus

c	 Number of nucleons in the nucleus

Question 3	

Copy the table and, for each force, tick the properties  
it exhibits.

Acts on 
protons

Acts on 
neutrons

Acts at 
long 
distances 

Acts at 
short 
distances

Strong force

Weak force

Electromagnetic 
force

Question 4	

Match each label in the diagram with an option from the 
word bank.

Word bank

•	 Valley of Stability

•	 ​N = Z​ line

•	 ​Z​

•	 ​N​

Diagram

a
c

d

b

Question 5	

Carbon-14, ​​  6​ 14​ C​​​​, is a radioisotope of carbon used in  
'carbon dating'. Which of the following is contained in a 
nucleus of carbon-14?

a	 6 protons only

b	 6 neutrons only

c	 6 electrons only

d	 6 protons and 8 neutrons

e	 8 protons and 6 neutrons

f	 6 protons and 14 neutrons

g	 8 protons and 14 electrons

Question 6	

Which of the following two elements are isotopes of the  
same element?

a	 ​​37​ 84​ X​​​​ b	 ​​17​ 37​ X​​​​

c	 ​​36​ 84​ X​​​​ d	 ​​37​ 71​ X​​​​

DECONSTRUCTED EXAM-STYLE QUESTION

Question 7	

Neon is a colourless gas that can glow when placed in an 
electric field, as seen when it is used in neon signs. ​​10​ 22​ Ne​​​​ is a 
stable isotope of neon, while ​​10​ 18​ Ne​​​​ is an unstable isotope.
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Prompts
a	 How many protons, neutrons, and electrons are in a 

neutrally charged atom of ​​​​ 10​ 20​ Ne​?

Protons Neutrons Electrons

A 10 10 10

B 10 20 10

C 20 10 10

D 20 30 20

b	 The primary stability rule for elements with ​Z ≤ 20​ is

a	 there need to be more protons than neutrons.

b	 there need to be more neutrons than protons.

c	 they approximately follow ​N = Z​.

d	 they are all inherently unstable.

Question 
c	 Identify whether an atom of ​​10​ 20​ Ne​​​​ is stable or unstable 

and explain why.  (3 MARKS)

EXAM-STYLE QUESTIONS

This lesson

Use the following information to answer Questions 8, 9 and 15.

6 14 28 37 50 82

6
14

28

50
48

82

126

N 
(Number of neutrons)

Z 
(Number of protons)

N = Z

The Valley 
of Stability

Question 8	 (8 MARKS)

For each of the following atoms, identify if they would 
be stable or unstable. Briefly justify your answer with a 
comment or working.

a	 ​​​​​​​16​ 32​ S​​​​  (2 MARKS)

b	 ​​  84​ 208​ Pb​​​​  (2 MARKS)

c	 ​​  82​ 208​ Pb​​​​  (2 MARKS)

d	 ​​35​ 70​ Br​​​​  (2 MARKS)

Question 9	 (8 MARKS)

Determine if these unknown isotopes are going to be stable. 
Briefly justify your answer with a comment or working.

a	 ​Z​ = 15, ​N​ = 15  (2 MARKS)

b	 ​N​ = 45, ​Z​ = 45  (2 MARKS)

c	 ​Z​ = 87, ​A​ = 223  (2 MARKS)

d	 ​A​ = 85, ​N​ = 48  (2 MARKS)

Question 10	 (2 MARKS)

Define the term isotope and distinguish between an isotope 
and a radioisotope.

Question 11	 (2 MARKS)

Explain why a nucleus with too many protons will be unstable.

Question 12	 (3 MARKS)

Jana and Genevieve, both keen physics students, 
are discussing the history of coins in their economics class.  
They are told that the most common isotope of gold (​Z = 79​) 
is an incredibly stable metal, which meant it was a good 
candidate for making coins. Jana says that the nuclear 
stability of gold must come from the most common isotope 
of gold containing an equal number of protons and neutrons 
in the nucleus.

Genevieve counters that the number of protons and  
neutrons in the nucleus could not be the same if the gold 
isotope were stable.

Which student is correct and why?

Previous lessons

Question 13	 (3 MARKS) 

Describe the construction of double glazed windows and 
explain why their design reduces heat transfer through 
the window.

Question 14	 (2 MARKS)

Identify two factors that impact how severely a person is 
impacted by an electric shock.

Key science skills 

Question 15	 (3 MARKS)

This lesson has a major focus on the Valley of Stability diagram.

a	 ​Z​ is on the horizontal axis of the graph. Identify the kind 
of variable (control, independant, dependant) normally 
on the horizontal axis.  (1 MARK)

b	 ​N​ is on the vertical axis of the graph. Identify the kind of 
variable (control, independant, dependant)  normally on 
the vertical axis.  (1 MARK)

c	 Explain why it is most beneficial for the usability of  
the Valley of Stability diagram to have ​Z​ on the 
horizontal axis.  (1 MARK)
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6C Questions
THEORY REVIEW QUESTIONS

Use the following information to answer Questions 1 and 2.

The half-life of substance X is one hour. Initially, there is  
10 grams of substance X in a sample.

Question 1	

How long does it take for all 10 grams of the substance  
to decay?

a	 One hour

b	 Two hours

c	 More than two hours

Question 2	

How much of substance X remains after two hours?

a	 None

b	 2.5 grams

Question 3	

Half-life is a way to measure the decay rate of a substance. 
Which of the following statements is/are true when describing 
the half-life for a given sample of a radioisotope? 
(Select all that apply)

a	 The half-life depends on what the radioisotope is.

b	 The half-life depends on how much of the substance 
there is.

c	 The half-life changes as time passes.

Question 4	

Activity is a way to measure the decay rate of a substance. 
Which of the following statements is/are true when 
describing the activity for a given sample of a radioisotope? 
(Select all that apply)

a	 The activity depends on what the radioisotope is.

b	 The activity depends on how much of the substance 
there is.

c	 The activity changes as time passes.

DECONSTRUCTED EXAM-STYLE QUESTION

Question 5	 (4 MARKS)

A medical tracer that contains 24 milligrams of phosphorus-32 
is stored at a hospital. In 28 days, only six milligrams of the 
original phosphorus-32 remains. 

Prompts
a	 What is six milligrams as a proportion of the original  

24 milligrams?

a	 0.25

b	 0.5

c	 0.75

d	 4

b	 How many half-lives must elapse so that only  
six milligrams of the original phosphorus-32 remains?

a	 1

b	 2

c	 3

d	 4

c	 Based on this data, which option is closest to the half-life 
of phosphorus-32?

a	 7 days

b	 9 days

c	 14 days

d	 28 days

Question
d	 How long will it take in total until only 1.5 milligrams of 

the original phosphorus-32 remains?  (4 MARKS)

EXAM-STYLE QUESTIONS 

This lesson

Question 6	 (3 MARKS)

A radioactive sample has an initial mass of 0.840 grams. 

a	 What mass of the radioactive sample remains after  
three half-lives?  (1 MARK)

b	 What mass of the radioactive sample has decayed after 
four half-lives?  (2 MARKS)

Question 7	 (4 MARKS)

Iodine-131 has a half-life of 8.0 days. A sample of iodine-131 
initially contains ​5.0 × 1​0​​ 10​​ atoms. 

a	 Calculate the number of iodine-131 atoms that remain 
after 8 weeks.  (2 MARKS)

b	 Calculate how long it takes until only ​6.25 × 1​0​​ 9​​ 
iodine-131 atoms remain.  (2 MARKS)
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Question 8	 (5 MARKS)

The graph shows the activity of an unknown radioisotope.
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a	 Use the graph to determine the half-life of the  
unknown radioisotope.  (1 MARK)

b	 Calculate the activity of the sample after  
20 minutes.  (2 MARKS)

c	 If there was 40 grams of this sample to begin with, 
calculate how much of the sample remains after  
400 seconds.  (2 MARKS)

Question 9	 (3 MARKS)

A sample of sodium-24, which has a half-life of 15 hours,  
has been left in a laboratory for 90 hours. At the present time, 
the activity of the sample is 5000 Bq. Calculate the activity of 
the sample when it was first put in the laboratory.

Question 10	 (4 MARKS)

A 50 milligram sample of cobalt-60 decays so that only  
12.5 milligrams remains after 10.6 years. How long will it  
take in total until only 6.25 milligrams of the original 
cobalt-60 remains? 

Previous lessons

Question 11	 (4 MARKS)

Explain how the use of eaves above windows can assist  
with energy-efficient house designs. Use a diagram to assist 
your explanation.

Question 12	 (2 MARKS)

Compare the purposes of an electrical fuse with a residual 
current device (RCD).

Key science skills

Question 13	 (4 MARKS)

Scientists use a Geiger counter to measure the activity of an 
unknown radioactive isotope over one year. They plot the 
natural logarithm of the activity (ln(A)) against time as shown.

ln(A)(Bq)

Time 
(days)

4

6

2

50 100 150 200 250 300 350

8

10

a	 Calculate the gradient of the graph.  (2 MARKS)

b	 It is known that the equation of the graph takes the form 

​​ln​(A)​ = −  ​ 0.693 _____ ​t​ 1/2​​  ​ × t + 9​​. Given that the equation of a 

straight line can be expressed in the form ​y = mx + c​ 
where ​m​ is the gradient of the line, use the gradient 
calculated in part a to determine the half-life, ​​t​ 1/2​​​, of the 
substance to the nearest day.  (2 MARKS)
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6D Questions
THEORY REVIEW QUESTIONS

Question 1	

a	 State the charge and mass number of the alpha  
particle, ​α​.

b	 State the charge and mass number of the beta plus 
particle, ​​β​​ +​​.

c	 State the charge and mass number of the beta minus 
particle, ​​β​​ −​​.

d	 State the charge and mass number of a gamma ray 
(photon), ​γ​.

Question 2	

Identify which kind of decay (alpha, beta minus, beta plus,  
or gamma) is represented by the following equations.

a	 ​​12​ 24​ Mg​​​​ →→ ​​12​ 24​ Mg​​​​ + ​​0​ 0​ γ​​​​

b	 ​​  7​ 13​ N​​​​ →→ ​​  6​ 13​ C​​​​ + ​​+1​ 0​ e​​​​ + ​​0​ 0​ ν​​​​

c	 ​​  88​ 224​ Ra​​​​ →→ ​​  86​ 220​ Rn​​​​ + ​​2​ 4​ He​​​​

d	 ​​  82​ 214​ Pb​​​​ →→ ​​  83​ 214​ Bi​​​​ + ​​−1​ 0​ e​​​​ + ​​0​ 0​  ​​​​ν​​ 
_

 ​​

Question 3	

Select the list that correctly states the penetrating ability of 
alpha, beta, and gamma radiation in increasing order.

a	 gamma, beta, alpha

b	 alpha, beta, gamma

c	 alpha, gamma, beta

d	 beta, alpha, gamma

Question 4	

Select the list that correctly states the ionising ability of alpha, 
beta and gamma radiation in increasing order.

a	 gamma, beta, alpha

b	 alpha, beta, gamma

c	 alpha, gamma, beta

d	 beta, alpha, gamma

Question 5	

Identify the kind of decay that would be most likely to occur 
in the following nuclides:

a	 A heavy, unstable isotope with too many protons

b	 A light, unstable isotope with too many protons

c	 An unstable isotope with too many neutrons

d	 An unstable, excited isotope

DECONSTRUCTED EXAM-STYLE QUESTION

Question 6	 (3 MARKS)

Prompts
Thorium-232 is the most stable isotope of thorium, having 
a half life of over 14 billion years. However, thorium-232 
undergoes a series of radioactive decay reactions to 
eventually decay to a stable daughter nuclide.

a	 Identify the proton number, neutron number, and mass 
number of ​​  90​ 232​ Th​​​​.

Proton number Neutron number Mass number

A 90 232 142

B 90 142 232

C 232 90 142

D 142 90 232

b	 Identify how the proton number changes between the 
parent nuclide and daughter nuclide under the different 
radioactive decay processes.

Alpha decay Beta plus decay Beta minus decay

A −2 +1 −1

B −4 −1 −1

C −2 −1 +1

D −4 +1 +1

c	 Identify how mass number changes between the parent 
nuclide and daughter nuclide under the different 
radioactive decay processes.

Alpha decay Beta plus decay Beta minus decay

A −2 +1 −1

B −2 0 −1

C −4 0 0

D −4 +1 0

Question
d	 In its decay series, thorium-232 (​​  90​ 232​ Th​​​​) undergoes six 

alpha decays and four beta minus decays. Identify the 
resulting daughter nuclide.  (3 MARKS)

Data:

Atomic number Element

80 Mercury (Hg)

81 Thallium (Tl)

82 Lead (Pb)

83 Bismuth (Bi)

84 Polonium (Po)
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Question 14	 (3 MARKS)

Describe how alpha decay, beta minus decay, and beta plus 
decay would be represented on a decay series diagram that 
plotted the number of neutrons (vertical axis) against the 
number of protons (horizontal axis).

Previous lessons

Question 15	 (4 MARKS)

A light bulb runs for 10 hours and uses 432 kJ of energy over 
this period.

a	 Calculate the power consumption of the light bulb  
in watts.  (2 MARKS)

b	 If the light bulb draws 2.0 A of current, calculate the 
voltage supplied to the light bulb.  (2 MARKS)

Question 16	 (3 MARKS)

Define a positron and explain what would happen if a positron 
and an electron interacted.

Key science skills

Question 17	 (6 MARKS)

The mass of an alpha particle is approximately 
6.64466 × ​​10​​ −27​ kg.​ 

a	 State the number of significant figures given in this 
mass value.  (1 MARK)

The kinetic energy of an alpha particle ejected during alpha 
decay is 5.00 MeV. Note that 1 eV = ​1.602 × ​10​​ −19​​ J.

b	 Calculate the kinetic energy of the alpha particle  
in joules.  (2 MARKS)

c	 If the kinetic energy of a particle is given by KE = ​​ 1 _ 2 ​​ ​​m v​​ 2​,​  
where ​m​ represents the particle mass and ​v​ represents 
the particle velocity in SI units, calculate the velocity  
of the alpha particle to the correct number of  
significant figures.  (3 MARKS)
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KEEN TO INVESTIGATE?

YouTube video: Bozeman Science – Nuclear Reactions 
youtu.be/50RWvXmQcFk

YouTube video: SciShow – Why Don’t We Have Nuclear Fusion Power Yet? 
youtu.be/riOvBEEs9WY

Although nickel-62 has the highest binding energy per nucleon, iron-56 has the least average 
mass per nucleon, due to a higher ratio of protons to neutrons. Consequently, the decay 
of Ni‑62 to Fe-56 could release energy as a result of the beta decay of neutrons into slightly 
lighter protons, but this could not occur as a result of fusion or fission reactions.

The difference in total binding energy between the reactants and the products is equal to the 
energy released in the reaction. Any reaction in which the products have a greater binding 
energy than the reactants will release energy.

This means that both nuclear fusion and fission can release energy.

•	 For small nuclei (to the left of nickel on the binding energy curve), a fusion reaction 
(which results in a product to the right of the reactants) would increase the binding energy 
per nucleon and release this difference in energy to the surrounding environment.

•	 For larger nuclei (to the right of nickel on the binding energy curve), a fission reaction 
(which results in products to the left of the reactant) would produce more tightly bound 
products, which would also release energy to the environment.

Theory summary
•	 Nuclear energy is released from the conversion of mass, following Einstein’s famous 

equation ​E = m​c​​ 2​​.

•	 Mass defect is the difference between the mass of an atom and the sum of the mass of its 
constituent parts. It represents the energy released to form the atom, and is equivalent to 
the nuclear binding energy.

•	 Nuclear fusion involves forcing light nuclei to combine into a single larger nucleus, 
typically requiring immense temperatures and pressures. This process leads to a decrease 
in mass and a release of energy.

•	 Nuclear fission involves splitting a larger nucleus into smaller nuclei, during which the 
mass decreases and energy is released.

•	 The binding energy of a nucleus is a measure of how tightly bound that nucleus is.

•	 A binding energy curve shows the binding energy per nucleon versus the number of 
nucleons in the atom.

	– If a nuclear reaction results in energy being released, the products must have a higher 
position on the binding energy curve.

	– A fusion reaction will have products to the right of the reactants.
	– A fission reaction will have products to the left of the reactants.

CONCEPT DISCUSSION QUESTION

Stars are fuelled by the fusion of nuclei within their cores. As stars age, they burn 
increasingly heavy fuel until around iron and nickel at the end of its life. The formation 
of nuclei that are more massive than nickel requires cataclysmic events, such as 
supernovae or merging neutron stars.

Discuss why stars produce heavier elements as they age, but only up to around iron 
and nickel. Also consider why producing elements heavier than those found in stars 
require the most energy intense environments in the Universe.
Answers on page 506 H
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7A Questions
THEORY REVIEW QUESTIONS

Question 1	

For each of the following statements, state whether it applies 
to nuclear fusion, nuclear fission or both.

a	 The number of nucleons remains unchanged.

b	 Small nuclei are forced together, forming a single 
heavier one.

c	 There is a net energy release.

d	 A large nucleus is split into several smaller ones.

e	 The products are lighter than the reactants.

f	 The reaction is the source of energy for stars.

g	 The binding energy is greater after the reaction.

h	 The reaction can be harnessed for efficient 
energy generation.

Question 2	

What is the value of x in the following reaction? (How many 
neutrons are released as products in this reaction?)

​​  93​ 237​ Np​​​ + ​0​ 1​ n​​​ →→ ​  63​ 159​ Eu​​​ + ​28​ 72​ Ni​​​ + ​2​ 4​ He​​​ + x​0​ 1​ n​​​​

a	 1

b	 2

c	 3

d	 4

Use the following graph to answer Questions 3–5. The points 
A to D represent different isotopes on the binding energy curve.
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Question 3	

Which of the isotopes would you expect to release the most 
energy per nucleon when undergoing nuclear fusion?

Question 4	

Which of the isotopes would you expect to release the most 
energy per nucleon when undergoing nuclear fission?

Question 5	

Which of the isotopes would you expect to have the most 
tightly bound nucleus?

Question 6	

Fill in the blanks to correctly describe the processes of 
nuclear fusion and fission.

Nuclear _ (fusion/fission) is the process of 
several smaller nuclei being forced together and forming 
a new, _ (smaller/larger) nucleus. This requires 
an _ (intense/minimal) pressure or temperature 
environment and will typically have a net energy _ 
(release/loss). Nuclear _ (fusion/fission) is the 
process of splitting a larger nucleus into several smaller 
nuclei, leading to a net energy _ (release/loss).

Question 7	

The binding energy of a nucleus and its mass defect are 
equivalent and can be related by ​ΔE = Δm​c​​ 2​​.

a	 True

b	 False

DECONSTRUCTED EXAM-STYLE QUESTION

Question 8	 (4 MARKS)

The following reaction occurs as part of the fusion of 
hydrogen to helium within stars larger than the Sun.

​​  6​ 12​ C​​​ + ​1​ 1​ H​​​ →→ ​  7​ 13​ N​​​ + energy​
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Prompts
a	 What is the total binding energy of a carbon-12 nucleus?

a	 ​1.23 × 1​0​​ −12​​ J

b	 ​7.39 × 1​0​​ −12​​ J

c	 ​1.48 × 1​0​​ −11​​ J

d	 ​12​ J

b	 What is the total binding energy of a proton?

a	 ​−1.6 × 1​0​​ −13​​ J

b	 0 J

c	 ​1.6 × 1​0​​ −19​​ J

d	 ​2.0 × 1​0​​ −13​​ J

c	 What is the total binding energy of a nitrogen-13 nucleus?

a	 ​0​ J

b	 ​1.20 × 1​0​​ −12​​ J

c	 ​7.39 × 1​0​​ −12​​ J

d	 ​1.51 × 1​0​​ −11​​ J

Question
d	 Using the binding energy curve, determine how much 

energy is released in this fusion reaction.  (4 MARKS)

EXAM-STYLE QUESTIONS

This lesson

Question 9	 (2 MARKS)

The mass defect in the formation of an ​​  8​ 16​ O​​​​ nucleus is ​
2.202 × 1​0​​ −28​​ kg. How much energy is released in the 
formation of this nucleus?

Question 10	 (2 MARKS)

The following example of a nuclear reaction releases 
​2.06 × 1​0​​ −13​​ J of energy. What is the difference in mass 
between the products and the reactants?

​​2​ 3​ He​​​ + ​2​ 3​ He​​​ →→ ​4​ 2​ He​​​ + 2​1​ 1​ H​​​ + energy​

Question 11	 (2 MARKS)

Nuclear fusion and nuclear fission are both examples of 
nuclear reactions that release energy. This energy release 
results from a difference in binding energy between the 
reactants and the products.

a	 How does the binding energy of the product of 
nuclear fusion compare to the binding energy of the 
reactant nuclei?  (1 MARK)

b	 How does the binding energy of the products of 
nuclear fission compare to the binding energy of the 
reactant nucleus?  (1 MARK)

Question 12	 (3 MARKS)

A typical nuclear reactor will produce approximately 
​2.6 × 1​0​​ 5​​ GJ every day. This will be produced by the fission of 
3.6 kg of uranium-235 fuel. What percentage of the mass of 
the fuel is converted to energy?

Question 13	 (7 MARKS)

In the following reaction, 0.10% of the mass of the reactant 
was converted to energy.

​X + ​0​ 1​ n​​​ →→ ​  58​ 145​ Ce​​​ + ​36​ 91​ Kr​​​ + 4​0​ 1​ n​​​ + energy​

a	 How many protons and neutrons are there in the 
reactant, X?  (3 MARKS)

b	 How much of the reactant is required to produce 
1.0 TJ (​1.0 × 1​0​​ 12​​ J) of energy? Give your answer 
in kilograms.  (4 MARKS)

Question 14	 (3 MARKS)

Using the binding energy curve, calculate the mass defect 
for iron-56.
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Question 15	 (4 MARKS)

Both nuclear fusion and fission reactions release energy as 
a result of a difference in binding energy. Fusion reactions 
involve small nuclei while fission reactions can use a reactant 
an order of magnitude heavier.

a	 How does the energy released per nucleon differ 
between a single nuclear fusion reaction and a single 
nuclear fission reaction?  (2 MARKS)

b	 How does the total energy released differ between 
a single nuclear fusion reaction and a single nuclear 
fission reaction?  (2 MARKS)
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7B Questions
THEORY REVIEW QUESTIONS

Question 1	

Fill in the gaps in the following paragraph.

Electromagnetic radiation is produced by the _ 
(acceleration/motion) of charged particles. This produces a 
_ (static/changing) electric field and an associated 
_ (static/changing) magnetic field.

Use the following information to answer Questions 2 and 3.

�

�

�

Question 2	

Which of the three arrows (X, Y, Z) represent a tangent to  
the circle?

a	 X

b	 Y

c	 Z

Question 3	

Which of the three arrows (X, Y, Z) represent the direction in 
which electromagnetic radiation would be released at that 
point if the circle represents the charged particles’ path in 
a synchrotron?

a	 X

b	 Y

c	 Z

Question 4	

S and T are charged particles both moving at a constant 
speed of ​2.5 × 1​0​​ 8​​ m s−1. S moves in a straight line and T 
moves in a circular path.

v = 2.5 × 108 m s−1 v = 2.5 × 108 m s−1
S T

Select the particle(s) currently releasing electromagnetic 
radiation.

a	 S

b	 T

c	 Neither

d	 Both

Question 5	

S and T are charged particles both accelerating at different 
rates. S moves in a straight line and T moves in a circular 
path. Particle S is decelerating with a magnitude of 2.0 m s−2 
and particle T is accelerating whilst travelling in a circle at a 
rate of 30.0 m s−2.

a = −2.0 m s−2 a = 30.0 m s−2
S T

Select the particle(s) currently releasing electromagnetic 
radiation.

a	 S

b	 T

c	 Neither

d	 Both

Question 6	

Determine whether the following statement is true or false.

“Light is electromagnetic radiation.”

a	 True

b	 False

Question 7	

Fill in the gaps in the following paragraph.

A synchrotron produces _ (discrete/a continuous 
spectrum of) electromagnetic radiation through the 
acceleration of charged particles. Electrons transitioning 
between energy levels produces _ (discrete/ 
a continuous spectrum of) electromagnetic radiation.

Use the following diagram to answer Questions 8–11.
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Question 8	

Which two electron transitions in hydrogen correspond to an 
emission and absorption of electromagnetic radiation with 
the same energy?

a	 M, N

b	 M, Q

c	 N, O

d	 N, R

Question 9	

Which electron transition is the result of the hydrogen atom 
absorbing electromagnetic radiation with an energy of 1 eV? 

a	 M

b	 N

c	 Q

d	 R

Question 10	

Which of the following transitions are a result of an electron 
absorbing electromagnetic radiation? (Select all that apply)

I	 M

II	 N

III	 O

IV	 P

V	 Q

VI	 R

Question 11	

Which of the following lists only transitions that are a result 
of an electron emitting electromagnetic radiation? 
(Select all that apply)

I	 M

II	 N

III	 O

IV	 P

V	 Q

VI	 R

DECONSTRUCTED EXAM-STYLE QUESTION

Question 12	 (3 MARKS)

A classmate announces that “all electromagnetic radiation is 
the result of the acceleration of charged particles”.

Prompts
a	 Which of the following sources of electromagnetic 

radiation is not from the acceleration of  
charged particles?

a	 Thermal radiation of a liquid or gas

b	 Thermal radiation of a solid

c	 Electrons changing energy levels

d	 Synchrotron radiation

b	 Emission of electromagnetic radiation can occur through 
the acceleration of electrons and

a	 the acceleration of any particle.

b	 the cooling of hot materials.

c	 the release of energy as electrons change from a 
lower to a higher energy level.

d	 the release of energy as electrons change from a 
higher to a lower energy level.

Question
c	 Evaluate the classmate’s statement. (3 MARKS)

EXAM-STYLE QUESTIONS

This lesson

Question 13	 (1 MARK)

Which one of the following is the best reason that atoms only 
emit a certain set of wavelengths?

a	 As an atom only absorbs particular wavelengths it must 
also emit particular wavelengths. 

b	 When electrons change states, they can only do so 
between discrete energy levels. This means there are 
only a certain set of wavelengths possible to be released. 

c	 Electrons can only travel at discrete speeds, therefore the 
light emitted by electrons can only take certain values.

d	 This is not true. Electron transitions produce light across 
the entire electromagnetic spectrum.

Question 14	 (3 MARKS)

In the storage ring of a particular synchrotron, electrons travel 
at a constant speed near the speed of light.

a	 Identify the direction that electromagnetic radiation is 
released by this synchrotron.  (1 MARK)

b	 Bending magnets surround the storage ring. Identify the 
force that accelerates the electrons and explain how the 
electrons are accelerating if they are not changing speed. 
(2 MARKS)















Relative abundance of elements

The Big Bang Theory predicts that there was a short period of time, 
roughly ten seconds to twenty minutes after the Big Bang, in which the 
conditions of the Universe would allow for nuclear fusion reactions to 
occur. This ‘Big Bang nucleosynthesis’ would lead to predictable values 
for the relative abundances of light nuclei in the Universe.

We can observe ancient light from young, undisturbed regions of 
the Universe to make measurements of the ratios of nuclei as they 
were in the early Universe. The measured abundances all agree with 
theoretical calculations and hence provide strong evidence to support 
the Big Bang Theory.

Theory summary
•	 The Big Bang Theory models the Universe from its earliest known 

period through to its large-scale expansion and evolution.

	– At a finite time in the past, the Universe had an extreme density 
and temperature.

	– The hot, dense Universe rapidly expanded and cooled.
	– The four fundamental forces separated and matter and 

antimatter formed asymmetrically.

•	 As our understanding of the Universe has progressed, we have 
gained an increasing amount of observational evidence to support 
the Big Bang Theory.

	– Scientists have observed that space is uniformly expanding.
	– Distant objects are receding from us at a rate proportional to their distance from Earth. 

This relationship is quantified by Hubble’s law.
	– The hot early Universe emitted a large amount of black body radiation during 

recombination, which is detectable as the cosmic microwave background.
	– The early Universe had a short period of time in which nuclear fusion occurred, known 

as Big Bang nucleosynthesis. This leads to predictable ratios of light nuclei, which we 
can observe with light from distant, undisturbed matter.

•	 The scale of measurements of the Universe is immense and hence requires the use of 
scientific notation to easily describe both the incredibly small and the incredibly large.

Figure 8  A logarithmic (non-linear) scale depiction of the 
observable Universe. The centre shows the solar system 
around us. The further from the centre, the further away from 
us on Earth and the further back in time we are looking (due to 
older light reaching us from these points). The outermost 
reddish line is the Universe at the time of recombination.

KEEN TO INVESTIGATE?

YouTube video: PBS Digital Studios – What’s Wrong With the Big Bang Theory? 
youtu.be/JDmKLXVFJzk

Website: Scale of the Universe 2 
htwins.net/scale2

ScienceAlert – This Is the Most Exciting Crisis in Cosmology 
sciencealert.com/we-can-t-figure-out-how-fast-the-universe-is-expanding-here-s-why

Nova – Absolute Hot 
pbs.org/wgbh/nova/zero/hot.html

CONCEPT DISCUSSION QUESTION

We have established that light travels at a finite speed, c, and that space is expanding 
in all directions. This expansion means that the further an object is from us, the faster it 
is receding.

Scientists hypothesise a potential scenario where the rate of expansion of space 
increases indefinitely (that is, where Hubble’s constant increases over time). If this 
hypothesis is true, how will the Universe appear differently to what we can see now?

Discuss.
Answers on page 507 H
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7C Questions
THEORY REVIEW QUESTIONS

Question 1	

Fill in the gaps in the following paragraph that describes how 
helium was formed in the early Universe.

The early Universe was extremely _ (hot/cold) 
and _ (sparse/dense). At first, the _ 
(elementary particles/fundamental forces) were unified, 
and only after they completely separated could _ 
(particles/forces) exist. After the Universe cooled some 
more through expansion, _ (baryons/isotopes) 
and then atomic nuclei were able to form. In a period of 20 
minutes, _ (baryogenesis/recombination/Big Bang 
nucleosynthesis) formed the vast majority of the helium that 
makes up our Universe today.

Question 2	

Match the phenomena in the following list to the epoch of 
the Universe that is characterised by them. Note that some of 
the epochs are associated with multiple phenomena.

Phenomena

•	 Lepton formation and annihilation

•	 Quark formation and annihilation

•	 Four fundamental forces unified

•	 Relatively rapid expansion of space

•	 Neutral atom formation

•	 Light of the CMB generated

Epochs

a	 Planck epoch

b	 Inflationary epoch

c	 Quark epoch

d	 Recombination

Question 3	

At a distant time in the future, how would you expect the 
wavelength of the cosmic microwave background to change?

a	 The wavelength will be longer than it currently is 
(redshifted).

b	 The wavelength will be shorter than it currently is 
(blueshifted).

c	 The wavelength will be the same as it currently is.

d	 The cosmic microwave background will no longer 
reach Earth.

Question 4	

The light from two distant galaxies is observed to be 
redshifted. The closer of the two galaxies is calculated to be 
receding at ​x​ km s−1. If the second galaxy is four times further 
away, how fast would it be expected to be receding?

a	 ​​ x __ 4 ​​ km s−1

b	 ​x​ km s−1

c	 ​4x​ km s−1

d	 ​16x​ km s−1

Question 5	

Hubble’s law quantifies the observation that galaxies are 
moving away from Earth at velocities proportional to their 
distance. What does this observation imply?

a	 The space between galaxies is expanding.

b	 The Earth is at the centre of the Universe.

c	 Galaxies are still moving away from where the big bang 
originally was.

d	 Galaxies exert forces on each other, repelling them apart.

Question 6	

The size of the Universe continues to grow larger over time. 
Which of the following statements best models this expansion?

a	 Everything in the Universe is flying away from the point 
where the Big Bang occurred.

b	 Gravitational forces continue to push antimatter further 
away from the centre of the Universe.

c	 Objects continue to move away into empty space, and so 
the Universe gets bigger.

d	 The space between objects expands uniformly.

Question 7	

Which of the following is evidence that supports the Big 
Bang Theory? (Select all that apply)

I	 The observation that space is expanding

II	 The presence of a near-uniform cosmic microwave 
background radiation

III	 Undisturbed matter from the early Universe having a 
predictable ratios of nuclei

IV	 The emergence of life on Earth

Question 8	

By considering the radius of Earth (​6.4 × 1​0​​ 3​​ km) and the 
radius of the Sun (​7.0 × 1​0​​ 5​​ km), approximate how many 
Earths wide the Sun is.

a	 101 b	 102 c	 103 d	 104
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Previous lessons

Question 17	 (2 MARKS)

A particular light bulb is designed to draw 8.3 A when 
supplied by an ideal 12 V power supply. What resistance 
should be chosen for the light bulb?

Question 18	 (3 MARKS)

Ernest and William are conducting an experiment to examine 
the effects of gamma radiation. William suggests that they 
should use an aluminium casing to protect the equipment 
from alpha and beta radiation, but Ernest argues that nothing 
more than a sheet of paper is necessary. Who is correct? 
Discuss your response.

Key science skills

Question 19	 (7 MARKS)

A group of students obtained a set of data points from a local 
observatory to investigate Hubble’s law.

Galaxy Recessional velocity 
(​× 1​0​​ 6​​ m s−1)

Distance from Earth 
(​× 1​0​​ 6​​ ly)

Triangulum −0.179 2.73

The Black Eye 0.408 17.3

The Sombrero 1.02 31.1

The Little Sombrero 1.05 40.0

Medusa Merger 2.50 129

The Mice Galaxies 6.61 290

a	 Use the data set to plot recessional velocity against 
distance from Earth. Be sure to include axis labels, 
appropriate units, and a line of best fit.  (4 MARKS)

b	 What is the gradient of the line of best fit? Give your 
answer in SI units.  (2 MARKS)

c	 What does this gradient represent?  (1 MARK)
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Scalars and vectors  2.1.1.1

Overview
Scalars are measurements that have only magnitude, whereas vectors have both magnitude 
and direction. Distance is a scalar that measures the total length of the journey covered 
moving between two points. Displacement is a vector that is a measurement of the change in 
position of an object.

Theory details
At this point in time, we are familiar with what a scalar is, even if the term is a new one. This is 
a type of measurement that associates a magnitude to something. It gives us a description of 
a quantity’s size, but nothing else. Examples include mass, length, time and even can extend 
to things outside of physics like money.

What are vectors?

Vectors are quantities that have both a magnitude (size) and a direction. In physics,  
we generally represent them as arrows in space.

•	 The length of the arrow represents the quantity’s magnitude.

•	 The direction in which the arrow is pointing represents the relative direction of  
the measurement.

Though the name itself might be new to you, the concept itself is something that appears in 
everyday life, just like scalars.

Suppose, for instance, you were telling someone the location of a building from where you 
were currently standing. It would not help much to simply tell them the distance they have 
to walk to get there (“The tuckshop is 100 metres away”). You would need to add a direction 
(“The tuckshop is 100 metres to the left”).

There are some points worth making with regard to how the direction is communicated:

•	 This direction can be communicated in many ways: cardinal directions (e.g. North),  
words like left and right, and angles given relative to a particular direction.

•	 When using vectors in one dimension, we will mostly use positive (+) and negative (−) signs 
to distinguish direction. The direction defined as positive can be changed for convenience 
depending on the situation.

We have explored how scalar quantities can be combined to give a net measurement and this 
is also the case for vectors. However, it is not a simple matter of just adding the magnitudes 
and directions together. When operating with vectors, we have to represent the operation 
geometrically to ensure we find the correct magnitude and direction. Because of this, we can 
see that the direction of the arrow, and not just its magnitude, is important.

We can think of 1D vectors as being arrows on a number line. Whenever the vector arrows are 
pointing in the same direction, we can add them by putting the end of one arrow at the start 
of the other, as shown in Figure 1, otherwise known as the ‘tip-to-tail’ method.

0 1 2 3 4 5 6 7−1−2−3−4−5−6−7

Figure 1  We can imagine 1D vector quantities as moving along a one-dimensional number line. The two green vectors 
both represent movements in the positive direction. The blue arrow represents the net effect of adding the two arrows 
together tip-to-tail.

We can also combine 1D vectors when they do not point in the same direction. For vectors 
that represent movement in the negative direction, we account for this by flipping the arrow 
as shown below in Figure 2. Here, the green arrows show a displacement of 3 metres to the 
right followed by a displacement of 7 metres to the left. To evaluate the sum of the vectors we 
can then still use the tip-to-tail method.

0 1 2 3 4 5 6 7−1−2−3−4−5−6−7

Figure 2  We now have one of the vectors pointing in the positive direction and one in the negative. We can still 
combine these two vectors together, with the net effect of this combination shown by the blue arrow.
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Previous lessons

Question 13	 (4 MARKS)

Jeffrey is constructing a home-theatre system and needs to 
cut some copper wire (​ρ = 1.724 × ​10​​ −8​​ Ω m) to connect the 
speakers. The speakers are to be connected by a length of 
wire 20 metres long. If the speakers operate correctly when 
the wire has a resistance of 8 Ω, what radius of wire should 
Jeffrey select?

Question 14	 (3 MARKS)

List one of the three types of radioactive decay that we can 
detect and identify its composition as well as its relative 
ionisation and penetration ability compared to the other 
forms of nuclear decay.

Key science skills

Question 15	 (5 MARKS)

You are provided with the following data points which 
describe the displacement of a car driving along a straight 
track of road for a given length of time:

Time (seconds) 0.8 1.4 6.0 9.0

Displacement (metres) 24.0 56.0 226 316

a	 Plot the data on a graph of displacement against time. 
Include a line of best fit.  (3 MARKS)

b	 Calculate the gradient of your line of best fit. What does 
this gradient represent?  (2 MARKS)
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(a) (b)

Figure 1  (a) The displacement of the object at 2 second intervals and (b) the line which shows its displacement at 
every instant of time from t = 0 to t = 10.

The vertical axis represents the displacement in metres and the horizontal axis represents 
the time in seconds. If we want to know the displacement of the golf cart at any point in time, 
we would:

•	 find the time value on the horizontal axis,

•	 trace upwards until we meet the graph,

•	 trace across and read off the displacement value on the vertical axis.

This is shown by the dotted red lines in Figure 1(b). At a time of 5 seconds 
the object has a displacement of 15 m.

Features of displacement-time graphs

For objects travelling at a constant velocity, we model their motion on a 
displacement-time graph as a straight line.

In Figure 2, the gradient between the points (​​t​ 1​​​, ​​s​ 1​​​) and (​​t​ 2​​​, ​​s​ 2​​​) is given 

by ​​ 
​s​ 2​​ − ​s​ 1​​

 _____ ​t​ 2​​ − ​t​ 1​​ ​ = ​ Δs ___ Δt ​​ . Recall from Lesson 8A that this is equal to the average 

velocity ​​v​ avg​​ = ​ Δs ___ Δt ​​ . Therefore we can conclude that the gradient between 
two points of a displacement-time graph is the average velocity 
between these two points. Because of this relationship, for objects with 
constant velocity, the gradient of the displacement-time graph must 
also be constant.

Instantaneous speed and velocity

The instantaneous velocity tells us the rate at which displacement is 
changing at a single point in time. It is a vector quantity and is often not 
equal to the average velocity for the entire journey. The two are equal 
only when the acceleration is zero.

Imagine you are driving along in a car from one place to another. 
You could calculate your average speed as the distance travelled 
divided by the time taken, for example, 40 km h−1. In this analogy, 
your instantaneous speed at a particular moment would be what the 
speedometer is showing at that time.

Velocity-time graphs

A velocity-time graph is the line produced when we plot the 
instantaneous velocities of an object at each instant over a given time 
interval. Here, the velocities are on the vertical axis and time is on the 
horizontal axis.

For an object travelling at a constant velocity (when ​a = 0​ m s−2) this graph 
will be a horizontal line as shown in Figure 3.

The gradient for a velocity-time graph is equal to the acceleration of 

the object. This is because ​gradient = ​ rise ___ run ​ = ​ Δv ___ Δt ​​ , which is equal to our 
formula for calculating the average acceleration.

The area under a velocity-time graph between two time values is equal 
to the change in displacement over that interval (see Figure 4). 

s2

s1

t1 t2
t (s)

s (m)

Δt

Δs

Figure 2  The gradient of a displacement-time graph gives the 
average velocity.

t1 t2
t (s)

v (m s−1)

vavg = vinstantaneous

Figure 3  The velocity-time graph of an object travelling at a 
constant velocity will be a horizontal line.

t1 t2
t (s)

vavg = vinstantaneous

v (m s−1)

v

Δt

Figure 4  The area under a velocity-time graph gives the change 
in displacement.
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Question 6	

For each of the displacement-time graphs, choose the correct 
corresponding velocity-time graph.

Velocity-time graphs

v (m s−1)

t (s)

v (m s−1)

t (s)

v (m s−1)

t (s)

v (m s−1)

t (s)
A B

C D

Displacement-time graphs

a	 s (m)

t (s)

b	 s (m)

t (s)

c	 s (m)

t (s)

d	 s (m)

t (s)

Question 7	

Consider the velocity-time graph shown below.

v (m s−1)

10

8

6

2

4

t (s)
2 4 61 3 5

To which of the following lines on the displacement-time 
graph could this correspond? (Select all that apply)

s (m)

25

20

15

5

10

t (s)

I II III

IV

2 4 61 3 5

DECONSTRUCTED EXAM-STYLE QUESTION

Question 8	 (4 MARKS)

An F1 driver in the Australian Grand Prix starts the race from 
rest and accelerates along a straight section of the track at a 
constant rate of a m s−2.

Prompts
a	 Which of the following gives the acceleration-time graph 

over the first 5 seconds?

a	 a (m s−2)

slope = a

t (s)
2 41 3 5

b	 a (m s−2)

t (s)
2 41 3 5

a
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Question 16	 (6 MARKS)

Joaquin is having a bike race with his friend Tony, and decides 
to give him a head start. Tony rides away at a constant speed 
of 12.5 m s−1. After 4 seconds, Joaquin begins to ride after him. 
He accelerates for 5 seconds at 3 m s−2, before continuing on 
at a constant speed.

a	 Draw the speed-time graphs for both Joaquin and Tony 
on the one axis.  (3 MARKS)

b	 Use the graphs to calculate how long it takes before 
Joaquin catches up to Tony.  (3 MARKS)

Question 17	 (5 MARKS)

Gracie is trying to figure out how high she can throw a ball in 
the air. She throws the ball with an initial velocity of 14.0 m s−1. 
Take acceleration due to gravity, g, to be −9.8 m s−2 and 
assume that the effects of air resistance are negligible.

a	 Sketch a velocity-time graph to model Gracie’s throw. 
(3 MARKS)

b	 Use the graph to calculate the maximum height of 
her throw.  (2 MARKS)

Previous lessons

Question 18	 (7 MARKS)

Lawrence is analysing power loss in a basic series circuit. 
He begins with the following configuration:

+6 V
R2

100 Ω

R3
100 Ω

R1
100 Ω

a	 Calculate the current across the resistor ​​R​ 1​​​.  (2 MARKS)

b	 Calculate the power dissipated across ​​R​ 1​​​.  (2 MARKS)

c	 Lawrence now removes resistor ​​R​ 3​​​ and reconnects 
the circuit. What is the ratio between the power 
dissipated across ​​R​ 1​​​ in the new configuration to the 
old one?  (3 MARKS)

Question 19	 (2 MARKS)

Hydrogen bombs rely on the fusion of lithium-6 
(​m = 9.988 × ​10​​ −27​​ kg) and deuterium (​m = 3.344 × ​10​​ −27​​ kg) 
into two helium nuclei (​m = 6.646 × ​10​​ −27​​ kg per nuclei). 
Calculate the energy released when one lithium-6 atom and 
one deuterium atom undergo nuclear fusion.

Key science skills

Question 20	 (4 MARKS)

Juzzy is using a speed-gun to calculate the acceleration of 
a car that is driving directly towards him. He records the 
following measurements:

Instantaneous 
velocity (m s−1)

5.4 8.3 12.0 17.1 22.2

Time (s) 1.4 2.3 3.5 4.6 5.9

There is an uncertainty in the speed-gun of ±1.5 m s−1. 
Use the data points to plot a graph of velocity against time. 
Include a line of best fit.
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What are the constant acceleration equations?

Under constant acceleration, the graph of velocity against time will be linear, as in Figure 1. 

The gradient of the line is given by ​​ ∆v _ ∆t ​​​ = a​. Since ​Δv = v − u​, we can rewrite this equation 

as ​​ v − u _ ∆t  ​​​ = a​. Rearranging this to make v the subject will result in the first constant  
acceleration equation.

​v = u + at​

t1

u

v

t2

∆v

∆t

t (s)

v (m s−1)

Figure 1  A velocity-time graph showing a change in velocity, ​Δv = v − u​, that occurs over a time interval ​Δt = ​t​ 2​​ − ​t​ 1​​​.

The second equation comes from calculating the area under this graph. From Lesson 8B,  
we know that the area from t1 seconds to t2 seconds is equal to the displacement of the 
object over that time period.

t1

u

v

t2

h

t (s)

v (m s−1)

a

b

Figure 2  The green area under the velocity-time graph between t1 and t2 is equal to the displacement, s.

The area in Figure 2 is given by the formula for a trapezium, or ​​A = ​ 1 _ 2 ​​(a + b)​h​​. This gives the 
second constant acceleration equation.

​​s = ​ 1 _ 2 ​​(u + v)​t​​

The area under the graph can also be represented as the sum of a rectangle and a triangle,  
as shown in Figure 3.

t1

u

v

t2
t (s)

v (m s−1)

A1

A2

Figure 3  The same area from Figure 2 can be split into a rectangle ( A1 ) and a triangle ( A2 ).

The total area or displacement is equal to the sum of A1 and A2.
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•	 A1 is a rectangle with ​​Area = length × width = u​(​t​ 2​​ − ​t​ 1​​)​ = ut​​

•	 A2 is a triangle with ​​Area = ​ 1 _ 2 ​ × base × height = ​ 1 _ 2 ​ × ​(​t​ 2​​ − ​t​ 1​​)​ × ​(v − u)​​​

	– Recall from the first constant acceleration equation that ​​​(​​v − u​)​​ = at​​

	– Therefore ​​A​ 2 ​​ = ​ 1 _ 2 ​ × t × at = ​ 1 _ 2 ​a​t​​ 2​​

Therefore the displacement, s, will be given by the third constant acceleration equation.

​s = ut + ​ 1 _ 2 ​a​t​​ 2​​

The same area we wish to calculate can also be expressed as the area of a large rectangle 
minus a smaller triangle.

t1

u

v

t2
t (s)

v (m s−1)

t1

u

v

t2
t (s)

v (m s−1)

t1

u

v

t2
t (s)

v (m s−1)

A B C

= −

= −

Figure 4  The green area (A) is equal to the purple area (B) minus the pink area (C).

In Figure 4, the purple area is given by ​v × t​. The pink triangle has an area equal to A1 from 

Figure 3, of ​​ 1 _ 2 ​a​t​​ 2​​. Therefore, by subtracting C from B to produce A, we obtain the fourth 
constant acceleration equation.

​s = vt + ​ 1 _ 2 ​a​t​​ 2​​

Unlike the previous equations, the fifth and final equation will not contain t.

If ​v = u + at​, then by squaring both sides of this equation we get ​​v​​ 2​ = ​u​​ 2​ + 2uat + ​a​​ 2​ ​t​​ 2​​.  
The next step is to factor out a common factor of ​2a​ from the last two terms on the  

right-hand side. So, ​​​v​​ 2​ = ​u​​ 2​ + 2a​(ut + ​ 1 _ 2 ​a​t​​ 2​)​​​. Recognise that the expression in the brackets  

is equal to the right-hand side of the third constant acceleration equation, ​s = ut + ​ 1 _ 2 ​a​t​​ 2​​.  
By way of substitution, this leaves us with the final constant acceleration equation.

​​v​​ 2​ = ​u​​ 2​ + 2as​

Some points to note about these equations are:

•	 They apply to both horizontal and vertical motion with constant acceleration.

•	 They apply to objects experiencing a constant net force, so variable forces like air 
resistance are generally ignored.

Acceleration due to gravity

Objects near the surface of the Earth accelerate downwards because of the force due  
to gravity. For vertical motion in VCE Physics, acceleration is given by ​g = 9.8​ m s−2 downwards 
(or −9.8 m s−2 when upwards is defined as positive), unless otherwise specified. The force due 
to gravity will be covered in further detail in Lesson 9A.
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Situation

a	 The time a ball spends in the air if its final velocity is 
20 m s−1 downwards and it lands where it started

b	 The displacement of a train as it goes from 50 m s−1 to 
60 m s−1 in 5 seconds

c	 The acceleration of a car if it takes 100 metres for it to go 
from 25 m s−1 to a complete stop

d	 The final velocity of a cyclist if they begin from rest and 
accelerate at 4 m s−2 for 3 seconds

Question 3	

For each of the following scenarios, determine whether 
or not enough information is provided to find the bolded 
variable. Ignore the effects of air resistance throughout.

a	 Horizontal displacement – a car approaching an 
intersection decelerates at a m s−2 for t seconds without 
coming to a stop.

b	 Maximum height – a ball is thrown upwards and takes  
t seconds to reach its peak.

c	 Vertical acceleration – a ball is thrown up with an initial 
velocity of u m s−1 and takes t seconds to reach its 
maximum height.

d	 Final velocity (just before landing) – a ball is thrown 
upwards at an initial velocity of u m s−1 and lands in the 
same place it started.

DECONSTRUCTED EXAM-STYLE QUESTION

Question 4	 (4 MARKS)

Jamieson is competing in his school’s 3-metre diving 
competition. For his last dive, he is performing a forward 
somersault. The duration of the dive must be exactly 
1.75 seconds or he will under- or over-rotate before hitting 
the water. He jumps vertically upwards off the board at 
6.0 m s−1 and takes t seconds to land in the pool. Take up 
as positive.

Prompts
a	 What is his acceleration for the dive?

a	 9.8 m s−2

b	 −9.8 m s−2

c	 6.0 m s−1

d	 More information is required to determine this.

b	 What is his displacement for the dive?

a	 3 m

b	 0 m

c	 −3 m

d	 More information is required to determine this.

c	 We can split the total time of the dive into the duration 
of upward motion (t1) and downward motion (t2).  
What is the value of t1?

a	 −0.61 s

b	 1.63 s

c	 0.61 s

d	 1.75 s

d	 What is Jamieson’s change in displacement from  
t = 0 s to t = t1 s?

a	 −3 m

b	 −1.8 m

c	 7.4 m

d	 1.8 m

e	 Which of the following correctly gives some of the known 
variables for the downward motion of the dive only?

a	 ​a = − 9.8​ m s−2, ​u = 6.0​ m s−1, ​s = − 3.0​ m

b	 ​a = − 9.8​ m s−2, ​u = 0​ m s−1, ​s = − 4.8​ m

c	 ​a = 9.8​ m s−2, ​u = 0​ m s−1, ​s = − 3.0​ m s−1

d	 ​a = 0​ m s−2, ​u = 6.0​ m s−1, ​s = − 4.8​ m

f	 What is the value of his final velocity (i.e. the moment he 
hits the water)?

a	 −9.7 m s−1

b	 9.7 m s−1

c	 6.0 m s−1

d	 0 m s−1

g	 What is the value of t2?

a	 0.99 s

b	 1.75 s

c	 1.14 s

d	 1.0 s

Question
h	 Determine whether or not Jamieson performs the  

dive successfully. If not, determine whether he would 
over – or under-rotate.  (4 MARKS)

EXAM-STYLE QUESTIONS

This lesson

Question 5	 (2 MARKS)

Patricia, a drag-race enthusiast, is testing her new car 
down a straight road. Find the magnitude of her change 
in displacement if she starts from rest and finishes with a 
velocity of 45 m s−1 after 6.0 seconds.

8C QUESTIONS 315































Previous lessons

Question 18	 (3 MARKS)

Determine the total current passing through the voltage 
source in this parallel circuit.

IT

2.50 A

10 Ω 20 Ω
+

Question 19	 (3 MARKS)

A cyclist completes three complete loops of a velodrome in 
2 minutes. The circumference of the velodrome is 350.0 m.

a	 What is the distance travelled by the cyclist?  (1 MARK)

b	 What is the displacement of the cyclist?  (1 MARK)

c	 What is the average velocity of the cyclist?  (1 MARK)

Key science skills

Question 20	 (7 MARKS)

Nu Tan collects data from an experiment on the bite force 
of different animals. The mass of each animal is recorded 
very precisely, but the bite force data has a measurement 
uncertainty of ​± 10​ N.

Animal mass (kg) Bite force (N)

4.0 30

6.0 50

22.0 180

45.0 355

85.0 680

a	 Plot the data on an appropriate graph. Include a line of 
best fit and uncertainty bars.  (5 MARKS)

b	 Describe the relationship between animal mass and  
bite force.  (2 MARKS)
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Previous lessons

Question 16	 (3 MARKS)

The following circuit is constructed from 4 resistors and a 
7.0 V cell.

7 V
20 Ω

R3
20 Ω
R4

10 Ω
R1

15 Ω
R2

a	 Determine the effective resistance of the circuit.  (2 MARKS)

b	 Determine the total current flowing through 
the circuit.  (1 MARK)

Question 17	 (4 MARKS)

Upon entering Worthwools, Ken Ematics sees that there is 
only one toilet paper roll left. The included velocity vs time 
graph represents his motion as he sprints in a straight line to 
the toilet paper and then walks to the checkout to pay.

v (m s−1)

t (s)
5 10 15 20 25

5

−5

−10

10

a	 What is Ken’s acceleration over the first 4 seconds?  (1 MARK)

b	 By calculating Ken’s displacement, determine how far he 
is from where he started.  (3 MARKS)

Key science skills

Question 18	 (3 MARKS)

Two school children, Forcia and Victor, are using a piece of 
string to exert a force on an object at various angles to explore 
the idea of force vectors. They each use a force transducer to 
measure the force with which the object is being pulled. 
They record the force displayed on the force transducer 
for one experimental setup that is repeated five times and 
calculate an average. The true value of the force is 5.50 N.

Meas. 1 
(N)

Meas. 2 
(N)

Meas. 3 
(N)

Meas. 4 
(N)

Meas. 5 
(N)

Avg. (N)

Forcia 5.43 5.41 5.57 5.50 5.63 5.51

Victor 5.43 5.45 5.42 5.41 5.42 5.43

Identify and explain which set of results is more accurate and 
which set is more precise.
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Previous lessons

Question 19	 (6 MARKS) 

A circuit is set up containing a ​12​ V DC battery as well as 
three resistors. ​​R​ 2​​​ and ​​R​ 3​​​ have resistances of ​2.0​ Ω and ​3.0​ Ω, 
respectively. A student is tasked to determine various values 
within the circuit.

12 V

R1

R2 R3

a	 Using an ammeter, the student finds that there is a 
current of ​2.0​ A through ​​R​ 3​​​. Determine the voltage drop 
across ​​R​ 3​​​.  (1 MARK)

b	 Calculate the value of the current through ​​R​ 2​​​.  (2 MARKS)

c	 Determine the resistance of ​​R​ 1​​​.  (3 MARKS)

Question 20	 (5 MARKS)

The driver of a BMW accelerates from rest at a rate of ​7.0​ m s−2 
away from a set of traffic lights. Ignoring his speedometer, 
the driver uses a calculator in order to determine his speed 
after accelerating for 5.0 seconds.

a	 Determine the speed of the BMW after 5.0 seconds. 
(2 MARKS)

Looking up from his calculator, the driver sees an elephant 
on the road 75 m ahead. Knowing that his car is able to 
decelerate at 10.0 m s−2, he then calculates if he will be able 
to stop in time before hitting the elephant.

b	 Will the BMW stop before it makes contact with the 
elephant? Use calculations to support your answer. 
(3 MARKS)

Key science skills 

Question 21	 (3 MARKS)

Whilst playing with a toy car and a long ramp, a toddler 
decides that she will measure the time it takes for the car 
to reach the bottom of the ramp. The stopwatch, as in the 
included diagram, has gradation marks every 0.2 seconds. 
The mechanical nature of the stopwatch consistently 
measures the times to be 0.6 seconds longer than in reality. 

Image: iCreative3D/Shutterstock.com

a	 What is the uncertainty in the measurements from  
the stopwatch?  (1 MARK)

b	 Determine the type error that the 0.6 second delay in the 
stopatch is. Suggest one method that could be used to 
reduce this error.  (2 MARKS)
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From ​​F​ net​​ = ma​ and ​a = ​ Δv ___ Δt ​​, we can derive an alternative equation for the net force acting on  
a body.

​​F​ net​​ = m × ​ Δv ___ Δt ​ = ​ m × Δv ______ Δt  ​​

As ​Δp = m × Δv​, we conclude ​​F​ net​​ = ​ 
Δp

 ___ Δt ​​.

This equation shows how the net force experienced by a body, and the time over which the 
force acts, affects the change in momentum of the body. Consider two cars of the same mass 
which are having a drag race.

•	 If one car accelerates to 100 km h−1 in the same time that the other car accelerates  
to 50 km h−1, it has experienced a greater change in momentum and hence a greater  
net force.

•	 Similarly, if both cars accelerate to 100 km h−1 at different rates, the change in momentum 
will be the same but the car that took a greater time must have experienced a smaller  
net force.

The change in momentum of an object is known as impulse, I. Hence impulse has the same 
units as momentum, kg m s−1 or N s.

We can rearrange our previous equation to make the change in momentum (impulse)  
the subject.

​I = FΔt​
I = impulse ​​(N s or kg m s−1)​​, F = force ​​(N)​​, ∆t = change in time ​​(s)​​

The direction of the impulse (change in momentum) is always in the same direction as the 
force applied.

•	 If the force varies during the collision, then ​F​ represents the average force, ​​F​ avg​​​.

•	 When calculating impulse with a force and a time, it is more common to use  
newton-seconds (N s) than to use kilogram meters per second ​​(kg m s−1)​​.

​I = Δp = mΔv​
I = impulse ​​(N s or kg m s−1)​​, ​Δp​ = change in momentum ​​(N s or kg m s−1)​​, m = mass ​​(kg)​​,  
v = velocity ​​(m s−1)​​

The direction of the impulse (change in momentum) is always in the same direction as the 
change in momentum and the change in velocity.

With an understanding of impulse being the change in momentum caused by a force acting 
over a period of time, we can interpret collisions and the conservation of momentum using 
Newton’s third law.

Consider two balls, A and B, which collide as per Figure 5. There is a force on ball A by ball B 
acting to the left, and there is also a force on B by A which is equal in magnitude but opposite 
in direction: ​​F​ on A by B​​ = − ​F​ on B by A​​​.

•	 Knowing that ​I = FΔt​ and that the time of the collision is the same for both balls, it can 
be inferred that ball A gives ball B impulse to the right and ball B gives ball A an equal 
magnitude of impulse to the left.

•	 Knowing that impulse is the change in momentum, we can conclude that ​Δ​p​ A​​ = − Δ​p​ B​​​ and 
momentum is conserved.

ΔpA = Fon A by B Δt

Fon A by B A B
Fon B by A = −Fon A by B

∆pB = Fon B by A Δt = −Fon A by B Δt = −ΔpA

Figure 5  Each ball gives the other impulse (change in momentum) with equal magnitude in the opposite direction 
which means the total momentum is conserved.
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CONCEPT DISCUSSION QUESTION

For many centuries, people have tried to invent a perpetual motion machine, a device 
that will never stop running and requires no further energy input other than to get it 
started (research the Capillary Bowl or Zimara’s Windmill for examples). Discuss whether 
or not it is physically possible for such a device to exist.
Answers on page 509 H
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KEEN TO INVESTIGATE?

YouTube video: Flipping Physics – Introduction to Power 
youtu.be/BtHLmxvP7o0

10B Questions
THEORY REVIEW QUESTIONS

Question 1	

Consider an object with mass m kg, velocity v m s−1 and a 
kinetic energy of E J. For each scenario a-e described below, 
what would the corresponding kinetic energy be in terms of E?

a	 An object with velocity v and mass 2m

b	 An object with velocity 2v and mass m

c	 An object with velocity ​​ 1 __ 4 ​ v​ and mass m

d	 An object with velocity ​​ 1 __ 2 ​ v​ and mass 2m

e	 An object with velocity −v and mass m

Question 2	

For the force-displacement graph below, decide which 
combination of letters provides the work done over the 
specified range.

10 20 30 40 50

20

40

60

80

P
 

Q R S

F (N)

s (m)

a	 From s = 0 m to s = 10 m.

b	 From s = 0 m to s = 35 m.

c	 From s = 10 m to s = 50 m.

Question 3	

Match the types of work from the following list (I, II, III) to 
each of the scenarios.

Type of work

I	 The work being done on the object has a positive value,

II	 The work being done on the object has a negative value or 

III	 No work is being done on the object.

Scenario

a	 Rachel picks up a pile of books from the floor.

b	 A ball rolls continuously along a smooth surface.

c	 A ball rolls 10 metres along a rough surface and comes 
to a stop

d	 Giselle tries to stop her car rolling down the hill by 
pushing against it.

e	 David tries to pick up a heavy object but cannot move it.

f	 Maria gets tired from carrying her backpack as she 
stands in line.

Question 4	

Fill in the gaps in the following paragraph. 

_ (Power/Energy efficiency) measures the rate 
at which the work is being done. If the work was done over 
a short period of time, this would mean that the power 
output was _ (small/large/equal to the work done) 
compared to the same work being done over a longer period 
of time. In two different events, if the power supplied to two 
different objects is different, then this _ (always 
means/does not always mean) that the magnitude of the 
work done on the two objects is also different.
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DECONSTRUCTED EXAM-STYLE QUESTION

Question 5	 (4 MARKS)

Stevie has set up the pulley system shown below:

2.1 kg

10 m

3.8 kg

m1

m2

T

T

The block, m1, is being pulled across a rough surface by a 
massless string. The string is attached over a frictionless 
pulley to the other mass, m2. When released, m2 falls 
vertically and m1 starts to accelerate from rest. There is 
a constant frictional force acting on m1 of 15 N. Take the 
acceleration due to gravity, g, to be 9.8 m s−2.

Prompts
a	 Once released m2 accelerates at 3.77 m s−2. Which of the 

following correctly describes the relationship between the 
tension in the string, T (in N), and the acceleration of m2?

a	 ​T = m2a2 = 3.8 × 3.77​

b	 ​​T = m2a2 = (3.8 + 2.1) × 3.77​​

c	 ​3.8g − T = m2a2 = 3.8 × 3.77​

d	 ​​3.8g − T = m2a2 = (3.8 + 2.1) × 3.77​​

b	 Which of the following represents the net force (in N) 
acting on m1? Take to the left as positive.

a	 ​T​

b	 ​15 − T​

c	 ​T − 2.1g​

d	 ​T − 15​

c	 What is the work done (in J) on m1 after it has travelled 
for s m to the left?

a	 ​​​(​​T − 15​)​​ × s​​

b	 ​​​(​​T − 15​)​​ × 10​​

c	 ​T × s​

Question
d	 Calculate how far m1 would have to travel before it had 

40 J of kinetic energy.  (4 MARKS)

Adapted from 2010 VCAA Exam 1 Section A Q3–4

EXAM-STYLE QUESTIONS

This lesson

Question 6	 (3 MARKS)

Sandra is moving some boxes around her office. 

a	 Calculate how much work she does when she pushes  
a box from rest across the floor for 4.5 m with a force  
of 40 N.  (1 MARK)

b	 What is the kinetic energy of the box after Sandra has 
pushed it 4.5 m? Ignore the effects of resistance forces. 
(2 MARKS)

Question 7	 (2 MARKS)

When someone is holding an object off the ground, explain 
why in physics we would say that no work is being done, 
even though the person is applying a force to the object.

Question 8	 (1 MARK)

Billy has had a sugar rush and is trying to burn off some energy. 
He does so by running up and down his hallway, which is 
15 metres long. If he completes 6 lengths in 22 seconds and 
uses 18 kJ of energy in the process, what is his power output?

Question 9	 (2 MARKS)

Calculate how much work is done when a 2.5 kg stack of 
books is lifted off the floor at a constant speed to a height 
1.5 metres above the ground. Take the acceleration due to 
gravity g to be 9.8 m s−2.

Question 10	 (5 MARKS)

A Year 11 Physics student is conducting an experiment where 
they use a horizontal spring to accelerate a model car from 
rest. Assume that there is no friction between the car and 
the surface it is travelling over, and unless otherwise stated, 
assume that the work done by the spring is 100% efficient.

���

a	 If the model car has a mass of 0.65 kg and the spring 
does 32.5 J of work on the model car, what is the velocity 
of the car as it loses contact with the spring?  (2 MARKS)

b	 The student now uses a different model car of  
unknown mass. The spring does the same amount  
of work, and the velocity of the car as it loses contact 
with the spring is 6.7 m s−1. Calculate the mass of  
the car.  (2 MARKS)

c	 What would the unknown mass of the model car be if 
the work done by the spring was only 60% efficient and 
the car still had the same final velocity?  (1 MARK)
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a	 From the included spring force-displacement graph, 
which of the following values best represents the spring 
constant, k?  (1 MARK)

a	 100 N m−1

b	 150 N m−1

c	 200 N m−1

d	 250 N m−1

b	 Before colliding with the spring, what is the kinetic 
energy of the car?  (1 MARK)

a	 64 J

b	 80 J

c	 100 J

d	 128 J

c	 What force does the spring exert on the car when 
compressed 0.40 m?  (1 MARK)

a	 60 N

b	 80 N

c	 100 N

d	 120 N

Adapted from 2017 VCAA Exam Section A Q12−13

Question 10	 (6 MARKS)

A ball of mass 0.35 kg is held against an ideal spring with a 
spring constant of 200 N m−1. The spring is compressed from 
its unstretched position by 0.60 m. The ball is then released 
and fired across a frictionless surface.

����

���� �

a	 At the moment the ball is released, determine the 
magnitude of the spring force which acts on it.  (1 MARK)

b	 What is the strain potential energy stored in the 
compressed spring?  (2 MARKS)

c	 Calculate the maximum speed of the ball after  
being released.  (3 MARKS)

Question 11	 (4 MARKS)

Students in a physics class are attempting to find the spring 
constant, k, of an ideal spring by hanging a number of 30 g 
masses from it and measuring the extension, Δx. Their data is 
shown in the included table.

�� ��

����

Number of 30 g masses Extension of spring, Δx

0 0

1 10 cm

2 20 cm

3 30 cm

a	 Determine the value of the spring constant, k.  (2 MARKS)

b	 When the spring has a total length of 80 cm, calculate the 
amount of strain potential energy in the spring.  (2 MARKS)

Adapted from 2016 VCAA Exam Section B Detailed study 1 Q3

Question 12	 (9 MARKS)

A ball of mass 0.40 kg is positioned on a ramp at a height 
of 1.5 m. It is then pushed down the ramp such that it has 
a speed of 2.0 m s−1. At the bottom of the ramp it collides 
with an ideal spring and compresses it by 30 cm from its 
unstretched position.

����� ���� ��

��� �

�� ���
� � ��� � �
�

a	 Calculate the spring constant, k, of the spring.  (3 MARKS)

b	 Determine the maximum speed of the ball.  (3 MARKS)

c	 If the ball is then launched from the compressed spring 
back towards its initial position, calculate the maximum 
height, s, it will reach.  (3 MARKS)

Question 13	 (8 MARKS)

A ball of mass 10 kg has a speed of 5.0 m s−1 on a frictionless 
surface. The ball travels up a ramp where it compresses an 
ideal spring by 0.20 m before momentarily coming to rest. 
The spring is positioned such that it contacts the ball at a 
height of 1.0 m.

� � �� ��
� � ��� � ��� � � ��� �

�� � ���� �

a	 Show that the spring constant, k, of the spring is 
​3.7 × 1​0​​ 2​​ N m−1.  (2 MARKS)

b	 What is the acceleration of the ball when the spring is 
compressed 0.20 m?  (2 MARKS)

c	 Calculate the speed of the ball when the spring is 
compressed by 0.05 m.  (3 MARKS)

d	 What is the velocity of the ball after travelling down the 
ramp and returning to its starting position?  (1 MARK)
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1C

1A	 Asking questions, identifying 
variables, and making predictions

Theory review questions

1	 A

2	 II; III; IV

3	 a	 Dependent variable

b	 Controlled variable

c	 Independent variable

4	 I-Quantitative; II-Qualitative; III-Qualitative; IV-Quantitative; 
V-Quantitative.

5	 a	 Scientific model

b	 Scientific theory

c	 Scientific hypothesis

Exam-style questions

This lesson

6	 a	 Volume setting  (1 MARK)

Qualitative  (1 MARK)

b	 Maximum distance that phone can be heard  (1 MARK)

Quantitative  (1 MARK)

c	 Message alert tone OR phone used OR listener OR environmental 
conditions (a large outdoor space)  (1 MARK)

7	 B  (1 MARK)

8	 A  (1 MARK)

9	 C  (1 MARK)

1B	 Scientific conventions
Theory review questions

1	 a	 3.  Trailing zeros are significant.

b	 5.  All non-leading zeros are significant.

c	 4.  Leading zeros are not significant.

d	 1

e	 6.  Zeros between digits are always significant.

f	 3 

g	 4 

h	 5

i	 3

2	 a	​ 1.2 × ​10​​ −1​​

b	 ​6.0 × 1​0​​ 3​​

c	 ​3.0 × 1​0​​ −8​​

d	 ​8.9 × 1​0​​ 6​​

e	 ​7.8 × 1​0​​ −4​​

f	 ​6.37 × 1​0​​ 4​​

3	 a	​ 44​ (0 decimal places)

b	 ​33.326​ (3 decimal places)

c	 ​73​ (0 decimal places)

d	 ​59.0​ (1 decimal place)

e	 ​875.1​ (1 decimal place)

f	 ​60.02​ (2 decimal places)

4	 a	​ 9.1 × 1​0​​ 3​​ (2 significant figures)

b	 ​3.3 × 1​0​​ 1​​ (2 significant figures)

c	 ​3.69 × 1​0​​ −2​​ (3 significant figures)

d	 ​2.5 × 1​0​​ 7​​ (2 significant figures)

e	 ​3.27 × 1​0​​ 4​​ (3 significant figures)

f	 ​5 × 1​0​​ 3​​ (1 significant figure)

5	 a	​ 600​ ms = ​600 × 1​0​​ −3​​ s = ​6.00 × 1​0​​ −1​​ s

b	 ​6.4 × 1​0​​ 3​​ J

c	 ​0.400​ μg = ​0.400 × 1​0​​ −9​​ kg = ​4.00 × 1​0​​ −10​​ kg

d	 ​23​ MΩ = ​23 × 1​0​​ 6​​ Ω = ​2.3 × 1​0​​ 7​​ Ω

e	 ​360​ nm ​=​ ​360 × 1​0​​ −9​​ m = ​3.60 × 1​0​​ −7​​ m

f	 ​7.0 × 1​0​​ −12​​ A

6	 I; IV; V; VIII; XIII

Exam-style questions

This lesson

7	 ​E = VQ = 6.00 × 4.00​  (1 MARK)

​E = 24.0​ J (3 significant figures)  (1 MARK)

8	 ​0.135​ km = ​135​ m

​total distance = 135 + 63 = 198​ m (3 significant figures)  (1 MARK)

​speed = ​ total distance ___________ time  ​ = ​ 198 ____ 67.0 ​​  (1 MARK)

​speed = 2.96​ m s−1 (3 significant figures)  (1 MARK)

1C	 Collecting data
Theory review question

1	 II; V; VII; VIII; X

Exam-style questions

This lesson

2	 D  (1 MARK)

See definition in theory.

3	 C  (1 MARK)

C is describing the uncertainty in the average of multiple measurements, 
not the true value.
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4	 D  (1 MARK)

Systematic error refers to a consistent deviation in the measured results. 
When readings are repeated, assuming nothing else has been changed, 
they will still be affected by the same systematic error.

5	 D  (1 MARK)

Random errors will always be present because it is impossible to take a 
measurement with complete certainty.

6	 C  (1 MARK)

The reliability of an experiment is primarily tested through its 
repeatability and reproducibility. Option D is incorrect because 
reproducibility relates to precision. Even if an experiment is accurate 
when repeated by other experimenters, the initial experiment could 
have been inaccurate (making the results between experiments 
imprecise), and thus its results not reproduced.

7	 D  (1 MARK)

The range of Belle’s results (2.40 V) is bigger than the range of Georgina’s 
results (0.80 V), and therefore Belle’s results are less precise.

8	 B  (1 MARK)

The uncertainty is the absolute value of the difference between the 
average result and the most extreme result. In this case, the average is 
9.81, and ​​|9.81 − 9.75|​ = 0.06​ m s−2.

9	 B  (1 MARK)

Relative to the other students, Student B has points centred near the 
true value (accurate) and the points are all close together (precise).

10	 D  (1 MARK)

Relative to the other students, Student D has points that are not  
centred near the true value (inaccurate) and the points are all close 
together (precise).

11	 D  (1 MARK)

Relative to the other students, Student D has points that have an average 
position that is furthest away from the true value (least accurate).

12	 C  (1 MARK)

Relative to the other students, Student C has points centred near the 
true value (accurate) but that are not close together (imprecise).

13	 B  (1 MARK)

The uncertainty in a measuring device is half the smallest measuring 
increment. The smallest increment is 1 g, therefore the uncertainty  
is 0.5 g.

14	 [Uncertainty in a measuring device is defined as half the smallest 
measuring increment.1][If the measuring increments are smaller,  
the uncertainty is also smaller.2]

I have used the relevant theory: uncertainty in a  
measuring device.1

I have explicitly addressed why a more precise measuring 
device has less uncertainty.2

15	 [Accuracy refers to how well a measurement agrees with the ‘true’ value 
of a measurement.1][If a measuring device is not properly calibrated, 
this will introduce a systematic error that will shift measurements 
uniformly away from their ‘true’ value. Therefore, proper calibration can 
increase accuracy.2]

I have used the relevant theory: accuracy.1

I have used the relevant theory: systematic error.2

16	 a	 Gen: ​​ 4.0 + 4.5 + 3.6 + 4.3  ___________ 4  ​​ = 4.1 V  (1 MARK)

Jana: ​​ 3.8 + 4.1 + 4.2 + 3.9  ___________ 4  ​​ = 4.0 V  (1 MARK)

b	 Gen: ​4.5 − 3.6 = 0.9​ V  (1 MARK)

Jana: ​4.2 − 3.8 = 0.4​ V  (1 MARK)

c	 [Gen’s data is more accurate than Jana’s data1][as Gen’s average  
of 4.1 V is closer to the true voltage of 4.2 V than Jana’s average  
of 4.0 V.2]

I have explicitly addressed which person’s data is  
more accurate.1

I have used the relevant theory: accuracy.2

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

d	 [Jana’s data is more precise than Gen’s data1][as the range of Jana’s 
results (0.4 V) is smaller than the range of Gen’s results (0.9 V).2]

I have explicitly addressed which person’s data is  
more precise.1

I have used the relevant theory: precision.2

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

17	 III; V; VI; VII; IX; X  (6 MARKS)

III, V, and VII are changing a controlled variable. VI is experimenter bias 
and data manipulation. IX is data manipulation – The exclusion of data 
points must always be justified in the analysis. X is concluding that the 
dependent variable causes a change in the independent variable.
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1D	 Representing and analysing data
Theory review questions

1	 A.  The independent variable should be plotted on the horizontal axis 
and the dependent variable should be plotted on the vertical axis.

2	 B.  The uncertainty bars indicate the area where the true value might  
be located. 

3	 II; III. ​ P vs ​V​​ 2​​ corresponds to a linear graph with a gradient of ​​ 1 _ R ​​. ​​√ 
_

 P ​ vs V​

corresponds to a linear graph with a gradient of ​​  1 ____ 
​√ 

_
 R ​
 ​​.





1E	 Gradients of lines of best fit
Theory review questions

1	 D.  Gradient always represents ​​ 
change in vertical axis variable

   ____________   change in horizontal  axis variable ​​ .

2	 A. ​​   vertical axis unit  ___________  horizontal axis unit ​​ = ​​ 
kg m ​s​​ −1​

 _____ s  ​​ = kg m ​​s​​ −2​​

3	 A.  Rearranging the equation provided gives ​​ 
Δp

 _ Δt ​​ = F.
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I have drawn correctly sized uncertainty bars: 
(horizontal: ​± 0.05​ Ω, vertical: ​± 0.1​ A).

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

b	 Current versus 1
R

0.50 1.00 1.50 2.00

0.5

1.0

1.5

2.0

2.5

3.0

Cu
rr

en
t (

A)

1
R

1
Ω

I have labelled the horizontal axis with the independent 
variable and included correct units.

I have labelled the vertical axis with the dependent 
variable and included correct units.

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

I have calculated and plotted each point of data: (2.00, 3.0), 
(1.00, 1.5), (0.67, 1.0), (0.50, 0.8), (0.40, 0.6), (0.33, 0.5).

I have drawn correctly sized uncertainty bars: 
(vertical: ​± 0.1 ​A).

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

c	 Maneesha is correct that ​I ∝ ​ 1 __ R ​​ (since a straight line fits the  
linearised data).  (1 MARK)

8	 a	

1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5
Length of Ramp (m)

0.6

0.7

0.8

0.9

1.0

1.1

1.2

1.3

1.4

1.5

1.6

Ti
m

e 
(s

)

Time for toy truck to go down ramp versus length of ramp

I have labelled the horizontal axis with the independent 
variable and included correct units.

I have labelled the vertical axis with the dependent 
variable and included correct units.

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

I have plotted each point of data: (1.0, 0.68), (2.0, 0.96), 
(3.0, 1.16), (4.0, 1.34), (5.0, 1.50).

I have drawn correctly sized uncertainty bars: 
(horizontal: ​± 0.1​ m, vertical: ​± 0.02​ s).

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

b	

1.0 1.5 2.0

0.6

0.8

1

1.2

1.4

1.6

Ti
m

e 
(s

)

Time for toy truck to go down ramp vs square root of ramp length

√l  (√m)

I have labelled the horizontal axis with the independent 
variable and included correct units.

I have labelled the vertical axis with the dependent 
variable and included correct units.

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

I have calculated and plotted each point of data:  
(1.0, 0.68), (1.4, 0.96), (1.7, 1.16), (2.0, 1.34), (2.2, 1.50).

I have drawn correctly sized uncertainty bars:  
(vertical: ​± 0.02​ s).

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

c	 [Aditya is correct in saying that ​t ∝ ​√ 
_
 l  ​​1][as the graph in part b has a 

line of best fit.2]

I have explicitly addressed whether Aditya’s hypothesis is 
supported by the data.1

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



Review

4	 Q and S.  We must choose two points that are on the line of best fit.  
The effect of any errors when reading the coordinates will be minimised 
(yielding the most accurate results) by choosing points that are  
furthest apart.

Exam-style questions

This lesson

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​​ ​​ = ​​ 9.0 − 3.0 _ 3.0 − 1.0 ​​  (1 MARK)

​gradient = 3.0​ m s−2  (1 MARK)

b	 gradient = ​​ rise _ run ​​ = ​​ ​v​​ 2​ _ d  ​​

The original equation is ​​v​​ 2​ = 2ad​  ∴ ​​ ​v​​ 2​ _ d  ​​ = 2a  ∴ gradient = 2a  (1 MARK)

​2a = 3.0​  ∴ ​a = 1.5​ m s−2  (1 MARK)

6	 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​​  ​​= ​​ 0.200 − 0.050 ___________ 4.0 − 1.0  ​​  (1 MARK)

​gradient = 0.050​ A V−1  (1 MARK)

gradient = ​​ rise _ run ​​ = ​​ I _ V ​​

The original equation is I = ​​ V _ R ​​  ∴ ​​ I _ V ​​ = ​​ 1 _ R ​​  ∴ gradient = ​​ 1 _ R ​​  (1 MARK)

​​ 1 _ R ​​ = 0.050  ∴ R = 20 ohms or V ​​A​​ −1​​  (1 MARK)

7	 a	

0.2 1.0

0.4
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1.4
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1.2

√L (m   )
1
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I have drawn a line of best fit that passes through all 
uncertainty bars.

I have drawn a line that does not extend significantly 
beyond the region of the data points.

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​​ ​​ = ​​ 1.35 − 0.45 _ 0.70 − 0.22 ​​  (1 MARK)

gradient = 1.88 s ​​m​​ − ​ 1 _ 2 ​​​  (1 MARK)

gradient = ​​ rise _ run ​​ = ​​  T ___ 
​√ 

_
 L ​
 ​​

The original equation is T = 2​π​​​√ 
_

 ​ L _ g ​ ​​  ∴ ​​  T ___ 
​√ 

_
 L ​
 ​​ = ​​  2π ___ ​√ 

_
 g ​ ​​   

∴ gradient = ​​  2π ___ ​√ 
_

 g ​ ​​  (1 MARK)

1.88 = ​​  2π ___ ​√ 
_

 g ​ ​​  ∴ g = 11 m ​​s​​ −2​​  (1 MARK)

Depending on the line of best fit drawn, answers between 9.0 m s−2 
and 14 m s−2 are acceptable.

Chapter 1 Review
Section A

1	 C.  Option A defines a hypothesis. Unlike what is suggested in option B, 
models have other uses, such as making predictions. Option D defines a 
scientific theory. 

2	 B.  Convert ​1.2 × 1​0​​ 9​​ to ​0.12 × 1​0​​ 10​​ so that both terms are multiplied by 
the same power of 10. 

​5.124 × 1​0​​ 10​ − 0.12 × 1​0​​ 10​ = 5.004 × 1​0​​ 10​ = 5.00 × 1​0​​ 10​​

As the term with the fewest decimal places only has two decimal places, 
so should the final answer.

3	 A.  Uncertainty is equal to half the measuring device’s smallest increment. 

​​ 1 _ 2 ​ × 1​ mA = ​0.5​ mA

4	 D.  Point S represents an outlier that is known to have been introduced 
by personal error and can be discarded. 

5	 A 

​gradient = ​ 
change in vertical axis

  ____________________  change in horizontal axis ​ = ​ Δ​v​​ 2​ ____ Δh  ​​ 

​gh = ​ 1 __ 2 ​ ​v​​ 2​  ∴ 2g = ​ ​v​​ 2​ __ h  ​ = gradient​

Section B

6	 a	� [This statement is an example of a hypothesis.1][It makes a 
prediction about the relationship between smoking and beard 
growth that can be tested.2]

I have explicitly addressed whether the statement is a 
scientific model, theory, or hypothesis.1

I have used the relevant theory: the definition of  
a hypothesis.2
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b	 [This study cannot be considered valid.1][As the scientists were 
provided financial incentive to produce certain results,2][this very 
likely introduced observer bias into the method (or resulted in poor 
experimental design or analysis), invalidating the experiment.3]

I have explicitly addressed the validity of the study.1

I have explicitly addressed the financial incentives given 
to the scientists.2

I have used the relevant theory: validity of  
experimental design.3

7	 a	 Independent: mass of metal sample  (1 MARK)

Dependent: energy used by bunsen burner  (1 MARK)

Control: bunsen burner/rate sample is heated OR temperature 
sample is heated to OR temperature sample is heated from OR 
number of times sample is heated   (1 MARK)

b	 [This experiment is reasonably repeatable as each set of 
measurements is consistently precise.1][However, repeatability 
could be improved by using a better method of measuring the 
thermal energy absorbed by the metal.2]

I have explicitly addressed the repeatability of  
the experiment.1

I have used the relevant theory: repeatability.2

c	
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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: (100, 12.0), (150, 18.7), 
(200, 24.3), (250, 31.0), (300, 37.0).

I have drawn correctly sized uncertainty bars: 
(vertical: ​± 1 × 1​0​​ 3​​ J).

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

d	 [Accuracy measures how close the average of a set of data is to 
the predicted value and precision measures how consistently the 
experimental data was recorded.1][The data for the 150 g sample is 
more accurate as the average is closer to the true value.2][The data 
for the 150 g sample is also more precise as the range of data taken 
is smaller.3]

I have used the relevant theory: what precision and 
accuracy measures.1

I have explicitly addressed the difference in accuracy of 
the two data sets.2

I have explicitly addressed the difference in precision of 
the two data sets.3

8	 a	 Quantitative data  (1 MARK)

b	 Systematic error  (1 MARK)

c	 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​​ ​ = ​ 120 − 46 _______ 13 − 5.0 ​​  (1 MARK)

​gradient = 9.3​ N kg−1 or m s−2  (1 MARK)

Answers between 9.0 N kg−1 and 9.4 N kg−1 are acceptable.

d	 [Enya’s experiment is not reproducible.1][This is because when the 
experiment was repeated by different experimenters in different lab 
conditions, with the same method and materials, the results were 
not consistent.2]

I have explicitly addressed the reproducibility of  
Enya’s experiment.1

I have used the relevant theory: reproducibility.2
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2A	 What is temperature?
Theory review questions

1	 average; translational kinetic

2	 a	 A

b	 B

3	 gas; greatest; solid; least

4	 B.  According to the kinetic theory of matter, atoms and molecules are 
always in motion (but they move more as temperature increases).

5	 A

6	 C.  The size of 1°C is the same as the size of 1 K, so a change in 
temperature will have the same numerical value when measured with 
either unit.

Deconstructed exam-style question

7	 a	 D

b	 B

c	 [Initially, the particles in the cup of coffee have greater average 
translational kinetic energy than in her hand because the coffee is 
at a greater temperature.1][As the cup warms the hand, the average 
translational kinetic energy of the particles in the cup of coffee 
decreases and the average translational kinetic energy of the 
particles in her hand increases.2][When thermal equilibrium 
is reached, the average translational kinetic energy of the particles 
in each system will be equal.3]

I have explicitly addressed the average translational 
kinetic energies at the start.1

I have explicitly addressed the average translational 
kinetic energies as the coffee warms her hand.2

I have explicitly addressed the average translational 
kinetic energies at thermal equilibrium.3

Exam-style questions

This lesson

8	 [No.1][Increasing the temperature means increasing the average 
translational kinetic energy associated with the random motion of the 
atoms/molecules in a system.2][This is one of the types of energy that 
make up internal energy, so internal energy must also increase.3]

I have explicitly addressed whether the internal energy can 
remain constant when the temperature increases.1

I have used the relevant theory: temperature as a measure of 
average translational kinetic energy of particles.2

I have used the relevant theory: what makes up  
internal energy.3

9	 ​735​ K ​​= ​(​​735 − 273.15​)​​​​°C = 462°C  (1 MARK)

10	 a	 –170°C ​​= ​(−170 + 273.15)​​​ K = 103 K  (1 MARK)

b	 ​ΔT =​​ ​450°C – (–170°C) = 620°C = 620 K  (1 MARK)

11	 [Temperature is a measure of the average translational kinetic energy 
of the random disordered motion of the particles in a system.1] 
[Hence, the average translational kinetic energy of the atoms and 
molecules will be greater during the day than during the night.2]

I have used the relevant theory: temperature as a measure of 
average translational kinetic energy of particles.1

I have explicitly addressed the kinetic energy of atoms and 
molecules during the day compared with during the night.2

12	 [Particles in water (a liquid) are free to move around each other, 
whereas particles in ice (a solid) are stuck together,1][which explains the 
macroscopic properties of liquids being able to change shape and solids 
having a fixed shape.2][Hence water can flow as a thin stream into a 
bottle and then take the bottle’s shape, whereas ice cannot.3]

I have used the relevant theory: the kinetic theory of matter 
for solids and liquids.1

I have used the relevant theory: the macroscopic properties 
of solids and liquids.2

I have explicitly addressed the properties of water that allow 
it to fill the bottle easily.3

13	 [Archie is incorrect.1][Temperature is a measure of the average 
translational kinetic energy of the random disordered motion of the 
atoms and molecules in a system.2][The collective change in speed of 
the basketball and its particles as a result of its macroscopic movement 
is not related to the particles’ random disordered motion.3]

I have explicitly addressed whether Archie is correct.1

I have used the relevant theory: temperature as a measure of 
average translational kinetic energy particles.2

I have related my answer the the context of the question.3

14	 a	� The internal energy of the water in the Olympic pool would be greater 
than the internal energy of water in the backyard pool.  (1 MARK)

This is because the Olympic pool has a greater volume.

b	 The average translational kinetic energy of the water molecules in 
the backyard pool would be the same as the average translational 
kinetic energy of the water molecules in the Olympic pool.  (1 MARK)

This is because the pools are at the same temperature.

Key science skills

15	 a	 Uncertainty = ​​ 1 _ 2 ​​ × smallest division on scale = ​​ 1 _ 2 ​​ × 2°C = 1°C  (1 MARK)

b	
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2B	 How does thermal energy move?
Theory review questions 

1	 B.  When systems are in thermal equilibrium, there is no net flow of heat 
between them.

2	 Relies on 
particle 
vibrations or 
collisions

Matter travels 
with the heat

Works well 
through air

Conduction ✔

Convection ✔ ✔

Thermal 
radiation ✔ ✔

3	 temperatures; in contact; heat; internal energy

Although temperature is related to internal energy, temperature 
(not internal energy) determines the flow of thermal energy.

“Coldness” or “cold” is not something that physically exists or is 
transferred between systems.

Heat does not describe energy that an object has; it describes the 
energy that is flowing between systems.

4	 a	 C.  Any temperature below 30°C will feel cold to Selina.

b	 A.  If the metallic ball is better at cooling things down, it is a better 
thermal conductor. Therefore, it will also be better than the rubber 
ball at conducting thermal energy into Selina’s palm.

5	 energy; heat; insulators

Heat does not describe energy that an object has; it describes the 
energy that is flowing between systems.

6	 B.  Within a fluid, convection is the most effective form of heat transfer.

7	 B.  Heat is a flow of energy and it does not always rise, but hot fluids rise 
during natural convection.

8	 A.  Metals are good conductors.

9	 A.  Conduction is independent of gravity so the results of Experiment 4 
will be the same as those of Experiment 3. Conduction is equally 
effective regardless of whether the heat flows upwards or downwards.

10	 a	 C

b	 A

11	 D

Deconstructed exam-style question

12	 a	 D b	 A

c	 [Sabrina is correct.1][As the heated fluid will be on top, it will not 
move since hotter fluid only rises above colder fluid.2][As convection 
requires movement of fluid, convection cells will not be able to form.3]

I have explicitly addressed who is correct.1

I have used the relevant theory: hotter fluid rises above 
colder fluid.2

I have used the relevant theory: requirements 
for convection.3

Exam-style questions

This lesson

13	 B  (1 MARK) 14	 C  (1 MARK)

15	 B  (1 MARK)  

Rate of conduction is proportional to temperature difference. 
​1.5 × 100 = 150​ J s−1.

16	 D  (1 MARK)  

Convection is when heat transfer occurs as a result of the movement  
of matter.

17	 C  (1 MARK)  

It is impossible to tell because the balls are different sizes, and the  
rate of conduction depends on the surface area as well as temperature  
and material.

18	 [Zev’s head is hotter than the ice pack and the two are in contact, so the 
heat will flow from his head to the ice pack1][through conduction.2]
[The particles that make up Zev’s head will transfer translational kinetic 
energy to the particles that make up the ice pack by colliding with them, 
increasing the ice pack’s internal energy.3]

I have used the relevant theory: conditions for conduction.1

I have explicitly addressed the kind of heat transfer  
taking place.2

I have used the relevant theory: the mechanism  
of conduction.3

19	 a	� Yes  (1 MARK) 
Thermal radiation is the primary form of heat transfer between the 
fire and Jim. Radiation does not require matter, so he will still feel a 
similar amount of warmth.

b	 Convection  (1 MARK) 
The hot air surrounding the fire rises due to its lower density, 
helping heat anything above the fire, but not to its side. 
This is convection.

20	 a	� Aluminium  (1 MARK) 
Pure metals are good thermal conductors.

I have drawn time on the horizontal axis.

I have drawn temperature on the vertical axis.

I have used an appropriate and consistent scale so the 
data takes up at least half of each axis.

I have plotted each point of data.

I have included correct uncertainty bars.

I have drawn a line of best fit that passes through all the 
uncertainty bars.
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b	 [Plastic should be used1][as it is a better insulator.2][This reduces 
the rate of heat flow compared to a conductor like aluminium.3]

I have explicitly addressed whether plastic or aluminium 
should be used for the piping.1

I have referenced that plastic is a good insulator.2

I have used the relevant theory: insulators conduct  
heat poorly.3

21	 ​Δ​T​ i​​ = ​T​ plate​​ − ​T​ mitt​​  ∴ Δ​T​ i​​ = 340 − 300  ∴ Δ​T​ i​​ = 40 K​

Rate of heat flow halved and ​​ 
Q

 __ t  ​ ∝ ΔT  ∴ Δ​T​ f​​ = ​ 1 __ 2 ​ × Δ​T​ i​​ = ​ 1 __ 2 ​ × 40​  (1 MARK)

​Δ​T​ f​​ =​ ​20 K​  (1 MARK)

22	 a	� Hotter  (1 MARK) 
Net thermal energy flows from hotter objects to colder objects, 
increasing the colder objects’ internal energy.

b	 [Objects in thermal equilibrium are at the same temperature 

(​ΔT = 0​).1][From the relation ​​ 
Q

 _ t  ​ ∝ ΔT​, this means ​​ 
Q

 _ t  ​​ (the rate of heat 

flow due to conduction), must also be zero.2]

I have used the relevant theory: the relationship between 
thermal equilibrium and temperature.1

I have explicitly addressed the relevant relation that 
shows there will be no net flow of heat.2

23		 a	� [The conduction occurs through physical contact with the air.1] 
[A greater surface area means a higher amount of contact,2] 
[which increases the rate of conduction with the air and cools the  
fins quicker.3]

I have used the relevant theory: conditions  
for conduction.1

I have referenced the fins’ high area of contact with  
the air.2

I have explicitly addressed the purpose of having a high 
surface area.3

b	 [The fins transfer the heat through conduction to the air.1][The fan2]
[then blows away this heated air, which is forced convection.3]

I have referenced how the heat is transferred from the 
fins to the air.1

I have explicitly addressed the role of the fan.2

I have referenced how the fan transfers heat away from 
the fins.3

Previous lessons

	24		 [Particles in a solid are able to vibrate only,1][and do not move around. 
This is different to2][particles in liquids and gases, which are free to 
move around each other.3]

I have used the relevant theory: movement of particles  
in a solid.1

I have explicitly addressed what is unique about the 
movement of particles in solids compared to fluids.2

I have used the relevant theory: movement of particles  
in fluids.3

This content was covered in Lesson 2A.

Key science skills 

25	 a	 3  (1 MARK) 
	� When adding values, we use the number of decimal places of the 

value with the fewest number of decimal places. That is  
​0.3 + 5.7 + 4.502 = 10.502​ but we take ​10.5​ (one decimal place) 
because ​0.3​ and ​5.7​ have only one decimal place.

b	 2  (1 MARK) 
When multiplying numbers, we use the number of significant figures 
of the value with the fewest significant figures. Since one of the 
numbers (time) has only two significant figures, we can have only 
two significant figures for the answer. We get ​10.502 × 5.0 = 53​.

2C	 How heat affects temperature
Theory review questions

1	 a	 2000 J. ​ Q = mcΔT​ so if all else is equal, doubling ​ΔT​ means doubling ​Q​.

b	 3000 J. ​ Q = mcΔT​ so if all else is equal, tripling ​m​ means tripling ​Q​.

2	 a	 �X. ​ ΔT = ​ 
Q

 _ mc ​​ so if all else is equal, ​ΔT​ is greater for materials with a 
lower c.

b	 X.  Same explanation as part a.

c	 Y. ​ Q = mcΔT​ so if all else is equal, ​Q​ is greater for materials with a 
greater c.

d	 Y.  Same explanation as part c.

3	 B.  On a graph of T vs Q, a lower gradient represents a higher specific 

heat capacity since ​c ∝ ​ 
Q

 ___ ΔT ​​.

4	 a	 Q to R

b	 T to S

c	 R to S

5	 B

6	 B.  The energy is stored as potential energy as the particles overcome 
the intermolecular bonds between them.

7	 A.  The potential energy decreases as the intermolecular bonds force 
the particles into a more ordered structure. This energy is latent heat 
being released.
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8	 C.  Only the potential energy of the particles changes during a change 
of state. The average translational kinetic energy of the particles does 
not change.

9	 conduction; Z; X; Y.

Deconstructed exam-style question

10	 a	 C

b	 B.  Use ​Q = mcΔT​ with appropriate unit conversions. ​ΔT​ is negative 
(​0 − 12 = −12​ K) because the water decreases in temperature. 
Therefore ​Q​ is also negative, which corresponds to a release of heat.

c	 D.  Use ​Q = mL​ with appropriate unit conversions.

d	 A.  Use ​Q = mcΔT​ with appropriate unit conversions and ​ΔT = ​T​ f​​ − 0​. ​
ΔT​ is negative (​​T​ f​​​ is negative).

e	 ​​​Q​ water​​ = 0.100 × 4.2 × 1​0​​ 3​ × ​(0 − 12)​ = −5.04 × 1​0​​ 3​​​ J  (1 MARK)

​​Q​ Lf​​ = −0.100 × 3.34 × 1​0​​ 5​ = −3.34 × 1​0​​ 4​​ J  (1 MARK)

​​​Q​ ice​​ = 0.100 × 2.1 × 1​0​​ 3​ × ​(​T​ f​​ − 0)​ = 2.1 × 1​0​​ 2​ × ​T​ f​​​​  (1 MARK)

​​Q​ total​​ = ​Q​ water​​ + ​Q​ Lf​​ + ​Q​ ice​​ − 40 × 1​0​​ 3​ 

= −5.04 × 1​0​​ 3​ − 3.34 × 1​0​​ 4​ + 2.1 × 1​0​​ 2​ × ​T​ f​​​

​​T​ f​​ = −7​°C  (1 MARK)

Exam-style questions

This lesson

11	 ​Q = mcΔT = 0.300 × 7.2 × 1​0​​ 2​ × 4.0​  (1 MARK)

​Q = 8.6 × 1​0​​ 2​​ J  (1 MARK)

12	 ​Q = mcΔT​  ∴ ​5500 = 0.015 × 450 × ΔT​  (1 MARK)

​ΔT = 815​ K or °C  (1 MARK)

13	 a	 For a gas condensing to a liquid, use the latent heat of vaporisation.

​Q = m​L​ v​​ = 1.5 × 1.1 × 1​0​​ 5​​  (1 MARK)

​Q = 1.65 × 1​0​​ 5​ = 1.7 × 1​0​​ 5​​ J released  (1 MARK)

b	 The total heat released is the sum of the latent heat of vaporisation 
(while condensing) and the heat released while the liquid cools.

​​Q​ total​​ = ​Q​ Lv​​ + ​Q​ liquid​​​  ∴ ​2.0 × 1​0​​ 5​ = 1.65 × 1​0​​ 5​ + ​Q​ liquid​​​  (1 MARK)

​​Q​ liquid​​ = 0.3 × 1​0​​ 5​ = 3 × 1​0​​ 4​​ J released as the liquid cools  (1 MARK)

14	 [Xi is incorrect and Ruth is correct.1][The potential energy portion 
of the internal energy has increased as the solid melts to a liquid.2]
[The temperature has not increased because the translational kinetic 
energy portion of the internal energy has not changed.3]

I have explicitly addressed whether each statement is correct.1

I have used the relevant theory: latent heat corresponds to a 
change in potential energy.2

I have used the relevant theory: why temperature does not 
change when a substance melts.3

15	 a	� Use any two points on this section of the graph to calculate 
the gradient.

​gradient = ​ 
​y​ 2​​ − ​y​ 1​​

 _____ ​x​ 2​​ − ​x​ 1​​ ​ = ​  40 − 0 _______ 
​(25 − 0)​ × 1​0​​ 3​ 

 ​​  (1 MARK)

​gradient = 1.6 × 1​0​​ −3​​ K J−1  (1 MARK)

b	 Consider the section of graph corresponding to solid lead.

For solid lead: ​gradient = ​ rise ___ run ​ = ​ ΔT ___ Q  ​​

The equation relating ​Q​ and ​ΔT​ is ​Q = mcΔT​  ∴ ​gradient = ​  1 _ mc ​​  (1 MARK)

​1.6 × 1​0​​ −3​ =  ​  1 _ 5.0 × c ​​  (1 MARK)

​c = 125 = 1.3 × 1​0​​ 2​​ J kg−1 K−1  (1 MARK)

c	 The heat absorbed when 5.0 kg of lead melts is given by the heat 
input for the flat section of the graph.

​​​Q​ Lf​​ = ​(150 − 25)​ × 1​0​​ 3​ = 1.25 × 1​0​​ 5​​​ J  (1 MARK)

​​Q​ Lf​​ = m​L​ f​​​  ∴ ​1.25 × 1​0​​ 5​ = 5.0 × ​L​ f​​​

​​L​ f​​ = 2.5 × 1​0​​ 4​​ J kg−1  (1 MARK)

16	 ​​Q​ Lf​​ = m​L​ f​​ = 0.9 × 3.3 × 1​0​​ 5​ = 2.97 × 1​0​​ 5​​ J  (1 MARK)

​​Q​ total​​ = ​Q​ Lf​​ + ​Q​ water​​​

​​4.0 × 1​0​​ 5​ = 2.97 × 1​0​​ 5​ + 0.90 × 4.2 × 1​0​​ 3​ × ​(​T​ f​​ − 0)​​​  (1 MARK)

​​T​ f​​ = 27​°C  (1 MARK)

17	 The latent heat of vaporisation released by the steam as it condenses is 
transferred to the glass.

​​Q​ Lv​​ = ​Q​ glass​​​  ∴ ​​​(​mL​ v​​)​​ 
steam

​​ = ​​(mcΔT)​​ glass​​​  (1 MARK)

​0.050 × 2.3 × 1​0​​ 6​ = 4.0 × 840 × ΔT​  (1 MARK)

​ΔT = 34​ K or °C  (1 MARK)

18	 Consider the 1.2 kg of water as it cools:

​​​Q​ cooling​​ = mcΔT = 1.2 × 4.2 × 1​0​​ 3​ × ​(​T​ f​​ − 20)​​​  (1 MARK)

Consider the 200 g of ice as it melts:

​​Q​ Lf​​ = m​L​ f​​ = 0.200 × 3.3 × 1​0​​ 5​ = 6.6 × 1​0​​ 4​​ J  (1 MARK)

Consider the 200g of melted ice (now water) as it warms:

​​​Q​ warming​​ = mcΔT = 0.200 × 4.2 × 1​0​​ 3​ × ​(​T​ f​​ − 0)​​​  (1 MARK)

The ice and the water must have the same final temperature. The sum of 
the heat released by the water (which is a negative value) and the total 
heat absorbed by the ice must be zero.

​​1.2 × 4.2 × 1​0​​ 3​ × ​(​T​ f​​ − 20)​ + 6.6 × 1​0​​ 4​ + 0.200 × 4.2 × 1​0​​ 3​ × ​(​T​ f​​ − 0)​ = 0​​  (1 MARK)

​​T​ f​​ = 5.92 = 5.9​°C  (1 MARK)

19	 [Rubbing alcohol evaporates more quickly than water1][because of 
rubbing alcohol’s lower values for specific latent heat of vaporisation 
and boiling point compared with water.2][This means that higher energy 
particles escape from the liquid at a greater rate, which causes its 
temperature to drop at a greater rate and feel cooler to the touch.3]
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2D

I have explicitly addressed the reason that rubbing alcohol 
feels colder than water.1

I have referenced the data from the table.2

I have used the relevant theory: the process of 
evaporative cooling.3

Previous lessons

20	 ​–145°C = −145 + 273.15 = 128.15 = 128​ K  (1 MARK)

This content was covered in Lesson 2A.

21	 ​​ 
Δ​T​ f​​ ___ Δ​T​ i​​

 ​ = ​ 100 ____ 400 ​ = ​ 1 __ 4 ​  ∴ Δ​T​ f​​ = ​ 1 __ 4 ​Δ​T​ i​​​  (1 MARK)

The difference in temperature changed by a factor of ​​ 1 __ 4 ​​ and ​​ 
Q

 __ Δt ​ ∝ ΔT 

∴​ the rate of heat transfer has also changed by a factor of ​​ 1 __ 4 ​​.  (1 MARK)

This content was covered in Lesson 2B.

Key science skills

22	 a	
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I have labelled both axes and included correct units.

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

I have plotted each data point.

I have drawn correctly sized uncertainty bars.

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

b	 Use any two points on the line of best fit to calculate the gradient.

​gradient = ​ 
​y​ 2​​ − ​y​ 1​​

 ______ ​x​ 2​​ − ​x​ 1​​ ​ = ​  44 − 22 _______ 
​(47 − 3)​ × 1​0​​ 3​ 

 ​ = 5.0 × 1​0​​ −4​​ °C J−1  (1 MARK)

​gradient = ​ rise _ run ​ = ​ ΔT _ Q  ​​

The equation relating ​Q​ and ​ΔT​ is ​Q = mcΔT​  ∴ ​gradient = ​  1 _ mc ​​

​5.0 × 1​0​​ −4​ = ​  1 _ 0.400 × c ​​  (1 MARK)

​c = 5000 = 5.0 × 1​0​​ 3​​ J kg−1 K−1  (1 MARK)

Depending on the line of best fit drawn, answers between 
​4.3 × ​10​​ 3​​ J kg−1 K−1 and ​6.0 × 1​0​​ 3​​ J kg−1 K−1 are acceptable.

2D	 The Zeroth and First Laws of 
Thermodynamics

Theory review questions

1	 A.  This is the definition of being in thermal equilibrium.

2	 B.  This is another definition of (and the cause of) thermal equilibrium.

3	 A.  This is a result of the Zeroth Law of Thermodynamics.

4	 heat, work

5	 B

6	 A.  The work that is done on the system represents a transfer of energy 
to the system.

7	 B.  In this case work is done by the system, which represents a transfer 
of energy out of the system.

Deconstructed exam-style question

8	 a	� B.  The heat is transferred to the gas so the gas gains the energy due 
to the heat transfer. Work is done by the gas (on its surroundings) 
which means the gas loses energy due to the work being done.  
0.800 kJ = 800 J.

b	 D

c	 ​ΔU = Q + W = 300 − 800 = − 500​ J  (1 MARK)

​ΔU = mcΔT​  ∴ ​− 500 = 2.0 × 1.0 × 1​0​​ 3​ × ΔT​  (1 MARK)

​ΔT = − 0.25​ K. The temperature decreases by 0.25 K.  (1 MARK)

Exam-style questions

This lesson

9	 a	 Heat would flow from the gas canister to the steel.  (1 MARK)

b	 The temperature of the gas canister is greater than the temperature 
of the steel.  (1 MARK)

10	 a	​ ΔU = Q + W = 300 + 0 = 300​ J  (1 MARK)

b	 ​ΔU = Q + W = 0 − 150 = − 150​ J  (1 MARK)

c	 ​ΔU = Q + W = − 180 + 420 = 240​ J  (1 MARK)

11	 ​ΔU = Q + W = − 3300 − 2400 = − 5700​ J  (1 MARK)

12	 Heat is transferred away from the system.

​ΔU = Q + W​  ∴ ​− 500 = − 800 + W​  (1 MARK)

​W = 300​ J  (1 MARK)

Work is done on the balloon since the work done increases the 
internal energy of the balloon (shown by a positive value of work using 
our convention).  (1 MARK)

13	 Work is done by the system as it expands.

​ΔU = Q + W  ​∴ ​− 40 = Q − 72​  (1 MARK)

​Q = 32​ J  (1 MARK)

Heat is transferred to the gas in the syringe since it increases the internal 
energy of the gas.  (1 MARK)
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Chapter 2 Review
Section A

1	 A. ​ 1000​ K ​​= ​(1000 − 273.15)​​​°C

2	 A.  The tiles feel cold because heat is transferred quickly via conduction 
to the tiles since Lloyd’s feet are in direct contact with the tiles. Socks do 
not conduct heat as well.

3	 D.  Being at the same temperature, being in thermal equilibrium, 
and having no net heat transfer are all equivalent descriptions of the 
relationship between two objects. If the iPhone is in thermal equilibrium 
with the Samsung and the Samsung is in thermal equilibrium with the 
Huawei then the iPhone must also be in thermal equilibrium with the 
Huawei (Zeroth Law).

4	 B.  The water continues to absorb heat but it does not increase the 
kinetic energy, which determines temperature.

5	 C.  The internal energy increases due to the heat transferred to the air.  
It decreases due to the work done by the air.  ∴ ​ΔU = 4.0 − 1.2​ J

Section B

6	 [Hotter gases have greater average translational kinetic energy than the 
cooler air surrounding it.1][This means the particles in the hotter gas 
space themselves further apart which makes the hotter gas less dense 
than the cooler air and so it rises (and the cooler air sinks).2]

I have used the relevant theory: temperature as a measure of 
average translational KE.1

I have used the relevant theory: how temperature relates  
to density.2

7	 a	​ Q = mcΔT​  ∴ ​​Q = 0.120 × 900 × ​(10.0 − 25.0)​​​  (1 MARK)

​Q = −1.62 × 1​0​​ 3​​ J

​1.62 × 1​0​​ 3​​ J was transferred from the goblet.  (1 MARK)

b	 The quantity of heat transferred from the goblet is the same as the 
quantity transferred to the water.  (1 MARK)

​Q = mcΔT​  ∴ ​​1.62 × 1​0​​ 3​ = m × 4.18 × 1​0​​ 3​ × ​(6.9 − 5.0)​​​  (1 MARK)

​m = 0.204​ kg ​= 204​ g  (1 MARK)

8	 [When the wind blows, it increases the rate of evaporation1] 
[because it encourages the water molecules with the greatest 
kinetic energy to escape.2][This decreases the average translational 
kinetic energy, and hence temperature, of the remaining water more 
rapidly so that heat will be transferred from Tobias’ skin to the water 
more rapidly.3]

I have explicitly addressed the effect of the wind.1

I have referenced a kinetic energy model.2

I have used the relevant theory: how evaporation  
causes cooling.3

9	 a	​​ Q​ melt​​ = mL = 10.0 × 2.47 × 1​0​​ 5​​ J  (1 MARK)

​​Q​ melt​​ = 2.47 × 1​0​​ 6​​ J

b	 ​​Q​ liquid​​ = ​Q​ total​​ − ​Q​ melt​​ = 3.00 × 1​0​​ 6​ − 2.47 × 1​0​​ 6​ = 5.3 × 1​0​​ 5​​ J  (1 MARK)

​​Q​ liquid​​ = mcΔT​  ∴​ ​​5.3 × 1​0​​ 5​ = 10.0 × 8.20 × 1​0​​ 2​ × ΔT​  (1 MARK)

​ΔT = 64.6​°C  ∴​ ​​​T​ f​​ = ​T​ i​​ + ΔT = 1538 + 64.6 = 1603​°C  (1 MARK)

10	 a	 Work is done on the system, which increases its internal energy.

​ΔU = Q + W​  ∴​ ​​10 = Q + 40​  (1 MARK)

​Q = − 30​ J

30 J of heat is transferred from the gas  (2 MARKS)

b	 [The temperature is greater than 20°C at the end of this process1]
[because the internal energy has increased without a change  
of state.2]

I have explicitly addressed how the new temperature 
compares with the original temperature.1

I have used the relevant theory: the relationship between 
internal energy and temperature.2

14	 ​ΔU = Q + W = 100 + 1200 = 1300​ J  (1 MARK)

​ΔU = mcΔT​  ∴ ​1300 = 0.75 × 4.2 × 1​0​​ 3​ × ΔT​  (1 MARK)

​ΔT = 0.41​ K ​= 0.41​°C  (1 MARK)

Previous lessons

15	 [Air conditioners are commonly placed at high positions to distribute 
cool air most effectively using convection.1][The air from an air 
conditioner is cooler and denser than the rest of the air in the space so it 
will sink (move downwards) which displaces the warmer air, pushing it 
upwards towards the air conditioning system.2]

I have referenced the appropriate form of heat transfer.1

I have used the relevant theory: convection.2

This content was covered in Lesson 2B.

16	 ​​​Q​ water​​ = mcΔT = 0.120 × 4.2 × 1​0​​ 3​ × (100 − 65) = 1.764 × 1​0​​ 4​​​ J  (1 MARK)

​​Q​ Lv​​ = m​L​ v​​ = 0.120 × 2.3 × 1​0​​ 6​ = 2.76 × 1​0​​ 5​​ J  (1 MARK)

​​Q​ total​​ = ​Q​ water​​ + ​Q​ Lv​​ = 1.764 × 1​0​​ 4​ + 2.76 × 1​0​​ 5​ = 2.9 × 1​0​​ 5​​ J  (1 MARK)

This content was covered in Lesson 2C.

Key science skills

17	 [The error is a systematic error1][since the results are consistently 
less than the expected results.2][This is most likely due to heat being 
transferred away from the air.3]

I have explicitly addressed the type of error.1

I have used the relevant theory: the characteristics of 
systematic error.2

I have explicitly suggested a cause for the error.3
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Review

c	 [The final internal energy (stage 3) is less than when the mass was 
resting on the plunger (stage 2)1][because work is done by the gas as 
the plunger moves upwards again and there is no heat transfer due 
to the insulation.2]

I have explicitly addressed how the internal energy at 
stage 3 compares with internal energy at stage 2.1

I have used the relevant theory: the relationship between 
work, heat, and internal energy.2

11	 [The matte black surface absorbs heat from the Sun via radiation and 
becomes hotter.1][The black surface heats the air in the tube that is 
touching the surface by conduction.2][This air is now warmer than 
the surrounding air which causes it to rise in the left side of the tube, 
which creates a convection current.3][This convection draws in air 
from the right-hand side of the tube to replace the warm air.4]

I have explicitly addressed the role of radiation.1

I have explicitly addressed the role of conduction.2

I have used the relevant theory: how convection occurs.3

I have explicitly addressed the role of convection.4

Warm air 
rises

Cool air replaces
the warm air
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3A	 The electromagnetic spectrum
Theory review questions

1	 D

2	 visible light; microwaves; gamma waves; X-rays

3	 B

4	 a	 Radio station sends a radio wave signal

b	 Radio receives radio waves

c	 Radio emits sound

Deconstructed exam-style question

5	 a	 C

b	 D

c	 D

d	 [The statement is false.1][Both waves travel at the same speed 
through a vacuum so they reach the glass at the same time.2]
[When travelling through a medium (like glass), some of the waves 
are absorbed and will not reach the receiver.3][Due to the high 
frequency of gamma waves, a smaller portion of them will reach the 
receiver than the radio waves.4]

I have explicitly addressed if the statement is true or false.1

I have used the relevant theory: the speed of 
electromagnetic waves is the same.2

I have used the relevant theory: matter absorbs of 
electromagnetic waves.3

I have used the relevant theory: the relationship between 
frequency and absorption.4

Exam-style questions

This lesson

6	 Gamma rays, X-rays, ultraviolet, visible light, infrared, microwaves, 
radio waves.

7	 Radio waves, microwaves, infrared, visible light, ultraviolet, X-rays, 
gamma rays.

8	 Electromagnetic waves do not need a medium to propagate.

OR

Electromagnetic waves can travel through a vacuum.

Previous lessons

9	 a	� [Due to the hot steam having a lower density than the air,1] 
[the steam travelled via convection up to Alice’s arm.2][The particles 
of the steam then collided with the particles in Alice’s arm,3]
[transferring energy via conduction.4]

I have used the relevant theory: fluids rise when they 
have lower density.1

I have explicitly addressed what the first heat transfer is.2

I have used the relevant theory: particles transfer thermal 
energy through collisions.3

I have explicitly addressed what the second heat 
transfer is.4

This content was covered in Lesson 2B.

b	 ​​Q​ water​​ = mcΔT = 1.2 × 4.2 × 1 ​0​​ 3​ × 50.0 = 2.52 × 1​0​​ 5​​ J  (1 MARK)

​​Q​ from kettle​​ = ​Q​ water​​ + ​Q​ surroundings​​

2.98 × 1 ​0​​ 5​ = 2.52 × 1​0​​ 5​ + ​Q​ surroundings​​​  (1 MARK)

​​Q​ surroundings​​ = 4.6 × 1​0​​ 4​​ J  (1 MARK)

This content was covered in Lesson 2D.

Key science skills

10	 ​658​ nm = ​658 × 1​0​​ −9​​ m  (1 MARK)

​658 × ​10​​ −9​ = 6.6 × 1​0​​ −7​​ m  (1 MARK)

3B	 Thermal radiation
Theory review questions

1	 A.  This option lists the properties of black bodies. 

2	 B.  All objects above 0 K release thermal radiation. 

3	 B.  Peak wavelength is inversely related to temperature, so the coolest 
objects will have the longest peak wavelength. Object S does not emit 
any radiation.

4	 A.  All bodies release thermal radiation from all parts of the 
electromagnetic spectrum.

5	 B.  The blue object has a greater temperature. Peak wavelength will 
decrease as temperature increases. As blue wavelengths are shorter 
than red wavelengths, objects glowing blue will be hotter.

6	 A.  Black bodies are good emitters as well as absorbers. 

7	 B.  The peak wavelength is the most released wavelength. 

8	 across the entire spectrum; predominance of blue light in the radiation 

9	 D.  Other types of waves are in such small amounts that they are not 
usually detectable on the Earth’s surface.

10	 B.  The temperatures used in the Stephan-Boltzman law need to be 
measured in kelvin. It is only meaningful to describe the factor by 
which a temperature increases when temperatures are stated using an 
absolute scale (i.e. the Kelvin scale).

​T = 20 + 273.15 = 293.15​ K

​​T​ f​​ = 2 × ​T​ i​​ = 2 × 293.15 = 586.3 ​K

​586.3​ K ​​= ​(​​586.3 − 273.15​)​​​​°C = 313°C 
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3B

Deconstructed exam-style question

	11	 a	 D b	 C c	 A d	 C

e	 Calculate the initial temperature:

​​T​ i​​ = 23.5 + 273.15 = 296.65​ K  (1 MARK)

Calculate the final temperature:

​λ = 3560​ nm​ = 3.560 × 1​0​​ −6​​ m

 ​​λ​ max​​ = ​ b __ T ​  ∴ 3.560 × 1​0​​ −6​ = ​ 2.898 × 1​0​​ −3​ __________ T  ​ ​

​​T​ f​​ = 814.04 = 814​ K  (1 MARK)

Calculate the final power:

​​ 
​P​ f​​ __ ​P​ i​​

 ​ = ​ 
​​T​ f​​​​ 

4​
 ___ ​​T​ i​​​​ 

4​ ​  ∴ ​​​ 
​P​ f​​ ___ 33 ​ = ​ 814.0​4​​ 4​ _______ 296.6​5​​ 4​ ​​   (1 MARK)

​​P​ f​​ = 1871.24 = 1.9 × 1​0​​ 3​​ W  (1 MARK)

Exam-style questions

This lesson

	​12​	​ ​​λ​ max​​ = ​ b __ T ​ = ​ 2.898 × 1​0​​ −3​ __________ 7000  ​​  (1 MARK)

​​λ​ max​​ = 4.14 × 1​0​​ −7​​ m  (1 MARK)

13	 C  (1 MARK)

​ ​ 
​P​ f​​ __ ​P​ i​​

 ​ = ​ 
​​T​ f​​​​ 

4​
 ___ ​​T​ i​​​​ 

4​ ​​  ∴ ​​ 512 ____ 2  ​ = ​ 
​​T​ f​​​​ 

4​
 ___ ​​T​ i​​​​ 

4​ ​​

​​ 
​T​ f​​ __ ​T​ i​​

 ​ = 4​  ∴ ​​T​ f​​ = 4 × ​T​ i​​​

The increase in power is by a factor of 44 = 256. Therefore, the temperature 
increased by a factor of 4.

	14		 a	� [The reason the colour changes from “metallic silver” to red is 
because the majority of visible light coming from the metal changes 
from being reflected light to emitted light.1][The reason the colour 
changes from red to orange to white is because the proportion of 
light emitted at each wavelength changes.2][The intensity of light 
emitted increases as temperature increases.3] 

I have explicitly addressed the change in colour from 
“metallic silver” to red.1

I have explicitly addressed the change in colour from red 
to orange to white.2

I have explicitly addressed the relationship between 
temperature and intensity of radiation.3

b	 ​​λ​ max​​ = ​ b __ T ​​  ∴ ​680 × 1​0​​ −9​ = ​ 2.898 × 1​0​​ −3​ ___________ T  ​​  (1 MARK)

​T = 4.26 × 1​0​​ 3​​ K  (1 MARK)

	15	 a	​ T = 1280 + 273.15 = 1553.15​ K  (1 MARK)

​​λ​ max​​ = ​ b __ T ​ = ​ 2.898 × 1​0​​ −3​ ___________ 1553.15  ​ = 1.87 × 1​0​​ −6​​ m  (1 MARK)

b	 [All objects emit radiation across the entire visible spectrum.1]
[Since the peak wavelength is longer than the visible spectrum,2]
[the intensity of visible light emitted by the glass around the longer 
wavelength (red) part of the visible spectrum is higher than the 
shorter wavelength (blue).3]

I have used the relevant theory: objects emit thermal 
radiation across the entire spectrum.1

I have referenced the peak wavelength.2

I have used the relevant theory: the intensity of light near 
the peak wavelength is high.3

	16		 [Luna’s claim is incorrect and Selene’s is correct.1][A black body absorbs 
all incoming radiation and does not reflect radiation.2][Most of the light 
we see coming from the Moon is reflected light from the Sun.3][Hence, 
the bright light is not evidence of the Moon acting like a black body as 
Luna claims.4]

I have explicitly addressed Luna’s claim and Selene’s claim.1

I have used the relevant theory: the properties of a  
black body.2

I have referenced the Moon's reflection of light.3

I have explicitly addressed the Moon’s ability to be a  
black body.4

	17		 a	� [Xath is emitting less power when it appears red.1][By Wien’s Law, 
when the star’s peak wavelength is longer, its temperature is lower2]
[and therefore it emits less power.3]

I have referenced Xath’s power.1

I have used the relevant theory: wavelength is inversely 
proportional to temperature, Wien’s law.2

I have used the relevant theory: temperature is 
proportional to power, Stefan-Botzmann law.3

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

b	 When Xath appears white: ​​λ​ max​​ = ​ b __ ​T​  ​​
 ​ 

405 × 1​0​​ −9​ = ​ 2.898 × 1​0​​ −3​ __________ TW
  ​​​  ∴ ​​​T​ W​​ = 7156​ K  (1 MARK)

When Xath appears red: ​​λ​ max​​ = ​ b __ ​T​  ​​
 ​ 

710 × 1​0​​ −9​ = ​ 2.898 × 1​0​​ −3​ __________ TR
  ​​​  ∴ ​​​T​ R​​ = 4082​ K  (1 MARK)

c	 ​​ 
​P​ f​​ __ ​P​ i​​

 ​ = ​ 
​​T​ f​​​​ 

4​
 ___ ​​T​ i​​​​ 

4​ ​​  ∴ ​​ 
​P​ R​​

 __ ​P​ W​​ ​ = ​ 407​0​​ 4​ ______ 713​6​​ 4​ ​​​  (1 MARK)

​​ 
​P​ R​​

 __ ​P​ W​​ ​ = 1.06 × 1​0​​ −1​​  ∴ ​1.06 × 1​0​​ −1​ × 100% = 11%​  (1 MARK)

The power emitted when Xath is coolest is 11% of when it  
is hottest.  (1 MARK)

	18	 a	​​  
​P​ f​​ __ ​P​ i​​

 ​ = ​ 
​​T​ f​​​​ 

4​
 ___ ​​T​ i​​​​ 

4​ ​  ∴ ​ 99 ___ ​P​ i​​
  ​ = ​ 270​0​​ 4​ ______ 29​8​​ 4​  ​​  (1 MARK)

​​P​ i​​ = 1.47 × 1​0​​ −2​​ W  (1 MARK)

b	 ​T = 35.2 + 273.15 = 308.35​ K  (1 MARK)

​P = Aεσ​T​​ 4​​  ∴ ​1000 = 2.00 × ε × 5.67 × 1​0​​ −8​ × 308.​35​​ 4​​  (1 MARK)

​ε = 0.98​

The emissivity of a person is 0.98.  (1 MARK)
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c	 [A black body could model a person effectively.1][This is because a 
person's emissivity is very close to 1 (0.98).2]

I have explicitly addressed a black body’s ability to model 
a person.1

I have used the relevant theory: the emissivity of a  
black body.2

Previous lessons

	19	 C  (1 MARK)

This content was covered in Lesson 3A.

	20	 a	​ Q = mcΔT​  ∴ ​​Q = 1.2 × 6.3 × 1​0​​ 3​ × ​(​​40 − 20​)​​​​  (1 MARK)

	​ Q = 1.5 × 1​0​​ 5​​ J  (1 MARK)

b	 [The water will cool first1][as the heat capacity of water is lower than 
that of the unknown liquid.2][This means it takes less of an energy 
change for the same change in temperature, and so it both heats 
and cools faster.3]

I have explicitly addressed which liquid will cool first.1

I have referred to the heat capacity of both water and the 
unknown substance.2

I have used the relevant theory: specific heat capacity.3

This content was covered in Lesson 2C.

Key science skills 

	21		 [Asteri’s data is more precise than Stella’s data.1][This is because the 
range of Asteri’s data (382 nm) is less than the range of Stella’s  
data (534 nm).2]

I have explicitly addressed whether Stella or Asteri has the 
more precise data.1

I have used the relevant theory: the definition of precision.2

3C	 Earth's energy flow
Theory review questions

1	 B.  Only imbalances in heat can cause convection currents.

2	 A-II; B-III; C-I

3	 A.  True, solids can convect. This occurs as a result of intense heat and 
pressure in Earth’s mantle.

4	 offshore; onshore

5	 A.  Onshore winds are created because the water is cooler than the land, 
so the breeze will also be cooler than the land.

Deconstructed exam-style question

6	 a	 D

b	 A

c	 [The average temperature decreases away from the temperature 
due to an imbalance in radiation.1][The curvature of the Earth 
means that as you move away from the equator, the same amount 
of radiation is spread over a greater area.2][This causes less heat to 
be transferred from the Sun and, as a result, lower temperatures.3]

I have explicitly addressed a reason for the decrease 
in temperature.1

I have used the relevant theory: uneven distribution 
of radiation.2

I have referenced decreased energy or heat 
being transferred.3

Exam-style questions

This lesson

7	 C  (1 MARK)

8	 a	� At the equator, the land or ocean is warmer and in the atmosphere it 
is cooler.  (1 MARK)

b	 Water at the equator is warmer and water at the southernmost part 
of the Pacific Ocean is cooler.  (1 MARK)

c	 At night, the ocean is warmer and the land is cooler.  (1 MARK)

9	 [Thermal conduction heats the air above the land and water at the 
equator.1][The water and land at the equator generally have high 
temperatures due to radiation from the Sun. This is transferred to the air 
mainly through conduction.2]

I have explicitly addressed the heat transfer occurring.1

I have used the relevant theory: thermal conduction as the 
transfer of energy through direct contact.2

10	 [Thermal radiation heats the land and water at the equator.1] 
[Energy from the Sun in the form of electromagnetic waves is absorbed 
by the land and water at the equator.2]

I have explicitly addressed the heat transfer occurring.1

I have used the relevant theory: thermal radiation as the 
transfer of energy through the emission and absorption of 
electromagnetic waves.2

11	 [An onshore wind is caused when radiation from the Sun warms the 
land faster than the ocean.1][Through conduction, the land warms the 
air above it which causes the air to rise.2][This creates room for the cool 
air from the ocean to fill its spot causing a convection cell.3][This rush of 
cool air from the ocean is an onshore wind.4]

I have referenced the temperature difference between the 
land and ocean.1

I have referenced the warmer air rising.2

I used the relevant theory: convection cells in onshore winds.3

I have explicitly addressed that onshore winds are from 
the ocean.4
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3D

12	 [When the sea is warmer than the land in winter,1][conduction between 
the land and sea warms the land.2][During the summer the inverse 
occurs.3][This does not occur in inland areas which means they are 
hotter in summer and cooler in winter.4]

I have explicitly addressed the direction of heat transfer 
in winter.1

I have used the relevant theory: conduction.2

I have explicitly addressed the direction of heat transfer 
in summer.3

I have related my answer to the context of the question.4

Previous lessons

13	 a	​ Q = mL = 0.70 × 3.34 × 1​0​​ 5​ = 2.3 × 1​0​​ 5​​ J  (1 MARK)

b	 Using the change in temperature of the 5.2 kg of water:

​​Q = mcΔT = 5.2 × 4.2 × 1​0​​ 3​ × ​(23.0 − 10.8)​​​  (1 MARK)

​Q = 2.7 × 1​0​​ 5​​ J  (1 MARK)

This content was covered in Lesson 2C.

14	 a	

1300 K

1900 K

Ra
di

an
ce

Wavelength

I have drawn a curve with greater radiance than the 
1300 K curve.

I have drawn a curve with a peak to the left of the 
1300 K peak.

I have drawn a curve with an appropriate shape.

b	 ​​λ​ max​​ = ​ b __ T ​ = ​ 2.898 × 1​0​​ −3​ __________ 1300  ​​  (1 MARK)

​​λ​ max​​ = 2.23 × ​10​​ −6​​ m  (1 MARK)

c	 ​ε = 1.00​ as it is a black body.  (1 MARK)

​​P = Aεσ​(​​T​ f​​​​ 
4​ − ​​T​ i​​​​ 

4​)​ = 1.39 × 1.00 × 5.67 × 1​0​​ −8​ × ​(190​0​​ 4​ − 130​0​​ 4​)​​​  (1 MARK)

​P = 8.02 × 1​0​​ 5​​ W  (1 MARK)

This content was covered in Lesson 3B.

Key science skills

15	 a	� Independent: location  (1 MARK) 
Dependent: amount of water collected  (1 MARK) 
Controlled: rain gauge size OR time left out  (1 MARK)

b	 [They could have left the rain gauges out for a longer period of time 
(or repeated it multiple times).1][This would allow more data to be 
gathered and would increase reliability and validity of data.2] 
[They could also use more rain gauges in different areas.3][This would 
increase the reliability by reducing the effect of random error.4]

I have explicitly addressed one improvement to 
the experiment.1

I have referenced the reliability of the experiment.2

I have explicitly addressed another improvement to 
the experiment.3

I have referenced the reliability of the experiment.4

3D	 The greenhouse effect
Theory review questions 

1	 P best represents the Earth as it has a lower surface temperature. We 
know it will have a peak in the infrared spectrum away from visible light.

Q best represents the Sun. Its peak will be in the visible spectrum.

2	 reflected; absorbed; transmitted

3	 D.  The same wavelength may be absorbed by one material and not 
the other. Similarly, one wavelength may pass through a material and 
another may be absorbed by the same material. Both are factors. 

4	 B.  The emitted wavelength is always dependent on the temperature of 
the object that emits it. 

5	 A.  Reflection is the same wave changing direction when it interacts, so it 
has to have the same wavelength.

6	 Q

This is because they represent reflected sunlight, so they will have a 
similar spectrum as the Sun.

7	 emitted; P

The temperature of the atmosphere is going to be much cooler than that 
of the Sun, so it will emit radiation similar to that displayed in graph P.

8	 longer (infrared); shorter

9	 A 

Deconstructed exam-style question

10	 a	 C b	 B c	 D

d	 [The Earth’s temperature is a balance of this incoming and outgoing 
radiation with other factors such as reflection and absorption by 
the atmosphere.1][Incoming radiation from the Sun is of a shorter 
wavelength2][and radiation from the Earth is made of longer 
infrared radiation.3]

I have explicitly addressed Earth’s temperature as a 
balance of incoming and outgoing radiation.1

I have used the relevant theory: the Sun’s radiation.2

I have used the relevant theory: the Earth’s radiation.3
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Exam-style questions

This lesson

11	 B  (1 MARK)

12	 a	� [Infrared radiation.1][The infrared in Earth’s radiation is generally a 
longer wavelength than the infrared emitted from the Sun.2]

I have explicitly addressed the shared part of the 
electromagnetic spectrum.1

I have explicitly addressed the difference in the 
two spectrums.2

b	 Carbon dioxide, methane, water vapour (other greenhouse gases  
are acceptable)  (2 MARKS)

13	 a	� [The remaining 95% is absorbed by greenhouse gases in the 
atmosphere.1][This is then re-emitted back to Earth.2]

I have referenced absorption by greenhouse gases.1

I have used the relevant theory: the greenhouse effect.2

b	 The infrared spectrum  (1 MARK)

14	 [The energy Earth radiates is in the infrared zone1][which, as seen in 
the graph,2][coincides with a wavelength of high absorption for CO2.3]
[Incoming radiation is in the visible spectrum for which CO2 is a  
poor absorber.4]

I have referred to the spectrum that Earth radiates.1

I have explicitly addressed information from the graph.2

I have used the relevant theory: the absorption spectrum of 
greenhouse gases.3

I have referred to the relationship between the Sun’s 
emission spectrum and CO2’s absorption spectrum.4

15	 [The spectrum emitted from the Earth is made up almost entirely by the 
infrared spectrum due to Earth’s low temperature.1][As the Sun is much 
hotter, it releases shorter wavelength light from the infrared, visible, 
and ultraviolet parts of the spectrum.2]

I have explicitly addressed the emission spectrum of 
the Earth.1

I have explicitly addressed the emission spectrum of 
the Sun.2

16	 [Venus’ temperature would be higher than Earth’s.1][This is due to 
the much higher percentage of carbon dioxide in the atmosphere 
(96.5%) and Venus’ proximity to the Sun which means it receives more 
solar radiation.2][The higher percentage of greenhouse gases causes an 
increase in the amount of energy absorbed due to the greenhouse effect 
thereby increasing the planet’s temperature.3]

I have explicitly addressed that Venus’ temperature would be 
greater than Earth’s.1

I have referenced the information provided.2

I have used the relevant theory: the greenhouse effect.3

Previous lessons

17	 ​ΔU = Q + W = −17 + 9.0​​​​  (1 MARK)

​ΔU = −8​ kJ  (1 MARK)

This content was covered in Lesson 2D.

18	 a	​​ λ​ max​​ = 9760​ nm ​= 9760 × 1​0​​ −9​ = 9.760 × 1​0​​ −6​​ m

​​λ​ max​​ = ​ b _ T ​​  ∴ ​9.760 × 1​0​​ −6​ = ​ 2.898 × 1​0​​ −3​ __________ T  ​​  (1 MARK)

​T = 296.9​ K  (1 MARK)

​T = 23.8​°C  (1 MARK)

b	 ​P ∝ ​T​​ 4​​ 

​​T​ f​​ = 2 × ​T​ i​​​

​​2​​ 4​ = 16​  (1 MARK)

​​​P​ f​​  = Pi​  ​ ​ × 16 = 5356 × 16​

​​P​ f​​ = 85 696​ W  (1 MARK)

​​ΔP = P​ f​​ − ​P​ i​​ = 85 696 − 5356 = 8.034 × 1​0​​ 4​​ W  (1 MARK)

This content was covered in Lesson 3B.

Key science skills 

19	 [Bronte’s claim is correct, and Endrico’s is incorrect.1][Theories are 
explanations of physical phenomena that have been repeatedly 
confirmed by experimental evidence.2][Hypotheses are proposed 
explanations of relationships that are yet to be tested.3]

I have explicitly addressed who is correct.1

I have used the relevant theory: definition of a theory.2

I have used the relevant theory: definition of a hypothesis.3
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3E	 Modelling effects on the climate
Theory review questions 

1	 B.  A change in Earth’s (or a region’s) temperature is only considered 
climate change if it lasts for more than 30 years.

2	 a	 A b	 B c	 B

Same explanation as Question 1.

3	 D.  Albedo is the fraction of solar radiation reflected by a surface 
(not absorbed and re-emitted).

4	 IV.  Negative feedback is demonstrated because the initial change in 
Earth’s temperature is counteracted by the effect of the change. All the 
other options are positive feedback. 

5	 A.  We would observe positive feedback in the ball and hill scenario, 
since the initial change in speed decreases the ball’s height, which 
further increases the speed of the ball. In the other scenario the initial 
change in speed is resisted because of the upward slope.

6	 A.  This is why we attribute rising temperatures to CO2 even though it 
is not actually the main contributor to the regular greenhouse effect. 
Because it is being emitted at a rate faster than it leaves the atmosphere, 
it is driving the change in the amount of energy trapped, causing 
temperatures to rise.



3F

3F	 Thermodynamic principles in 
housing and transportation

Theory review questions

1	 D.  Around 40% for heating and cooling the house/people, 20% for 
heating water, and 10% for cooking and refrigeration.

2	 B.  In the northern hemisphere the Sun traces an arc across the 
southern sky (opposite to the southern hemisphere).

3	 E.  Good passive designs maximise heat gain and minimise heat 
loss in winter and they minimise heat gain and maximise heat loss 
during summer.
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7	 B.  The horizontal and vertical axes have been cut to make it look like 
there is a significant downward trend, but in option A we can see that 
this is not a significant fluctuation for the data.

8	 A.  The non-linear logarithmic vertical axis hides the size and the 
significance of a spike in the plot, which is much more obvious in option B.

9	 A.  Good scientific method can still result in high uncertainty (although it 
should aim to minimise it). 

10	 A.  Climate is the long-term average of the weather. Predicting the weather 
on a specific day requires much more precision, since the weather from 
one day to the next varies extremely compared to the climate.

Deconstructed exam-style question

11	 a	� A

b	 A.  If an increase in temperature causes CO2 levels to increase, from a 
we expect that this increase in CO2 levels will increase temperatures. 
This is a positive feedback, as the change will be magnified.

c	 C

d	 [It is justified to say that, historically, changes in CO2 were not 
responsible for many initial increases in temperature. However, 
we know that extra CO2 traps more heat and raises temperatures 
further.1][Additionally, the graph shows a strong correlation 
between CO2 and temperature, with the most significant warming 
occurring while CO2 levels were rising,2][which is consistent with 
positive feedback.3][These factors indicate that CO2 levels could 
affect temperature and so Bec’s claim is unjustified.4]

I have used the relevant theory: CO2’s effect on 
the climate.1

I have referenced how the graph shows that most 
warming occurs while/just after CO2 levels rise.2

I have explicitly addressed positive feedback.3

I explicitly addressed why Bec’s claim is unjustified.4

Exam-style questions

This lesson

12	 B  (1 MARK)

Lower temperatures should result in more snowfall, which would be 
positive feedback.

13	 A  (1 MARK)

14	 A  (1 MARK)

15	 C  (1 MARK)

The enhanced greenhouse effect is by definition due entirely to humans.

16	 A  (1 MARK)

As covered in Lesson 3D, nearly all of the energy coming into the Earth 
is balanced by the energy leaving it. The enhanced greenhouse effect’s 
dramatic impact on temperature is due to it causing an imbalance 
between the amount of energy flowing into the Earth and out.

17	 B  (1 MARK)

18	 [Since carbon dioxide has a longer lifetime in the atmosphere,1][it is 
able to build up more than methane, increasing the temperature of the 
atmosphere by a greater amount.2]

I have used the relevant theory: lifetimes of methane and 
carbon dioxide.1

I have used the relevant theory: effect of lifetime on 
atmospheric concentration.2

Previous lessons

19	 If two systems are both in thermal equilibrium with a third system, 
they are also in thermal equilibrium with each other.  (1 MARK)

This content was covered in Lesson 2D.

20	 [Due to the increased temperature of the ocean on the western coast of 
South America during El Niño, we would expect offshore winds to occur 
more and onshore winds less.1][This is because the air above the ocean 
will be warmer than the air above the land,2][resulting in a pressure 
difference that causes the air to travel via convection towards the ocean.3]

I have explicitly addressed how offshore and onshore winds 
are affected.1

I have explicitly addressed the difference in temperature 
between the air above the ocean and the air above the land.2

I have used the relevant theory: mechanics of onshore and 
offshore winds.3

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

This content was covered in Lesson 3C.

Key science skills 

21	 [Climate scientists build reliability when collecting data by running 
experiments multiple times to ensure repeatability.1][Other climate 
scientists will attempt similar experiments in order to determine 
whether the results of the original experiments are reproducible and 
should be taken seriously.2]

I have used the relevant theory: repeatability in climate  
data collection.1

I have used the relevant theory: reproducibility in climate 
data collection.2



14	 [Burning gas is a more efficient way of creating thermal energy than 
using electricity. This is because burning gas converts the chemical 
energy directly into thermal energy whereas electricity acts as a middle 
step between some other energy form (usually chemical energy from 
coal in Victoria) and thermal energy.1][Burning gas also releases less 
carbon dioxide per unit of energy released than the coal that most of 
Victoria’s electricity is derived from.2]

I have explicitly addressed one reason that gas is preferred  
to electricity.1

I have explicitly addressed a second reason that gas is 
preferred to electricity.2

15	 [The electricity that electric cars use is often produced from fossil fuels 
such as coal, which do create greenhouse gas emissions.1][Electric cars 
are still helpful because the process of converting chemical energy 
from coal at a power plant into the motion of the car is generally more 
efficient than converting chemical energy from petrol into motion of 
the car in a combustion engine.2][As electricity generation technologies 
become cleaner in the future due to increasing use of renewable  
energy sources, electric cars will become cleaner to drive too.3]

I have explicitly addressed the reason that the statement is 
not necessarily true.1

I have explicitly addressed why electric cars are still  
helpful now.2

I have explicitly addressed why electric cars will become 
cleaner in the future.3

Previous lessons

16	 Infrared  (1 MARK)

This content was covered in Lesson 3B.

17	 [Greenhouse gases absorb longer wavelength infrared radiation well 
but not shorter wavelength infrared, visible, and ultraviolet radiation.1]
[The vast majority of the energy radiated from Earth towards space is 
longer wavelength infrared radiation whereas a large portion of energy 
radiated towards Earth from the Sun is shorter wavelength infrared, 
visible, and ultraviolet radiation.2]

I have used the relevant theory: greenhouse gas absorption 
of different types of radiation.1

I have used the relevant theory: different types of radiation 
travelling in different directions.2

This content was covered in Lesson 3D.

Key science skills

18	 [The investigation is not valid1][because there are controlled variables 
that are not sufficiently maintained, which means the window type 
(independent variable) is not the only significant variable that affects 
heat loss in this case.2][For this investigation to be valid, the student 
should measure the heat loss at similar times of day when the 
temperature is the same and ideally from the same or similar houses.3]

I have explicitly addressed the validity of the investigation.1

I have used the relevant theory: experimental validity  
and variables.2

I have related my answer to the context of the question.3

4	 I; III; IV.  Insulation, double glazed windows, and sealing all help to 
prevent heat transfer (in either direction). Eaves mainly reduce heat 
gain from the Sun in summer (but do not reduce heat loss) and solar 
chimneys mainly encourage heat loss by natural convection.

5	 D

6	 C.  Thermal mass reduces the temperature during the day (regardless of 
the season) by absorbing heat and it increases the temperature during 
the night by releasing heat (which can be removed with other passive 
designs during summer).

7	 A.  Heat pumps move thermal energy but do not rely on creating more 
thermal energy.

8	 B.  Evaporation occurs at a much slower rate when the air is already 
holding a lot of water (i.e. it is humid) but it is effective in dry air  
(low humidity).

9	 C.  The main purpose of an automobile is to travel, so we should 
compare the pollution based on equal distances travelled.

10	 C.  Same explanation as Question 9.

Deconstructed exam-style question

11	 a	 B.  Warm air rises because it is less dense.

b	 C.  Rising warm air will draw cooler air to replace it. This is natural 
convection. It can cool a house if it is designed so that air can be 
drawn from a cooler region outside (such as air from near a body  
of water).

c	 [The Sun’s energy can be used to create convective air movement1]
[by using a surface that absorbs sunlight well to heat up the air  
near it (like in a solar chimney)2][which will then rise and draw air 
from a cooler region into the house.3]

I have explicitly addressed how the Sun’s energy can be 
used for cooling.1

I have used the relevant theory: capturing energy in using 
absorption to heat air.2

I have used the relevant theory: drawing cool air into  
the house.3

Exam-style questions

This lesson

12	 [No, insulation should be used in hot environments too1][because it 
prevents heat transfer in both directions which means it helps prevent 
heat gain in hot environments.2]

I have explicitly addressed whether insulation should be 
used in hot environments.1

I have used the relevant theory: insulation prevents heat flow 
in both directions.2

13	 Conduction  (1 MARK)
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Review

​Q = mcΔT  ∴ 40 × 1​0​​ 3​ = 0.300 × c × 56​  (1 MARK)

​c = 2.38 × 1​0​​ 3​ = 2.4 × 1​0​​ 3​​ J kg−1 K−1  (1 MARK)

This content was covered in Lesson 2C.

b	 Use any two points on the line for honey to get ​Q​ and ​ΔT​ for the new 
water sample.

​​Q = mcΔT  ∴ (40 − 0) × 1​0​​ 3​ = m × 4200 × (76 − 20)​​  (1 MARK)

​m = 0.17​ kg  (1 MARK)

This content was covered in Lesson 2C.

11	 a	 Active cooling  (1 MARK)

This content was covered in Lesson 3F.

b	 [The higher-energy particles on the surface of water are able to 
escape in a gaseous state (evaporate),1][reducing the average 
translational kinetic energy of the remaining water particles.  
This reduces the temperature of the system.2]

I have used the relevant theory: how evaporation occurs.1

I have used the relevant theory: how evaporation cools.2

This content was covered in Lesson 2C.

12	 a	� [Temperature measures the average translational kinetic energy in 
a system from particles’ random disordered motion.1][Absolute zero 
represents the temperature where a system’s particles have the 
lowest possible amount of this kinetic energy.2]

I have used the relevant theory: temperature as a measure 
of average translational kinetic energy of particles.1

I have explicitly addressed the physical meaning of 
absolute zero.2

This content was covered in Lesson 2A.

b	 ​470.4​ K ​​= ​(​​470.4 − 273.15​)​​​​°C = 197.3°C  (1 MARK)

This content was covered in Lesson 2A.

c	 ​Q = mL = 0.150 × 800 × 1​0​​ 3​ = 1.20 × 1​0​​ 5​​ J  (1 MARK)

This content was covered in Lesson 2C.

d	 ​​ 
Q

 __ t  ​ ∝ ΔT​

​ΔT​ changes by a factor of ​​ 45.0 ____ 180 ​ = ​ 1 __ 4 ​​, so ​​ 
Q

 __ t  ​​ does too.

​​ 
Q

 __ t  ​ = ​ 1 __ 4 ​ × ​ − 2.00 × 1​0​​ 3​ __________ 1  ​  ∴ ​ 
​Q​ f​​ __ ​t​ f​​

  ​ = ​ 
​Q​ f​​ __ 1  ​ = ​ 1 __ 4 ​ × ​ − 2.00 × 1​0​​ 3​ __________ 1  ​  ∴ ​Q​ f​​ = − 500​ J  (1 MARK)

​W = ​W​ on​​ − ​W​ by​​ = 150 − 400 = − 250​ J  (1 MARK)

​U = Q + W = − 750​ J  (1 MARK)

This content was covered in Lessons 2B and 2D.

e	 [Increase.1][With the seal gone, air would be able to flow into and 
out of the flask, removing thermal energy through convection.2]

I have explicitly addressed how the rate that thermal 
energy leaves the antifreeze would change.1

I have explicitly addressed why the rate would change.2

This content was covered in Lesson 2B.

13	 [A significant portion of the solar radiation that reaches Earth’s surface 
is in the visible spectrum.1][Since white light is made up of the entire 
spectrum of visible light,2][and albedo is the fraction of solar radiation 
reflected by a surface,3][surfaces that are good at reflecting white light 
have a high albedo.4]

I have explicitly addressed that a high amount of solar 
radiation is in the visible spectrum.1

I have explicitly addressed that white light is made up of 
visible light.2

I have used the relevant theory: what albedo measures.3

I have related my answer to the context of the question.4

This content was covered in Lessons 3A, 3D, and 3E.

14	 a	� [The enhanced greenhouse effect has increased the amount of 
thermal energy retained by the Earth.1][Humans have induced the 
effect (primarily) by raising atmospheric CO2 levels through our CO2 
emissions.2][This results in a positive feedback loop that causes more 
greenhouse gases to enter the atmosphere, strengthening the effect.3]

I have explicitly addressed the way that the amount of 
thermal energy retained by the Earth has been altered by 
the enhanced greenhouse effect.1

I have explicitly addressed how human activity has 
resulted in the enhanced greenhouse effect.2

I have used the relevant theory: the feedback loop 
between greenhouse gases and temperature.3

This content was covered in Lesson 3E.

b	 Constructing cities with an albedo lower than their environment 
increases the amount of thermal energy retained by the Earth.  (1 MARK)

This content was covered in Lesson 3E.

c	 Uncertainty  (1 MARK)

Uncertainty is quantitative, while reliability is qualitative. 
‘90% confidence’ indicates the use of a confidence interval, which is 
a measure of uncertainty. 

This content was covered in Lessons 1C and 3E.

d	 ​​P​ 1​​​ indicates the power for a temperature of 40.3°C, and ​​P​ 2​​​ for 41.9°C.

​​ 
​P​ f​​ __ ​P​ i​​

 ​ = ​ 
​​T​ f​​​​ 

4​
 ___ ​​T​ i​​​​ 

4​ ​  ∴ ​ 
​P​ 2​​
 _________ 4.21 × 1​0​​ 15​ ​ = ​ ​​

(​​41.9 + 273.15​)​​​​ 4​  _____________  ​​(​​40.3 + 273.15​)​​​​ 4​ ​​  (1 MARK)

​​P​ 2​​ = 4.297 × 1​0​​ 15​​ W  (1 MARK)

​​ΔP = ​P​ 2​​ − ​P​ 1​​ = ​(4.297 − 4.21)​ × 1​0​​ 15​ = 9 × 1​0​​ 13​​​ W  (1 MARK)

This content was covered in Lesson 3B.
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e	 ​​λ​ max​​ = ​ b __ T ​ = ​  2.898 × 1​0​​ −3​ ___________ 41.9 + 273.15 ​​  (1 MARK)

​​λ​ max​​ = 9.20 × 1​0​​ −6​​ m  (1 MARK)

This content was covered in Lesson 3B.

f	 [Even though an increase in the rate of CO2 emissions is correlated 
with an increase in temperature, that does not mean one is causing 
the other.1][Additionally, CO2 builds up over a very long time, so even 
if the rate that CO2 is emitted stopped increasing, the level of 
atmospheric CO2 would continue to increase which would likely 
cause temperatures to continue to rise due to the greenhouse effect.2] 
[Since both parts of Josh’s conclusion are not supported by 
the graphs, his conclusion is incorrect.3]

I have used the relevant theory: correlation does not 
imply causation.1

I have used the relevant theory: lifetime and/or buildup 
of CO2.2

I have explicitly addressed why Josh’s claim is incorrect.3

This content was covered in Lesson 3E.
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4A

4A	 What is electricity?
Theory review questions

1	 B.  Charge is a property of subatomic particles, so in order for charge  
to move, the particles must move themselves.

2	 II; III.  I is an open circuit and IV provides no path for charges to reduce 
electric potential energy.

3	 charge carriers; electrical source; potential energy; potential difference; 
current

4	 a	 B.  The vans receive an equal amount of bread.

b	 A.  Charge carriers with equal charge magnitude receive an equal 
amount of electric potential energy.

5	 C.  The energy delivered by the battery over a period of time is not equal 
to the total energy stored inside the battery. Power is a rate of change of 
energy, not an amount of energy.

6	 A.  Power and current depend on the circuit that an ideal source is 
connected to.

Deconstructed exam-style question

7	 a	 A

b	 C

c	 V = ​​ E _ Q ​  ∴ 40 × ​10​​ 3​ = ​ 400 × ​10​​ 3​ _______ Q  ​  (1 MARK)​

​Q = 10​ C  (1 MARK)

​​n​ e​​ = ​ 
−Q

 _ −e ​ = ​  −10 ______ 
−1.6 × ​10​​ −19​

 ​​  (1 MARK)

​​n​ e​​ = 6.3 × ​10​​ 19​​  (1 MARK)

Exam-style questions

This lesson

8	 a	​ P = VI  ∴ 220 = 20 × I​

​I = 11​ A  (1 MARK)

b	 P = ​​ E _ t   ​ ∴ 220 = ​  E _ 12 ​​

​E = 2640 = 2.6 × ​10​​ 3​​ J  (1 MARK)

c	 I = ​​ 
Q

 _ t  ​  ∴ 11 = ​ 
Q

 _ 12 ​​

​Q = 132​ C  (1 MARK)

​​n​ e​​ = ​ 
−Q

 _ −e ​ = ​  −132 ______ 
−1.6 × ​10​​ −19​

 ​ = 8.3 × ​10​​ 20​ electrons​  (1 MARK)

9	 V = ​​ E _ Q ​  ∴ 5.0 = ​  E _ 3.0 ​​

​E = 15​ J  (1 MARK)

10	 a	​​ P​ 1​​ = ​ E __ ​t​ 1​​ ​  ∴ 10 = ​  E _ 8.0 ​​

​E = 80​ J  (1 MARK)

​​P​ 2​​ = ​ E __ ​t​ 2​​ ​  ∴ 20 = ​ 80 ___ ​t​ 2​​  ​​

​​t​ 2​​ = 4.0​ s  (1 MARK)

OR

The replacement component uses energy twice as fast as the first 
component (​20​ W ​= 2 × 10​ W) so the same amount of energy would 
be used in half the time.  (1 MARK)

​​t​ 2​​ = ​ 
​t​ 1​​

 _ 2 ​ = ​ 8.0 _ 2  ​ = 4.0 s​  (1 MARK)

b	 [Since the same source was used, the voltage across each 
component was equal.1][This is because ideal sources provide a 
constant potential difference.2][Since ​P = VI​, the second component 
drew twice as much current as the first.3]

I have explicitly addressed the voltage of  
each component.1

I have used the relevant theory: ideal voltage sources 
provide constant potential difference.2

I have explicitly addressed the current of  
each component.3

11	 ​1​ hour ​= 60 × 60 = 3600​ s

P = ​​ E _ t ​ = ​ 3.6 × ​10​​ 3​ _____ 3600  ​ = 1.0 W​  (1 MARK)

​P = VI  ∴ 1.0 = V × 2.0​  (1 MARK)

​V = 0.50​ V  (1 MARK)

OR

​1​ hour ​= 60 × 60 = 3600​ s

I = ​​ 
Q

 _ t  ​  ∴ 2.0 = ​ 
Q

 _ 3600 ​​

​Q = 7.2 × ​10​​ 3​​ C  (1 MARK)

V = ​​ E _ Q ​ = ​ 3.6 × ​10​​ 3​ _______ 
7.2 × ​10​​ 3​

 ​​  (1 MARK)

​V = 0.50​ V  (1 MARK)

12	 V = ​​ E _ Q ​​ ​ ∴​ 66 × ​​10​​ 3​​ = ​​ 500 × ​10​​ 6​ _____ Q  ​​  (1 MARK)

​Q = 7.6 × ​10​​ 3​​ C  (1 MARK)

OR

P = ​​ E _ t ​​ = ​​ 500 × ​10​​ 6​ ______ 0.50  ​​ = 1.0 × ​​10​​ 9​​ W

​P = VI  ∴ 1.0 × ​10​​ 9​ = 66 × ​10​​ 3​ × I​

​I = 15.2 × ​10​​ 3​​ A  (1 MARK)

I = ​​ 
Q

 _ t  ​​​  ∴​ 15.2 × ​​10​​ 3​​ = ​​ 
Q

 _ 0.50 ​​

​Q = 7.6 × ​10​​ 3​​ C  (1 MARK)

13	 [Kendall is correct.1][Electric charge is a property of subatomic  
particles and cannot be transferred between subatomic particles.2]
[Therefore, because current is a flow of charge, there must be physical 
movement of charged particles for there to be a current.3]

I have explicitly addressed who is correct.1

I have used the relevant theory: electric charge is a property 
of subatomic particles.2

I have used the relevant theory: electric current as the 
movement of charged particles.3
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14	 [The cell transforms stored chemical energy into the electric potential 
energy it transfers to the circuit.1][The electric potential energy is 
transferred through the wires by the movement of charge carriers.2] 
[The light bulb then transforms the electric potential energy of the 
charge carriers in the circuit into light and thermal energy.3]

I have explicitly addressed the storage and transformation of 
energy in the battery.1

I have used the relevant theory: flow of energy in a circuit.2

I have explicitly addressed the transformation of energy at 
the light bulb.3

Previous lessons

15	 a	 Radiation  (1 MARK)

b	 Red  (1 MARK)

This content was covered in Lessons 2B and 3B.

16	 [The trend shown in the highlighted area is climatic,1][since it occurs 
over a large (>30 year) timeframe.2]

I have explicitly addressed whether the trend is climatic.1

I have used the relevant theory: climatic trends occur over 
periods greater than 30 years.2

This content was covered in Lesson 3E.

Key science skills

17	 a	 I (mA)

20

100

P (W)
40 60 80 100

200

300

400

500

I have plotted power on the horizontal axis and current 
on the vertical axis.

I have included axis labels and appropriate units.

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

I have plotted each data point.

I have included a line of best fit.

b	 	​P = VI​

gradient = ​​ rise _ run ​​ = ​​ I _ P ​​ = ​​ 1 _ V ​​

Using two points on the line of best fit:

gradient = ​​ rise _ run ​​ = ​​ 
(400 − 100) × ​10​​ −3​

  ___________ 92.5 − 23  ​​ = 0.0043  (1 MARK)

V = ​​  1 _ 0.0043 ​​ = 232 V

The camera network is operating at 232 V.  (1 MARK)

Note that a range of answers is acceptable based on the points 
chosen from the line of best fit.

4B	 Resistance and Ohm’s law
Theory review questions

1	 B.  Temperature affects material resistivity. Geometry (length, shape) 
does not affect resistivity.

2	 Y.  Applying ​R = ρ ​ L __ A ​​ to objects of equal length, the smallest resistivity and 

the largest cross-sectional area gives the lowest resistance.

3	 W.  Applying ​R = ρ ​ L __ A ​​ to objects of equal length, the largest resistivity and 

the smallest cross-sectional area gives the highest resistance.

4	 B, C.  Ohmic devices have constant gradients passing through the origin.

5	 Property Affects resistivity? Affects resistance?

Length ✔

Cross-sectional area ✔

Material ✔ ✔

Temperature ✔ ✔

6	 B.  A resistor does not store or provide energy.

Deconstructed exam-style question

7	 a	 C

b	 B.  An I-V graph for an ohmic device is linear (constant gradient) 
since its resistance is constant, and it is positive since an increase in 
potential difference causes an increase in current.

c	

Potential di�erence (V)

Cu
rr

en
t (

A)

I have drawn a line with a positive and linear gradient 
passing through the origin.

I have included axis labels and appropriate units.

Exam-style questions

This lesson

8	 ​A = π​r​​ 2​ = π × ​​(​​2.0 × ​10​​ −3​​)​​​​ 2​ = 1.26 × ​10​​ −5​​ m2  (1 MARK)

​R = ρ ​ L __ A ​ = 1.7 × ​10​​ −8​ × ​  0.30 __________ 1.26 × ​10​​ −5​ ​ = 4.1 × ​10​​ −4​​ Ω  (1 MARK)
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4B

9	 ​V = IR  ∴ 12 = 0.20 × R​

​R = 60​ Ω  (1 MARK)

10	 a	 ​A = π​r​​ 2​ = π × ​​(​​​ 60 ___ 2  ​ × ​10​​ −2​​)​​​​ 
2
​ = 0.283​ m2  (1 MARK)

​R = ρ ​ L __ A ​  ∴ 12 × ​10​​ −6​ = ρ × ​  2.4 _____ 0.283 ​​  (1 MARK)

​ρ = 1.4 × ​10​​ −6​​ Ω m  (1 MARK)

b	 ​V = IR  ∴ 900 = I × 12 × ​10​​ −6​​

​I = 7.5 × ​10​​ 7​​ A  (1 MARK)

11	 ​V = IR = 40 × ​10​​ −3​ × 90​  (1 MARK)

​V = 3.6​ V  (1 MARK)

12	 a	 D  (1 MARK)

Given that R is constant as the device is ohmic, ​​V​ i​​ = ​I​ i​​ R​, so ​R = ​ 
​V​ i​​ __ ​I​ i​​

 ​ = ​ 
​3V​ i​​ ___ 3 ​I​ i​​

 ​​

b	 C  (1 MARK)

The resistance of the device does not affect the potential  
difference applied.

13	 a	 ​R = ​ 12 ___ 2  ​ = 6​ Ω  (1 MARK)

Area has changed by a factor of 2. Given ​R = ρ ​ L __ A ​​, resistance will 

change by an inverse factor of the change in area (a factor of ​​ 1 __ 2 ​​).

b	 ​R = 3 × 12 = 36​ Ω  (1 MARK)

Length has changed by a factor of 3. Given ​R = ρ ​ L __ A ​​, resistance will 

change by the same factor as length (a factor of 3).

14	 ​V = IR  ∴ 60 = 3.0 × R​

​R = 20​ Ω  (1 MARK)

Given the charger is ohmic, resistance is constant:

​V = IR  ∴ 45 = I × 20​

​I = 2.3​ A  (1 MARK)

15	 a	 Device P is ohmic.  (1 MARK)

We know this because the plot is linear (with a constant gradient) 
and passes through the origin.

b	 Use any two points from the graph for P to calculate the gradient:

​gradient = ​ rise ___ run ​ = ​ 0.02 − 0 _______ 5 − 0  ​ = 0.004​  (1 MARK)

​​ 1 __ R ​ = gradient  ∴ ​ 1 __ R ​ = 0.004​  (1 MARK)

​R = 250​ Ω  (1 MARK)

c	 From the graph: when ​V = 5.0​ V, ​I = 3.0​ A

​V = IR  ∴ 5.0 = 3.0 × R​  (1 MARK)

​R = 1.67 = 1.7​ Ω  (1 MARK)

16	 [Resistivity is the opposition of a material to the flow of current,1]
[whereas resistance is the opposition of an object to the flow 
of current.2][Resistivity depends on the material itself and the 
temperature,3][while resistance depends on the material, temperature, 
and geometry of the object.4]

I have explicitly addressed resistivity.1

I have explicitly addressed resistance.2

I have explicitly addressed the factors that affect resistivity.3

I have explicitly addressed the factors that affect resistance.4

Previous lessons

17	 ​K = C + 273.15 = 1700 + 273.15 = 1973.15​ K  (1 MARK)

​​λ​ max​​ = ​ b __ T ​ = ​ 2.89 × 1​0​​ −3​ __________ 1973.15  ​ = 1.46 × 1​0​​ −6​​ m  (1 MARK)

This content was covered in Lesson 2A.

18	 a	� Radio waves, microwaves, infrared, visible light, ultraviolet, X-rays, 
gamma rays.  (1 MARK)

b	 Gamma rays, X-rays, ultraviolet, visible light, infrared, microwaves, 
radio waves.  (1 MARK)

This content was covered in Lesson 3A.

Key science skills

19	 a	 I (mA)

1

50

V (V)
2 3 4 5 6

100

150

200

250

300

Resistor 1

Resistor 2

0
0

I have plotted potential difference on the horizontal axis 
and current on the vertical axis.

I have included axis labels and appropriate units.

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

I have plotted each data point.

I have included two lines of best fit.

I have labelled each line of best fit with its corresponding 
resistor number.
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4C	 Series circuits
Theory review questions

1	 I; III.  Series connections are end to end.

2	 C.  Remember that ​​V​ n​​ ∝ ​R​ n​​​.

3	 D.  The sum of all load voltage drops equals the total supplied voltage.

4	 V1

5	 B.  Adding components adds resistance which decreases current for a 
constant voltage, decreasing total power.

Deconstructed exam-style question

6	 a	 A

b	 C. ​​ R​ T​​ = 200 + 400 + 100 = 700​ Ω

c	 B. ​​ V​ T​​ = I​R​ T​​  ∴ 14.0 = I × 700​

​I = 2.00 × ​10​​ −2​​ A

d	 B. ​​ V​ 3​​ = I​R​ 3​​ = 0.0200 × 100 = 2.00​ V

e	 ​​R​ T​​ = 200 + 400 + 100 = 700​ Ω  (1 MARK)

​​V​ T​​ = I​R​ T​​  ∴ 14.0 = I × 700​

​I = 2.00 × ​10​​ −2​​ A  (1 MARK)

​​V​ 3​​ = I​R​ 3​​ = 2.00 × ​10​​ −2​ × 100 = 2.00​ V  (1 MARK)

​​P​ 3​​ = ​V​ 3​​I = 2.00 × 2.00 × ​10​​ −2​ = 4.00 × ​10​​ −2​​ W  (1 MARK)

Exam-style questions

This lesson

7	 a	 RT = R1 + R2 + R3 = 200 + 400 + 450 = 1050 Ω  (1 MARK)

b	 ​​R​ T​​ = ​R​ 2​​ + ​R​ 3​​ = 400 + 450 = 850​ Ω  (1 MARK)

8	 a	 RT = R1 + R2 = 10 + 20 = 30 Ω  (1 MARK)

​​V​ T​​ = I ​R​ T​​  ∴ 12 = I × 30​

​I = 0.40​ A  (1 MARK)

b	 ​​V​ 2​​ = I ​R​ 2​​ = 0.40 × 20 = 8.0​ V  (1 MARK)

9	 V2 = IR2​  ∴​ 4.0 = I ​×​ 400

​I = 0.010​ A  (1 MARK)

​​V​ 1​​ = I​R​ 1​​ = 0.010 × 200 = 2.0​ V  (1 MARK)

​​V​ supply​​ = ​V​ 1​​ + ​V​ 2​​ = 2.0 + 4.0 = 6.0​ V  (1 MARK)

OR

​​V​ 2​​ = I ​R​ 2​​  ∴ 4.0 = I × 400​

​I = 0.010​ A  (1 MARK)

​​R​ T​​ = ​R​ 1​​ + ​R​ 2​​ = 200 + 400 = 600​ Ω  (1 MARK)

​​V​ supply​​ = ​V​ T​​ = I ​R​ T​​ = 0.010 × 600 = 6.0​ V  (1 MARK)

OR

​​R​ T​​ = 200 + 400 = 600​ Ω  (1 MARK)

​​R​ 2​​ = ​ 2 __ 3 ​ × ​R​ T​​​

​​V​ n​​ ∝ ​R​ n​​  ∴ ​V​ 2​​ = ​ 2 __ 3 ​ × ​V​ supply​​​  (1 MARK)

​​V​ supply​​ = ​ 3 __ 2 ​ × 4.0 = 6.0​ V  (1 MARK)

10	 RT = 4x

​​V​ n​​ ∝ ​R​ n​​​

​​​R​ 1​​ = x = ​ 1 __ 4 ​ ​R​ T​​  ∴ V​ 
1
​​ = ​ 1 __ 4 ​ × ​V​ T​​ = ​ 1 __ 4 ​ × 20 = 5​ V  (1 MARK)

​​R​ 2​​ = 2x = ​ 2 __ 4 ​ ​R​ T​​​  ∴ V​ 2​​ = ​ 2 __ 4 ​ × ​V​ T​​ = ​ 1 __ 2 ​ × 20 = 10​ V  (1 MARK)

​​​R​ 3​​ = x = ​ 1 __ 4 ​ ​R​ T​​  ∴ V​ 
3
​​ = ​ 1 __ 4 ​ × ​V​ T​​ = ​ 1 __ 4 ​ × 20 = 5​ V  (1 MARK)

11	 Since the switch is open, no current flows.

​​P​ 2​​ = ​V​ 2​​ I = 0​ W  (1 MARK)

12	 a	 RT = R1 + R2 + R3 = 20 + 10 + 40 = 70 Ω  (1 MARK)

​​V​ T​​ = I​R​ T​​ ​​ ∴ 20 = I × 70​

​I = 0.286​ A  (1 MARK)

​​P​ T​​ = ​V​ T​​ I = 20 × 0.286 = 5.7​ W  (1 MARK)

b	 ​​V​ 3​​ = I​R​ 3​​ = 0.286 × 40 = 11.43​ V  (1 MARK)

​​P​ 3​​ = ​V​ 3​​ I = 11.43 × 0.286 = 3.3​ W  (1 MARK)

13	 a	 RT = 1.0 ​× ​103 + 30 + 25 = 1055 Ω  (1 MARK)

​​V​ T​​ = 4 × 1.5 = 6.0​ V

​​V​ T​​ = I​R​ T​​  ∴ 6.0 = I × 1055​

​I = 0.0057​ A ​= 5.7​ mA  (1 MARK)

Since ​I < 7.00​ mA, the remote control unit will not overheat.  (1 MARK)

b	 ​​R​ T​​ = ​R​ new​​ + 30 + 25​  (1 MARK)

Let ​I = 7.00​ mA to determine the resistance required to  
prevent overheating.

​​​V​ T​​ = I​R​ T​​  ∴ 6.0 = 7.00 × ​10​​ −3​ × (​R​ new​​ + 30 + 25) ​  (1 MARK)​

​​R​ new​​ = 802​ Ω ​ ∴​ the minimum resistance that will still prevent 

overheating is the 810 Ω resistor.  (1 MARK)

c	 ​​R​ T​​ = 1.0 × ​10​​ 3​ + 30 = 1030​ Ω  (1 MARK)

​​V​ T​​ = 4 × 1.5 + 0.33 = 6.33​ V

​​V​ T​​ = I​R​ T​​  ∴ 6.33 = I × 1030​

​I = 0.00615​ A  (1 MARK)

​​P​ antenna​​ = ​V​ antenna​​ I = 0.33 × 0.00615 = 0.0020 W​

​​P​ antenna​​ = 2.0​ mW  (1 MARK)

b	 Resistor 2 has a greater resistance.  (1 MARK)

Note that the gradient of the I-V graph for a resistor (an ohmic 

device) represents ​​ 1 __ R ​​, so a smaller gradient corresponds to a  

greater resistance.
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4D

14	 [Sione is correct, and Bruno is incorrect.1][Adding components 
increases the total resistance of the circuit.2][This decreases the 
current according to Ohm’s law, which for a constant voltage  
causes a decrease in power use.3]

I have explicitly addressed who is correct.1

I have used the relevant theory: equivalent resistance in 
series circuits.2

I have used the relevant theory: power in series circuits.3

15	 Using ​​V​ n​​ ∝ ​R​ n​​​ , ​P = VI​, and the fact that ​I​ is constant in a series circuit:

​​P​ n​​ ∝ ​R​ n​​​ and ​​R​ 3​​ = ​ 1 __ 8 ​ × ​R​ T​​​ ​ ∴ ​P​ 3​​ = ​ 1 __ 8 ​ × ​P​ T​​​  (1 MARK)

​​P​ 3​​ = ​ 1 __ 8 ​ × 10 = 1.25​ W  (1 MARK)

16	 a	​​ R​ T​​ = 200 + 150 + 50 = 400​ Ω  (1 MARK)

​​V​ T​​ = 5.0 + 5.0 = 10.0​ V

​​V​ T​​ = I ​R​ T​​  ∴ 10.0 = I × 400​

​I = 0.025​ A  (1 MARK)

​P = VI = 5.0 × 0.025 = 0.125​

The power delivered by each source is 0.13 W  (1 MARK)

b	

400 Ω10.0 V
RTVT

I have drawn an equivalent circuit with one power source 
and one resistor.

I have labelled each component correctly.

I have included the correct value for each component.

c	 The power delivered by each source would not change.  (1 MARK)

Note that the order of components in a series circuit does not affect 
the circuit behaviour.

Previous lessons

17	 [Convection can occur in the mantle due to its high temperature 
and pressure.1][The convection in the mantle is very slow.2]

I have explicitly addressed why convection can occur in  
the mantle.1

I have explicitly addressed the speed of convection in  
the mantle.2

This content was covered in Lesson 3C.

18	 ​1​ hour ​= 60 × 60 = 3600​ s

​P = ​ E __ t ​ = ​ 7.2 × ​10​​ 3​ _______ 3600  ​ = 2.0​ W  (1 MARK)

​P = VI  ∴ 2.0 = V × 1.0​

​V = 2.0​ V  (1 MARK)

OR

V = ​​ E __ Q ​​ and ​I = ​ 
Q

 __ t  ​  ∴ E = VIt​

​1​ hour ​= 60 × 60 = 3600​ s

​7.2 × ​10​​ 3​ = V × 1.0 × 3600  (1 MARK)​

​V = 2.0​ V  (1 MARK)

OR

​1​ hr ​= 60 × 60 = 3600​ s

​I = ​ 
Q

 __ t  ​  ∴ 1.0 = ​ 
Q

 _ 3600 ​​

​Q = 3.6 × ​10​​ 3​​ C  (1 MARK)

​V = ​ E _ Q ​ = ​ 7.2 × ​10​​ 3​ _______ 
3.6 × ​10​​ 3​

 ​​

​V = 2.0​ V  (1 MARK)

This content was covered in Lesson 4A.

Key science skills

19	 [Mahua should repeat the current measurement for each number of 
resistors multiple times and take the average.1][The effect of random 
error is reduced by taking an average of multiple measurements since 
the random errors in each measurement tend to cancel out.2]

I have explicitly addressed a way to reduce the effects of 
random error.1

I have used the relevant theory: random error.2

4D	 Parallel circuits
Theory review questions

1	 II; IV

2	 D.  The voltage drop across a component in a parallel circuit is always  
the same.

3	 C

4	 to the same node; increases; stays the same

5	 R4, ​​R​ 3​​​, ​​R​ 2​​​, ​​R​ 1​​​. Power consumption is proportional to current 

and voltage. Voltage is equal for all resistors and current is inversely 
proportional to resistance.

6	 C.  There is still a closed path for a current to flow through (through the 
remaining bulbs). 

7	 Circuit 3, Circuit 1, Circuit 2

Deconstructed exam-style question

8	 a	 A b	 C c	 A

d	 ​​  1 __ ​R​ T​​ ​ = ​  1 ____ 200 ​ + ​  1 ____ 300 ​ + ​  1 ____ 400 ​​

​​R​ T​​ = 92.3​ Ω  (1 MARK)

​​V​ T​​ = ​I​ T​​​ R​ T​​  ∴ 240 = ​I​ T​​ × 92.3​

​​I​ T​​ = 2.60​ A

​​P​ T​​ = ​V​ T​​​ I​ T​​ = 240 × 2.60 = 624​ W  (1 MARK)
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​​V​ 300 Ω​​ = ​I​ 300 Ω​​ × ​R​ 300 Ω​​  ∴ 240 = ​I​ 300 Ω​​ × 300​

​​I​ 300 Ω​​ = 0.800​ A

​​P​ 300 Ω​​ = ​V​ 300 Ω​​ × ​I​ 300 Ω​​ = 240 × 0.800 = 192​ W  (1 MARK)

​​ 
​P​ 300 Ω​​

 _____ ​P​ T​​  ​ = ​ 192 ____ 624 ​ = 0.308 = 30.8 %​  (1 MARK)

Exam-style questions

This lesson

9	 a	​​   1 __ ​R​ T​​ ​ = ​  1 __ ​R​ 1​​ ​ + ​  1 __ ​R​ 2​​ ​ + ​  1 __ ​R​ 3​​ ​ = ​  1 ____ 600 ​ + ​  1 ____ 400 ​ + ​  1 ____ 800 ​​

​​R​ T​​ = 184.6 = 185​ Ω  (1 MARK)

b	 ​​  1 __ ​R​ T​​ ​ = ​  1 __ ​R​ 4​​ ​ + ​  1 __ ​R​ 5​​ ​ = ​  1 ____ 100 ​ + ​  1 ________ 
100 × 1​0​​ 3​

 ​​

​​R​ T​​ = 99.9 = 1.0 × ​10​​ 2​​ Ω  (1 MARK)

10	 a	​​   1 __ ​R​ T​​ ​ = ​  1 ___ 50 ​ + ​  1 ____ 100 ​ + ​  1 ___ 50 ​​

​​R​ T​​ = 20​ Ω  (1 MARK)

​​V​ T​​ = ​I​ T​​ ​R​ T​​  ∴ 9 = ​I​ T​​ × 20​

​​I​ T​​ = 0.45 = 0.5​ A  (1 MARK)

b	 ​V = IR  ∴ 9 = ​I​ 100 Ω​​ × 100​  (1 MARK)

​​I​ 100 Ω​​ = 0.09​ A  (1 MARK)

11	 ​​I​ n​​​ ∝ ​​  1 __ ​R​ n​​ ​​ ​ ∴​ ​​I​ 1​​​ = 4 × ​​I​ 2​​  ∴ ​​IT = ​​​​I1​ + ​​​I2​ = 5 × ​I2​

​​I​ 2​​ = ​ 1 __ 5 ​ × ​I​ T​​ = ​ 1 __ 5 ​ × 5.0​  (1 MARK)

​​I​ 2​​ = 1.0​ A  (1 MARK)

12	 a	​​   1 __ ​R​ T​​ ​ = ​  1 ___ 20 ​ + ​  1 ___ 40 ​ + ​  1 ___ 20 ​​

​​R​ T​​ = 8.0​ Ω  (1 MARK)

​​V​ T​​ = ​I​ T​​ ​R​ T​​  ∴ 9.0 = ​I​ T​​ × 8.0​

​​I​ T​​ = 1.13​ A  (1 MARK)

​​P​ T​​ = ​V​ T​​ ​I​ T​​ = 9.0 × 1.13​

​​P​ T​​ = 10​ W  (1 MARK)

b	 ​​V​ T​​ = ​9.0 = I​ 20 Ω​​ × 20​

​​I​ 20 Ω​​ = 0.45​ A  (1 MARK)

​​P​ 20 Ω​​ = ​V​ T​​ ​I​ 20 Ω​​ = 9.0 × 0.45 = 4.05​ W

Power dissipated by the two 20 Ω resistors is 
​2 × ​P​ 20 Ω​​ = 2 × 4.05 = 8.1​ W.  (1 MARK)

13	 [Joanne should choose the set with fewer bulbs.1][In parallel circuits, 
adding more components (in this case bulbs) draws more current and 
thus uses more power, so the set with fewer bulbs will use less power.2]

I have explicitly addressed which set of lights Joanne  
should choose.1

I have used the relevant theory: power in parallel circuits.2

14	 [The voltage provided to the toy circuit is the same (1.5 V) in both setups,1] 
[since connecting two equal sources in parallel does not affect the 
total voltage.2][The total current provided to the toy circuit is equal in 
both setups,3][and is determined by Ohm’s law, ​V = IR​, where ​V = 1.5​ V.4]
[However, in the two-cell setup, the current provided by each cell is half 
the current provided by the cell in the single-cell setup.5]

I have explicitly addressed the voltage provided to the circuit 
in both setups.1

I have used the relevant theory: voltage in parallel circuits.2

I have explicitly addressed the current provided to the circuit 
in both setups.3

I have used the relevant theory: Ohm’s law.4

I have explicitly addressed the current provided by each cell 
in the two-cell setup.5

15	 The power consumption would increase to infinity.  (1 MARK)

Note that this is because power consumption increases each time 
another arm is added, so adding infinite arms would give infinite 
power consumption. Obviously this is not physically possible.

16	 For a 200 Ω resistor: ​​  1 __ ​R​ T​​ ​ = ​  1 __ ​R​ 1​​ ​ + ​  1 __ ​R​ 2​​ ​ + ​  1 __ ​R​ 3​​ ​ + ... = ​  1 ____ 200 ​​

​​  1 ____ 400 ​ + ​  1 ____ 600 ​ + ​  1 ____ 1200 ​ = ​  6 ____ 1200 ​ = ​  1 ____ 200 ​​  (1 MARK)

600 Ω400 Ω 1.2k Ω

I have drawn resistors connected in parallel.

I have selected resistor values that have an equivalent 
resistance of 200 Ω.

Previous lessons

17	 The driving factor behind the energy flows at the Earth’s surface is the 
imbalance in incoming solar radiation.  (1 MARK)

This content was covered in Lesson 3C.

18	 a	​ V = IR  ∴ 240 = 10 × R​

​R = 24​ Ω  (1 MARK)

b	 ​R = ρ ​ L __ A ​  ∴ 24 = ρ × ​ 2.0 × 1​0​​ −2​ ________ 
1.0 × ​10​​ −6​

 ​​  (1 MARK)

​ρ = 1.2 × ​10​​ −3​​ Ω m  (1 MARK)

This content was covered in Lesson 4B.

Key science skills 

19	 Independent: number of 1 kΩ resistors  (1 MARK)

Dependent: total current  (1 MARK)

Controlled: source voltage OR ammeter connection  (1 MARK)
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4E	 Combining series and 
parallel circuits

Theory review questions

1	 S-series; T-parallel; U-parallel; V-series

2	 Step no. Action

2 Find total equivalent resistance of the circuit

1 Find the equivalent resistance of the parallel resistors

4 Find the current passing through R4 using Ohm’s law  

or In ∝ ​​ 1  __ ​R​ n​​ ​​

3 Find the total current using Ohm’s law

3	 A

Deconstructed exam-style question

4	 a	 B b	 C c	 A

d	 ​​​R​ T​​ = ​R​ 1​​ + ​(​R​ 2​​|| ​R​ 3​​)​ + ​R​ 4​​ = 100 + ​​(​  1 ____ 400 ​ + ​  1 ____ 400 ​)​​​ 
−1

​ + 30.0 = 330​​ Ω  (1 MARK)

​​V​ 4​​ = ​ 
​R​ 4​​

 __ ​R​ T​​ ​ × ​V​ T​​ = ​ 30.0 ____ 330 ​ × 230 = 20.9​ V  (1 MARK)

​​I​ 4​​ = ​I​ T​​ = ​ 
​V​ T​​

 __ ​R​ T​​ ​ = ​ 230 ____ 330 ​ = 0.697​ A  (1 MARK)

​​P​ 4​​ = ​V​ 4​​ ​I​ 4​​ = 20.9 × 0.697 = 14.6​ W  (1 MARK)

OR

​​​R​ T​​ = ​R​ 1​​ + ​(​R​ 2​​|| ​R​ 3​​)​ + ​R​ 4​​ = 100 + ​​(​  1 ____ 400 ​ + ​  1 ____ 400 ​)​​​ 
−1

​ + 30.0 = 330​​ Ω  (1 MARK)

​​​I​ 4​​ = I​ 
T
​​ = ​ 

​V​ T​​
 __ ​R​ T​​ ​ = ​ 230 ____ 330 ​ = 0.697​ A  (1 MARK)

​​V​ 4​​ = ​I​ 4​​ ​R​ 4​​ = 0.697 × 30.0 = 20.9​ V  (1 MARK)

​​P​ 4​​ = ​V​ 4​​ ​I​ 4​​ = 20.9 × 0.697 = 14.6​ W  (1 MARK)

OR

​​​R​ T​​ = ​R​ 1​​ + ​(​R​ 2​​|| ​R​ 3​​)​ + ​R​ 4​​ = 100 + ​​(​  1 ____ 400 ​ + ​  1 ____ 400 ​)​​​ 
−1

​ + 30.0 = 330​​ Ω  (1 MARK)

​​V​ 4​​ = ​ 
​R​ 4​​

 __ ​R​ T​​ ​ × ​V​ T​​ = ​ 30.0 ____ 330 ​ × 230 = 20.9​ V  (1 MARK)

​​I​ 4​​ = ​ 
​V​ 4​​

 __ ​R​ 4​​ ​ = ​ 20.9 ____ 30.0 ​ = 0.697​ A  (1 MARK)

​​P​ 4​​ = ​V​ 4​​ ​I​ 4​​ = 20.9 × 0.697 = 14.6​ W  (1 MARK)

Exam-style questions

This lesson

5	 a	​​​ R​ T​​ = ​R​ 1​​ + ​(​R​ 2​​ + ​R​ 3​​)​||​(​R​ 4​​ + ​(​R​ 5​​||​(​R​ 6​​ + ​R​ 7​​)​)​)​​​  (1 MARK)

​​R​ 2​​ + ​R​ 3​​ = 7.0 + 3.0 = 10.0​ Ω

​​​R​ 5​​||​(​R​ 6​​ + ​R​ 7​​)​ = ​​(​  1 ___ 8.0 ​ + ​  1 _______ 4.0 + 4.0 ​)​​​ 
−1

​ = 4.0​​ Ω

​​​R​ 4​​ + ​(​R​ 5​​||​(​R​ 6​​ + ​R​ 7​​)​)​ = 5.0 + 4.0 = 9.0​​ Ω

​​​R​ T​​ = 5.0 + ​​(​  1 ____ 10.0 ​ + ​  1 ___ 9.0 ​)​​​ 
−1

​ = 9.7​​ Ω  (1 MARK)

b	 ​​​R​ T​​ = ​R​ 1​​ + ​(​R​ 2​​ + ​R​ 3​​)​||​(​(​R​ 4​​|| ​R​ 5​​)​ + ​R​ 6​​)​​​  (1 MARK)

​​R​ 2​​ + ​R​ 3​​ = 200 + 50 = 250​ Ω

​​​R​ 4​​|| ​R​ 5​​ = ​​(​  1 ___ 20 ​ + ​  1 ___ 60 ​)​​​ 
−1

​ = 15​​ Ω

​​​(​R​ 4​​|| ​R​ 5​​)​ + ​R​ 6​​ = 15 + 50 = 65​​ Ω

​​​R​ T​​ = 30 + ​​(​  1 ____ 250 ​ + ​  1 ___ 65 ​)​​​ 
−1

​ = 82​​ Ω  (1 MARK)

c	 ​​​R​ T​​ = ​(​R​ 1​​|| ​R​ 2​​)​ + ​(​R​ 3​​|| ​R​ 4​​)​​​  (1 MARK)

​​​R​ 1​​|| ​R​ 2​​ = ​​(​  1 ____ 200 ​ + ​  1 ____ 600 ​)​​​ 
−1

​ = 150​​ Ω

​​​R​ 3​​|| ​R​ 4​​ = ​​(​  1 ___ 30 ​ + ​  1 ___ 70 ​)​​​ 
−1

​ = 21​​ Ω

​​R​ T​​ = 150 + 21 = 171​ Ω  (1 MARK)

6	 ​​​R​ T​​ = ​R​ 1​​ + ​R​ 2​​||​(​R​ 3​​ + ​R​ 4​​)​ + ​R​ 5​​​​  (1 MARK)

​​​R​ ​|​​​|​​​​ = ​R​ 2​​||​(​R​ 3​​ + ​R​ 4​​)​ = ​​(​  1 ___ 10 ​ + ​  1 ______ 15 + 15 ​)​​​ 
−1

​ = 7.5​​ Ω

​​R​ T​​ = 7.5 + 7.5 + 15 = 30​ Ω  (1 MARK)

​​V​ 1​​ = ​ 
​R​ 1​​

 __ ​R​ T​​ ​ × ​V​ T​​ = ​ 7.5 ___ 30 ​ × 30 = 7.5​ V  (1 MARK)

​​V​ ​|​​​|​​​​ = ​ 
​R​ ​|​​​|​​​​

 __ ​R​ T​​ ​ × ​V​ T​​ = ​ 7.5 ___ 30 ​ × 30 = 7.5​ V

​​V​ 4​​ = ​ 
​R​ 4​​

 ______ ​R​ 3​​ + ​R​ 4​​ ​ × ​V​ ​|​​​|​​​​ = ​  15 ______ 15 + 15 ​ × 7.5 = 3.8​ V  (1 MARK)

7	 ​​V​ ​|​​​|​​​​ = ​V​ 1​​ = ​I​ 1​​ ​R​ 1​​ = 1.0 × 12 = 12​ V  (1 MARK)

​​V​ 3 & 4​​ = ​V​ T​​ − ​V​ ​|​​​|​​​​ = 48 − 12 = 36​ V

​​V​ 3​​ = ​ 
​R​ 3​​

 ______ ​R​ 3​​ + ​R​ 4​​ ​ × ​V​ 3 & 4​​ = ​  10 ______ 10 + 14 ​ × 36 = 15​ V  (1 MARK)

​​I​ T​​ = ​I​ 3​​ = ​ 
​V​ 3​​

 __ ​R​ 3​​ ​ = ​ 15 ___ 10 ​ = 1.5​ A  (1 MARK)

​​I​ 2​​ = ​I​ ​|​​​|​​​​ − ​I​ 1​​ = 1.5 − 1.0 = 0.5​ A  (1 MARK)

​​R​ 2​​ = ​ 
​V​ 2​​

 __ ​I​ 2​​ ​ = ​ 
​V​ ​|​​​|​​​​

 __ ​I​ 2​​ ​ = ​ 12 ___ 0.5 ​ = 24​ Ω  (1 MARK)

OR

​​V​ ​|​​​|​​​​ = ​V​ 1​​ = ​I​ 1​​ ​R​ 1​​ = 1.0 × 12 = 12​ V  (1 MARK)

​​V​ 3 & 4​​ = ​V​ T​​ − ​V​ ​|​​​|​​​​ = 48 − 12 = 36​ V

​​V​ 3​​ = ​ 
​R​ 3​​

 ______ ​R​ 3​​ + ​R​ 4​​ ​ × ​V​ 3 & 4​​ = ​  10 ______ 10 + 14 ​ × 36 = 15​ V  (1 MARK)

​​I​ T​​ = ​I​ 3​​ = ​ 
​V​ 3​​

 __ ​R​ 3​​ ​ = ​ 15 ___ 10 ​ = 1.5​ A  (1 MARK)

​​I​ T​​ = ​I​ ​|​​​|​​​​  ∴ ​R​ ​|​​​|​​​​ = ​ 
​V​ ​|​​​|​​​​

 __ ​I​ T​​ ​ = ​ 12 ___ 1.5 ​ = 8.0​ Ω  (1 MARK)

​​  1 __ ​R​ ​|​​​|​​​​
 ​ = ​  1 __ ​R​ 1​​ ​ + ​  1 __ ​R​ 2​​ ​ = ​  1 ___ 12 ​ + ​  1 __ ​R​ 2​​ ​ = ​  1 ___ 8.0 ​​

​​R​ 2​​ = 24​ Ω  (1 MARK)



Chapter 4 Review
Section A

1	 B

2	 B

​P = VI​  ∴ ​45 = 240 × I​  ∴ ​I = 0.1875​ A

Per second, ​Q = I × t = 0.1875 × 1 = 0.1875​ C

​ne = ​ 
−Q

 _ −e ​ =​ ​​​  −0.1875 __________ 
−1.60 × 1​0​​ −19​

 ​ = 1.172 × 1​0​​ 18​ = 1.2 × 1​0​​ 18​​​ electrons

OR

​E = P × t = 45 × 1 = 45​ J

​V = ​ E __ Q ​  ∴ 240 = ​ 45 ___ Q  ​​

​Q = 0.1875​ C

​​ne = ​ 
−Q

 _ −e ​ = ​  −0.1875 __________ 
−1.60 × 1​0​​ −19​

 ​ = 1.172 × 1​0​​ 18​ = 1.2 × 1​0​​ 18​​​ electrons

3	 A.  The voltage drop across each resistor remains at 15 V (the supply 
voltage) both when in series and in parallel. Adding a resistor in parallel 
will decrease the total resistance and therefore increase the total current 
in the circuit.

4	 C.  The equivalent resistance of parallel resistors is always smaller than 
the smallest resistance of an individual arm.

5	 D

​​  1 __ ​R​ A​​ ​ = ​  1 ____ 3 + 3 ​ + ​ 1 __ 6 ​ = ​ 1 __ 3 ​  ∴ ​R​ A​​ = 3 ​Ω

​​​R​ T​​ = ​11 = R​ A​​ + R​ 
B

​​ = 3 + ​R​ B​​​  ∴ ​​R​ B​​ = 8​ Ω

​​  1 ___ ​R​ B​​ ​ = ​  1 ______ 10 + 10 ​ + ​ 1 __ X ​​  ∴ ​​ 1 __ 8 ​ = ​  1 ___ 20 ​ + ​ 1 __ X ​​

​X = 40​ Ω 

Section B

6	 a	​ R = ρ ​ L __ A ​   ∴ 8.00 × 1​0​​ 4​ = 640 × ​ 1.20 × 1​0​​ −2​ _________ A  ​​

​ A = 9.60 × 1​0​​ −5​​ m2  (1 MARK)

A cylinder’s cross section is a circle, so ​A = π​r​​ 2​  ∴ 9.6 × 1​0​​ −5​ = π​r​​ 2​​

​r = 5.528 × 1​0​​ −3​​ m ​= 0.553​ cm  (1 MARK)
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8	 ​​​R​ ​|​​​|​​​​ = ​R​ 2​​||​(​R​ 3​​ + ​R​ 4​​)​ = ​​(​  1 ___ 30 ​ + ​  1 ___________ 
2.0 × ​10​​ 3​ + 10

 ​)​​​ 
−1

​ = 30​​ Ω

​​R​ T​​ = ​R​ 1​​ + ​R​ ​|​​​|​​​​ + ​R​ 5​​ = 20 + 30 + 15 = 65​ Ω

​​V​ 1​​ = ​ 
​R​ 1​​

 __ ​R​ T​​ ​ × ​V​ T​​ = ​ 20 ___ 65 ​ × 120 = 37​ V  (1 MARK)

​​​V​ 2​​ = V​ 
​|​​​|​​
​​ = ​ 

​R​ ​|​​​|​​​​
 __ ​R​ T​​ ​ × ​V​ T​​ = ​ 30 ___ 65 ​ × 120 = 55​ V  (1 MARK)

​​V​ 5​​ = ​ 
​R​ 5​​

 __ ​R​ T​​ ​ × ​V​ T​​ = ​ 15 ___ 65 ​ × 120 = 28​ V  (1 MARK)

Since ​​R​ 2​​​ has a much smaller resistance than ​​R​ 3​​ + ​R​ 4​​​, almost all of the 
total current will flow through ​​R​ 2​​​. Since ​P = VI​, and each of ​​R​ 1​​​, ​​R​ 2​​​, and ​​R​ 5​​​ 

all have approximately equal current flowing through them, the resistor 
with the highest voltage drop will consume the most power.  (1 MARK)

Therefore, ​​R​ 2​​​ will consume the most power.  (1 MARK)

OR

​​​R​ ​|​​​|​​​​ = ​R​ 2​​||​(​R​ 3​​ + ​R​ 4​​)​ = ​​(​  1 ___ 30 ​ + ​  1 ___________ 
2.0 × ​10​​ 3​ + 10

 ​)​​​ 
−1

​ = 30​​ Ω

​​R​ T​​ = ​R​ 1​​ + ​R​ ​|​​​|​​​​ + ​R​ 5​​ = 20 + 30 + 15 = 65​ Ω

​​V​ 1​​ = ​ 
​R​ 1​​

 __ ​R​ T​​ ​ × ​V​ T​​ = ​ 20 ___ 65 ​ × 120 = 37​ V  (1 MARK)

​​​V​ 2​​ = V​ 
​|​​​|​​
​​ = ​ 

​R​ ​|​​​|​​​​
 __ ​R​ T​​ ​ × ​V​ T​​ = ​ 30 ___ 65 ​ × 120 = 55​ V  (1 MARK)

​​V​ 5​​ = ​ 
​R​ 5​​

 __ ​R​ T​​ ​ × ​V​ T​​ = ​ 15 ___ 65 ​ × 120 = 28​ V  (1 MARK)

​​I​ 1​​ = ​ 
​V​ 1​​

 __ ​R​ 1​​ ​ = ​ 37 ___ 20 ​ = 1.85​ A

​​I​ 2​​ = ​ 
​V​ 2​​

 __ ​R​ 2​​ ​ = ​ 55 ___ 30 ​ = 1.85​ A

​​I​ 5​​ = ​I​ 1​​ = 1.85​ A

Since ​​R​ 4​​​ has very high resistance, ​​I​ 3​​​ and ​​I​ 4​​​ will be small so ​​P​ 3​​​ and ​​P​ 4​​​ will 

be small.

​​P​ 1​​ = ​V​ 1​​ ​I​ 1​​ = 37 × 1.85 = 68​ W

​​P​ 2​​ = ​V​ 2​​ ​I​ 2​​ = 55 × 1.85 = 1.0 × ​10​​ 2​​ W  (1 MARK)

​​P​ 5​​ = ​V​ 5​​ ​I​ 5​​ = 28 × 1.85 = 52​ W

Therefore, ​​R​ 2​​​ will consume the most power.  (1 MARK)

Previous lessons

9	 [During summer.1][This is due to the tilt of the Earth during summer in 
the Southern Hemisphere, angling Australia more towards the Sun.2]

I have explicitly addressed the season in which Australia 
receives the greatest intensity of solar radiation.1

I have used the relevant theory: radiation in the atmosphere.2

This content was covered in lesson 3C.

10	 ​​R​ T​​ = ​R​ 1​​ + ​R​ 2​​ + ​R​ 3​​ = 10 + 30 + 5.0 = 45.0​ Ω  (1 MARK)

​​I​ T​​ = ​ 
​V​ T​​

 __ ​R​ T​​ ​ = ​  9 ____ 45.0 ​ = 0.2​ A  (1 MARK)

This content was covered in lesson 4C.

Key science skills

11	 [Experiment 1 has the more precise and the more accurate results.1] 
[The results from experiment 1 have an average (5.54 mA) closer to the 
actual current (5.5 mA) than the average of experiment 2 (5.64 mA).2]
[The results from experiment 1 have a smaller range (0.2 mA) than the 
results of experiment 2 (0.8 mA).3]

I have explicitly addressed the question.1

I have used the relevant theory: the definition of accuracy.2

I have used the relevant theory: the definition of precision.3

I have used the provided data in my answer.



Review

b	 ​V = IR  ∴ 35.0 = I × 8.00 × 1​0​​ 4​​

​I = 4.375 × 1​0​​ −4​​ A  (1 MARK)

​P = VI = 35.0 × 4.375 × 1​0​​ −4​​ W  (1 MARK)

​P = 1.53 × 1​0​​ −2​​ W 

c	 ​P = ​ E __ t ​  ∴ 1.53 × 1​0​​ −2​ = ​  E ____ 600 ​​

​E = 9.18​ J  (1 MARK)

​Q = mcΔT = 5 × 1​0​​ −3​ × 753 × ΔT​

Resistors convert electric potential energy into thermal energy, so in 
this case ​E = Q​

​E = Q​ ​ ∴ 9.18 = 5 × 1​0​​ −3​ × 753 × ΔT  (1 MARK)​

​ΔT = 2.438 = 2​ K (or °C)  (1 MARK)

7	 [Both students are able to determine the total power usage of the circuit.1]
[Since ​P = VI​, determining the power usage across elements requires the 
voltage and current used by those elements.2][Erin is able to determine 
the power provided by the battery, and Jack is able to determine the 
power used by the circuit elements.3][The power provided by the 
battery is equal to the power used by the circuit elements, so they both 
can calculate the total power usage.4]

I have explicitly addressed whether each student can 
determine the total power usage of the circuit.1

I have used the relevant theory: measuring the power used 
by circuit elements.2

I have referred to the elements that the students  
are measuring.3

I have related my answer to the context of the question.4

8	 Consider the parallel circuit of the 100 Ω and 200 Ω resistors:

​​​R​ 1​​ = ​​(​  1 ____ 100 ​ + ​  1 ____ 200 ​)​​​ 
−1

​ = 66.67​​ Ω  (1 MARK)

Consider the parallel circuit of ​​R​ 1​​​ and the two 300 Ω resistors:

​​​R​ 2​​ = ​​(​  1 ____ 66.7 ​ + ​  1 ________ 300 + 300 ​)​​​ 
−1

​ = 60​​ Ω  (1 MARK)

Consider the parallel circuit of the 400 Ω and 500 Ω resistors:

​​​R​ 3​​ = ​​(​  1 ____ 400 ​ + ​  1 ____ 500 ​)​​​ 
−1

​ = 222.22​​ Ω  (1 MARK)

Consider the parallel circuit of ​​R​ 2​​​ and ​​R​ 3​​​:

​​​R​ T​​ = ​​(​  1 ______ 222.22 ​ + ​  1 ___ 60 ​)​​​ 
−1

​ = 47.2​​ Ω  (1 MARK)

Therefore the equivalent resistance between X and Y is ​47.2​ Ω. 

9	 a	​​ R​ 2​​ : ​R​ 3​​ = 600 : 200 = 3 : 1​

In ∝ ​​  1 _ Rn
 ​​ ​ ​ ∴ I​ 2​​ : ​I​ 3​​ = 1 : 3​  (1 MARK)

​​I​ T​​ = ​I​ 2​​ + ​I​ 3​​​  ​​∴ I​ 2​​ = ​ 1 __ 4 ​ ​I​ T​​​ and ​​I​ 3​​ = ​ 3 __ 4 ​ ​I​ T​​​

So, ​​I​ X​​ : ​I​ Y​​ = ​I​ 2​​ : ​I​ T​​ = 1 : 4​  (1 MARK)

b	 ​​​R​ ||​​ = ​​(​  1 ____ 600 ​ + ​  1 ____ 200 ​)​​​ 
−1

​ = 150​​ Ω  (1 MARK)

​​I​ T​​ = ​ 
​V​ T​​

 __ ​R​ T​​ ​ = ​  12.0 ________ 400 + 150 ​ = 0.0218​ A  (1 MARK)

​​V​ 1​​ = ​I​ 1​​ ​R​ 1​​ = 0.0218 × 400 = 8.73​ V  (1 MARK)

OR

​​​R​ ||​​ = ​​(​  1 ____ 600 ​ + ​  1 ____ 200 ​)​​​ 
−1

​ = 150​​ Ω  (1 MARK)

​​R​ T​​ = ​R​ 1​​ + ​R​ ||​​ = 400 + 150 = 550​  (1 MARK)

​​V​ 1​​ = ​ 
​R​ 1​​

 __ ​R​ T​​ ​ × ​V​ T​​ = ​ 400 ____ 550 ​ × 12.0 = 8.73​ V  (1 MARK)

c	 ​​V​ T​​ = ​V​ 1​​ + ​V​ 3​​​  ∴ ​12.0 = 8.73 + ​V​ 3​​​

​​V​ 3​​ = 3.27​ V  (1 MARK)

​​I​ T​​ = ​ 
​V​ T​​

 __ ​R​ T​​ ​ = ​  12.0 ________ 400 + 150 ​ = 0.0218​ A

Since ​​I​ X​​ : ​I​ Y​​ = 1 : 4​, ​​I​ 3​​ = ​ 3 __ 4 ​ ​I​ T​​ = ​ 3 __ 4 ​ × 0.0218 = 0.0164​ A  (1 MARK)

​​P​ 3​​ = ​V​ 3​​ ​I​ 3​​ = 3.27 × 0.0164 = 0.0535​ W  (1 MARK)

d	 ​​R​ T​​ = 550 + ​R​ L​​​  (1 MARK)

​​I​ T​​ = ​ 
​V​ T​​

 __ ​R​ T​​ ​ = ​  12.0 _______ 550 + ​R​ L​​ ​​  (1 MARK)

Current through ​​A​ Y​​​ is equal to ​​I​ T​​​, so ​​  12.0 _______ 550 + ​R​ L​​ ​ = 15 × 1​0​​ −3​​

​​R​ L​​ = 250​ Ω  (1 MARK)
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5A	 Applications of electric circuits
Theory review questions

1	 I; III

2	 A

3	 B.  The choice of the variable resistor as ​​R​ 1​​​ or ​​R​ 2​​​ depends on the 

characteristics of the variable resistor and the desired output  
voltage behaviour.

4	 real; maximum; significant

5	 B.  This answer can be found using the voltage divider equation 

​​(​  20 _ 20 + 40 ​ × Vin)​​ or the proportionality of voltage to resistance in  

series circuits.

Deconstructed exam-style question

6	 a	 B b	 B c	 D

d	 Need output voltage to increase with temperature, so make the 
thermistor ​​R​ 1​​​.  (1 MARK)

Circuit design:

12.0 V

Ri
1.00 Ω

Rt

Rpot
Vout

At 24°C, ​​R​ t​​ = 300​ Ω, ​​V​ out​​ = 5.00​ V

Since the battery has internal resistance:

​​V​ out​​ = ​ 
​R​ pot​​
 ____________ ​(​R​ i​​ + ​R​ t​​)​ + ​R​ pot​​

 ​ × 12.0 = 5.00​ V  (1 MARK)

​​ 
Rpot
 _______  ​(1.00 + 300)​ + Rpot

 ​ × 12.0 = 5.00  ∴ ​R​ pot​​ = 215​ Ω  (1 MARK)

Final circuit:

12.0 V

Ri
1.00 Ω

Rt

Rpot = 215 Ω Vout

(1 MARK)

Exam-style questions

This lesson

7	 VR = 5.0 − 2.0 = 3.0 V  (1 MARK)

​​I​ max​​ = ​ 
​V​ R​​

 ____ ​R​ min​​ ​  ∴ 20 × 1​0​​ −3​ = ​  3.0 ____ ​R​ min​​ ​​

​​R​ min​​ = 1.5 × 1​0​​ 2​​ Ω  (1 MARK)

8	 At 900 lux, ​​R​ LDR​​ = 20​ Ω  (1 MARK)

Since the threshold voltage is met, ​​V​ LED​​ = 2.0​ V  (1 MARK)

Treat ​​R​ 1​​​ and the LDR as a voltage divider:

​​​V​ LDR​​ = ​ 
​R​ LDR​​

 _______ ​R​ 1​​ + ​R​ LDR​​ ​ × ​V​ in​​ = ​  20 ______ 20 + 20 ​ × ​(50 − 2.0)​​​  (1 MARK)

​​V​ LDR​​ = 24​ V  (1 MARK)

9	 I = 0 A  (1 MARK) 

There is no current through the thermistor due to the orientation of the 
diode in the thermistor arm.

10	 [The voltage provided by a source with an internal resistance is smaller 
than an ideal source of the same voltage.1][The internal resistance limits 
the maximum current a source can provide, unlike an ideal source which 
has no maximum current.2]

I have explicitly addressed the effect of internal resistance on 
the voltage supplied by a source.1

I have explicitly addressed the effect of internal resistance on 
the current supplied by a source.2

11	 Parallel resistors: ​​​R​ ||​​ = ​(​​​  1 ____ 100 ​ + ​  1 ____ 100 ​​​)​​​​ −1​ = 50​​ Ω

​​R​ T​​ = ​R​ ​|​​​|​​​​ + ​R​ therm​​ = 50 + ​R​ therm​​​  (1 MARK)

​​​V​ T​​ = ​I​ T​​ ​R​ T​​  ∴ 7.0 = 100 × 1​0​​ −3​ × ​(​​50 + ​R​ therm​​​)​​​​

​​R​ therm​​ = 20​ Ω  (1 MARK)

Using the graph, for ​​R​ therm​​ = 20​ Ω, ​T = 5​°C  (1 MARK)

12	 Since ​​R​ LDR​​​ decreases with intensity, make the LDR ​​R​ 1​​​ of a voltage divider. 

(1 MARK)

Circuit design:

300 V

LDR

Vout

At 500 lux, ​​R​ LDR​​ = 2 × 1​0​​ 3​​ Ω, ​​V​ out​​ = 100​ V

​​V​ out​​ = ​ 
​R​ pot​​

 _________ ​R​ LDR​​ + ​R​ pot​​
 ​ × 300 = 100​ V  (1 MARK)

​​ 
Rpot

 ___________ 
2 × 103 + Rpot

 ​ × 300 = 100  ∴ ​R​ pot​​ = 1000​ Ω ​= 1​ kΩ  (1 MARK)
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5B

Final circuit:

300 V

LDR

Vout1 kΩ

  (1 MARK)

Previous lessons

13	 [Solar radiation is mostly transmitted when it interacts with 
greenhouse gases.1][More of Earth’s radiation is absorbed (and re-emitted) 
by greenhouse gases than solar radiation.2]

I have explicitly addressed the interaction between solar 
radiation and greenhouse gases.1

I have explicitly addressed the interaction between Earth’s 
radiation and greenhouse gases.2

This content was covered in Lesson 3D.

14	 ​​  1 _ RT
 ​ = ​  1 ___ 20 ​ + ​  1 ____ 100 ​ + ​  1 ___ 40 ​ + ​  1 ___ 40 ​​  (1 MARK)

​​R​ T​​ = 9.1​ Ω  (1 MARK)

This content was covered in Lesson 4D.

Key science skills 

15	 [For an experiment to be valid, it needs to actually measure what it 
intends to measure.1][The stages of an experiment that contribute to 
validity are experimental design, conduction, and how the results are 
processed and analysed.2]

I have explicitly addressed what it means for an experiment 
to be valid.1

I have used the relevant theory: experimental stages  
affecting validity.2

5B	 Household electricity
Theory review questions

1	 A.  A kilowatt is a unit for power and an hour is a unit for time.  
A kilowatt-hour is a unit for the product of these two quantities: ​
power × time = energy​.

2	 B. ​ E = P × t = 3.0 × 2.0 = 6.0​ kW h

3	 C.  1 kW h ​= 3.6 × 1​0​​ 6​​ J so 2.0 kW h ​= 2.0 × 3.6 × 1​0​​ 6​ = 7.2 × 1​0​​ 6​​ J

4	 C

5	 A.  Since the potential of the active wire changes between a positive and 
a negative value, the direction of current changes too.

6	 A.  The RMS value has the same magnitude as the DC value that delivers 

the equivalent average power. ​​V​ RMS​​ = ​  1 ____ 
​√ 

_
 2 ​
 ​ × ​V​ peak​​​.

7	 B

Deconstructed exam-style question

8	 a	 A b	 C c	 B

d	 ​​V​ RMS​​ = ​  1 ____ 
​√ 

_
 2 ​
 ​ × ​V​ peak​​ = ​  1 ____ 

​√ 
_

 2 ​
 ​ × 300 = 212​ V  (1 MARK)

​P = ​ 
​​V​ RMS​​​​ 2​

 _____ R  ​ = ​ 21​2​​ 2​ _____ 80  ​ = 562.5​ W ​= 0.5625​ kW  (1 MARK)

​E = P × t = 0.5625 × 4.0 = 2.25 = 2.3​ kW h  (1 MARK)

Exam-style questions

This lesson

9	 a	 6.0 minutes = 0.10 hours

​P = ​ E __ t ​ = ​ 0.16 kW h ________ 0.10 h  ​​  (1 MARK)

​P = 1.6​ kW   (1 MARK)

b	 0.16 kW h ​= 0.16 × 3.6 × 1​0​​ 6​​ J ​= 5.8 × 1​0​​ 5​​ J  (1 MARK)

10	 From the graph, ​​V​ peak​​ = 3.5 × 0.4 = 1.4​ V  (1 MARK)

​​V​ RMS​​ = ​  1 ____ 
​√ 

_
 2 ​
 ​ × ​V​ peak​​ = ​  1 ____ 

​√ 
_

 2 ​
 ​ × 1.4 = 0.99​ V  (1 MARK)

11	 [The only way to use the lights would be to have them all switched on 
at once, since a single break in the series circuit would prevent current 
flowing to any of them.1][They would also all glow much more dimly 
because the effective resistance of the circuit would be much larger 
than when connected in parallel (the voltage would need to be divided 
between the lights).2]

I have used the relevant theory: current in series.1

I have used the relevant theory: resistance in series.2

12	 a	​ P = ​​I​ RMS​​​​ 2​ R​  ∴ ​242 = ​​I​ RMS​​​​ 2​ × 50​  (1 MARK)

​​I​ RMS​​ = ​√ 
____

 ​ 242 ____ 50  ​ ​ = 2.2​ A  (1 MARK)

b	 ​​I​ peak​​ = ​I​ RMS​​ × ​√ 
_

 2 ​ = 2.2 × ​√ 
_

 2 ​ = 3.1​ A  (1 MARK)

c	 ​E = P × t = 0.242 × 2.5​  (1 MARK)

​E = 0.605 = 0.61​ kW h  (1 MARK)

13	 a	

Vsup = 240 V Rwash = 120 Ω
Plight = 60 W

I have drawn a complete circuit diagram with a resistor 
and a light bulb connected to a power supply in parallel.1

I have shown the voltage of the power supply.2

I have shown the resistance of the washing machine 
(represented by a resistor).3

I have shown the power of the light bulb.4
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b	 Consider the washing machine:

​​I​ wash​​ = ​ 
​V​ sup​​

 _____ ​R​ wash​​ ​ = ​ 240 ____ 120 ​ = 2.00​ A  (1 MARK)

Consider the light bulb:

​​P​ light​​ = ​V​ sup​​ ​I​ light​​​  ∴ ​60 = 240 × ​I​ light​​​  ∴ ​​I​ light​​ = 0.25​ A  (1 MARK)

​​I​ sup​​ = ​I​ wash​​ + ​I​ light​​ = 2.00 + 0.25 = 2.25​ A  (1 MARK)

Previous lessons

14	 a	� [A correlation suggests that changes in one variable (such as 
temperature) occur at a similar time and in a similar way as 
changes in another variable (such as carbon dioxide levels).1]
[But a correlation, by itself, does not indicate which variable is 
the explanatory/independent variable and which is the response/
dependent variable, or whether both variables are responding to a 
change in a third variable.2]

I have explicitly addressed the meaning of ‘correlation’.1

I have explicitly addressed why a correlation does not 
indicate causation.2

b	 [There is positive feedback between the two variables,1][which means 
that an increase in carbon dioxide levels causes an increase in 
global temperatures2][and an increase in global temperatures also 
causes an increase in carbon dioxide levels.3]

I have explicitly addressed the feedback relationship 
between carbon dioxide levels and global temperatures.1

I have used the relevant theory: how carbon dioxide 
levels affect global temperatures.2

I have used the relevant theory: how global temperatures 
affect carbon dioxide levels.3

c	 [There has been a sudden and dramatic increase in atmospheric 
carbon dioxide levels1][and global temperatures in the last  
200 years.2][This period coincides with humans burning a lot of 
fossil fuels, which is well understood to release carbon dioxide. 
Given the known effect carbon dioxide has on temperature, the data 
indicates this release of carbon is responsible for the increase in 
global temperatures.3]

I have explicitly addressed the recent data regarding 
carbon dioxide levels.1

I have explicitly addressed the recent data regarding 
global temperatures.2

I have explicitly addressed the role of recent  
human activity.3

This content was covered in Lesson 3E.

15	 a	 Consider the parallel section of the circuit with ​​R​ 3​​​ and ​​R​ 4​​​:

​​​R​ ​|​​​|​​​​ = ​R​ 3​​​|​​​|​​ ​R​ 4​​ = ​​(​  1 ___ 3.0 ​ + ​  1 ___ 6.0 ​)​​​ 
−1

​ = 2.0​​ Ω  (1 MARK)

Consider the series connections between ​​R​ 1​​​, ​​R​ 2​​​, and the  

parallel section:

​​R​ T​​ = ​R​ 1​​ + ​R​ 2​​ + ​R​ ​|​​​|​​​​ = 3.0 + 5.0 + 2.0 = 10.0​ Ω  (1 MARK)

b	 Calculate the total current in the circuit:

​​I​ T​​ = ​ 
​V​ T​​

 __ ​R​ T​​ ​ = ​  20 ____ 10.0 ​ = 2.0​ A  (1 MARK)

Consider the parallel section of the circuit with ​​R​ 3​​​ and ​​R​ 4​​​:

​​V​ ​|​​​|​​​​ = ​I​ T​​ × ​R​ ​|​​​|​​​​ = 2.0 × 2.0 = 4.0​ V  (1 MARK)

Consider ​​R​ 4​​​ only:

​​I​ R4​​ = ​ 
​V​ ​|​​​|​​​​

 __ ​R​ 4​​ ​ = ​ 4.0 ___ 6.0 ​ = 0.67​ A  (1 MARK)

This content was covered in Lesson 4E.

Key science skills 

16	 a	� [Arden’s data is more accurate1][because the average of her data 

​​(​ 0.18 + 0.18 + 0.20 + 0.20 + 0.18  ________________________  5  ​ = 0.19 to two significant figures)​​  
is closer to the true value than Jacinta’s data ​​

(​ 0.15 + 0.23 + 0.25 + 0.19 + 0.19  ________________________  5  ​ = 0.20 to two significant figures)​​.2]

I have explicitly addressed which data set is 
more accurate.1

I have justified my answer with relevant data.2

b	 [Arden’s data is more precise1][because the range of her data 
(​0.20 − 0.18 = 0.02​) is smaller than the range of Jactina’s data  
(​0.25 − 0.15 = 0.10​).2]

I have explicitly addressed which data set is  
more precise.1

I have justified my answer with relevant data.2
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5C	 Electrical safety
Theory review questions

1	 B.  A fuse must be part of the normal circuit in order for it to melt if the 
current is too high and for it to cause a break in the circuit when it melts.

2	 B.  A fuse prevents too much current flowing within a circuit, which could 
otherwise cause a fire or damage appliances.

3	 A 

4	 B.  A fuse is designed to melt when there is too much current.

5	 A.  Circuit breakers measure the current and open a resettable switch 
when the current is too high.

6	 A.  Current does not get ‘used up’. It must flow somewhere.

7	 B

8	 A.  If the current in the active and neutral wires is different, then it is 
probably flowing somewhere unintended such as through a person.  
This is what the RCD is designed to prevent.

9	 A.  The earth wire provides a connection from the exterior of an 
appliance to the source, which would only carry current if the exterior of 
the appliance becomes live.

10	 B.  Voltage and resistance both affect the amount of current but, by itself, 
current is the measurement that corresponds to the severity of a shock.



5C
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Deconstructed exam-style question

11	 a	 C.  Current is leaving the intended circuit via the knife/Regina.

b	 A c	 C d	 B

e	 [The RCD is most likely to protect Regina.1][It will detect a difference 
between the currents flowing in the active wire and the neutral wire2]
[and then switch the circuit off.3]

I have explicitly addressed which safety design will 
protect Regina.1

I have used the relevant theory: what triggers an RCD.2

I have used the relevant theory: what happens when an 
RCD is triggered.3

Exam-style questions

This lesson

12	 [The earth wire is designed for this situation1][to protect people against 
electric shock.2]

I have explicitly addressed which safety feature is designed 
for this situation.1

I have explicitly addressed what hazard is caused by  
this situation.2

13	 a	� [Polly’s conclusion is incorrect: a short circuit is not a shock hazard.1] 
[A short circuit reduces the resistance of the circuit so that the 
current in the circuit is greater,2][but this does not necessarily 
increase the chance of current flowing through a person to cause an 
electric shock.3]

I have explicitly addressed whether Polly’s conclusion  
is correct.1

I have used the relevant theory: short circuits.2

I have used the relevant theory: cause of electric shock.3

b	 [An RCD switches off a circuit only when there is a difference 
between the currents flowing in the active and neutral wires.1] 
[A short circuit provides a lower resistance path between the active 
and neutral wires but not an alternative path to either of the wires so 
they will carry the same current as each other.2]

I have used the relevant theory: how an RCD works.1

I have used the relevant theory: short circuits.2

14	 a	� [A fuse or circuit breaker will cause a break in the circuit only if the 
current exceeds the intended value of that circuit, which will happen 
only if the resistance of the new pathway via the earth connection 
is low enough.1][The fuse or circuit breaker is designed to protect 
against overheating which can cause fires and damage  
to appliances.2]

I have used the relevant theory: conditions that would 
cause a break in the circuit.1

I have explicitly addressed the hazard that a fuse/circuit 
breaker protects against.2

b	 [An RCD should break the circuit in this case because current is 
leaving the circuit via the earth wire which means there will be a 
difference between the currents in the active and neutral wires.1] 
[An RCD protects against electric shock.2]

I have used the relevant theory: why an RCD causes a 
break in the circuit.1

I have explicitly addressed the hazard that an RCD 
protects against.2

15	 [A 9 V battery cell does not produce enough current to cause a severe 
shock when a human touches it1][because the resistance of a human 
in this case is far greater than the resistance of the light bulb and so the 
current is far lower.2]

I have explicitly addressed the reason that a 9 V battery cell is 
safe to touch.1

I have used the relevant theory: the relationship between 
resistance and current.2

Previous lessons

16	 [It is important to use the same laboratory and take measurements at the 
same time of year to ensure the validity of the results.1][The concentration 
of carbon dioxide can be different in different parts of the world and it 
can differ throughout the year due to seasonal variations.2]

I have explicitly addressed the importance of taking 
measurements from the same laboratory at the same time 
of year.1

I have related my answer to the context of the question.2

This content was covered in Lesson 3E.

17	 a	 2500 Ω  (1 MARK)

b	

MotorSwitching 
circuit5000 Ω 

12 V 

I have used all the required components: the battery, 
the thermistor, one resistor, and the switching circuit.

I have labelled the resistor with the correct resistance.

I have connected the switching circuit in parallel across 
the resistor.

This content was covered in Lesson 5A.

Key science skills 

18	 a	 C  (1 MARK) 

The measurement uncertainty can be taken as half the range:  

​​ 5.9 − 5.1 _ 2  ​​ = 0.4 A.



Chapter 5 Review
Section A

1	 C. ​​ E = P × t = 6 × 120 × ​(60 × 60 × 12.0)​ = 3.11 × 1​0​​ 7​​​ J

E = ​​ 3.11 × ​10​​ 7​ ________ 
3.6 × ​10​​ 6​

  ​​ = 8.64 kWh

2	 D. ​ ​V​ RMS​​​ = ​​ 
​V​ peak​​

 _____ 
​√ 

_
 2 ​
  ​​  ∴ 100 = ​​ 

​V​ peak​​
 _____ 

​√ 
_

 2 ​
  ​​

​​V​ peak​​ = 141​ V

3	 D

4	 A

5	 B.  No current flows through the arm containing the LEDs. The current 

through the right arm is given by I = ​​ 
​V​ T​​

 ___ ​R​ eq​​ ​​ = ​​  12 _ 200 + 400 ​​ = 0.02 A or 20 mA.

Section B

6	 a	 E = ​​ 12.50 _ 0.36  ​​ = 34.72 kWh  (1 MARK)

P = ​​ E _ t ​​ = ​​ 34.72 × ​10​​ 3​ × 60 × 60  _______ 3 × 60 × 60  ​​ = 11.573 = 12 kW  (1 MARK)

b	 Decrease by a factor of 4  (1 MARK)

​P = VI​, so if the power decreases by a factor of 4, then the voltage 
would also have to decrease by a factor of 4.

7	 a	� [RCDs are ineffective against short circuits.1][An RCD switches off 
the circuit when there is a difference between the current flowing 
through the active and neutral wires, however a short circuit does 
not create such a difference.2]

I have explicitly addressed whether or not the RCD is 
effective against short circuits.1

I have used the relevant theory: RCD operation under 
short circuit conditions.2

b	 [Circuit breakers are effective against short circuits.1][A circuit 
breaker switches off the circuit when an excess current flows 
through it. In a short circuit, the path of zero resistance causes a 
large current, which will be detected by the circuit breaker.2]

I have explicitly addressed whether or not the circuit 
breaker is effective against short circuits.1

I have used the relevant theory: circuit breaker operation 
under short circuit conditions.2

c	 [Earth wires are ineffective against short circuits.1][The earth 
wire provides a pathway for leaking current to flow to the ground, 
however the short circuit does not create a pathway for current to 
leak from the device.2]

I have explicitly addressed whether or not the earth pin is 
effective against short circuits.1

I have used the relevant theory: earth wire operation 
under short circuit conditions.2

8	 ​​V​ RMS​​​ = ​​ 
​V​ peak​​

 _____ 
​√ 

_
 2 ​
  ​​ = ​​ 250 ____ 

​√ 
_

 2 ​
 ​​ = 176.777 V  (1 MARK)

​​I​ RMS​​​ = ​​ 
​V​ RMS​​

 _ R  ​​ = ​​ 176.777 _______ 
1.3 × ​10​​ 3​

 ​​ = 0.136 A

​P = ​V​ RMS​​ ​I​ RMS​​ = 176.777 × 0.136 = 24.04​ W ​= 0.02404​ kW  (1 MARK)

8 PM to 8 AM is 12 hours  ∴ ​t = 12​ h

​Cost = E × rate = P × t × 0.36 = 0.02404 × 12 × 0.36 = 0.1034 = 0.10​

It costs $0.10 to run the Christmas lights.  (1 MARK)

9	 a	 From the graph, ​​V​ LED​​ = 1.5​ V  (1 MARK)

In each arm, ​6.0 = ​V​ 1​​ + 3 × ​V​ LED​​​

​​V​ 1​​ = 1.5​ V  (1 MARK)

​​V​ 1​​ = ​I​ 1​​ ​R​ 1​​​  ∴ ​1.5 = ​I​ 1​​ × 100​

​​I​ 1​​ = 0.015​ A ​= 15​ mA  (1 MARK)

b	 On: LEDs D, E and F  (1 MARK)

Off: LEDs A, B and C  (1 MARK)

10	 a	� [So that the switching circuit voltage increases to reach its  
threshold voltage as the temperature increases, the voltage 
drop across the thermistor should decrease with increasing 
temperature.1][Since resistance is proportional to voltage  
by ​V = IR​,2][this means that B is the correct thermistor to use.3]

I have referenced the required change in thermistor 
voltage drop as temperature increases.1

I have used the relevant theory: Ohm’s Law.2

I have explicitly referenced thermistor B.3

b	 From the graph, at 10°C ​​R​ TH​​ = 2.0 × 1​0​​ 2​​ Ω  (1 MARK)

Using the voltage divider equation,  

​​V​ switching circuit​​​ = ​​ 
​R​ 2​​
 _____ ​R​ 2​​ + ​R​ TH​​ ​​ × ​​V​ T​​​ = ​​  1.2 × ​10​​ 3​ _____________  

1.2 × ​10​​ 3​ + 2.0 × ​10​​ 2​
 ​​ × 240 V  (1 MARK)

​​V​ switching circuit​​ = 205.7 = 2.1 × 1​0​​ 2​​ V  (1 MARK)

c	 ​​R​ 2​​​ and switching circuit: ​​R​ ∥​​​ = ​​​(​  1 _____ 
1.2 × ​10​​ 3​

 ​ + ​  1 _____ 
2.4 × ​10​​ 3​

 ​)​​​ 
−1

​​ = 800 Ω  (1 MARK)

​​R​ T​​ = ​R​ ​|​​​|​​​​ + ​R​ TH​​ = 800 + ​R​ TH​​​ Ω

​​I​ T​​​ = ​​ 
​V​ T​​

 ___ ​R​ T​​ ​​  ∴ 200 × ​​10​​ −3​​ = ​​  240 _____ 800 + ​R​ TH​​ ​​

​​R​ TH​​ = 400 = 4.0 × 1​0​​ 2​​ Ω  (1 MARK)

From the graph, when ​​R​ TH​​ = 4.0 × 1​0​​ 2​​ Ω , the temperature is 6.5°C. 

(1 MARK)
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b	 C  (1 MARK)

​Avg = ​ 5.4 + 5.1 + 5.5 + 5.6 + 5.9  ___________________ 5  ​ = 5.5​ A

​Max. true value = 5.0 + 0.2 = 5.2​ A

​Min. error = 5.5 − 5.2 = 0.3​ A



Review

Unit 1, AOS 2 Review
Section A

1	 B.  Voltage is the energy per unit charge. Suppose there are n coulombs 

of charge in the dome. Then V = ​​ E _ Q ​​ = ​​ 1.2 × ​10​​ 3​ × n _____ n  ​​ = 1.2 × ​​10​​ 3​ V​. 

This content was covered in Lesson 4A.

2	 B. ​ ​V​ RMS​​​ = ​​ 
​V​ peak​​

 _____ 
​√ 

_
 2 ​
  ​​ = ​​ 5.00 × ​10​​ 2​ ________ 

​√ 
_

 2 ​
  ​​ = 354 V

This content was covered in Lesson 5B.

3	 D.  In the series circuit, the supply voltage will be split between each 
LED so that the voltage drop across a single LED will be smaller than the 
threshold voltage. This means that in the series circuit, neither LED will 
light up. In the parallel circuit, both LEDs will have a voltage drop equal 
to their threshold voltage, so they will light up.

This content was covered in Lessons 4C, 4D and 5A.

4	 D.  The wiring of the multimeter changes depending on what it is being 
used to measure.

This content was covered in Lesson 4A.

5	 C.  For both ohmic and non-ohmic devices, given the values of two of 
the current, voltage, and resistance, we can use Ohm’s Law to solve for 
the third value.

This content was covered in Lesson 4B.

Section B

6	 a	 P = ​​  E _ Δt ​​ , since ​Δt = 1​ s, ​E = 30.0​ J

V = ​​ E _ Q ​​  ∴ 12.0 = ​​  30.0 ______ n × q​(​e​​ −​)​ ​​  (1 MARK)

n × q​​(​e​​ −​)​​ = 2.5

​n × 1.6 × 1​0​​ −19​ = 2.5  ∴ n = 1.56 × 1​0​​ 19​​ electrons  (1 MARK)

This content was covered in Lesson 4A.

b	 P = ​​ 30.0 _ 3  ​​ = 10.0 W  (1 MARK)

This content was covered in Lesson 4A.

7	 V = IR  ∴ 200 × ​​10​​ −3​​ = 0.30 × R

​R = 0.667​ Ω  (1 MARK)

A = π​​r​​ 2​​ = π × ​​​(​ 6.70 × ​10​​ −3​ ______ 2  ​)​​​ 
2
​​  (1 MARK)

​A = 3.53 × 1​0​​ −5​​ m2  (1 MARK)

R = ρ ​​ L _ A ​​  ∴ 0.667 = 7.8 × ​​10​​ −5​​ × ​​  L ______ 3.53 × ​10​​ −5​ ​​

​L = 0.30​ m  (1 MARK)

This content was covered in Lesson 4B.

8	 a	 0 V  (1 MARK)

There is no potential difference across the voltmeter (all of it is 
dropped across the open switch).

This content was covered in Lesson 4A.

b	 ​​V​ T​​​ = I​​R​ T​​​  ∴ I = ​​ 
​V​ T​​

 ___ ​R​ T​​ ​​ = ​​  12.0 _ 1200 + 600 ​​ = 6.67 × ​​10​​ −3​​ A  (1 MARK)

​​V​ 2​​ = I​R​ 2​​ = 6.67 × 1​0​​ −3​ × 600 = 4.00​ V

The voltmeter should measure a voltage of 4.00 V.  (1 MARK)

OR

​​V​ 2​​​ = ​​ 
​R​ 2​​

 _____ ​R​ 1​​ + ​R​ 2​​ ​​ × ​​V​ T​​​  ∴ ​​V​ 2​​​ = ​​  600 _ 1200 + 1600 ​​ × 12.0  (1 MARK) 

​​V​ 2​​​ = ​​ 1 _ 3 ​​ × 12.0 = 4.00 V  (1 MARK)

This content was covered in Lessons 4B and 4C.

c	 ​​V​ motor​​ = ​I​ motor​​ ​R​ motor​​​  ∴ ​​I​ motor​​​ = ​​ 
​V​ motor​​ _____ ​R​ motor​​

 ​​ = ​​ 4.0 _ 170 ​​ = 2.35 × ​​10​​ −2​​  

= 23.5 mA  (1 MARK)

​​V​ 1​​ + ​V​ motor ​​ = 12.0​  ∴ ​​V​ 1​​ = 12.0 − 4.0 = 8.0​ V

​​V​ 2​​ = 4.0​ V

​​V​ 2​​​ = ​​I​ 2​​​R​ 2​​​  ∴ ​​I​ 2​​​ = ​​ 
​V​ 2​​

 __ ​R​ 2​​ ​​ = ​​ 4.0 _ 600 ​​ = 6.67 × ​​10​​ −3​​ A  (1 MARK)

​​I​ 1​​ = ​I​ 2​​ + ​I​ motor​​ = 6.67 × 1​0​​ −3​ + 23.5 × 1​0​​ −3​ = 30.2 × 1​0​​ −3​​ A

​​V​ 1​​​ = ​​I​ 1​​​R​ 1​​​  ∴ ​​R​ 1​​​ = ​​ 
​V​ 1​​

 __ ​I​ 1​​ ​​ = ​​  8.0 ______ 
30.2 × ​10​​ −3​

 ​​ = 264.94 = 2.6 × ​​10​​ 2​​ Ω  (1 MARK)

This content was covered in Lessons 4B, 4C, and 4D.

9	 a	 First consider the parallel circuit involving resistors B, C, D and E.

​​R​ T'​​​ = ​​  1 __ ​R​ 1​​ ​​ + ​​  1 __ ​R​ 2​​ ​​ + … + ​​  1 __ ​R​ n​​ ​​

​​  1 __ ​R​ T'​​
 ​​ = ​​  1 __ ​R​ B​​ ​​ + ​​  1 ________ ​R​ C​​ + ​R​ D​​ + ​R​ E​​ ​​ = ​​  1 _ 8.00 ​​ + ​​  1 _ 3 × 8.00 ​​

​​R​ T'​​​ = 6.00 Ω  (1 MARK)

Now consider the series circuit consisting of resistor A and the 
parallel circuit.

​​R​ T​​ = ​R​ A​​ + ​R​ T′​​​  (1 MARK)

​​R​ T​​ = 8.00 + 6.00 = 14.0​ Ω

This content was covered in Lesson 4E.

b	 First consider component A:

​​V​ T​​ = ​I​ A​​​R​ T​​​  ∴ ​​I​ A​​​ = ​​ 
​V​ T​​

 ___ ​R​ T​​ ​​ = ​​ 4 × 3.0 _ 14.0  ​​ = 0.8571 A  (1 MARK)

​​V​ B​​ = ​V​ T​​ − ​V​ A​​ = 12.0 − ​I​ A​​​R​ A​​ = 12.0 − 0.8571 × 8.00​

​​V​ B​​ = 5.143​ V  (1 MARK)

​​V​ B​​​ = ​​I​ B​​​R​ B​​​  ∴ ​​I​ B​​​ = ​​ 
​V​ B​​

 ___ ​R​ B​​ ​​ = ​​ 5.143 _ 8.00  ​​ = 0.643 A  (1 MARK)

This content was covered in Lesson 4E.

c	 ​​R​ C​​​ = ​​R​ D​​​ = ​​R​ E​​​ so ​​V​ C​​​ = ​​V​ D​​​ = ​​V​ E​​​  (1 MARK)

Consider the loop through resistors A, C, D and E:

​​V​ T​​ = ​V​ A​​ + ​V​ C​​ + ​V​ D​​ + ​V​ E​​​  ∴ ​12.0 = 0.8571 × 8.00 + 3 × ​V​ D​​​

​​V​ D​​ = 1.714​ V  (1 MARK)
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​​V​ D​​ = ​I​ D​​ ​R​ D​​​  ∴ ​1.714 = ​I​ D​​ × 8.00​  ∴ ​​I​ D​​ = 0.2143​ A (or use ​​I​ D​​ = ​I​ T​​ − ​I​ A​​​)

​​P​ D​​ = ​V​ D​​ ​I​ D​​ = 1.714 × 0.2143 = 0.367​ W  (1 MARK)

This content was covered in Lesson 4E.

10	 a	 Non-ohmic  (1 MARK)

For an ohmic device, the gradient of the I-V graph (the resistance)  
is constant.

This content was covered in Lesson 4B.

b	 From the I-V graph, a current of 15 mA means that the voltage across 
the LED is 3.4 V.  (1 MARK)

​​V​ 280 Ω​​ = ​I​ 280 Ω​​ ​R​ 280 Ω​​ = 15 × 1​0​​ −3​ × 280 = 4.2​ V  (1 MARK)

​​V​ battery​​ = ​V​ LED​​ + ​V​ 280 Ω​​ = 3.4 + 4.2 = 7.6​ V  (1 MARK)

c	 [The LED component converts electrical energy into light energy,1]
[whilst the resistor converts electrical energy into thermal energy.2]

I have used the relevant theory: energy conversion of  
an LED.1

I have used the relevant theory: energy conversion of  
a resistor.2

This content was covered in Lessons 4A and 5A.

11	 a	� [If household appliances are wired in series, one appliance being 
switched off or a fault in the circuit would cause all other appliances 
in the circuit to stop working.1][Furthermore, adding components in 
series increases the equivalent resistance of the circuit and therefore 
decreases the current flowing at a given supply voltage. This would 
mean the overall power consumption of devices is much lower, 
for example meaning that lightbulbs would shine more dimly than 
intended (or not at all).2]

I have explicitly referenced what happens when a 
component breaks for a series circuit.1

I have used the relevant theory: current and power 
consumption in a series circuit.2

This content was covered in Lessons 4A and 5B.

b	 [The fact that the appliances do not have an earth pin means that they 
are not grounded. If the uninsulated exterior of one of the appliances 
is in contact with the active wire, the path of least resistance for the 
electricity would be through the user to the ground.1][The current 
of an electric shock is what determines its severity.2][Since the 
resistance of wet skin is 100–1000 times less than that of dry skin, if a 
member of the family made contact with a ‘live’ appliance’s exterior 
when it was wet, a high and therefore dangerous current would flow 
through them.3]

I have used the relevant theory: earth wires.1

I have used the relevant theory: effects of voltage and 
current on electric shocks.2

I have explicitly addressed the use of the appliances in 
wet conditions.3

This content was covered in Lesson 5C.

12	 a	​​   1 __ ​R​ T​​ ​​ = ​​  1 __ ​R​ 1​​ ​​ + ​​  1 __ ​R​ 2​​ ​​ + … + ​​  1 __ ​R​ n​​ ​​

For a ​200​ Ω resistor, we have ​​  1 _ 200 ​​ = ​​  1 __ ​R​ 1​​ ​​ + ​​  1 __ ​R​ 2​​ ​​ + … ​​  1 __ ​R​ n​​ ​​.

​​  1 _ 600 ​​ + ​​  1 _ 600 ​​ + ​​  1 _ 600 ​​ = ​​  3 _ 600 ​​ = ​​  1 _ 200 ​​  (1 MARK)

600 Ω 600 Ω 600 Ω

I have drawn resistors connected in parallel or series  
as required.

I have selected resistor positions that have an equivalent 
resistance of ​200​ Ω.

This content was covered in Lessons 4D and 4E.

b	 The equivalent resistance of the 100 Ω, 200 Ω and 300 Ω resistors is 
given by

​​  1 __ ​R​ T​​ ​​ = ​​  1 __ ​R​ 1​​ ​​ + ​​  1 __ ​R​ 2​​ ​​ + … + ​​  1 __ ​R​ n​​ ​​

​​  1 __ ​R​ T​​ ​​ = ​​  1 _ 100 ​​ + ​​  1 _ 200 ​​ + ​​  1 _ 300 ​​ = ​​  11 _ 600 ​​

​​R​ T​​​ = ​​ 600 _ 11  ​​ = 54.5 Ω  (1 MARK)

	 [It is impossible for the circuit to have an equivalent resistance 
of 75 Ω.1][Considering the three known resistors in parallel, their 

equivalent resistance is ​​R​ T​​​ = 54.5 Ω.2][Adding an arm to a parallel 

circuit must decrease the equivalent resistance, so since the 
equivalent resistance of the three known resistors is less than 75 Ω, 
it is impossible for the four arms combined to have an equivalent 
resistance of 75 Ω, regardless of the value of the unknown resistor.3]

I have explicitly addressed that the student is incorrect.1

I have used calculations to support my conclusion.2

I have used the relevant theory: equivalent resistance of 
parallel circuits.3

This content was covered in Lesson 4D.

13	 a	 When ​illumination = 10​ lux, ​​R​ LDR​​ = 1.0 × 1​0​​ 4​​ Ω  (1 MARK)

​​V​ out​​​ = ​​ 
​R​ 2​​

 _____ ​R​ 1​​ + ​R​ 2​​ ​​ × ​​V​ T​​​  ∴ 6 = ​​  1.0 × ​10​​ 4​ _______ R + 1.0 × ​10​​ 4​ ​​ × 24  (1 MARK)

R = 3.0 × ​​10​​ 4​​  (1 MARK)

Noting that the resistor must take up 3 times the voltage the LDR takes 
up and therefore will have 3 times the resistance is also acceptable.

This content was covered in Lesson 5A.
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Review

b	 [​​V​ out​​​ will increase.1][The graph shows that as the illumination 

decreases, ​​R​ LDR​​​ increases.2][So, because ​V = IR​, and ​I​ is constant, ​​

V​ out​​​ will also increase.3]

I have explicitly addressed how ​​V​ out​​​ changes as  
daylight decreases.1

I have explicitly addressed how the resistance of the LDR 
changes as daylight decreases.2

I have used the relevant theory: Ohm’s Law.3

This content was covered in Lesson 5A.

c	 [Increase.1][This change means more of the voltage will drop  
across the resistor, and less across the LDR,2][so the LDR will require 
a higher resistance and hence a lower light level for the same value  
of ​​V​ out​​​  .

3]

I have explicitly addressed whether Randall should 
increase or decrease the resistance of R.1

I have explicitly addressed how a change in the  
resistor’s resistance will affect the voltage across the 
switching circuit.2

I have referred to the fact that the LDR requires a lower 
light level for a higher resistance.3

This content was covered in Lessons 4C and 5A.
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6A	 The Standard Model
Theory review questions 

1	 W-Nucleus; X-Neutron; Y-Proton; Z-Electron

2	
Elementary Composite

a Electron ✔

b Proton ✔

c Up quark ✔

d Pion ✔

e Higgs boson ✔

f Tau neutrino ✔

g Strange antiquark ✔

h Hydrogen atom ✔

i Photon ✔

j Positron ✔

3	 a	 Up quark (quark) b	 Tau particle (lepton)

c	 Muon neutrino (lepton) d	 Bottom antiquark (quark)

e	 Z boson (boson) f	 Electron (lepton)

g	 Positron (lepton) h	 Charm quark (quark)

i	 Muon (lepton) j	 Photon (boson)

4	 a	 False b	 True

c	 True d	 False

Deconstructed exam-style question

5	 a	 D

b	 B

c	 D

d	 Before the decay: 1

After the decay: 1 + 0 + 0 = 1

They are the same.

e	 Before the decay: 0

After the decay: 0 + 1 − 1 = 0

They are the same.

f	 conservation of baryon number;  (1 MARK)

conservation of lepton number;  (1 MARK) 

Plus two of the following: conservation of charge; conservation  
of momentum; conservation of angular momentum; conservation  
of energy  (2 MARKS) 

Exam-style questions

This lesson

6	 [Anderson had cosmic rays pass through a cloud chamber under an 
external magnetic field.1][He observed a particle that had the same 
mass-to-charge ratio as an electron, but which bent in a direction 
that indicated it had a positive charge. It was this particle he called 
the positron.2]

I have explicitly addressed Anderson’s experimental method.1

I have used the relevant theory: evidence for the positron.2

7	 [The Standard Model divides elementary particles into three main 
categories: quarks, leptons and bosons.1][There are six quarks in three 
generations (up, down, strange, charm, top and bottom).2] 
[Leptons encompass three generations of particles and their 
corresponding neutrinos: electron, muon and tau.3][Bosons include  
the four gauge bosons responsible for fundamental forces and the  
Higgs boson.4]

I have explicitly addressed the three categories of  
elementary particles.1

I have used the relevant theory: members of the quarks.2

I have used the relevant theory: members of the leptons.3

I have used the relevant theory: members of the bosons.4

8	 a	​​  
_

 u​​ ​​ 
_

 u​​ ​​ 
_

 d​​  (1 MARK)

b	 Charge = ​− ​ 1 __ 3 ​ − ​ 1 __ 3 ​ − ​ 1 __ 3 ​ = −1​ as expected  (1 MARK)

9	 a	 B = ​​ 1 __ 3 ​ + ​ 1 __ 3 ​ + ​ 1 __ 3 ​ = 1​  (1 MARK)

baryon  (1 MARK) 

b	 B = ​​ 1 __ 3 ​ − ​ 1 __ 3 ​ = 0​  (1 MARK)

meson  (1 MARK) 

c	 B = ​​ 1 __ 3 ​ + ​ 1 __ 3 ​ + ​ 1 __ 3 ​ + ​ 1 __ 3 ​ − ​ 1 __ 3 ​ = 1​  (1 MARK) 

baryon  (1 MARK) 

d	 B = ​​ 1 __ 3 ​ + ​ 1 __ 3 ​ + ​ 1 __ 3 ​ = 1​  (1 MARK) 

baryon  (1 MARK)

10	 a	 S =​ −1 − 1 − 1 = −3​  (1 MARK) 

b	 S = ​0 + 1 = 1​  (1 MARK) 

c	 S = ​0 + 0 + 0 + 0 + 0 = 0​  (1 MARK) 

d	 S = ​0 − 1 − 1 = −2​  (1 MARK) 

11	 [Baryons are composed of an odd number of quarks (generally 3),1]
[whereas a meson is composed of one quark and one antiquark.2]

I have used the relevant theory: baryon composition.1

I have used the relevant theory: meson composition.2
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6B

6B	 Nuclear stability and the 
fundamental forces

Theory review questions

1	 repulsive; attractive; nucleons; quarks

2	 a	 X b	 Z c	 A

3	
Acts on 
protons

Acts on 
neutrons

Acts at 
long 
distances 

Acts at 
short 
distances

Strong force ✔ ✔ ✔

Weak force ✔ ✔ ✔

Electromagnetic 
force

✔ ✔ ✔

4	 a	 N (number of neutrons)

b	 Z (number of protons)

c	 Valley of Stability

d	 ​N = Z​ line

5	 D

6	 A and D

Deconstructed exam-style question

7	 a	 A

b	 C

c	 [This isotope of neon will be stable1][as it has ​Z = 10​ and ​N = 10​2] 
[which means it follows the ​N = Z​ stability rule for ​Z ≤ 20​).3]

I have explicitly addressed whether the isotope is stable 
or unstable.1

I have used the relevant theory: nuclear notation.2

I have used the relevant theory: nuclear stability.3

Exam-style questions

This lesson

8	 a	​ Z​ = 16, ​N​ = 16, ​A​ = 32

​Z ≤ 20​, therefore use ​N = Z​  (1 MARK)

Stable  (1 MARK)

b	 ​Z​ = 84, ​N​ = 124, ​A​ = 208

​Z ≥ 84​  (1 MARK)

Unstable  (1 MARK)

c	 ​Z​ = 82, ​N​ = 126, ​A​ = 208

Check valley of stability diagram. 
(Note: likely to be stable as more neutrons than protons)  (1 MARK)

Stable  (1 MARK)

12	 a	� [The neutron is not its own antiparticle.1][While the neutron has no 
charge, it has a baryon number of +1. The antineutron has a baryon 
number of −1.2]

I have explicitly addressed whether the neutron is its 
own antiparticle.1

I have used the relevant theory: baryon number.2

b	 [The neutral pion is its own antiparticle.1][The quark composition of 
the antiparticle is (​​u ̄ ​u)​, which is the same as the composition of the 
neutral pion.2]

I have explicitly addressed whether the neutron is its 
own antiparticle.1

I have used the relevant theory: antiparticle composition.2

OR

	 [The neutral pion is its own antiparticle.1][All of its relevant quantum 
numbers that are equal and opposite for its antiparticle are zero. 2]

I have explicitly addressed whether the neutron is its 
own antiparticle.1

I have used the relevant theory: antiparticle composition.2

Previous lessons

13	 [There is a positive feedback between temperature and the amount of 
greenhouse gases in the atmosphere.1][Increasing the Earth’s albedo 
would decrease the temperature of the Earth,2][which would result 
in a decrease in greenhouse gas concentrations and so reduce the 
greenhouse effect.3]

I have used the relevant theory: feedback between 
temperature and greenhouse gases.1

I have used the relevant theory: effect of albedo.2

I have related my answer to the context of the question.3

This content was covered in Lesson 3E.

14	 From the graph: ​​V​ P​​ = 325​ V  (1 MARK)

​​V​ RMS​​ = ​ 
​V​ P​​

 ____ 
​√ 

_
 2 ​
 ​ = ​ 325 ____ 

​√ 
_

 2 ​
 ​ = 230​ V  (1 MARK)

This content was covered in Lesson 5B.

Key science skills 

15	 a	  Formulate a hypothesis  (1 MARK) 

b	 [Performing a series of experiments that produce the same result 
is a good indicator that the results are reliable.1][The repeatability 
of the experiments (getting results that agree across several 
repetitions) also indicates that the results are reliable.2]

I have used the relevant theory: reliability.1

I have used the relevant theory: repeatability.2
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d	 ​Z​ = 35, ​N​ = 35, ​A​ = 70

Check valley of stability diagram OR Note ​N = Z​ but ​Z > 20​  (1 MARK)

Unstable  (1 MARK)

9	 a	​ Z​ = 15, ​N​ = 15

​Z ≤ 20​, therefore use ​N = Z​  (1 MARK)

Stable (1 MARK)

b	 ​N​ = 45, ​Z​ = 45

Check valley of stability diagram OR Note ​N = Z​ but ​Z > 20​  (1 MARK)

Unstable  (1 MARK)

c	 ​Z​ = 87, ​A​ = 223

​Z ≥ 84​, therefore inherently unstable  (1 MARK)

Unstable  (1 MARK)

d	 ​A​ = 85, ​N​ = 48, ​Z​ = 37

Check valley of stability diagram. 
(Note: likely to be stable as more neutrons than protons)  (1 MARK)

Stable  (1 MARK)

10	 [An isotope is an atom of an element that has a different number of 
neutrons (but the same number of protons) compared to another atom 
of the element.1][A radioisotope is the kind of isotope that will undergo 
radioactive decay.2]

I have used the relevant theory: isotopes.1

I have used the relevant theory: radioisotopes.2

11	 [A nucleus with too many protons will experience a greater repulsive 
electrostatic force between the protons1][than the attractive strong 
force between the nucleons (protons and neutrons).2][This makes the 
nucleus unstable.3]

I have used the relevant theory: electrostatic force in  
the nucleus.1

I have used the relevant theory: strong force in the nucleus.2

I have explicitly addressed the instability of the nucleus.3

12	 [Genevieve is correct.1][Jana claims that the nucleus is stable if ​N = Z​. 
However, this only true for elements with ​Z ≤​ 20, so she is incorrect.2] 
[As ​Z​ = 79 for gold (​Z​ > 20), Genevieve is correct that this stability rule 
does not apply.3]

I have explicitly addressed who is correct.1

I have used the relevant theory: nuclear stability for ​Z ≤ 20​.2

I have used the relevant theory: nuclear stability for ​Z > 20​.3

Previous lessons

13	 [Double glazed windows consist of two pieces of glass with air trapped 
between them.1][As air is a poor conductor of heat,2][much less heat 
can transfer through the window.3]

I have explicitly addressed the construction of a double 
glazed window.1

I have explicitly addressed that air is a poor conductor.2

I have referenced the reduced ability to transfer heat.3

This content was covered in Lesson 3F.

14	 Two of: duration of shock, the size of the current through the person,  
the person’s resistance, the current’s path through the body (e.g. through 
the heart)

This content was covered in Lesson 5C. 

Key science skills 

15	 a	 Independent variable

b	 Dependent variable

c	 [The identity of an element is determined by its ​Z​ value.1][This allows 
the independent axis to identify the elements, and the vertical axis to 
then identify the stability of its corresponding isotopes.2]

I have used the relevant theory: nuclear notation.1

I have used the relevant theory: relationship between 
horizontal and vertical axes.2

6C	 Radioactive half-life
Theory review questions 

1	 C.  Two hours corresponds to two half-lives. After one half-life,  
50% remains. After two half-lives, 50% of that amount (i.e. 25% of the 
original amount) still remains.

2	 B.  After two half-lives, 25% of the original amount remains. 25% of  
10 grams is 2.5 grams.

3	 A.  Half-life is entirely determined by the radioisotope.

4	 A, B, C.  Activity depends on the radioisotope (because some substances 
are more unstable than others), the amount of the substance  
remaining (because a fixed proportion of the available nuclei will decay 
in a given time, so more nuclei means more decays), and it changes 
as time passes (because the amount of the substance that remains 
decreases as time passes).

Deconstructed exam-style question

5	 a	 A. ​​   6 ___ 24 ​ = 0.25​

b	 B. ​​ ​ 1 __ 2 ​ × ​ 1 __ 2 ​ = ​​(​ 1 _ 2 ​)​​​ 
2
​ = 0.25​​  ∴ ​n = 2​

c	 C. ​​ t​ 1/2​​ = ​ T __ n ​ = ​ 
28 days

 __________ 2 half-lives ​ = 14​ days
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12	 [Both devices are used for safety reasons.1][A fuse interrupts the flow 
of electricity to prevent fires and damage to appliances whereas RCDs 
interrupt the flow of electricity to prevent electrical shock.2]

I have explicitly addressed a similarity between the  
two devices.1

I have explicitly addressed a difference between the  
two devices.2

This content was covered in Lesson 5C.

Key science skills 

13	 a	 �Choose two points from the graph that are well separated to 
calculate gradient.

​gradient = ​ rise ___ run ​ = ​  4 − 9 ______ 300 − 0 ​​  (1 MARK)

​gradient = −0.0167​  (1 MARK)

b	 Given the equation ​​ln​(A)​ = −  ​ 0.693 _____ ​t​ 1/2​​  ​ × t + 9​​ (which can be compared 

with ​y = mx + c​), the gradient must be ​−  ​ 0.693 _____ ​t​ 1/2​​  ​​.

​−  ​ 0.693 _____ ​t​ 1/2​​  ​ = −0.0167​  (1 MARK)

​​t​ 1/2​​ = 41.58 = 42​ days  (1 MARK)

6D	 Types of nuclear radiation
Theory review questions

1	 a	 charge: +2, mass number: 4

b	 charge: +1, mass number: 0

c	 charge: −1, mass number: 0

d	 charge: 0, mass number: 0

2	 a	 Gamma decay

b	 Beta plus decay

c	 Alpha decay

d	 Beta minus decay

3	 B

4	 A

5	 a	 Alpha decay

b	 Beta plus decay

c	 Beta minus decay

d	 Gamma decay

Deconstructed exam-style question

6	 a	 B b	 C c	 C

d	 Parent nuclide: Z = 90, A = 232

6 alpha decays: Z decreases by ​6 × 2 = 12​, A decreases by 
​6 × 4 = 24​.  (1 MARK)

4 beta minus decays: Z increases by ​4 × 1 = 4​, A does  
not change.  (1 MARK)

Therefore, daughter nuclide: ​Z = 90 − 12 + 4 = 82​, ​
A = 232 − 24 + 0 = 208​

Daughter nuclide is ​​  82​ 208​ Pb​​​​  (1 MARK)

Exam-style questions

This lesson

7	 [Penetrating power refers to the ability of a given type of radiation to 
travel through matter before it loses its energy1][Radiation loses its 
energy through ionising other atoms,2][therefore the more ionising a 
given type of radiation is, the less penetrating it is.3]

I have used the relevant theory: penetrating power.1

I have used the relevant theory: ionisation.2

I have explicitly addressed the relationship between ionising 
power and penetrating power.3

8	 a	​​ −1​ 0​ e​​​​ + ​​0​ 0​  ​​​​ν​​ 
_

 ​​  (1 MARK)

b	 ​​2​ 4​ He​​​​  (1 MARK)

c	 ​​0​ 0​ γ​​​​  (1 MARK)

d	 ​​+1​ 0​ e​​​​ + ​​0​ 0​ ν​​​​  (1 MARK)

9	 a	 The alpha particle has a charge of +2 and a mass number of 4.

Daughter nuclide proton number ​= Z − 2 = 78 − 2 = 76​ 
(∴ chemical symbol is Os)

Daughter nuclide mass number ​= A − 4 = 175 − 4 = 171​.

​​  76​ 171​ Os​​​​  (2 MARKS)

b	 The beta minus particle and antineutrino together have a total 
charge of −1 and a total mass number of 0.

Daughter nuclide proton number ​= Z + 1 = 88 + 1 = 89​ 
(∴ chemical symbol is Ac)

Daughter nuclide mass number ​= A − 0 = 228 − 0 = 228​.

​​  89​ 228​ Ac​​​​  (2 MARKS)

c	 The beta plus particle and neutrino together have a total charge of 
+1 and a total mass number of 0.

Daughter nuclide proton number ​= Z − 1 = 12 − 1 = 11​ 
(∴ chemical symbol is Na)

Daughter nuclide mass number ​= A − 0 = 23 − 0 = 23​.

​​11​ 23​ Na​​​​  (2 MARKS)

d	 The gamma photon has a total charge of 0 and a total mass number 
of 0.

Daughter nuclide proton number ​= Z − 0 = 53 − 0 = 53​ 
(∴ chemical symbol is I)

Daughter nuclide mass number ​= A − 0 = 125 − 0 = 125​.

​​  53​ 125​ I​​​​  (2 MARKS)

10	 a	 Parent nuclide proton number = 10 + 0 = 10 (∴ chemical symbol is Ne)

Parent nuclide mass number = 22 + 0 = 22.

​​10​ 22​ Ne​​​​  (2 MARKS)
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b	 Parent nuclide proton number = 28 − 1 + 0 = 27 
(∴ chemical symbol is Co)

Parent nuclide mass number = 60 + 0 + 0 = 60.

​​27​ 60​ Co​​​​  (2 MARKS)

c	 Parent nuclide proton number = 91 + 2 = 93 (∴ chemical symbol is Np)

Parent nuclide mass number = 233 + 4 = 237.

​​  93​ 237​ Np​​​​  (2 MARKS)

d	 Parent nuclide proton number = 35 + 1 + 0 = 36 
(∴ chemical symbol is Kr)

Parent nuclide mass number = 74 + 0 + 0 = 74.

​​36​ 74​ Kr​​​​  (2 MARKS)

11	 a	 Alpha decay produces a daughter nuclide and an alpha particle.

Daughter nuclide proton number ​= Z − 2 = 85 − 2 = 83​ 
(∴ chemical symbol is Bi)

Daughter nuclide mass number ​= A − 4 = 215 − 4 = 211​.

​​  85​ 215​ At​​​​ →→ ​​  83​ 211​ Bi​​​​ + ​​2​ 4​ He​​​​  (2 MARKS)

b	 Beta plus decay produces a positron and a neutrino.

Daughter nuclide proton number ​= Z − 1 = 29 − 1 = 28​ 
(∴ chemical symbol is Ni)

Daughter nuclide mass number ​= A − 0 = 64 − 0 = 64​.

​​29​ 64​ Cu​​​​ →→ ​​28​ 64​ Ni​​​​ + ​​+1​ 0​ e​​​​ + ​​0​ 0​ ν​​​​  (2 MARKS)

c	 Beta minus decay produces an electron and an antineutrino.

Daughter nuclide proton number ​= Z + 1 = 87 + 1 = 88​ 
(∴ chemical symbol is Ra)

Daughter nuclide mass number ​= A − 0 = 223 − 0 = 223​.

​​  87​ 223​ Fr​​​​ →→ ​​  88​ 223​ Ra​​​​ + ​​−1​ 0​ e​​​​ + ​​0​ 0​  ​​​​ ν​​ 
_

​​  (2 MARKS)

d	 Gamma decay produces a gamma photon.

Daughter nuclide proton number ​= Z − 0 = 34 − 0 = 34​ 
(∴ chemical symbol is Se)

Daughter nuclide mass number ​= A − 0 = 72 − 0 = 72​.

​​34​ 72​ Se​​​​ →→ ​​34​ 72​ Se​​​​ + ​​0​ 0​ γ​​​​  (2 MARKS)

12	 a	 Parent nuclide: Z = 237, A = 93

8 alpha decays: Z decreases by ​8 × 2 = 16​, A decreases  
by ​8 × 4 = 32​  (1 MARK)

4 beta minus decays: Z increases by ​4 × 1 = 4​, A does  
not change  (1 MARK)

Therefore, daughter nuclide: ​Z = 93 − 16 + 4 = 81​, ​
A = 237 − 32 + 0 = 205​

Daughter nuclide is ​​  81​ 205​ Tl​​​​  (1 MARK)

b	

83 85 9387 89

205

237

209

213

217

221

225

229

82 84 9086 88 91

A

Z
9281

233

I have shown the initial parent nuclide as ​​  93​ 237​ Np​​​​ and the 
final daughter nuclide as ​​  81​ 205​ Tl​​​​.

I have drawn the correct sequence of alpha and  
beta decays.

I have drawn alpha decays as arrows pointing down 4 
units and left 2 units.

I have drawn beta minus decays as arrows pointing right 
1 unit.

I have correctly labelled the horizontal and vertical axes 
and have drawn the axes with consistent spacing.

13	 Beam A – Alpha radiation  (1 MARK)

Beam B – Beta radiation (beta plus or beta minus)  (1 MARK)

Beam C – Gamma radiation  (1 MARK)

14	 [Alpha decay would be represented by an arrow pointing down two 
units and left two units.1][Beta minus decay would be represented  
by an arrow pointing down one unit and right one unit.2][Beta plus 
decay would be represented by an arrow pointing up one unit and left 
one unit.3]

I have used the relevant theory: alpha decay.1

I have used the relevant theory: beta minus decay.2

I have used the relevant theory: beta plus decay.3

Previous lessons

15	 a	​ E = 432 × ​10​​ 3​​ J and ​t = 10 × 60 × 60 = 3.6 × 1​0​​ 4​​ s  (1 MARK)

P = ​​ E _ t ​​ = ​​ 432 × ​10​​ 3​ ________ 3.6 × ​10​​ 4​ ​​ = 12 W  (1 MARK)

b	 ​P = IV  ∴ 12 = 2.0 × V​  (1 MARK)

​V = 6.0​ V  (1 MARK)​​​

This content was covered in Lesson 4A.
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b	 The atomic number has decreased by 2, so ​α​ decay must  
have occurred.

​​  85​ 218​ At​​​ →→ ​  83​ 214​ Bi​​​ + α​

I have included the correct mass number for Bi.

I have completed the equation with ​α​ or ​​2​ 4​ He​​​​.

12	 ​​m = ​m​ 0​​​​(​ 1 _ 2 ​)​​​ 
n

​​​  ∴ ​​5 = 20 × ​​(​ 1 _ 2 ​)​​​ 
n

​​​

​​​​(​ 1 _ 2 ​)​​​ 
n

​ = ​  5 ___ 20 ​ = 0.25 = ​ 1 __ 2 ​ × ​ 1 __ 2 ​ = ​​(​ 1 _ 2 ​)​​​ 
2
​​​

(or use ​n = ​ 
log​(​​0.25​)​​

 ________ 
log​(​​1 / 2​)​​

  ​ = 2​)

​n = 2​ half-lives  (1 MARK)

​​t​ 1/2​​ = ​ T __ n ​ = ​  6 hours __________ 2 half-lives ​ = 3​ hours  (1 MARK)

13	 Use the known data to calculate the half-life.

​​A = ​A​ 0​​​​​(​ 1 _ 2 ​)​​​ 
n

​​  ∴ ​​200 = 1600 × ​​(​ 1 _ 2 ​)​​​ 
n

​​​ 

​​​​(​ 1 _ 2 ​)​​​ 
n

​ = ​  200 ____ 1600 ​ = 0.125 = ​ 1 __ 2 ​ × ​ 1 __ 2 ​ × ​ 1 __ 2 ​ = ​​(​ 1 _ 2 ​)​​​ 
3
​​​

(or use ​n = ​ 
log​(​​0.125​)​​

 _________ 
log​(​​1 / 2​)​​

  ​ = 3​)

​n = 3​ half-lives until the activity is 200 Bq.  (1 MARK)

​​t​ 1/2​​ = ​ T __ n ​ = ​  6 hours __________ 3 half-lives ​ = 2​ hours  (1 MARK)

Use the half-life to calculate the number of half-lives that have passed 
at 10 pm.

​n = ​  T ___ ​t​ 1/2​​ ​ = ​ 10 hours _______ 2 hours  ​ = 5​ half-lives  (1 MARK)

​​A = ​A​ 0​​​​​(​ 1 _ 2 ​)​​​ 
n

​​  ∴ ​​A = 1600 × ​​(​ 1 _ 2 ​)​​​ 
5
​ = 50​​ Bq  (1 MARK)
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7A	 Nuclear energy
Theory review questions

1	 a	 Both b	 Nuclear fusion c	 Both

d	 Nuclear fission e	 Both f	 Nuclear fusion

g	 Both h	 Nuclear fission

2	 C.  Equating the mass numbers on each side gives ​x = 3​.

3	 A.  The nucleus must be lighter than iron to release energy due to fusion 
and the steeper the curve, the more energy released.

4	 D.  The nucleus must be heavier than iron to release energy due to fission.

5	 C.  The most stable nucleus is highest on the binding energy curve.

6	 fusion; larger; intense; release; fission; release

7	 A

Deconstructed exam-style question

8	 a	� C.  Read the binding energy for carbon-12, ​12.3 × 1​0​​ −13​​, and multiply 
by the number of nucleons, 12.

b	 B.  A proton is an unbound nucleon and so will have zero 
binding energy.

c	 D.  Read the binding energy for nitrogen-13, ​11.6 × 1​0​​ −13​​, and multiply 
by the number of nucleons, 13.

​​E​ i​​ = ​E​ carbon−13​​ + ​E​ proton​​ = 12.3 × 1​0​​ −13​ × 12 + 0 = 1.48 × 1​0​​ −11​​ J  (1 MARK)

​​E​ f​​ = ​E​ nitrogen−13​​ = 11.6 × 1​0​​ −13​ × 13 = 1.51 × 1​0​​ −11​​ J  (1 MARK)

​ΔE = ​E​ f​​ − ​E​ i​​ = 1.51 × 1​0​​ −11​ − 1.48 × 1​0​​ −11​ = 3.2 × 1​0​​ −13​​ J  (1 MARK)

This reaction will release ​3.2 × 1​0​​ −13​​ J of energy.

Exam-style questions

This lesson

9	 ​ΔE = Δm​c​​ 2​​

​​ΔE = 2.202 × 1​0​​ −28​ × ​​(3.0 × 1​0​​ 8​)​​​ 2​​​  (1 MARK)

​ΔE = 1.98 × 1​0​​ −11​ = 2.0 × 1​0​​ −11​​ J  (1 MARK)

10	 ​ΔE = Δm​c​​ 2​​

​​2.06 × 1​0​​ −13​ = Δm × ​​(3.0 × 1​0​​ 8​)​​​ 2​​​  (1 MARK)

​Δm = 2.29 × 1​0​​ −30​ = 2.3 × 1​0​​ −30​​ kg  (1 MARK)

11	 a	 The product will have greater binding energy than the reactants.

b	 The products will have greater binding energy than the reactant.

12	 ​ΔE = Δm​c​​ 2​​

​​2.6 × 1​0​​ 5​ × 1​0​​ 9​ = Δm × ​​(3.0 × 1​0​​ 8​)​​​ 2​​​  (1 MARK)

​Δm = 2.89 × 1​0​​ −3​​ kg  (1 MARK)

​​ Δm ___ m  ​ × 100% = ​ 2.89 × 1​0​​ −3​ _________ 3.6  ​ × 100% = 0.080%​  (1 MARK)

0.080% of the uranium-235 is converted to energy.

13	 a	​​ X​ protons​​ + 0 = 58 + 36 + 4 × 0​

​​X​ protons​​ = 94​  (1 MARK)

​​X​ nucleons​​ + 1 = 145 + 91 + 4 × 1​

​​X​ nucleons​​ = 239 ​ (1 MARK)

​​X​ neutrons​​ = ​X​ nucleons​​ − ​X​ protons​​ = 239 − 94 = 145​  (1 MARK)

X has 94 protons and 145 neutrons.

b	 ​ΔE = Δm​c​​ 2​​

​​1.0 × 1​0​​ 12​ = Δm × ​​(3.0 × 1​0​​ 8​)​​​ 2​​​  (1 MARK)

​Δm = 1.1 × 1​0​​ −5​​ kg  (1 MARK)

​​ 1.1 × 1​0​​ −5​ ________ m  ​ × 100 = 0.10​  (1 MARK)

​m = 0.011 = 1.1 × 1​0​​ −2​​ kg of reactant X is required.  (1 MARK)

14	 ​binding energy = number of nucleons × binding energy per nucleon​

​binding energy = 56 × 1.41 × 1​0​​ −12​ = 7.88 × 1​0​​ −11​​ J  (1 MARK)

The total binding energy is related to the mass defect by ​ΔE = Δm​c​​ 2​​.

​ΔE = Δm​c​​ 2​​

​​7.88 × 1​0​​ −11​ = Δm × ​​(3.0 × 1​0​​ 8​)​​​ 2​​​  (1 MARK)

​Δm = 8.76 × 1​0​​ −28​​ kg  (1 MARK)

Iron-56 has a mass defect of ​8.76 × 1​0​​ −28​​ kg.

15	 a	� [The gradient of the binding energy curve is steeper in the region that 
will undergo fusion compared to the region that will undergo fission.1]
[Hence we would expect a fusion reaction to release more energy 
per nucleon.2]

I have justified my answer with the relevant theory: 
features of the binding energy curve.1

I have explicitly addressed which reaction will release 
more energy per nucleon.2

b	 [In a typical fission reaction, the number of nucleons is far greater 
than in a typical fusion reaction.1][This difference is by a greater 
factor than the difference in energy released per nucleon.2][Hence a 
fission reaction will release more energy than a fusion reaction.3]

I have justified my answer with the relevant theory: 
reactants of nuclear reactions.1

I have justified my answer with the relevant theory: 
features of the binding energy curve.2

I have explicitly addressed which reaction will release 
more energy.3
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16	 [The energy released in the reaction depends on the difference in 
binding energies between the reactant and the products.1][In both 
processes the reactant is the same and the products are the same and 
hence have the same binding energies,2][so we would expect the reaction 
to release the same amount of energy, irrespective of the pathway.3]
[Hence the proton-proton reaction will release the same energy as the 
CNO reaction.4]

I have justified my answer with the relevant theory: Binding 
energy in reactions.1

I have referenced how both pathways have the same reactant 
and products.2

I have referenced how the difference in binding energy 
determines the energy release.3

I have explicitly addressed the difference in energy between 
the two pathways.4

Previous lessons

17	 ​P = VI​

​500 = 120 × I​  (1 MARK)

​I = 4.17​ A

​Q = It​

​Q = 4.17 × 10 × 60​  (1 MARK)

​Q = 2500 = 2.5 × 1​0​​ 3​​ C  (1 MARK)

OR

​E = Pt = 500 × 10 × 60​

​E = 3.0 × ​10​​ 5​​ J  (1 MARK)

​Q = ​ E __ V ​ = ​ 3.0 × ​10​​ 5​ _______ 120  ​​  (1 MARK)

​Q = 2500 = 2.5 × ​10​​ 3​​ C  (1 MARK)

This content was covered in Lesson 4A.

18	 [This isotope of iron will be unstable1][as it has Z = 26 (> 20) but also 
has N = Z (N = 52 − 26 = 26).2][Only elements with Z ≤ 20 follow the N = Z 
stability rule. An iron isotope should have more neutrons than protons 
to be stable.3]

I have explicitly addressed if the isotope is stable or unstable.1

I have used the relevant theory: nuclear notation.2

I have used the relevant theory: nuclear stability.3

This content was covered in Lesson 6B.

Key science skills

19	 [It would not be appropriate to fit a line of best fit.1][The data points 
show that there is not a linear trend, rather there is an obvious curve 
and so the students should not plot a line of best fit.2]

I have explicitly addressed whether a line of best fit 
is appropriate.1

I have justified my answer with the relevant theory: lines of 
best fit.2
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7B	 Producing light
Theory review questions

1	 acceleration; changing; changing

2	 A.  X, it touches the circle exactly once (and is perpendicular to the 
radius of the circle).

3	 A.  X represents the tangent. This is the direction that electromagnetic 
radiation emitted at that point would travel.

4	 B.  Particle T is changing direction and therefore accelerating.  
This results in the release of electromagnetic radiation. 

5	 D.  Both particles S and T are accelerating (deceleration is a type of 
acceleration). This results in the release of electromagnetic radiation. 

6	 A.  The words ‘light’ and ‘radiation’ are used interchangeably to refer to 
electromagnetic radiation.

7	 a continuous spectrum of; discrete

8	 B.  M and Q move between the same two energy levels and therefore 
correspond to electromagnetic radiation with the same energy (1.9 eV).

9	 B.  Transition N is the result of a hydrogen atom absorbing 1 eV. As it 
increases in energy we know it is absorbing electromagnetic radiation 
and the difference in the energy states is 1 eV.

10	 I; II; VI.  Electrons transition to higher energy levels when they absorb 
electromagnetic radiation. 

11	 III; IV; V.  Electrons emit electromagnetic radiation when they move to a 
lower energy level.

Deconstructed exam-style question

12	 a	� C.  Electrons changing energy levels does not require the 
acceleration of charged particles, but does release electromagnetic 
radiation. Options A and B are incorrect as thermal radiation is due 
to the acceleration of charged particles as is synchrotron radiation 
(option D).

b	 D.  Energy is conserved through the release of electromagnetic 
radiation when electrons move from higher to lower energy levels. 

c	 [The classmate’s statement is incorrect.1][Emission of 
electromagnetic radiation can also occur when electrons change 
from a higher to a lower stable energy level within an atom.2][This is 
not a result of the acceleration of a charged particle.3]

I have explicitly addressed whether the classmate  
is correct.1

I have used the relevant theory: producing light from 
electron transitions.2

I have related my answer to the context of the question.3
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Exam-style questions

This lesson

13	 B  (1 MARK) 

14	 a	� Electromagnetic radiation is released at a tangent to the path of  
the electrons.  (1 MARK)

b	 [The bending magnets use the electromagnetic force to accelerate 
the electrons.1][The electrons are travelling in a circle, so they 
are changing their direction and therefore their velocity. Since a 
changing velocity is acceleration, the electrons are accelerating.2]

I have explicitly addressed the electromagnetic force.1

I have explicitly addressed why the electrons  
are accelerating.2

15	 [Light is produced by the acceleration of a charged particle1] 
[through the creation of a changing electric field and an associated 
changing magnetic field.2]

I have explicitly addressed the motion of charged particles.1

I have used the relevant theory: production of 
electromagnetic radiation.2

16	 a	​​ E​ released​​ = ΔE = ​E​ 3​​ − ​E​ 1​​ = 3.19 − 0 = 3.19​ eV  (1 MARK)

​​E​ released​​ = ΔE = ​E​ 2​​ − ​E​ 1​​ = 2.10 − 0 = 2.10​ eV  (1 MARK)

​​E​ released​​ = ΔE = ​E​ 3​​ − ​E​ 2​​ = 3.19 − 2.10 = 1.09​ eV  (1 MARK)

b	

n = 2

n = 1

2.10 eV

n = 3 3.19 eV

n = 4 3.61 eV
n = 5 3.75 eV

5.13 eV

0 eV Ground state

Ionisation

I have drawn an arrow downwards to indicate emission.

I have drawn an arrow from the third excited state (n = 4) 
to the first excited state (n = 2).

c	 [It is not possible1][because there is no difference of 2.2 eV between 
electron energy levels, and radiation can only be emitted with an 
energy equal to the difference between two levels.2]

I have explicitly addressed whether the observation  
is possible.1

I have used the relevant theory: discrete  
energy transitions.2

17	 [A synchrotron accelerates charged particles around a circular ring 
through the use of powerful magnets.1][When charged particles 
accelerate they release electromagnetic radiation (light).2] 
[As such, when charged particles change directions as a result of the 
synchrotron’s bending magnets they produce large amounts of light.3]

I have explicitly addressed the movement of charged 
particles around a circular ring.1

I have used the relevant theory: electromagnetic radiation by 
the acceleration of charged particles.2

I have explicitly addressed the production of light in  
a synchrotron.3

18	 [Electrons exist around a nucleus a nucleus with discrete energy levels.1]
[When atoms absorb energy as electromagnetic radiation, electrons can 
become excited and go to a higher energy level.2][When electrons return 
to a lower energy level, the difference in energy between the higher and 
lower energy levels is released as electromagnetic radiation in order to 
conserve energy.3]

I have explicitly addressed that electrons exist in discrete 
energy levels.1

I have referenced absorption of electromagnetic radiation.2

I have used the relevant theory: emission of 
electromagnetic radiation as a result of electrons moving 
to a lower energy level.3

Previous lessons

19	 ​V = IR​  ∴ ​​40 = I × ​(​​12 + 50​)​​​​  (1 MARK)

​I = 0.65​ A  (1 MARK)

This content was covered in Lesson 4B.

20	 ​n = ​  T ___ ​t​ 1/2​​ ​ = ​ 31.62 _____ 5.27  ​ = 6​ half-lives  (1 MARK)

​​N = ​N​ 0​​ × ​​(​ 1 __ 2 ​)​​​ 
n

​ = 8.0 × ​​(​ 1 __ 2 ​)​​​ 
6
​ = 0.125​​ kg  (1 MARK)

0.125 kg of cobalt-60 will remain after 30 years.

This content was covered in Lesson 6C.

Key science skills

21	 a	� [Precision is a measure of the spread of recorded values.1] 
[Emma’s results have a range of 7 nm, whilst George’s results range 
over 14 nm.2][Therefore Emma’s results are more precise.3]

I have used the relevant theory: precision.1

I have referred to the provided data in my answer.2

I have explicitly addressed which results are more precise.3



7C

7C	 The origin of the Universe
Theory review questions

1	 hot; dense; fundamental forces; particles; baryons; 
Big Bang nucleosynthesis

2	 a	 Four fundamental forces unified

b	 Relatively rapid expansion of space

c	 Lepton formation and annihilation; Quark formation and annihilation

d	 Neutral atom formation; Light of the CMB generated

3	 A.  Radiation from the CMB reaching us in the future will have travelled 
for a longer time and distance. As the Universe will have continued to 
expand the radiation will be redshifted further, increasing its wavelength.

4	 C. ​ v ∝ d​, so an object four times further away would be expected to 
recede at four times the rate.

5	 A.  The recession is uniform in all directions, suggesting that space 
is expanding uniformly. This observation is true everywhere in the 
Universe, since there is no centre of the Universe for the expansion to be 
centred around.

6	 D.  This statement is consistent with the Big Bang Theory and supported 
by observations of Hubble’s law. There is nothing beyond the Universe 
for it to grow into.

7	 I; II; III

These options are all evidence-based observations that align with the 
predictions of the Big Bang Theory.

8	 B. ​​  7.0 × 1​0​​ 5​ _______ 
6.4 × 1​0​​ 3​

 ​ ≃ 1 × 1​0​​ 5−3​ = 1​0​​ 2​​

Deconstructed exam-style question

9	 a	 C

b	 B. ​ 1​ ls __ s  ​ = ​ 3.0 × 1​0​​ 8​ m _________ s  ​ = 3.0 × 1​0​​ 8​​ m s−1

c	 A. ​​ v​ B​​ = ​  V ls _____ 300 s ​ × ​ 3.0 × 1​0​​ 8​ m _________ ls  ​ = ​  V ____ 300 ​ × 3 × 1​0​​ 8​​ m s−1

d	 C

​v = ​H​ 0​​d​

​​H​ 0​​ = ​ v __ d ​ = ​ 
​v​ A​​

 __ ​d​ A​​ ​ = ​ 
​v​ B​​

 __ ​d​ B​​ ​​ ​ ∴​ ​​ 
​distance​ B​​

 ________ ​distance​ A​​ ​ = ​ 
​v​ B​​

 __ ​v​ A​​ ​​

e	 ​​v​ A​​ = V ​ km ___ s  ​ × ​ 1000 m ______ km  ​ = V × 1​0​​ 3​​ m s−1  (1 MARK)

​​v​ B​​ = ​  V ls _____ 300 s ​ × ​ 3.0 × 1​0​​ 8​ m __________ ls  ​ = V × 1​0​​ 6​​ m s−1  (1 MARK)

​v = ​H​ 0​​d​

​​H​ 0​​ = ​ v _ d ​ = ​ 
​v​ A​​

 _ ​d​ A​​ ​ = ​ 
​v​ B​​

 _ ​d​ B​​ ​​

​​ 
​d​ B​​

 __ ​d​ A​​ ​ = ​ 
​v​ B​​

 __ ​v​ A​​ ​ = ​ V × 1​0​​ 6​ ______ 
V × 1​0​​ 3​

 ​​  (1 MARK)

​​ 
​d​ B​​

 __ ​d​ A​​ ​ = 1​0​​ 3​​  (1 MARK)

Star B is 1000 times further away than star A.

Exam-style questions

This lesson

10	 B  (1 MARK)

​​  3 × 1​0​​ 18​ _ 1.5 × 1​0​​ 11​ ​ = 2 × 1​0​​ 7​​

11	 [The Big Bang predicts that the Universe is expanding in all directions.1]
[Measurements of the velocities of distant astronomical objects have 
been found to be proportional to their distance from us, and receding 
(Hubble’s law).2][The fact that their recessional velocities only depend 
on distance and not direction suggests a uniform expansion, providing 
evidence for the Big Bang Theory.3]
OR

		 	 [The Big Bang Theory predicts that there was a time when electrons 
became bound to atomic nuclei (recombination) resulting in a burst of 
light being emitted in the form of a black body spectrum.1][The cosmic 
microwave background is an observed faint black body spectrum that is 
uniform in all directions.2][Since this is the expected form the light from 
recombination which has travelled through expanding space from the 
edge of the observable Universe, it is evidence for the Big Bang Theory.3]
OR

		 	 [The Big Bang Theory predicts that in the early Universe there was only 
a very short time period in which nuclear fusion could occur, leading to 
calculable ratios of light elements in undisturbed regions of matter.1] 
[By observing light from very distant matter, and hence far into the past, 
we can measure the abundance of light nuclei.2][The observed 
abundances align very closely to what the theory predicts, and hence 
provide evidence for the Big Bang Theory.3]

I have explicitly stated a prediction of the Big Bang Theory.1

I have referenced the observational evidence for 
this prediction.2

I have justified my answer with the relevant theory: 
evidence for the Big Bang.3
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b	 [Accuracy is a measure of how close the measurements are to the 
‘true’ value of the quantity being measured.1][Emma’s average 
measurement was 2 nm above the true value whilst George’s 
average was 1 nm below the true value.2][Therefore George’s 
measurements are more accurate.3]

I have used the relevant theory: accuracy.1

I have referred to the provided data in my answer.2

I have explicitly addressed which results are  
more accurate.3

c	 ​measurement uncertainty = ± ​ 1 __ 2 ​ × smallest increment = ± 0.5​ nm  (1 MARK)



12	 [Arno is incorrect and Robert is correct.1][The cosmic microwave 
background is the result of recombination, during a phase when the 
early Universe was very homogeneous.2][As a result it is nearly uniform 
in every direction. Additionally there is no centre for the expansion of 
the Universe to look at.3]

I have explicitly stated who is correct.1

I have justified my answer with the relevant theory: 
cosmic microwave background.2

I have referenced how the cosmic microwave background is 
consistent in all directions.3

13	 a	​ v = ​H​ 0​​d​

​v = 2.27 × 1​0​​ −18​ × 2.4 × 1​0​​ 19​ × 1​0​​ 3​​  (1 MARK)

​v = 5.448 × 1​0​​ 4​ = 5.4 × 1​0​​ 4​​ m s−1  (1 MARK)

b	 [The Andromeda galaxy is relatively close to Earth,1][so its motion 
relative to us is dominated by the effects of gravity, rather than 
the expansion of space.2][Since Hubble’s law only considers the 
expansion of space, it fails to account for these more dominant 
effects at closer distances.3]

I have referred to the distance between the Andromeda 
galaxy and Earth.1

I have explicitly stated why there is a discrepancy.2

I have used the relevant theory: Hubble’s law’s accuracy 
over different scales.3

14	 [Nearly all of the matter and antimatter formed in the early Universe was 
annihilated.1][However, due to an unknown process, there was slightly 
more matter than antimatter.2][This excess of matter is what composes 
the objects of the Universe that we see today.3]

I have used the relevant theory: matter and antimatter in the 
early Universe.1

I have explicitly addressed that there was an imbalance in 
matter and antimatter.2

I have related my answer to the context of the question.3

15	 [Measuring the rate of expansion of the Universe with nearby objects 
is ineffective since gravitational effects will cause objects to be drawn 
to one another rather than recede.1][Hence the relative motion will be 
dominated by motion through space, rather than the expansion 
of space.2]

I have referenced why uniform expansion does not hold on 
small scales.1

I have explicitly addressed why there would be inaccuracies 
in measuring nearby objects.2

16	 [This model of an explosive Big Bang is incorrect.1][It would necessitate 
that everything is moving away from some central point.2][Instead, 
what scientists have observed is that everything is receding away from 
everything else, suggesting there is no central point for the expansion.3]

I have explicitly addressed whether the model is correct.1

I have referred to the implication of the explosive Big 
Bang model.2

I have used the relevant theory: properties of the 
Universe’s expansion.3

Previous lessons

17	 ​V = IR​

​12 = 8.3 × R​  (1 MARK)

​R = 1.446 = 1.4​ Ω  (1 MARK)

This content was covered in Lesson 4B.

18	 [William is correct and Ernest is incorrect.1][While a sheet of paper 
would be enough to prevent the penetration of alpha particles, 
since they penetrate poorly, it would not stop beta radiation.2][A thin 
layer of aluminium would prevent the penetration of both alpha 
and beta radiation, hence aluminium would be an appropriate choice 
of shielding.3]

I have explicitly addressed who is correct.1

I have related my answer to the context of the question.2

I have used the relevant theory: the different forms of 
radiation’s ability to penetrate each of the shielding materials.3

This content was covered in Lesson 6D.

Key science skills

19	 a	
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I have plotted distance on the horizontal axis and velocity 
on the vertical axis.

I have included axis labels and appropriate units.

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

I have plotted each data point: (2.73,−0.179), (17.3, 0.408), 
(31.1, 1.02), (40.0, 1.05), (129, 2.50), (290, 6.61).

I have included a line of best fit.
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Review

b	 ​gradient = ​ 
​y​ 2​​ − ​y​ 1​​

 ______ ​x​ 2​​ − ​x​ 1​​ ​ = ​ 
​(​​6.0 − 0.0​)​​ × 1​0​​ 6​

 _____________ 
​(​​270 − 0​)​​ × 1​0​​ 6​

  ​ = 0.022​ m s−1 ly−1  (1 MARK)

​​ 0.022 m _______ s ly  ​ × ​ 
1 ly
 ___________ 9.46 × ​10​​ 15​ m ​ = 2.3 × 1​0​​ −18​​ s−1  (1 MARK)

A range of values between ​2.2 × 1​0​​ −18​​ and ​2.4 × 1​0​​ −18​​ is acceptable, 

depending on the line of best fit drawn.

c	 The gradient is the ratio between an object’s distance and its 
recessional velocity, or the Hubble constant.  (1 MARK)

Chapter 7 Review
Section A

1	 B.  The fusion of protons will result in a greater change in binding 
energy per nucleon than the fission of uranium-235. Since there are 
approximately the same number of nucleons in a gram of protons and a 
gram of uranium-235, the fusion of protons will release more energy.

2	 C.  An electromagnetic wave is oscillating perpendicular electric and 
magnetic fields.

3	 B.  Charged particles (commonly electrons) are accelerated within the 
storage ring to near the speed of light.

4	 D.  Cosmic microwave background radiation, redshift, and the 
near-uniform density of matter across the observable Universe are all 
pieces of evidence that support the Universe expanding from a hot and 
dense initial state.

5	 C.  There was an excess of matter left after the hadron epoch.

Section B

6	 ​E = 8.7​ MeV ​= 8.7 × 1​0​​ 6​​ eV ​= 8.7 × 1​0​​ 6​ × 1.6 × 1​0​​ −19​ = 1.39 × 1​0​​ −12​​ J

​ΔE = Δm​c​​ 2​​  ∴ ​​1.39 × 1​0​​ −12​ = Δm × ​(​​3.0 × 1​0​​ 8​​​)​​​​ 2​​​  (1 MARK)

​Δm = 1.54 × 1​0​​ −29​ = 1.5 × 1​0​​ −29​​ kg  (1 MARK)

7	 [Penzias and Wilson observed the cosmic microwave background.1] 
[This radiation is the highly redshifted light that was produced when 
neutral atoms were first formed, during recombination.2][This observation 
suggested that the Universe was once significantly hotter and denser 
than it is today, and has undergone significant expansion since then.3]
[Since these are key predictions of the Big Bang, they provide evidence 
for it.4]

I have explicitly stated what Penzias and Wilson observed.1

I have used the relevant theory: the cosmic microwave 
background.2

I have explicitly stated the observational evidence provided 
by the cosmic microwave background.3

I have explicitly addressed how this provides evidence for the 
Big Bang.4

8	 ​​Δm = ​(​​5.0082709 × 1​0​​ −27​ + 6.6464815 × 1​0​​ −27​​)​​ 
− ​(​​1.6749275 × 1​0​​ −27​ + 9.9883519 × 1​0​​ −27​​)​​ = − 8.5270 × 1​0​​ −30​​​ kg  (1 MARK)

​​ΔE = Δm​c​​ 2​ = − 8.5270 × 1​0​​ −30​ × ​(​​3.0 × 1​0​​ 8​​​)​​​​ 2​ = − 7.6743 × 1​0​​ −13​ 
= − 7.7 × 1​0​​ −13​​​ J  (1 MARK)

​7.7 × 1​0​​ −13​​ J of energy is released in the reaction.  (1 MARK)

9	 a	​​​ E​ photon​​ = E​ 
absorbed

​​ = ΔE = ​E​ 4​​ − ​E​ 2​​ = 12.8 − 10.2 = 2.6​ eV  (1 MARK)

b	 ​​E​ released​​ = ΔE = ​E​ 4​​ − ​E​ 3​​ = 12.8 − 12.1 = 0.7​ eV; 
​​E​ released​​ = ΔE = ​E​ 4​​ − ​E​ 2​​ = 12.8 − 10.2 = 2.6​ eV  (1 MARK)

​​E​ released​​ = ΔE = ​E​ 4​​ − ​E​ 1​​ = 12.8 − 0 = 12.8​ eV; 
​​E​ released​​ = ΔE = ​E​ 3​​ − ​E​ 2​​ = 12.1 − 10.2 = 1.9​ eV  (1 MARK)

​​E​ released​​ = ΔE = ​E​ 3​​ − ​E​ 1​​ = 12.1 − 0 = 12.1​ eV; 
​​E​ released​​ = ΔE = ​E​ 2​​ − ​E​ 1​​ = 10.2 − 0 = 10.2​ eV  (1 MARK)

10	 [Ben is not correct.1][The magnets in a synchrotron are used to accelerate 
charged particles like electrons because charged particles release 
electromagnetic radiation when they accelerate.2][Electrons being 
excited and then dropping down to a lower energy level is how light is 
produced within an atom.3]

I have explicitly addressed whether Ben is correct.1

I have used the relevant theory: electromagnetic radiation by 
the acceleration of charged particles.2

I have used the relevant theory: energy transitions between 
energy levels of an atom.3

11	 ​d = 7.57 × 1​0​​ 8​ × 9.46 × 1​0​​ 15​ = 7.16 × 1​0​​ 24​​ m  (1 MARK)

​v = ​H​ 0​​d = 2.27 × 1​0​​ −18​ × 7.16 × 1​0​​ 24​ = 1.63 × 1​0​​ 7​ ​m s−1  (1 MARK)

Yes, galaxies at distances greater than ​5 × 1​0​​ 6​​ light-years are generally 
moving away from us.  (1 MARK)

12	 a	�​​ m​ nucleons​​ = 7 × 1.6726 × 1​0​​ −27​ + 7 × 1.6749 × 1​0​​ −27​ 

= 2.34325 × 1​0​​ −26​​ kg  (1 MARK)

​Δm = ​m​ nucleons​​ − ​m​ nitrogen​​ = 2.34325 × 1​0​​ −26​ − 2.3252 × 1​0​​ −26​ 

= 1.81 × 1​0​​ −28​​ kg  (1 MARK)

b	 ​​ΔE = Δm​c​​ 2​ = 1.81 × 1​0​​ −28​ × ​(​​3.0 × 1​0​​ 8​​​)​​​​ 2​ = 1.6 × 1​0​​ −11​​​ J  (1 MARK)

13	 [Before stars formed, there were few sources of light.1][The early 
Universe’s density was near-uniform,2][as such it took a long time 
before matter was able to pull itself together to become dense enough 
to form stars.3]

I have used the relevant theory: characteristics of the 
dark ages.1

I have explicitly addressed the conditions of the early 
Universe that led to the dark ages being so long.2

I have used the relevant theory: how the first stars formed.3

Unit 1, AOS 3 Review
Section A

1	 A.  Ionising ability is greater for radiation with greater mass and charge.

This content was covered in Lesson 6D.

2	 D

This content was covered in Lesson 6A.

3	 C.  Electromagnetic radiation is produced when a charged 
particle accelerates.

This content was covered in Lesson 7B.
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4	 D.  The strangeness of the particle is equal to the sum of the strangeness 
of each of the quarks.

This content was covered in Lesson 6A.

5	 B.  The isotopes with more than 57 neutrons have mass numbers of 102 
and 104 and have a combined abundance of approximately 50%.

This content was covered in Lesson 6B.

Section B

6	 The decay chain can be written as ​​  89​ 227​ Ac​​​ →→ ​  82​ 207​ Pb​​​ + m × ​2​ 4​ α​​​ + n × ​−1​ 0​ e​​​​  (1 MARK)

Use the mass number to determine the number of alpha 
particles released:

​227 = 207 + 4 × m​

​m = ​ 227 − 207 ________ 4  ​ = 5​  (1 MARK)

Use the atomic number to determine the number of beta minus particles 
(electrons) released:

​89 = 82 + 5 × 2 − n​

​n = 3​  (1 MARK)

There are 5 alpha particles and 3 beta minus particles released.

This content was covered in lesson 6D.

7	 a	​​ A = ​A​ 0​​​​(​ 1 _ 2 ​)​​​ 
n

​​​  ∴ ​​1.0 × 1​0​​ 2​ = 1.28 × 1​0​​ 4​ × ​​​(​ 1 _ 2 ​)​​​ 
n

​​  (1 MARK)

​​​​(​ 1 _ 2 ​)​​​ 
n

​ = ​  1 ____ 128 ​ = ​​(​ 1 _ 2 ​)​​​ 
7
​​​  ∴ ​n = 7​  (1 MARK)

Therefore Axel would have to wait ​7 × 1.19 = 8.3​ days.  (1 MARK)

This content was covered in Lesson 6C.

b	 ​​m = ​m​ 0​​​​​(​ 1 _ 2 ​)​​​ 
n

​​  ∴ ​​15.0 × 1​0​​ −3​ = 60.0 × 1​0​​ −3​​ × ​​(​ 1 _ 2 ​)​​​ 
n

​​  (1 MARK)

​​​​(​ 1 _ 2 ​)​​​ 
n

​ = ​ 1 __ 4 ​ = ​​(​ 1 _ 2 ​)​​​ 
2
​​​  ∴ ​n = 2​  (1 MARK)

​n = ​  T ___ ​t​ 1/2​​ ​​  ∴ ​2 = ​ 23.0 ____ ​t​ 1/2​​  ​​

​​t​ 1/2​​ = 11.5​ days ​= 11.5 × 24 = 276​ hours

The half-life of phosphorus-32 is 276 hours.  (1 MARK)

This content was covered in Lesson 6C.

c	 ​​ΔE = Δm​c​​ 2​ = ​(60.0 − 15.0)​ × 1​0​​ −3​ × ​​(3.0 × 1​0​​ 8​)​​​ 2​ = 4.1 × 1​0​​ 15​​​ J  (1 MARK)

This content was covered in Lesson 7A.

d	 [The passing of one half-life means that there is a 50% chance for any 
given nuclide to decay in that period. As such, approximately half of 
the original sample will have undergone radioactive decay.1][Axel is 
incorrect, because he thinks that exactly (instead of approximately) 
half of the nuclides will decay. Axel’s claim is akin to saying that 
flipping two coins will always give one head and one tail.2]

I have used the relevant theory: half-lives’ 
probabilistic nature.1

I have explicitly stated why Axel is incorrect.2

This content was covered in Lesson 6C.

8	 a	� [The wavelengths of light emitted by the galaxy appear to have 
all been increased, which is why no wavelengths of light below 
400 nm are observed.1][As such, it is likely that the reason for the 
discrepancy is that the light emitted by the galaxy was redshifted as 
it travelled through expanding space towards Earth, which would 
increase its wavelength.2]

I have referenced that the wavelengths of light appear to 
have all been increased.1

I have used the relevant theory: cosmological redshifting 
of light.2

This content was covered in Lesson 7C.

b	 ​v = ​H​ 0​​d​  ∴ ​4.0 × 1​0​​ 7​ = 2.27 × 1​0​​ −18​ × d​

​d = 1.76 × 1​0​​ 25​​ m  (1 MARK)

Convert to light-years to find time elapsed:

​1.76 × 1​0​​ 25​​ m ​= ​  1.76 × 1​0​​ 25​  ________________________  
3 × 1​0​​ 8​ × 60 × 60 × 24 × 365.25

 ​ 

= 1.86 × 1​0​​ 9​​ light-years  (1 MARK)

Therefore it will be ​1.86 × 1​0​​ 9​​ years before the event can be observed 
on Earth.  (1 MARK)

This content was covered in Lesson 7C.

9	 a	� [In order for an atom’s nucleus to separate into its unbound nucleons, 
the nucleons need to gain energy in order to overcome the strong 
nuclear force keeping them together.1][From ​E = m​c​​ 2​​, we know that 

an increase in a particle’s energy increases its mass.2][So, since the 
unbound nucleons have more energy, they will have a larger total 
mass than the original nucleus.3]

I have referenced the energy required to overcome the 
strong nuclear force.1

I have used the relevant theory: 
mass-energy equivalence.2

I have explicitly addressed why the original atom will be 
lighter than the unbound nucleons.3

This content was covered in Lesson 7A.

b	 ​mass of nucleons = 1.67 × 1​0​​ −27​ × 235 = 3.9339 × 1​0​​ −25​​ kg

​ΔE = Δm​c​​ 2​​  ∴ ​​ΔE = ​(3.9339 − 3.902)​ × 1​0​​ −25​ × ​​(3 × 1​0​​ 8​)​​​ 2​​​

​ΔE = 2.871 × 1​0​​ −10​​ J  (1 MARK)

​binding energy per nucleon = ​ 
binding energy

  ________________  number of nucleons ​ = ​ 2.871 × 1​0​​ −10​ ___________ 235  ​​  (1 MARK)

​binding energy per nucleon = 12.2 × 1​0​​ −13​​ J

This content was covered in Lesson 7A.

c	 The mass numbers on either side of the equation must balance

​235 + 1 = 142 + 90 + y​  (1 MARK)

​y = 4​  (1 MARK)

This content was covered in Lesson 7A.
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d	 ​binding energy = number of nucleons × binding energy per nucleon​

​​E​ xenon​​ = 142 × 13.3 × 1​0​​ −13​ = 1.889 × 1​0​​ −10​​ J  (1 MARK)

​​E​ strontium​​ = 90 × 13.9 × 1​0​​ −13​ = 1.251 × 1​0​​ −10​​ J  (1 MARK)

​​E​ uranium​​ = 235 × 12.2 × 1​0​​ −13​ = 2.871 × 1​0​​ −10​​ J  (1 MARK)

Per atom of uranium-235, ​ΔE = ​E​ xenon​​ + ​E​ strontium​​ − ​E​ uranium​​​

​​ΔE = ​(1.889 − 1.251 − 2.871)​ × 1​0​​ −10​ = 2.69 × 1​0​​ −11​​​ J  (1 MARK)

Number of uranium-235 atoms required ​= ​  3.5 × 1​0​​ 6​ __________ 2.69 × 1​0​​ −11​ ​ 

= 1.30 × 1​0​​ 17​​ atoms

Since there is one neutron on the left side of the equation, and four 
on the right, the net increase in neutrons with each reaction is three. 
Therefore the number of neutrons released is 
​3 × 1.30 × 1​0​​ 17​ = 3.9 × 1​0​​ 18​​ neutrons.  (1 MARK)

This content was covered in Lesson 7A.

10	 [The blue curve represents the strong nuclear force and the red curve 
represents the electrostatic force.1][As the separation between two given 
protons decreases, the strong force is initially attractive and has a 
greater magnitude than the electrostatic repulsion. This corresponds 
to the nuclear separation of stable nuclei.2][Eventually the strong 
force weakens with decreasing separation while the electrostatic force 
continues to increase, resulting in the forces eventually cancelling out. 
This corresponds to the nuclear separation in radioactive nuclei.3]

I have explicitly stated which force each of the 
curves represents.1

I have referenced the behaviour of the forces for larger 
nuclear separations.2

I have referenced the behaviour of the forces for smaller 
nuclear separations.3

This content was covered in Lesson 6B.

11	 [Both baryons and mesons are classified as hadrons, which are 
subatomic particles composed of two or more quarks.1][Baryons consist 
of an odd number of quarks (usually three) whereas mesons are made 
of only two quarks.2][Baryons include stable particles like the proton 
and neutron, however all mesons are extremely unstable.3]

I have explicitly stated that both baryons and mesons 
are hadrons.1

I have explicitly stated that baryons contain an odd number 
of quarks and mesons contain two quarks.2

I have referenced that baryons include stable particles like 
the proton/neutron and that all mesons are unstable.3

This content was covered in Lesson 6A.

12	 [The Big Bang Theory predicts that there was a short period of time in 
which the conditions of the Universe would allow for nuclear fusion 
reactions to occur.1][We can observe ancient light from undisturbed 
regions of the Universe to make measurements of the ratios of nuclei 
as they were at this time.2][The measured abundances all agree with 
theoretical calculations and hence provide strong evidence to support 
the Big Bang Theory.3]

I have explicitly addressed Big Bang nucleosynthesis.1

I have used the relevant theory: the predictability of the 
ratios of nuclei in the early Universe.2

I have explicitly addressed how this provides evidence for the 
Big Bang Theory.3

This content was covered in Lesson 7C.

13	 a	� [In order for a photon of a given energy to be emitted or absorbed, 
its energy has to be precisely equal to the difference between two of 
hydrogen’s discrete energy levels.1][Since the difference between the ​
n = 1​ and ​n = 3​ levels is 12.1 eV, this energy of light can be absorbed.2] 
[However, there are no two energy levels that differ by 10.0 eV, so this 
energy of light cannot be emitted.3]

I have used the relevant theory: energy of photon equal 
to the difference of energy levels.1

I have explicitly addressed the difference between the ​
n = 1​ and ​n = 3​ energy levels.2

I have explicitly addressed the lack of an energy 
difference of 10.0 eV between any two energy levels.3

This content was covered in Lesson 7B.

b	 n = 5: 
​​​(13.1 − 12.8)​ = 0.3​​ eV, ​​​(13.1 − 12.1)​ = 1.0​​ eV, ​​​(13.1 − 10.2)​ = 2.9​​ eV  (1 MARK)

n = 4: 
​​​(12.8 − 12.1)​ = 0.7​​ eV, ​​​(12.8 − 10.2)​ = 2.6​​ eV  (1 MARK)

n = 3: 
​​​(12.1 − 10.2)​ = 1.9​​ eV  (1 MARK)

This content was covered in Lesson 7B.
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8A	 Describing motion
Theory review questions

1	 D.  When a path includes a change in direction, displacement is not 
equal to distance.

2	 II; III

Velocity and speed are different when there is a change in direction over 
the time interval.

3	 Displacement; velocity; speed; velocity; time

4	 I-B; II-A; III-B; IV-E; V-C; VI-D

Deconstructed exam-style question

5	 a	 B b	 C c	 D

d	 A e	 B

f	 ​v = ​ ∆s _ ∆t ​​

​∴ ​​​v​ flat​​ = ​ 
​s​ flat​​ ____ ​t​ flat​​

 ​ ​, ​​t​ flat​​ = ​ 
​s​ flat​​ _ 6.0 ​​

​​v​ hills​​ = ​ 
​s​ hills​​

 ____ ​t​ hills​​ ​ ​, ​​t​ hills​​ = ​ 
​s​ hills​​

 _ 4.0  ​​  (1 MARK)

​​t​ total​​ = ​t​ flat​​ + ​t​ hills ​​ + ​t​ break​​​​  ∴ ​​​​​9.0 = ​t​ flat​​ + ​t​ hills​​ + 1​  (1 MARK)

Distance hiked up hills is half the distance hiked on flat ground, 
​∴ ​​​s​ flat​​ = 2​s​ hills​​​  (1 MARK)

​9.0 = ​ 
​2s​ hills​​

 _ 6.0  ​ + ​ 
​s​ hills​​

 _ 4.0  ​ + 1​​  ∴ ​​​s​ hills​​ = ​ 96 _ 7  ​ = 14​ km  (1 MARK)

​​s​ flat​​ = 2​s​ hills​​ = 2 × 13.7 = 27​ km

​​s​ total​​ = ​s​ flat​​ + ​s​ hills​​ = 14 + 27 = 41​ km

​​v​ avg​​ = ​ 
​s​ total​​ ____ ​t​ total​​

 ​ = ​ 41 _ 9.0 ​ = 4.6​ km h−1

Since they travel from A to B, their average velocity is 4.6 km h−1 to 
the east.  (1 MARK)

Exam-style questions

This lesson

6	 ​v = ​ ∆s _ ∆t ​ = ​ 100 _ 20  ​ = 5.0​ m s−1  (1 MARK)

7	 a	 ​25 + 25 = 50​ m  (1 MARK)

b	 Since he starts and ends at the same place, ​s = 0​ m.  (1 MARK)

c	 ​v = ​ ∆s _ ∆t ​ = ​  0 _ 40 ​ = 0​ m s−1  (1 MARK)

8	 ​Δs = ​√ 
______

 ​10​​ 2​ + ​7​​ 2​ ​ = ​√ 
_

 149 ​ = 12.21​ km  (1 MARK)

​Δt = 100​ minutes ​= ​ 100 _ 60  ​ = 1.67​ hours  (1 MARK)

​v = ​ ∆s _ ∆t ​ = ​ 12.21 _ 1.67  ​ = 7.3​ km h−1  (1 MARK)

9	 [Velocity and speed are similar in the sense that they quantify the rate 
at which an object moves over time.1][However, velocity is a vector 
quantity whilst speed is a scalar quantity.2][Also, velocity is the change 
in displacement with respect to time, whereas speed is the change 
in distance travelled with respect to time.3][When an object does not 
change direction, the magnitudes of these two values will be the same, 
however when it does, they will no longer be equal.4]

I have explicitly addressed how velocity and speed  
are similar.1

I have explicitly addressed that velocity is a vector quantity 
and speed is a scalar quantity.2

I have explicitly addressed how velocity and speed  
are different.3

I have justified my answer by describing when velocity and 
speed are different.4

10	 ​12​ km ​= 12 × ​10​​ 3​​ m

​60​ km h−1 ​= ​ 60 _ 3.6 ​​ m s−1 ​= 16.67​ m s−1  (1 MARK)

​Δt = ​ ∆s _ v  ​ = ​ 12 × ​10​​ 3​ _____ 16.67  ​ = 7.2 × 1​0​​ 2​​ s  (1 MARK)

OR

​t = ​ ∆s _ v  ​ = ​ 12 _ 60 ​ = ​ 1 _ 5 ​​ hours = ​​(​ 1 _ 5 ​  × 60 × 60)​​​​ = 7.2 × 1​0​​ 2​​​ s  (2 MARKS)

11	 a	 displacement from B to C ​= 2 × r = 2 × 1.5 = 3​ km  (1 MARK)

​t = 100​ s ​= ​  100 _ 60 × 60 ​ = 0.0278​ hours  (1 MARK)

​v = ​ ∆s _ ∆t ​ = ​  3 _ 0.0278 ​ = 1.1 × 1​0​​ 2​​ km h−1  (1 MARK)

The driver has exceeded the limit.  (1 MARK)

b	 [The velocity is different to the speed because there is a change in 
direction over the time interval.1][This means that the displacement 
will be different from the distance travelled.2][In this case, the 
velocity is 108 km h−1. We can find speed by calculating the distance 
travelled (half the circumference of a circle) and dividing by the time. ​

speed = ​ distance travelled  ___________ time  ​ = ​ 
​ 1 _ 2 ​ × 2 × π × 1.5

 ___________ 0.0278  ​ = 170​ km h−1.3]

I have explicitly addressed why the velocity is different to 
the speed.1

I have explicitly addressed that the displacement and 
distance are different.2

I have justified my answer using relevant calculations.3
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8B

I have drawn a straight line for the velocity-time graph.

The y-intercept of the line is at (0, 14.0) and the 
x-intercept is (1.43, 0).

b	 ​Δs = area under graph = ​ 1 __ 2 ​ × 14.0 × 1.43 = 10.0​ m.  (1 MARK)

The maximum height of the ball is 10.0 m  (1 MARK)

Previous lessons

18	 a	​​ V​ supply​​ = I​R​ T​​​  ∴ ​​6.0 = I × ​(​​100 + 100 + 100​)​​​​  (1 MARK)

​I = 0.020​ A  (1 MARK)

b	 ​P = VI​

Since each resistor has equal resistance, ​​V​ 1​​ = 2.0​ V.  (1 MARK)

​​P​ 1​​ = 2.0 × 0.020 = 0.040​ W  (1 MARK)

c	 ​​V​ supply​​ = I​R​ T​​​  ∴ ​​6.0 = I × ​(100 + 100)​​​

​I = 0.030​ A  (1 MARK)

​​P​ new​​ = ​V​ 1​​ I​  ∴ ​​P​ new​​ = 3.0 × 0.030 = 0.090​ W  (1 MARK)

​​P​ new​​ : ​P​ old​​ = 0.090 : 0.040 = 9 : 4​  (1 MARK)

This content was covered in Lesson 4C.

19	 ​​m​ i​​ = ​m​ f​​​  ∴ ​9.988 × 1​0​​ −27​ + 3.344 × 1​0​​ −27​ = 2 × 6.646 × 1​0​​ −27​ + Δm​

​Δm = 0.04 × 1​0​​ −27​​(1 MARK)

​​ΔE = Δm​c​​ 2​ = 0.04 × 1​0​​ −27​ × ​​(3.0 × 1​0​​ 8​)​​​ 2​ = 3.6 × 1​0​​ −12​​​ J  (1 MARK)

This content was covered in Lesson 7A.

Key science skills

20	

1 2 3 4 5 6 7

v (m s−1)

30

15

20

25

10

5

t (s)

I have correctly labelled both axes and included units.

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

I have correctly plotted each point of data.

I have included accurate uncertainty bars.

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

b	 When Joaquin catches up to Tony, the area under both their speed-
time graphs will be equal. Suppose he catches Tony after t seconds.

9 t

v (m s−1)

t (s)

A1 A2

20

10

15

5

​​​distance​ Joaquin​​ = ​A​ 1​​ + ​A​ 2​​ = ​ 1 __ 2 ​ × ​(9 − 4)​ × 15 + 15​(t − 9)​ = 15t − 97.5​​  (1 MARK)

t

v (m s−1)

t (s)

20

10

15

5

​​distance​ Tony​​ = 12.5t​  (1 MARK)

​15t − 97.5 = 12.5t​

​t = 39​ s  (1 MARK)

OR

After 9 seconds:

​​distance​ Tony​​ = vΔt = 12.5 × 9 = 112.5​ m

​​distance​ Joaquin​​ = ​A​ 1​​ = ​ 1 __ 2 ​ × 5 × 15 = 37.5​ m  (1 MARK)

Therefore Joaquin is ​112.5 − 37.5 = 75​ m behind Tony.

​​speed​ Joaquin​​ = 15​ m s−1, so every second after ​t = 9​ s, he will gain 

2.5 m on Tony.  (1 MARK)

It will therefore take ​​ 75 _ 2.5 ​ = 30​ s for him to catch Tony, so the total time 

would be ​30 + 9 = 39​ s.  (1 MARK)

17	 a	

0.5 1 1.5 2

v (m s−1)

20

10

15

5

t (s)

I have correctly labelled both axes and included units.

I have used an appropriate and consistent scale on 
the axes.
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8C	 The constant acceleration 
equations

Theory review questions

1	 C

2	 a	 s = vt − ​​ 1 _ 2 ​​at2 OR v = u + at (by recognising that u = −v);

b	 s = ​​ 1 _ 2 ​​(u + v)t;

c	 v2 = u2 + 2as;

d	 v = u + at

3	 a	 No.  Only two variables are known: a and t.

b	 Yes.  One variable is given, t, and two can be implied: a = −9.8 m s−2 
and v = 0 m s−1 when it reaches its peak.

c	 Yes.  Given that we are looking at vertical acceleration, a = −9.8 m s−2.

d	 Yes.  One variable is given, u, and two can be implied: a = 9.8 m s−2 
and s = 0 m since it lands where it started.

Deconstructed exam-style question

4	 a	 B b	 C c	 C d	 D

e	 B f	 A g	 A

h	 Given: ​a = − 9.8​ m s−2, ​s = − 3​ m, ​u = 6.0​ m s−1; Required: ​t​

After t1 seconds, ​v = 0​ m s−1:

​v = u + a​t​ 1​​​

​∴ 0 = 6.0 − 9.8 ​t​ 1​​​, ​​t​ 1​​ = 0.61​ s  (1 MARK)

After t1 seconds:

​​s = ​ 1 _ 2 ​​(u + v)​t = ​ 1 _ 2 ​​(6.0 + 0)​ × 0.61 = 1.8​​ m

From t1 seconds to t2 seconds, ​s = − 3.0 − 1.8 = − 4.8​ m:

​​v​​ 2​ = ​u​​ 2​ + 2as​

∴ ​v = −​√ 
_______________

  ​0​​ 2​ + 2​(−9.8)​​(−4.8)​ ​= −9.7​ m s−1. We know velocity must be 
downward and hence is negative.

​v = u + a​t​ 2​​​, with ​v = −9.7​ m s−1 and ​u = 0​ m s−1

∴ ​−9.7 = 0 − 9.8 ​t​ 2​​​, ​​t​ 2​​ = 0.99​ s  (1 MARK)

​​t​ total​​ = ​t​ 1​​ + ​t​ 2​​ = 0.61 + 0.99 = 1.6​ s  (1 MARK)

The time taken for the dive is 1.6 seconds, which is less than the 
required 1.75 seconds. Therefore he would under-rotate.  (1 MARK)

OR

​​v​​ 2​ = ​u​​ 2​ + 2as​  (1 MARK)

​∴ v = −​√ 
________________

  ​​(6.0)​​​ 2​ + 2​(−9.8)​​(−3)​ ​ = −9.7​ m s−1  (1 MARK)

​v = u + at​

∴ ​−9.7 = 6.0 − 9.8t​

​t = 1.6​ s  (1 MARK)

The time taken for the dive is 1.6 seconds, which is less than the 
required 1.75 seconds. Therefore he would under-rotate.  (1 MARK)

OR

​s = ut + ​ 1 _ 2 ​a​t​​ 2​​  (1 MARK)

​∴ −3 = 6.0t − 4.9 ​t​​ 2​​  (1 MARK)

Moving all variables to one side and using the quadratic formula,  

t = ​​ 6.0 + ​√ 
____________

  ​6.0​​ 2​ − 4​(4.9)​​(−3)​ ​  _________________ 2 × 4.9  ​​ = 1.6 s  (1 MARK)

The time taken for the dive is 1.6 seconds, which is less than the 
required 1.75 seconds. Therefore he would under-rotate.  (1 MARK)

Exam-style questions

This lesson

5	 Given: ​u = 0​ m s−1, ​t = 6.0​ s, ​v = 45​ m s−1; Needed: ​s​

​​s = ​ 1 _ 2 ​​(u + v)​t ​​  (1 MARK)

​​s = ​ 1 _ 2 ​​(0 + 45)​ × 6 = 135 = 1.4 × 1​0​​ 2​​​ m  (1 MARK)

6	 Given: ​a = 2.50​ m s−2, ​v = 24.0​ m s−1, ​t = 10.0​ s; Needed: ​s​

​s = vt −  ​ 1 _ 2 ​a​t​​ 2​​  (1 MARK)

​s = 24.0 × 10.0 − ​ 1 _ 2 ​ × 2.50 × 1​0.0​​ 2​ = 115​ m  (1 MARK)

7	 Given: ​t = 2.5​ s, ​a = − 9.8​ m s−2, ​v = − 11​ m s−1; Needed: ​u​

​v = u + at​  (1 MARK)

​​− 11 = u + ​(−9.8)​ × 2.5​​  (1 MARK)

​u = 13.5 = 14​ m s−1 upwards  (1 MARK)

8	 a	 Given: ​v = 18​ m s−1, ​s = − 15​ m, ​a = − 9.8​ m s−2; Needed: ​u​

​​v​​ 2​ = ​u​​ 2​ + 2as​  (1 MARK)

​​​​(−18)​​​ 2​ = ​u​​ 2​ + 2 × ​(−9.8)​ × ​(−15)​​​  (1 MARK)

​u = 5.5​ m s−1  (1 MARK)

b	 [Pebbles’ claim is invalid.1][As the initial velocity of the water 
balloon is not equal to zero, she must have thrown the balloon,  
not dropped it.2]

I have explicitly addressed whether Pebbles’ claim is true.1

I have referenced the initial velocity of the water balloon 
to support my answer.2

9	 Given: ​v = 0​ m s−1, ​t = 18​ s, ​a = −0.35​ m s−2; Needed: ​s​

​s = vt − ​ 1 _ 2 ​a​t​​ 2​​  (1 MARK)

​​s = 0 × 18 − ​ 1 _ 2 ​ × ​(−0.35)​ × 1​8​​ 2​ = 56.7 = 57​​ m  (1 MARK)

Therefore, Santush’s bowl will not stop at the edge of the green and he 
will not win the game.  (1 MARK)
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10	 a	� Given: ​​u​ Mavis​​ = ​v​ Mavis​​ = ​ 54 _ 3.6 ​ = 15 m ​s​​ −1​​, ​​a​ police​​ = 5​ m s−2, ​​u​ police​​ = 0​ m s−1; 

Needed: ​t​

Displacement of Mavis:

​​v​ Mavis​​ = ​ s _ t ​​  ∴ ​15 = ​ s _ t ​​

​s = 15t​  (1 MARK)

Displacement of police officer (s1, t1 whilst accelerating, s2 and t2 
whilst at constant speed)

​​s​ total​​ = ​s​ 1​​ + ​s​ 2​​​

​​s​ 1​​ = ​u​ police​​ ​t​ 1​​ + ​ 1 _ 2 ​​a​ police​​ ​​t​ 1​​​​ 2​ = 0 × 4 + ​ 1 _ 2 ​ × 5 × ​4​​ 2​ = 40​ m  (1 MARK)

​v = u + a​t​ 1​​ = 0 + 5 × 4 = 20​ m s−1

He is stationary for 10 seconds and accelerating for 4 seconds, 
therefore he travels at a constant speed for ​​t​ 2​​ = t − 14​ seconds.

​v = ​ 
​s​ 2​​

 __ ​t​ 2​​ ​​  ∴ ​20 = ​ 
​s​ 2​​
 __ ​(t − 14)​ ​​

​​​s​ 2​​ = 20​(t − 14)​ = 20t − 280​​  (1 MARK)

​​s​ total​​ = 40 + 20t − 280​

The police officer catches Mavis when their displacements are equal.

​15t = 40 + 20t − 280​  (1 MARK)

​t = 48​ s  (1 MARK)

b	 ​s = 15t = 15 × 48 = 720 = 7.2 × 1​0​​ 2​​ m  (1 MARK)

11	 Given: ​​s​ total​​ = 60​ m, ​​t​ total​​ = 9.0​ s, ​​t​ acceleration​​ = 3.0​ s, ​u = 0​ m s−1; Needed: ​a​

Displacement, s1, whilst accelerating:

​​s​ 1​​ = ut + ​ 1 _ 2 ​​at​ acceleration​​2 = 0 × 3.0 + ​ 1 _ 2 ​ × a × ​3.0​​ 2​ = ​ 9 _ 2 ​a​ m  (1 MARK)

Displacement, s2, whilst at constant velocity:

​v = u + a​t​ acceleration​​ = 0 + a × 3.0 = 3.0a​ m s−1  (1 MARK)

​v = ​ 
​s​ 2​​

 _ ∆t ​​  ∴ ​3a = ​ 
​s​ 2​​

 _ 6.0 ​​

​​s​ 2​​ = 18a​ m  (1 MARK)

​​s​ total​​ = ​s​ 1​​ + ​s​ 2​​​  ∴ ​60 = ​ 9 _ 2 ​a + 18a​

​a m ​s​​ −2​ = 2.67 = 2.7​ m s−2

The minimum acceleration Indiana Jones could have is 2.7 m s−2.  (1 MARK)

Previous lessons

12	 ​​R​ upper ​​ = 200 + 500 = 700​ Ω  (1 MARK)

​​​R​ lower​​ = ​​(​  1 _ 1000 ​ + ​  1 _ 1000 ​)​​​ 
−1

​ + 200 = 700​​ Ω  (1 MARK)

​​​R​ total​​ = ​​(​  1 __ ​R​ upper​​
 ​ + ​  1 __ ​R​ lower​​

 ​)​​​ 
−1

​ = ​​(​  1 _ 700 ​ + ​  1 _ 700 ​)​​​ 
−1

​ = 350​​ Ω  (1 MARK)

This content was covered in Lesson 4E.

13	 [The electrostatic force causes like charges to repel and unlike charges 
to attract one another.1][The strong nuclear force is an attractive force 
between nucleons that operates over extremely small distances.2][In the 
nucleus, when the attraction between nucleons due to the strong force 
is greater than the repulsion between positively charged protons due 
to the electrostatic force, the atom will be stable. When the strong force 
attraction is smaller than the electrostatic force repulsion, the atom will 
be radioactive.3]

I have referenced the electrostatic force as being attractive 
between unlike charges and repulsive between like charges.1

I have referenced the strong nuclear force as a force that 
binds nucleons together over very small distances.2

I have explicitly addressed how the two forces determine 
whether or not the atom is stable.3

This content was covered in Lesson 6B.

Key science skills

14	 a	 v (m s−1)

0.5

5

t (s)
1.0 1.5 2.0 2.5 3.0

10

15

20

25

30

I have correctly labelled both axes and included units.

I have used an appropriate and consistent scale so the 
data takes up at least half of each axis.

I have correctly plotted each point of data.

I have drawn a straight line of best fit.

b	 ​gradient = ​ rise _ run ​ = ​ ∆v _ ∆t ​​

​a = ​ ∆v _ ∆t ​​  ∴ ​gradient = a​  (1 MARK)

Using any two points on the line of best fit:

​gradient = ​ 26 − 5.0 _ 3.0 − 0.4 ​ = 8.1​

∴ ​a = 8.1​ m s−2  (1 MARK)
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Chapter 8 Review
Section A

1	 C.  Given: ​u = 15​ m s−1, ​a = − 9.8​ m s−2, ​v = 0​ m s−1; Needed: ​s​

​​​v​​ 2​ = ​u​​ 2​ + 2as  ∴ ​0​​ 2​ = 1 ​5​​ 2​ + 2 × ​(​​−9.8​)​​ × s​​

​s = 11​ m

​height = 30 + 11 = 41​ m

2	 C.  Due to the symmetry of motion with constant acceleration, the ball 
will have the same speed as when it was first thrown. 

3	 B.  The displacement-time graph is linear. This means that the gradient, 
which represents the velocity, is constant and so the toy car is not 
accelerating.

4	 A.  When the gradient of the velocity-time graph is positive,  
the acceleration will be positive. Similarly, when the gradient of the 
velocity-time graph is negative, the acceleration will be negative.  
When the velocity is constant then the acceleration will be zero. 

5	 B

​Δs​ = ​signed area under graph 

Δs = ​​(​​​ 1 __ 2 ​ × 20 × 6​)​​ + ​(20 × 6)​ + ​(​​​ 1 __ 2 ​ × 20 × 6​)​​ − ​(​​​ 1 __ 2 ​ × 40 × 3​)​​ = 180​ m​

Section B

6	 a	​​ a​  ​​ = ​ ∆v _ ∆t ​ = ​ 
​v​ 2​​ − ​v​ 1​​

 ______ ​t​ 2​​ − ​t​ 1​​  ​ = ​ 0 − 10 _ 11 − 7 ​ = −2.5 ​m s−2  (1 MARK)

​a = 2.5​ m s−2 to the east  (1 MARK)

b	

–10

–5

5

10

15

v (m s−1)

t (s)

A1 A3A2

A4

5 10 15 20 3025

​d = area under graph = ​A​ 1​​ + ​A​ 2​​ + ​A​ 3​​ + ​A​ 4​​​

​​d = ​(​​​ 1 __ 2 ​ × 4 × 10​)​​ + ​(3 × 10)​ + ​(​​​ 1 __ 2 ​ × 4 × 10​)​​ + ​(​​​ 1 __ 2 ​ × 10 × 8​)​​​  (1 MARK)​

d = 110 m  (1 MARK)

c	 ​Δs​ = ​signed area under graph = ​A​ 1​​ + ​A​ 2​​ + ​A​ 3​​ − ​A​ 4​​​

​​Δs = ​(​​​ 1 __ 2 ​ × 4 × 10​)​​ + ​(3 × 10)​ + ​(​​​ 1 __ 2 ​ × 4 × 10​)​​ − ​(​​​ 1 __ 2 ​ × 10 × 8​)​​​​  (1 MARK)

​Δs​ = 30 m to the west  (1 MARK)

d	 ​​v​ avg​​ = ​ ∆s _ ∆t ​ = ​ 30 _ 26 ​ = 1.2 ​m s−1 to the west  (1 MARK)

7	 a	 Given: ​s = 300​ m, ​t = 14.0​ s, ​u = 0​ m s−1; Needed: ​a​

​s = ut + ​ 1 __ 2 ​ a​t​​ 2​  ∴ 300 = 0 × 14.0 + ​ 1 __ 2 ​ × a × 14.​0​​ 2​​  (1 MARK)

​a = 3.061 = 3.06​ m s−2  (1 MARK)

b	 As ​speed = ​ distance _______ time  ​​, we must find the total distance travelled by the 

car during the accelerating (​​s​ 1​​​) and decelerating (​​s​ 2​​​) period.

​total distance = ​s​ 1​​ + ​s​ 2​​ = 300 + ​s​ 2​​​, need to find ​​s​ 2​​​

Accelerating period:

Given: ​a = 3.061​ m s−2, ​t = 14.0​ s, ​u = 0​ m s−1; Needed: ​v​

​v = u + at = 0 + 3.061 × 14.0 = 42.86​ m s−1  (1 MARK)

Decelerating period:

Given: ​u = 42.86​ m s−1, ​v = 0​ m s−1, ​t = 7.5​ s; Needed: s2

​​s2 = ​ 1 __ 2 ​(u + v)t = ​ 1 __ 2 ​(42.86 + 0) × 7.5 = 161​​ m  (1 MARK)

​total distance = 300 + 161 = 461​ m

​speed = ​ distance _______ time  ​ = ​  461 ________ 14.0 + 7.5 ​ = 21.4 = 21​ m s−1  (1 MARK)

c	 B  (1 MARK)

The distance travelled begins at zero and increases over both 
the accelerating and decelerating periods. During acceleration, 
the gradient of the distance-time graph increases and during 
deceleration the gradient decreases. 

d	 E  (1 MARK)

The car accelerates and decelerates in a uniform manner, so the 
velocity-time graph must be linear for each section. 

8	 a	​​ a​  ​​ = ​ ∆v _ ∆t ​ = ​ 
​v​ 2​​ − ​v​ 1​​

 ______ ​t​ 2​​ − ​t​ 1​​  ​ = ​ 19 − 0 _ 10 − 0 ​ = 1.9 ​m s−2  (1 MARK)

b	 B  (1 MARK)

The acceleration decreases, indicated by the gradient decreasing, 
but is still positive, so the velocity will continue to increase.

c	 The police car will reach the motorbike when they have travelled the 
same distance. This is given by the area under the graph.

​​s​ motorbike​​ = 18 × t​  (1 MARK)

5

10

15

20

25

v (m s−1)

5 10 15 20 25 30

Police car

t (s)

A1
A2

A3

A4

c	 [The theoretical (or expected) value of the acceleration is 9.8 m s−2, 
the acceleration due to gravity.1][The fact that the experimental 
acceleration is less than the expected value is likely due to resistive 
forces like air resistance.2]

I have explicitly addressed what the expected value of 
the gradient would be.1

I have referenced the effects of resistive forces to explain 
the difference between the expected and calculated 
value of acceleration.2
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Review

​​s​ police car​​ = ​A​ 1​​ + ​A​ 2​​ + ​A​ 3​​ + ​A​ 4​​​

​​​s​ police car​​ = ​(​​​ 1 __ 2 ​ × 6 × 15​)​​ + ​(9 × 15)​ + ​(​​​ 1 __ 2 ​ × 9 × 9​)​​ + 24 × (t − 15)​​  (1 MARK)

​​​s​ police car​​ = 220.5 + 24 × (t − 15)​​

​​18 × t = 220.5 + 24 × ​(​​t − 15​)​​​​  (1 MARK)

​t = 23​ s  (1 MARK)

9	 a	 Take down as the positive direction.

For the red water balloon:

Given: ​s = 20​ m, ​a = 9.8​ m s−2, ​u = 0​ m s−1; Needed: ​t​

​s = ut + ​ 1 __ 2 ​ a​t​​ 2​  ∴ 20 = 0 × t + ​ 1 __ 2 ​ × 9.8 × ​t​​ 2​​

​​t​ red total​​ = 2.02​ s  (1 MARK)

For the yellow water balloon:

Given: ​s = 20​ m, ​a = 9.8​ m s−2, ​u = 2.0​ m s−1; Needed: ​v​

​​v​​ 2​ = ​u​​ 2​ + 2as = 2.​0​​ 2​ + 2.0 × 9.8 × 20​

​v = 19.9​ m s−1  (1 MARK)

Given: ​s = 20​ m, ​v = 19.9​ m s−1, ​u = 2.0​ m s−1; Needed: ​t​

​​s = ​ 1 __ 2 ​(u + v)t  ∴ 20 = ​ 1 __ 2 ​(2.0 + 19.9) × t​​

​t = 1.83​ s 

​​t​ yellow total​​ = 1.83 + 0.50 = 2.33​ s  (1 MARK)

The red water balloon will hit the ground before the yellow water 
balloon as 2.02 < 2.33.  (1 MARK)

b	 E  (1 MARK)

Both water balloons accelerate at the same rate, g, so their  
velocity-time graphs will have the same gradient. The yellow water 
balloon has an initial velocity of 2.0 m s−1 and starts after the red 
water balloon, so its graph will begin later. 

ANSWERS 483





9B

9B	 Force vectors in two dimensions
Theory review questions

1	 A.  Add the vectors using the tip-to-tail method.

2	 D.  As vector Q is acting to the left it is considered negative.

3	 C.  The x-component is the adjacent side of the force triangle and the 
y-component is the opposite side.

4	 A.  Use Pythagoras.

5	 A.  The horizontal component of the net force is the sum of the 
horizontal components of the original forces. Vector e will be the sum of 
vectors a and d despite vector d being in the negative direction.

6	 C.  The vertical component of the net force is the sum of the vertical 
components of the original forces.

7	 B.  Use the force triangle consisting of Fnet and its components, e and f.

Deconstructed exam-style question

8	 a	 B.  Transpose the force equation.

b	 D.  The x-component is the adjacent side of the force triangle and 
the y-component is the opposite side.

c	 C

d	 A.  The x-component of the sum is the sum of the x-components.

e	 B.  The y-component of the sum is the sum of the y-components.

f	 C.  Use Pythagoras.

g	 ​​F​ net​​ = 0  ∴ ​F​ 1​​ + ​F​ 2​​ + ​F​ 3​​ = 0​

​​​F​ 3​​ = − ​F​ 1​​ − ​F​ 2​​ = −​(​F​ 1​​ + ​F​ 2​​)​​​  (1 MARK)

We will find the third force by first finding ​​F​ 1​​ + ​F​ 2​​​

x-component of 30 N force: ​​−30 × cos​(59°)​ = −15.45​​ N

y-component of 30 N force: ​​30 × sin​(59°)​ = 25.72​​ N

x-component of 23 N force: ​​23 × cos​(27°)​ = 20.49​​ N

y-component of 23 N force: ​​− 23 × sin​(27°)​ = −10.44​​ N  (1 MARK)

Now add the components in the x- and y-directions:

​​F​ x​​ = −15.45 + 20.49 = 5.04​ N  (1 MARK)

​​​F​ y​​ = 25.72 + ​(−10.44)​ = 15.27​​ N  (1 MARK)

Determine the components of ​​F​ 3​​​ given ​​​F​ 3​​ = −​(​F​ 1​​ + ​F​ 2​​)​​​:

x-component of ​​F​ 3 x​​ = −5.04​ N

y-component of ​​F​ 3 y​​ = −15.27​ N

16	 The object will reach maximum speed when the drag force equals 
the force due to gravity, since the net force will become zero and in 
accordance with Newton’s 1st law it will no longer accelerate.  (1 MARK)

​​F​ g​​ = mg = 1.5 × 9.8 = 14.7​ N  (1 MARK)

From the graph, ​​F​ drag​​ = 14.7​ N at approximately 38 m s−1.

Therefore the maximum speed of the object will be 38 m s−1.  (1 MARK)

A range of answers are acceptable for this question depending on the 
number read from the graph.

17	 Define to the right as positive.

​​F​ net​​ = ma = 18 × 2.0 = 36​ N  (1 MARK)

​​F​ net​​ = F − 12  ∴ 36 = F − 12​  (1 MARK)

​F = 48​ N  (1 MARK)

The required force is 48 N to the right.  (1 MARKS)

Previous lessons

18	 Since ​​I​ n​​ ∝ ​  1 __ ​R​ n​​ ​,​ ​​I​ 20 Ω​​ = ​ 1 _ 2 ​ × ​I​ 10 Ω​​​  (1 MARK)

​​I​ T​​ = ​I​ 10 Ω​​ + ​I​ 20 Ω​​ = 2.50 + ​ 1 _ 2 ​ × 2.50​  (1 MARK)

​​I​ T​​ = 3.75​ A  (1 MARK)

This content was covered in Lesson 4D.

19	 a	​ d = 3 × 350.0 = 1050​ m  (1 MARK)

b	 ​s = Δx = 0​ m  (1 MARK)

c	 ​​v​ avg​​ = ​ s _ t ​​ = ​​  0 _ 2 × 60 ​​ = 0 m s−1  (1 MARK)

This content was covered in Lesson 8A.

Key science skills

20	 a	

Bi
te

 fo
rc

e 
(N

)
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Animal mass (kg)
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I have plotted mass on the horizontal axis and force on 
the vertical axis.

I have included axis labels and appropriate units.

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

I have plotted each data point.

I have included correctly sized uncertainty bars.

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

b	 The relationship between animal mass and bite force is linear  
and positive.  (2 MARKS)
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b	 Combined system: ​​F​ net​​ = ​F​ g2​​ ​= m​ 2​​ g = 60.0 × 9.8 = 588​ N  (1 MARK)

​​​F​ net​​ = ​(​m​ 1​​ + ​m​ 2​​)​ × a​​

​​588 = ​(​​85.0 + 60.0​)​​ × a​​  (1 MARK)

​a = 4.06 = 4.1​ m s−2  (1 MARK)

c	 ​​M​ 1​​​ system: ​​F​ net M1​​ = ​m​ 1​​ a = T​

​T = 85 × 4.06 = 344.7 = 3.4 × 1​0​​ 2​​ N  (1 MARK)

d	 Combined system: ​​F​ net​​ = ​F​ g2​​ − ​F​ f​​ = ​m​ 2​​ g − ​F​ f​​​

​​​F​ net​​ = ​(​m​ 1​​ + ​m​ 2​​)​ × a​​

​​​m​ 2​​ g − ​F​ f​​ = ​(​m​ 1​​ + ​m​ 2​​)​ × a​​  (1 MARK)

​​60.0 × 9.8 − ​F​ f​​ = ​(85.0 + 60.00)​ × 1.0​​  (1 MARK)

​​F​ f​​ = 443 = 4.4 × 1​0​​ 2​​ N​​​  (1 MARK)

Previous lessons

19	 a	​ V = IR = 2.0 × 3.0 = 6.0​ V

b	 The voltage drop across ​​R​ 2​​​ and ​​R​ 3​​​will be the same as they are 

components in parallel.

​V = IR  ∴ 6.0 = I × 2.0​  (1 MARK)

​I = ​ 6.0 ___ 2.0 ​ = 3.0​ A  (1 MARK)

c	 The current through ​​R​ 1​​​ will be the addition of the current through ​​R​ 2​​​ 
and ​​R​ 3​​​.

​​I = 3.0 + 2.0 = 5.0​  ​​​A  (1 MARK)

The voltage drop across ​​R​ 1​​​ will be the difference between the battery 

voltage and voltage drop across the parallel components.

​V = 12 − 6.0 = 6.0​ V  (1 MARK)

​V = IR​  ∴ ​6.0 = 5.0 × ​R​ 1​​​

​​R​ 1​​ = 1.2​ Ω  (1 MARK)

This content was covered in Lesson 4E.

20	 a	​ v = u + at = 0 + 7.0 × 5.0​  (1 MARK)

​v = 35​ m s−1  (1 MARK)

b	 ​​v​​ 2​ = ​u​​ 2​ + 2as​  (1 MARK)

​​​0​​ 2​ = 3​5​​ 2​ + 2 × ​(​​−10​)​​ × s​​

​s = 61.3 = 61​ m  (1 MARK)

Hence, the BMW will stop before making contact with the elephant 
​75​ m away.  (1 MARK)

This content was covered in Lesson 8C.

Key science skills 

21	 a	� uncertainty ​= ​ 1 __ 2 ​ × ​smallest gradation on scale​ = ​ 1 __ 2 ​ × 0.2 

uncertainty = 0.1​ seconds  (1 MARK)

b	 The consistent delay of 0.6 seconds in the stopwatch is a  
systematic error.  (1 MARK)

It could be reduced by using a more accurate measurement device 
such as a digital stopwatch.  (1 MARK)

9D	 Torque
Theory review questions

1	 D.  Torque will be at a minimum when the force acts parallel to the door.

2	 B.  Torque will be at a maximum when the force acts perpendicular to 
the door.

3	 the same as

4	 greater than

5	 C.  The value of ​​sin​(​θ​ 1​​)​​​ and ​​sin​(​θ​ 2​​)​​​ are the same, so either angle can 

be used.

6	 II; IV.  Torque must be equivalent to ​τ = ​r​ ⊥​​F = 20 × 1​0​​ −2​ × 10 = 2.0​ N m.

7	 B.  A greater torque does not necessarily cause a car to accelerate faster, 
it refers to the rotational force in the engine.

8	 a downwards; an anticlockwise 
an upwards; a clockwise

Deconstructed exam-style questions

9	 a	 A. ​​ F​ g​​ = mg = 77 × 9.8​

b	 C. ​​ τ​ 1​​ = ​r​ ⊥​​F = r × ​F​ g​​​ clockwise

c	 B. ​​ ​τ​ 2​​ = ​r​ ⊥​​F = rFsin​(θ)​ = r × ​F​ g​​ × sin​(60°)​​​ anticlockwise

d	 B. ​​ ​τ​ net​​ = ​τ​ 2​​ − ​τ​ 1​​ = r × ​F​ g​​ × sin​(60°)​ − r × ​F​ g​​​​

e	 Consider the force due to gravity from each friend:

​​F​ g​​ = mg = 77 × 9.8 = 754.6​ N  (1 MARK)

Consider the two torques acting on the Ferris wheel:

​​τ​ 1​​ = ​r​ ⊥​​F = r × 754.6​ clockwise  (1 MARK)

​​​τ​ 2​​ = rFsin​(θ)​ = r × 754.6 × sin​(60°)​​​ anticlockwise  (1 MARK)

Consider the net torque acting on the Ferris wheel due to ​​τ​ 1​​​ and ​​τ​ 2​​​:

​​​τ​ net​​ = ​τ​ 2​​ − ​τ​ 1​​ = r × 754.6 × sin​(60°)​ − r × 754.6​​

​​805 = r × 754.6 × sin​(60°)​ − r × 754.6​​  (1 MARK)

​r = 7.96 = 8.0​ m  (1 MARK)

Exam-style questions

This lesson

10	 a	​ τ = ​r​ ⊥​​F = 25.0 × 1​0​​ −2​ × 125​  (1 MARK)

​τ = 31.25 = 31.3​ N m  (1 MARK)

b	​ τ = ​r​ ⊥​​F​  ∴ ​31.25 = 35.0 × 1​0​​ −2​ × F​  (1 MARK)

​F = 89.29 = 89.3​ N  (1 MARK)

11	 ​τ = ​r​ ⊥​​F​  ∴ ​1200 = ​r​ ⊥​​ × 900​  (1 MARK)

​​r​ ⊥​​ = 1.33​ m  (1 MARK)
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c	 Take up as positive:

​​F​ net​​ = ​F​ w​​ − ​F​ g​​ = 2.5 × 1​0​​ −5​ − 1.96 × 1​0​​ −5​​

​​F​ net​​ = 5.4 × 1​0​​ −6​​ N  (1 MARK)

​​F​ net​​ = ma  ∴ 5.4 × 1​0​​ −6​ = 2.0 × 1​0​​ −6​ × a​  (1 MARK)

​a = 2.7​ m s−2  (1 MARK)

This content was covered in Lesson 9A.

Key science skills

18	 a	 Independent variable: force applied to bottle opener  (1 MARK)

Dependent variable: torque on bottle cap  (1 MARK)

Controlled variable: the angle at which the force is applied OR the 
bottle opener used OR the bottle used  (1 MARK)

b	 Susie could use a more precise torque sensor.  (1 MARK)

c	 Susie could take multiple measurements for each level of force 
applied, and calculate an average value.  (1 MARK)

9E	 Equilibrium
Theory review questions

1	 B.  No. As there is only one equation we can simply use the translational 
equilibrium equation in one direction.

2	 A.  Yes. As there is more than one unknown we require the use of the 
rotational equilibrium equation.

3	 A.  Yes. As there is more than one unknown we require the use of the 
rotational equilibrium equation.

4	 A.  Calculating torques around point A means that Trope is eliminated 
from the rotational equilibrium equation so that FB is the only 
unknown quantity.

5	 A, B, C, D, E.  If a system is in equilibrium, the net torque is zero around 
all points.

6	 B

7	 B

Deconstructed exam-style question

8	 a	� A.  The force from the suspended mass is directed vertically 
downwards with a magnitude of 45g N. The perpendicular 
(horizontal) distance from point I to the line of action (FE) is 2.5 m.

b	 A.  The tension force acts perpendicularly to the beam. The distance 
from point I to point G is 3.5 m.

c	 A.  The force due to gravity on the beam is directed vertically 
downwards with a magnitude of 10g. We treat it as acting halfway 
along the length of the beam, so the perpendicular (horizontal) 
distance from point I to the line of action is half the horizontal length 

of the beam (​​ 2.5 ___ 2  ​​ = 1.25 m).

d	 Around point I: ​​Στ​ cw​​ = ​Στ​ acw  ​​​​∴​ ​τGH = τFE + τg beam​

rGTGH = rF⟂FFE + rcentre⟂ Fg beam  (1 MARK)

3.5 × TGH = 2.5 × 45 × 9.8 + ​​ 2.5 ___ 2  ​​ × 10 × 9.8  (1 MARK)

TGH = 350 N  (1 MARK)

Exam-style questions

This lesson

9	 a	 Translational equilibrium: ΣF = 0  ∴ F1 + F2 = Fg slab

Fg slab = mg = 40.0 × 103 × 9.8 = 392 000 N  (1 MARK)

F1st pillar = F2nd pillar = ​​ 1 __ 2 ​​ × 3.92 × 105 = 1.96 × 105 N  (1 MARK)

b	 Around pillar 1: ​Σ​τ​ cw​​ = Σ​τ​ acw​​​  ∴ ​rcentre ​F​ g slab​​ + r​ ​ truck​​ F​ ​ truck​​ = r ​F​ 2​​​

​20 × 40.0 × 1​0​​ 3​ × 9.8 + 30 × 6.0 × 1​0​​ 3​ × 9.8 = 40.0 × ​F​ 2​​  (1 MARK)​

​​F​ 2​​ = 240 100 = 2.4 × 1​0​​ 5​​ N  (1 MARK)

Translational equilibrium: ΣF = 0  ∴ F1 + F2 = Fg slab ​+ F​ ​ truck​​​

​​F​ 1​​ + 240 100 = 40.0​​​ × 103 × 9.8 + 6.0 × 103 × 9.8  (1 MARK)

​​F​ 1​​ = 210 700 = 2.1 × 105 N​  (1 MARK)

10	 a	 Around the centre: ​Σ​τ​ cw​​ = Σ​τ​ acw​​  ∴ ​r × F​ 55 kg​​ = ​d × F​ 70 kg​​​​​​  (1 MARK)

​2.5 × 55 × 9.8 = d × 70 × 9.8​  (1 MARK)

​d = 1.96 = 2.0​ m  (1 MARK)

b	 ​​​F​ N​​ = ​F​ 55 kg​​ + ​F​ 70 kg​​ = 55 × 9.8 + 70 × 9.8​​  (1 MARK)

​​F​ N​​ = 1225 = 1.2 × 1​0​​ 3​​ N  (1 MARK)

11	 Around Y: ​Σ​τ​ cw​​ = ​Στ​ acw​​​   ∴  ​​​r​ x​​ Fx​ 
 
​​​= rcentre Fg

12.0 × Fx = 3.0 × 2000 × 9.8  (1 MARK)

Fx = 4900 N  (1 MARK)

12	 Around B: ​​Στ​ cw​​ = ​Στ​ acw​​  ∴  r​ ​ man​​ × F​ ​ man​​+ rcentre × F​ ​ bench ​​= rC × FC​

1.5 × 75 × 9.8 + 0.5 × 60 × 9.8 = 1.0 × FC

FC = 1396.5 = 1.4 × 103 N  (1 MARK)

13	 a	 D.  The system is in equilibrium.

b	 Around E:​​ Στ​ clockwise​​ = ​Στ​ anticlockwise​​  ∴ τ​G ​​ = ​τ​ H​​​

​​r​ G​​ ​F​ G y​​ = ​r ​ H​​ ​F ​ H​​  ∴ 0.15 × ​F​ G y​​ = 0.55 × 30 × 9.8​

​​F​ G y​​ = 1078​ N  (1 MARK)

Calculate the horizontal component of the force.

​​​F​ G y​​ = ​F​ G x​​ tan(θ)  ∴ 1078 = ​F​ G x​​ × tan(50°)​​  (1 MARK)

FG x = 904.5 N

ΣF = 0  ∴ FE x – FG x = 0  ∴ FE x = 904.5 = 9.0 × 102 N  (1 MARK)

14	 About the fulcrum: ​Σ​τ​ cw​​ = Σ​τ​ acw​​​  ∴ τp = τblock

0.30 × ​​F​ p​​​ = 2.0 × 20 × 9.8  (1 MARK)

​​F​ p​​​ = 1.3 × 103 N  (1 MARK)

Previous lessons

15	 ​​V​ LED​​ = 2.0​ V

​P = VI  ∴ 0.35 = 2.0 × I  ∴​ ​I = 0.175​ A  (1 MARK)

​V = IR  ∴ 8.0 = 0.175 × R​  (1 MARK)

​R = 46​ Ω  (1 MARK)

This content was covered in Lesson 5A.
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10A0 Momentum and impulse
Theory review questions

1	 vector; velocity; same; a net force acting on

2	 the same as

3	 the same as

4	 less than

5	 C.  As car X has a greater initial and final velocity than car Y, its momentum 
is larger than the momentum of car Y at both points. As both cars have 
the same mass and increase their velocity by the same amount, then the 
change in momentum and impulse will be equal.

6	 equal; left

7	 C.  The change in momentum of the bowling ball will have the same 
magnitude but opposite direction to the impulse given to the soccer ball. 
Hence it will have a magnitude of 10 kg m s−1 and act to the left.

8	 B.  Before the collision, the velocity of block A is positive and the velocity 
of block B is negative. After the collision, both blocks are moving to the 
left so they have a negative velocity.

Deconstructed exam-style question

9	 a	 D b	 A c	 D

d	 C e	 B

f	 ​​Σp​ i​​ = ​p​ A​​ + ​p​ B​​ = ​m​ A​​ ​u​ A​​ + ​m​ B​​ ​u​ B​​ = 2.0 × 10 + 5.0 × 0 = 20​ kg m s−1 or N s to 

the right  (1 MARK)

By the law of conservation of momentum, ​​Σp​ i​​ = ​Σp​ f​​​ .

​​Σp​ f​​ = 20​ kg m s−1 or N s to the right

Find velocity of the blocks after the collision.

​​​Σp​ f​​ = ​m​ total​​ v = ​(​m​ A​​ + ​m​ B​​)​ × v​​​  ∴ ​​​20 = ​(2.0 + 5.0)​ × v​​  (1 MARK)

​v = 2.86 = 2.9​ m s−1  (1 MARK)

The impulse given to block B is the same as its change in momentum.

​​​I​ B​​ = Δ ​p​ B​​ = ​m​ B​​ Δv = ​m​ B​​ × ​(v − ​u​ B​​)​​​

​​​I​ B​​ = 5.0 × ​(2.86 − 0)​ = 14.3 = 14​​ kg m s−1 or N s to the right  (1 MARK)

​I = ​F​ avg​​ Δt  ∴ 14.3 = ​F​ avg​​ × 4.0 × 1​0​​ −2​​  (1 MARK)

​​F​ avg​​ = 357 = 3.6 × 1​0​​ 2​​ N  (1 MARK)

Exam-style questions

This lesson

10	 ​p = mv = 3.5 × 10 = 35​ kg m s−1 or N s to the south  (2 MARKS)

11	 a	 ​Σ​p​ i​​ = ​p​ car​​ + ​p​ F1​​ = ​m​ car​​ ​u​ car​​ + ​m​ F1​​ ​u​ F1​​​

​​Σ​p​ i​​ = 1900 × 20 + 750 × ​(−80)​ = − 2.2 × 1​0​​ 4​​​ kg m s−1 or N s  (1 MARK)

​Σ​p​ i​​ = 2.2 × 1​0​​ 4​​ kg m s−1 or N s to the left  (1 MARK)

b	 ​​Σp​ f​​ = Σ​p​ i​​ = −2.2 × 1​0​​ 4​​ kg m s−1 or N s

​​Σ​p​ f​​ = mv = ​(​m​ car​​ + ​m​ F1​​)​ × v​​

​​−2.2 × 1​0​​ 4​ = ​(1900 + 750)​ × v​​  (1 MARK)

​v = − 8.30​ m s−1

​v = 8.30​ m s−1 to the left  (1 MARK)

12	 a	 ​​I = Δp = mΔv = 10 000 × ​(0 − 25)​ = − 2.5 × 1​​0​​ 5​​​  ​​​  (1 MARK)

​I = 2.5 × 1​0​​ 5​​ kg m s−1

b	 ​I = ​F​ avg​​ Δt  ∴ 2.5 × 1​0​​ 5​ = 12 500 × Δt​  (1 MARK)

​Δt = 20​ s  (1 MARK)

c	 ​​p​ i​​ = mu = 10 000 × 25 = 2.5 × 1​0​​ 5​​ kg m s−1 or N s  (1 MARK)

​​p​ f​​ = mv = 10 000 × 0 = 0​ kg m s−1 or N s  (1 MARK)

d	 [Momentum is conserved in this situation1][when the isolated 
system includes the truck and the earth.2][The impulse given to the 
truck by the earth is equal and opposite to the impulse given to the 
earth by the truck, and hence momentum is conserved.3]

I have explicitly addressed whether momentum  
is conserved.1

I have referenced the isolated system in this situation.2

I have used the relevant theory: the law of conservation 
of momentum.3

13	 a	 Take the right as positive:

​​I = Δp = ​m​ ball​​ Δv = 0.050 × ​(62 − ​(−30)​)​ = 4.6​​  (1 MARK)

​I = 4.6​ kg m s−1 or N s  (1 MARK)

b	 The impulse on the tennis racket will be equal in magnitude but 
opposite in direction to the impulse on the tennis ball. ​​I​ racket​​ = − ​I​ ball​​​

​​I​ racket​​ = 4.6​ kg m s−1 or N s to the left  (2 MARKS)

c	 ​I = ​F​ avg​​ Δt  ∴ 4.6 = 230 × Δt​  (1 MARK)

​Δt = 0.020​ s  (1 MARK)

d	 The force on the racket will have the same magnitude but opposite 
direction to the force on the ball, ​​F​ on racket by ball​​ = − ​F​ on ball by racket​​​

​​F​ on racket by ball​​ = 230​ N to the left  (2 MARKS)

14	 [The initial momentum of the system is equal to the momentum  

of the 1.5 kg block: ​​Σp​ i​​ = ​p​ 1​​ = ​m​ 1​​ ​u​ 1​​ = 1.5 ​u​ 1​​​ kg m s−1 or N s.1] 
[The final momentum of the system to the right is equal to the sum of 
the momentum of the 3.0 kg block and the 1.5 kg block:  

​​Σp​ f​​ = ​p​ 2​​ + ​p​ 1​​ = ​m​ 2​​ ​v​ 2​​ + ​​m​ 1​​ v​ 
1
​​ = 3.0 ​v​ 2​​ − 1.5 ​v​ 1​​​ kg m s−1 or N s.2][Through the 

law of conservation of momentum, the initial momentum will be equal 
to the final momentum: ​1.5 ​u​ 1​​ = 3.0 ​v​ 2​​ − 1.5 ​v​ 1​​​.3][Therefore, the final 

momentum of the 3.0 kg block will be the addition of the initial and final 
magnitude of momentum of the 1.5 kg block, ​3.0 ​v​ 2​​ = 1.5 ​u​ 1​​ + 1.5 ​v​ 1​​​4]
[consistent with the law of conservation of momentum.5]

I have referenced the initial momentum of the system.1

I have referenced the final momentum of the system.2
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10B0 Work and kinetic energy
Theory review questions

1	 a	​ 2E​ b	 ​4E​ c	 ​​  1 ___ 16 ​ E​

d	 ​​ 1 __ 2 ​ E​ e	 ​E​

2	 a	​​ W​ 0−10​​ = P​

b	 ​​W​ 0−35​​ = P + Q + R​

c	 ​​W​ 10−50​​ = Q + R + S​

3	 a	 I b	 III c	 II

d	 II e	 III f	 III

4	 Power; large; does not always mean

Deconstructed exam-style question

5	 a	 C b	 D c	 A

d	 The two forces acting on m2 are the force due to gravity and the 
tension force.

​​F​ net ​m​ 2​​​​ = 3.8g − T = ​m​ 2​​a​2

​3.8 × 9.8 − T = 3.8 × 3.77​, ​T = 22.91​ N  (1 MARK)

Considering m1:

​​F​ net ​m​ 1​​​​ = T − 15 = 22.91 − 15 = 7.91​ N  (1 MARK)

​W = Fs = ΔKE = K​E​ f​​ − K​E​ i​​ = 40​ J, since the block starts from rest.  (1 MARK)

​7.91 × s = 40​  ∴ ​s = 5.1​ m  (1 MARK)

Exam-style questions

This lesson

6	 a	​ W = Fs = 40 × 4.5 = 1.8 × 1​0​​ 2​​ J  (1 MARK)

b	 ​ΔKE = W = 1.8 × 1​0​​ 2​​ J  (1 MARK)

​K​E​ i​​ = 0​ J, since the box starts from rest.  ∴ ​K​E​ f​​ = 1.8 × 1​0​​ 2​​ J  (1 MARK)

7	 [Work is defined as a force that causes a change in the energy of  
an object.1][Whilst the person is applying a force equal to the gravitational 
force acting on the object, the force is not causing the object to be 
displaced in the direction which it is being applied in.2][Therefore the 
energy of the object is not changing and so no work is being done.3]

I have explicitly addressed what work is.1

I have justified my answer by discussing that the applied 
force causes no displacement.2

I have explicitly addressed why no work is being done in 
this context.3

8	 ​P = ​ E ___ t ​ = ​ 18 × 1​0​​ 3​ _______ 22  ​ = 8.2 × 1​0​​ 2​​ W  (1 MARK)

9	 ​​F​ net​​ = 0​, since books are being lifted at a constant speed

​​F​ net​​ = ​0 = F​ lift​​ − ​F​ g​​​,  ∴ ​​F​ lift​​ = ​F​ g​​ = mg = 2.5 × 9.8 = 24.5​ N  (1 MARK)

​W = Fs = 24.5 × 1.5 = 37​ J  (1 MARK)

10	 a	​ ΔKE = W = 32.5​ J

​K​E​ i​​ = 0​, since the car starts from rest

∴ ​K​E​ f​​ = 32.5​ J  (1 MARK)

​K​E​ f​​ = ​ 1 __ 2 ​ m​v​​ 2​​  ∴ ​​ 1 __ 2 ​ × 0.65 × ​v​​ 2​ = 32.5​

​v = 10​ m s−1  (1 MARK)

b	 ​K​E​ f​​ = 32.5​ J  (1 MARK)

​K​E​ f​​ = ​​​ 1 __ 2 ​ m​v​​ 2​​  ∴ ​​ 1 __ 2 ​ × m × 6.​7​​ 2​ = 32.5​

​m = 1.4​ kg  (1 MARK)

c	 ​K​E​ f​​ = 0.6 × W = 0.6 × 32.5 = 19.5​ J

Since mass is directly proportional to kinetic energy, ​
m = 0.6 × 1.4 = 0.87​ kg  (1 MARK)

11	 a	� [Work is done when an applied force causes the displacement of 
an object parallel to the direction it is acting in.1][In this example, 
the horizontal component of the tension force displaces the sled to 
the right, however the vertical component does no work since the 
sled is not displaced up or down.2][Therefore the magnitude of the 

force doing work is ​​25cos​(​​30°​)​​​​ N, and not 25 N.3]

I have explicitly addressed when work is done in terms of 
force and displacement.1

I have explicitly addressed why the horizontal 
component of the tension force is the only component 
that does work.2

I have related my answer to the context of the question.3

b	 ​W = ΔKE = 150​ J, since the sled starts from rest.

​Fs = 150​  ∴ ​​25cos​(​​30°​)​​ × s = 150​​ J  (1 MARK)

​s = 6.9​ m  (1 MARK)

12	 a	​ W = area under graph = ​ 1 __ 2 ​ × 8 × 120 = 480​ J  (1 MARK)

b	 ​ΔKE = ​ 1 __ 2 ​ m​v​​ 2​ − ​ 1 __ 2 ​ m​u​​ 2​ = ​ 1 __ 2 ​ × 80 × 0.7​5​​ 2​ = 22.5​ J since the sofa starts 

from rest.  (1 MARK)

Work done by friction opposes work done by Jock.

​ΔKE = ​W​ Jock​​ − ​W​ friction​​ = 480 − ​F​ friction​​ × 8​  (1 MARK)

​480 − 8 × ​F​ friction​​ = 22.5​ J  ∴ ​​F​ friction​​ = 57​ N  (1 MARK)

c	 ​η = ​ 
useful energy out

  ______________  total energy in  ​ = ​ 22.5 ____ 480 ​ = 0.047​  (1 MARK)

13	 a	 magnitude of velocity does not change  ∴ ​ΔKE = 0​ J  (1 MARK)

b	 ​​W​ friction​​ = ΔKE​

​ΔKE = K​E​ f​​ − K​E​ i​​ = − 80.0​ kJ, since the car ends at rest.  (1 MARK)

​​W​ friction​​ = ​F​ friction​​ × s = −1700 × s = −80.0 × 1​0​​ 3​ ​J 

​s = 47.06 = 47.1​ m  (1 MARK)

c	 ​K​E​ 1​​ = 80.0​ kJ when the car is travelling at ​​v​ 1​​​ m s−1. ​K​E​ 2​​​ is the kinetic 

energy when the car is travelling at ​​v​ 2​​ = 1.1​v​ 1​​​ m s−1. 

The mass is the same so the ratio between KE2 and KE1 is equal to 
the ratio between the squares of v2 and v1.

ANSWERS 495



​​ 
K​E​ 2​​

 ____ K​E​ 1​​ ​ = ​ 
​​(​v​ 2​​)​​​ 2​

 ____ 
​​(​v​ 1​​)​​​ 2​

 ​ = ​ 
​(1.1​v​ 1​​)​​ ​​ 2​

 _______ 
​​v​ 1​​​​ 2​

  ​ = 1.​1​​ 2​​  ∴ ​K​E​ 2​​ = 1.​1​​ 2​ × K​E​ 1​​ = 96.8​ kJ  (1 MARK)

​​W​ friction​​ = ​F​ friction​​ × s = − 96.8 × 1​0​​ 3​​ J

​1700 × s = −96.8 × 1​0​​ 3​​ J

​s = 56.94​ m  (1 MARK)

The car would have travelled ​56.94 − 47.06 = 9.88​ m further.  (1 MARK)

Previous lessons

14	 ​P = 8.5 × 50 = 425 = 0.425​ kW 

​t = 3 × 24 = 72​ h  (1 MARK)

​Cost = P × t × cost per kWh = 0.425 × 72 × 0.31 = $9.49​  (1 MARK)

This content was covered in Lesson 5B.

15	 Block is stationary, so ​​F​ net​​ = 0​  (1 MARK)

​​​F​ net​​ = ​F​ ds​​ − ​F​ f​​ = mgsin(25°) − 18​​

​​m × 9.8 × sin​(​​25°​)​​ − 18 = 0​​  (1 MARK)

​m = 4.3​ kg  (1 MARK)

This content was covered in Lesson 9C.

Key science skills

16	 [The results of Shian’s experiment will be invalid.1][This is because her 
experimental design has more than one independent variable (work done 
and mass of the car),2][which means that the effect that the work done 
has on the dependent variable (final velocity) cannot be determined.3]

I have related my answer to the context of the question.1

I have justified my answer by stating what the two 
independent variables are.2

I have justified my answer by stating how this will affect the 
dependent variable.3

10C0 Gravitational potential energy
Theory review questions

1	 B.  As gravitational potential energy is proportional to mass, for two 
objects at the same height the object with a greater mass will have more 
gravitational potential energy. 

2	 A.  The final velocity of the ball depends only on the height it was dropped 
from, its initial velocity, and the strength of the gravitational field.

3	 C.  As the gravitational potential energy of the bowling ball is greater 
before it is dropped, it will have more kinetic energy when it reaches  
the ground. 

4	 B.  As gravitational potential energy is proportional to height, for two 
objects of the same mass the object at a greater height will have more 
gravitational potential energy.  

5	 kinetic energy; conserved; gravitational potential energy; kinetic energy

6	 C.  We consider the initial kinetic and gravitational potential energy and 
recognise that the final gravitational potential energy is equal to zero.

7	 B.  The change in gravitational potential energy that is useful here is that 
between points A and B.  

8	 C.  The change in gravitational potential energy that is useful here is that 
between points A and C.  

Deconstructed exam-style questions

9	 a	� A.  Although you can use ​​KE​ i​​ ​+ ​​GPE​ i​​​ = ​​KE​ f​​​ + ​​GPE​ f​​​ to find the final 

velocity, it is much easier to apply ​v = ​√ 
_

 − 2gΔh + ​u​​ 2​ ​​.

b	 C.  Energy is always conserved so the kinetic energy is converted 
into gravitational potential energy as the cart approaches the top of 
the loop-the-loop.

c	 B.  The cart will lose kinetic energy so it must decrease in speed. 

d	 At the top of the loop-the-loop: 

​KE = ​ 1 __ 2 ​m​v​​ 2​  ∴ 2.4 × 1​0​​ 5​ = ​ 1 __ 2 ​ × 1.2 × 1​0​​ 3​ × ​v​​ 2​​  (1 MARK)

​v = 20​ m s−1  (1 MARK)

​v = ​√ 
_

 −2gΔh + ​u​​ 2​ ​  ∴ 20 = ​√ 
___________________

  −2 × 9.8 × ​(​​40 − 0​)​​ + ​u​​ 2​ ​​  (1 MARK)

​u = 34.4 = 34​ m s−1  (1 MARK)

Exam-style questions

This lesson

10	 ​​ΔGPE = mgΔh  ∴ 1.76 × 1​0​​ 5​ = m × 9.8 × ​(​​1000 − 750​)​​​​  (1 MARK)

​m = 71.8 = 72​ kg  (1 MARK)

11	 a	� [Graph A.1][When the rock’s height is a maximum and it is at rest,  
all its energy is stored as gravitational potential energy and so will 
be at its maximum.2][When its height is a minimum, its energy 
has been linearly converted into kinetic energy and it has no 
gravitational potential energy.3]

I have explicitly addressed which graph shows 
gravitational potential energy as a function of height.1

I have explicitly addressed the gravitational potential 
energy at the maximum height.2

I have explicitly addressed the gravitational potential 
energy at the minimum height.3

b	 [Graph B.1][When the height is a maximum the ball has zero  
kinetic energy.2][As the ball’s height decreases it loses gravitational 
potential energy linearly which is converted to kinetic energy since 
energy must be conserved.3]

I have explicitly addressed which graph shows KE as a 
function of height.1

I have explicitly addressed the kinetic energy at the 
maximum height.2

I have used the relevant theory: conservation of energy.3

c	 Energy is conserved. So all initial GPE is converted to final KE.  (1 MARK)

​​K​E​ f​​ = GP​E​ i​​ = mgΔh = 1.0 × 1.62 × (0 − 15) = −24.3​​

​K​E​ f​​ = 24​ J  (1 MARK)
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d	 ​v = ​√ 
_

 −2gΔh + ​u​​ 2​ ​ = ​√ 
____________________

  −2 × 1.62 × ​(​​3.0 − 15​)​​ + ​0​​ 2​ ​​  (1 MARK)

​v = 6.2​ m s−1  (1 MARK)

12	 a	 The stone gained gravitational potential energy.  (1 MARK)

b	 ​​ΔGPE = area under graph = (40 − 10) × 4.9​​  (1 MARK)

​ΔGPE = 147 ​J  (1 MARK)

c	 Measure the ​GPE​ from ​h = 10​ m.

​K​E​ i​​ + GP​E​ i​​ = K​E​ f​​ + GP​E​ f​​  ∴ ​ 1 __ 2 ​ × 0.50 × ​u​​ 2​ + 0 = 0 + 147​  (1 MARK)

​u = 24​ m s−1  (1 MARK)

13	 a	​ v = ​√ 
_

 − 2gΔh + ​u​​ 2​ ​  ∴ 46 = ​√ 
_____________________

  −2 × 9.8 × ​(​​0.0 − 100​)​​ + ​u​​ 2​ ​​  (1 MARK)

​u = 12.5​ m s−1  (1 MARK)

b	 ​K​E​ i​​ + GP​E​ i​​ = K​E​ f​​ + GP​E​ f​​  ∴ K​E​ i​​ + ​m​ B​​ gΔh = ​ 1 __ 2 ​ × ​m​ B​​ × ​​v​ A​​​​ 2​ + 0​  (1 MARK)

​​K​E​ i​​ + 68 × 9.8 × (75 − 0) = ​ 1 __ 2 ​ × 68 × 4​6​​ 2​​​  (1 MARK)

​KE = 21 964 = 2.2 × 1​0​​ 4​​ J  (1 MARK)

14	 a	 Total energy is conserved so ​​E​ total Q​​ = ​E​ total P​​​

​​E​ total P​​ = KE + GPE = ​ 1 __ 2 ​m​v​​ 2​ + mgΔh = ​ 1 __ 2 ​ × 950 × 1​2.0​​ 2​ + 950 × 9.8 × 70​ 
(1 MARK)

​​E​ total Q​​ = 720 100 = 7.2 × 1​0​​ 5​​ J  (1 MARK)

b	 ​​​E​ total​​ = ​E​ total R​​ = KE + GPE = KE + mgΔh 

7.2 × 1​0​​ 5​ = KE + 950 × 9.8 × (30 − 0)​​  (1 MARK)

​KE = 440 800 = 4.4 × 1​0​​ 5​​ J  (1 MARK)

15	 a	 Energy is conserved: ​​E​ f​​ = GP​E​ i​​ = mgΔh = 25 × 9.8 × 2.5​  (1 MARK)

​​E​ f​​ = 612 = 6.1 × 1​0​​ 2​​ J  (1 MARK)

b	 ​t = ​ 
​E​ f​​ __ P ​ = ​ 612.5 _____ 2.0  ​ = 306 = 3.1 × 1​0​​ 2​​ s  (2 MARKS)

Previous lessons

16	 [Fuses protect devices by preventing the flow of dangerous amounts 
of current.1][The fuse has a wire inside that melts (or ‘blows’) when the 
current exceeds the rated amount.2][Other safety devices are more 
commonly used now as fuses require replacement every time they blow 
and they do not protect from electric shock.3]

I have explicitly addressed how fuses protect devices.1

I have used the relevant theory: how fuses work.2

I have explicitly addressed why fuses are less commonly used 
than other safety devices.3

This content was covered in Lesson 5C.

17	 Defining anticlockwise as positive:

​​τ​ A​​ = ​r​ A​​ ​F​ A​​ = 0.20 × 3.0 × 9.8 = 5.88​ N m−1  (1 MARK)

​​τ​ B​​ = ​r​ B​​ ​F​ B​​ = 0.35 × 2.0 × 9.8 = 6.86​ N m−1  (1 MARK)

​Στ = ​τ​ A​​ − ​τ​ B​​ = 5.88 − 6.86 = − 0.98 = 9.8 × 1​0​​ −1​​ N m−1 clockwise  (1 MARK)

This content was covered in Lesson 9D.

Key science skills 

18	 [The experiment is invalid as a control variable has changed.1][The size 
of the ball needs to be maintained throughout.2][If Bella uses a ball with 
the same radius or excludes the 4.0 kg ball from the data the experiment 
will be valid.3]

I have explicitly addressed the validity of the experiment.1

I have used the relevant theory: control variables.2

I have explicitly addressed the 4.0 kg ball.3

10D0 Springs
Theory review questions

1	 linearly with; with the square of

2	 gradient; area under the graph

3	 B.  At position A the ball is moving and is above position B but the spring 
is at its natural length, so the system initially has only kinetic energy and 
gravitational potential energy. At position B the ball has compressed the 
spring but is not moving and is at its lowest point, so the system only 
has strain potential energy.

4	 A.  The balls are the same mass and hence have the same weight force 
acting downwards, Spring 1 requires less displacement to oppose this 
force so it has the greater spring constant by Hooke’s Law.

5	 C.  The two balls are at rest on the springs meaning they are in the 
equilibrium position and the spring force is equal to the weight force of 
the balls, ​mg = kΔx​. As the balls have the same mass, the spring force for 
each spring is the same.

6	 B.  The SPE in the two springs will be equal to the change in GPE of 
the balls as the spring is compressed from its natural length to its 
equilibrium position. This difference is greater in Spring 2 as it is 
displaced further, and hence it has more SPE.

7	 C.  The spring force-displacement graph for an ideal spring will be 
represented by a straight line. The line will pass through the origin 
of the graph as the restoring force produced by a spring with zero 
displacement is zero.

Deconstructed exam-style questions

8	 a	 C. ​​ F​ s​​ = kΔx  ∴ 60 = k × 0.35​

​k = 171​ N m−1

b	 B.  As the bean bag is not moving, its kinetic energy is zero. It is 
compressing the spring and has non-zero displacement above its 
final position so it has strain and gravitational potential energy.

c	 B.  The spring is no longer being compressed so there is zero strain 
potential energy. As the bean bag is moving and is above the 
ground, it has both kinetic and gravitational potential energy.

d	 C.  The law of conservation of energy states that the total initial 
energy will be equal to the total final energy, hence 
​SP​E​ i​​ + GP​E​ i​​ = K​E​ f​​ + GP​E​ f ​​​.

e	 ​​F​ s​​ = kΔx  ∴ 60 = k × 0.35​  (1 MARK)

​k = 171​ N m−1  (1 MARK)
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Consider the initial position to be the compressed spring and final 
position to be just before striking Hook Slaw.

​K​E​ i​​ + GP​E​ i​​ + SP​E​ i​​ = K​E​ f​​ + GP​E​ f​​ + SP​E​ f​​​

​SP​E​ i​​ + GP​E​ i​​ = K​E​ f​​ + GP​E​ f​​  ∴ ​ 1 __ 2 ​ k(Δx)2 + mg​h​ i​​ = ​ 1 __ 2 ​ m​v​​ 2​ + mg​h​ f​​​  (1 MARK)

​​ 1 __ 2 ​ × 171 × (Δx)2 + 0.15 × 9.8 × 2.60 = 

​ 1 __ 2 ​ × 0.15 × 6.​0​​ 2​ + 0.15 × 9.8 × 1.50​  (1 MARK)

​Δx = 0.11​ m  (1 MARK)

Exam-style questions

This lesson

9	 a	 C  (1 MARK)

The spring constant is the gradient of a spring 
force-displacement graph.

​gradient = ​ rise ___ run ​ = ​ ΔF ___ Δx ​ = ​ 100 − 0 _______ 0.50 − 0 ​ = 200​ N m−1

b	 A  (1 MARK)

The initial kinetic energy of the model car is equal to the strain 
potential energy of the compressed spring.

Strain potential energy is equal to the area under a spring 
force-displacement graph.

​area under graph = SPE = ​ 1 __ 2 ​ × 0.80 × 160 = 64​ J

c	 B  (1 MARK)

This is the vertical axis value of the graph at 0.40 m displacement.

​​F​ s​​ = kΔx = 200 × 0.40 = 80​ N

10	 a	​​ F​ s​​ = kΔx = 200 × 0.60​

​​F​ s​​ = 1.2 × 1​0​​ 2​​ N  (1 MARK)

b	 ​SPE = ​ 1 __ 2 ​ k​​(Δx)​​​ 2​ = ​ 1 __ 2 ​ × 200 × 0.6​0​​ 2​​   (1 MARK)

​SPE = 36​ J  (1 MARK)

c	 ​K​E​ i​​ + GP​E​ i​​ + SP​E​ i​​ = K​E​ f​​ + GP​E​ f​​ + SP​E​ f​​​

​SP​E​ i​​ = K​E​ f​​  ∴ 36 = ​ 1 __ 2 ​ m​v​​ 2​​  (1 MARK)

​36 = ​ 1 __ 2 ​ × 0.35 × ​v​​ 2​​  (1 MARK)

​v = 14​ m s−1  (1 MARK)

11	 a	 Any number of masses from 1 to 3 can be considered – we will use 2.

​​F​ g​​ = ​F​ s​​  ∴ mg = kΔx​

​2 × 30 × 1​0​​ −3​ × 9.8 = k × 20 × 1​0​​ −2​​  (1 MARK)

​k = 2.94 = 2.9​ N m−1  (1 MARK)

b	 ​Δx = total length − unstretched length = 80 − 50 = 30​ cm

​​SPE = ​ 1 __ 2 ​ k​​(Δx)​​​ 2​ = ​ 1 __ 2 ​ × 2.94 × ​​(30 × 1​0​​ −2​)​​​ 2​​​  (1 MARK)

​SPE = 0.13​ J  (1 MARK)

12	 a	� To find k, use a conservation of energy approach considering the 
initial position of the ball and when the spring is compressed.

​K​E​ i​​ + GP​E​ i​​ + SP​E​ i​​ = K​E​ f​​ + GP​E​ f​​ + SP​E​ f​​​

​K​E​ i​​ + GP​E​ i​​ = SPE  ∴ ​ 1 __ 2 ​ m​u​​ 2​ + mgh = ​ 1 __ 2 ​ k​​(Δx)​​​ 2​​  (1 MARK)

​​​ 1 __ 2 ​ × 0.40 × 2.​0​​ 2​ + 0.40 × 9.8 × 1.5 = ​ 1 __ 2 ​ × k × ​​(30 × 1​0​​ −2​)​​​ 2​​​  (1 MARK)

​k = 148 = 1.5 × 1​0​​ 2​​ N m−1  (1 MARK)

b	 The maximum speed of the ball will be just before it touches the 
spring, when all its energy is kinetic energy.

​K​E​ i​​ + GP​E​ i​​ + SP​E​ i​​ = K​E​ f​​ + GP​E​ f​​ + SP​E​ f​​​

​K​E​ i​​ + GP​E​ i​​ = K​E​ f​​  ∴ ​ 1 __ 2 ​ m​u​​ 2​ + mgh = ​ 1 __ 2 ​ m​v​​ 2​​  (1 MARK)

​​ 1 __ 2 ​ × 0.40 × 2.​0​​ 2​ + 0.40 × 9.8 × 1.5 = ​ 1 __ 2 ​ × 0.40 × ​v​​ 2​​  (1 MARK)

​v = 5.78 = 5.8​ m s−1  (1 MARK)

c	 At the maximum height, gravitational potential energy will be the 
only form of energy.

​K​E​ i​​ + GP​E​ i​​ + SP​E​ i​​ = K​E​ f​​ + GP​E​ f​​ + SP​E​ f​​​

​K​E​ i​​ + GP​E​ i​​ = GP​E​ f​​  ∴ ​ 1 __ 2 ​ m​u​​ 2​ + mgh = mgs​  (1 MARK)

​​ 1 __ 2 ​ × 0.40 × 2.​0​​ 2​ + 0.40 × 9.8 × 1.5 = 0.40 × 9.8 × s​  (1 MARK)

​s = 1.7​ m  (1 MARK)

13	 a	� To find the spring constant, k, consider the initial position from 
the diagram and the final position where the spring is compressed 
by 0.20 m.

​K​E​ i​​ + GP​E​ i​​ + SP​E​ i​​ = K​E​ f​​ + GP​E​ f​​ + SP​E​ f​​​

​​K​E​ i​​ = GP​E​ f​​ + SP​E​ f​​  ∴ ​ 1 __ 2 ​ m​u​​ 2​ = mg​(h + Δx)​ + ​ 1 __ 2 ​ k(Δx)2​​

​​​ 1 __ 2 ​ × 10 × 5.​0​​ 2​ = 10 × 9.8 × ​(1.0 + 0.20)​ + ​ 1 __ 2 ​ × k × 0.2​0​​ 2​​​  (1 MARK)

​k = 3.7 × 1​0​​ 2​​ N m−1  (1 MARK)

b	 Take down as positive.

​​F​ net​​ = ma  ∴ ​F​ g​​ + ​F​ s​​ = ma​

​mg + kΔx = ma  ∴ 10 × 9.8 + 3.7 × 1​0​​ 2​ × 0.20 = 10 × a​  (1 MARK)

​a = 17​ m s−2 downwards  (1 MARK)

c	 Consider the initial position and the final position when the spring is 
compressed by 0.05 m.

​K​E​ i​​ + GP​E​ i​​ + SP​E​ i​​ = K​E​ f​​ + GP​E​ f​​ + SP​E​ f​​​

​​K​E​ i​​ = K​E​ f​​ + GP​E​ f​​ + SP​E​ f​​  ∴ ​ 1 __ 2 ​ m​u​​ 2​ = ​ 1 __ 2 ​ m​v​​ 2​ + mg(h + Δx) + ​ 1 __ 2 ​ k​​(Δx)​​​ 2​​​  (1 MARK)

​​​ 1 __ 2 ​ × 10 × 5.​0​​ 2​ =

​ 1 __ 2 ​ × 10 × ​v​​ 2​ + 10 × 9.8 × (1.0 + 0.05) + ​ 1 __ 2 ​ × 3.7 × 1​0​​ 2​ × 0.0​5​​ 2​​​  (1 MARK)

​v = 2.1​ m s−1  (1 MARK)

d	 5.0 m s−1 to the left  (1 MARK)

By the law of conservation of energy the total final and total initial 
energy will be equal. As kinetic energy is the only energy at this 
position and no energy has been lost, the speed will be the same.
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Review

Previous lessons

14	 [A circuit breaker protects from fire and damage to appliances whereas 
a residual current device protects users from electric shock.1][A circuit 
breaker stops the supply of current to a household circuit when a 
current overload is detected2][whilst a residual current device measures 
the difference in current between the active and neutral wires and stops 
the current in the circuit when this difference is not zero.3]

I have explicitly addressed the function of circuit breakers 
and residual current devices.1

I have explicitly addressed the operation of circuit breakers.2

I have explicitly addressed the operation of residual 
current devices.3

This content was covered in Lesson 5C.

15	 a	 Consider rotational equilibrium: ​Σ​τ​ anticlockwise​​ = Σ​τ​ clockwise​​​

Consider the torques measured around point Y:

​​τ​ bridge​​ + ​τ​ car​​ = ​τ​ left building​​​

​​r​ B​​ × ​F​ g bridge​​ + ​r​ C​​ × ​F​ g car​​ = ​r​ left building​​ × ​F​ X​​​

​10 × 5.0 × 1​0​​ 4​ × 9.8 + 6.5 × 2.2 × 1​0​​ 3​ × 9.8 = 20 × ​F​ X​​​  (1 MARK)

​​F​ X​​ = 2.52 × 1​0​​ 5​ = 2.5 × 1​0​​ 5​​ N  (1 MARK)

b	 Consider translational equilibrium: ​ΣF = 0  ∴ ​F​ X​​ + ​F​ Y​​ = ​F​ g car​​ + ​F​ g bridge​​​

​2.52 × 1​0​​ 5​ + ​F​ Y​​ = 2.2 × 1​0​​ 3​ × 9.8 + 5.0 × 1​0​​ 4​ × 9.8​  (1 MARK)

​​F​ Y​​ = 2.6 × 1​0​​ 5​​ N  (1 MARK)

OR

Consider rotational equilibrium: ​Σ​τ​ clockwise​​ = Σ​τ​ anticlockwise​​​

Consider the torques measured around point X: 

​​τ​ bridge​​ + ​τ​ car​​ = ​τ​ right building​​​

​​r​ B​​ × ​F​ g bridge​​ + ​r​ C​​ × ​F​ g car​​ = ​r​ right building​​ × ​F​ Y​​​

​​10 × 5.0 × 1​0​​ 4​ × 9.8 + (20 − 6.5) × 2.2 × 1​0​​ 3​ × 9.8 = 20 × ​F​ Y​​​​  (1 MARK)

​​F​ Y​​ = 2.6 × 1​0​​ 5​​ N  (1 MARK)

This content was covered in Lesson 9E.

Key science skills

16	 a	
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I have drawn compression on the horizontal axis.

I have drawn force on the vertical axis.

I have labelled both axes and included units.

I have used an appropriate and consistent scale.

I have plotted each point of data.

I have included the correct uncertainty bars.

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

b	 The spring constant is the gradient of a spring  
force-compression graph.

Use two points on the line of best fit to determine rise and run.

​gradient = k = ​ rise ___ run ​ = ​  3.8 − 0 _______ 0.04 − 0 ​​  (1 MARK)

​k = 95​ N m−1  (1 MARK)

Depending on the line of best fit drawn, answers between 90 N m−1 
and 100 N m−1 are acceptable.

Chapter 10 Review
Section A

1	 A

​mΔv = FΔt​

​56 × 1​0​​ −3​ × 50 = 140 × Δt​  ∴ ​Δt = 0.020​ s

2	 B

​K​E​ i​​ + GP​E​ i​​ = K​E​ f​​ + GP​E​ f​​​

​K​E​ i​​ = GP​E​ f​​​  ∴ ​​ 1 __ 2 ​m​u​​ 2​ = mg​h​ f​​​

​​ 1 __ 2 ​ × 300 × 1​0​​ −3​ × 5.​0​​ 2​ = 300 × 1​0​​ −3​ × 9.8 × Δh​  ∴ ​​h​ f​​ = h = 1.3​ m

3	 D.  By the law of conservation of energy, the total initial and final 
energies must be equal. At point B, the ball only has kinetic energy and 
since no energy was lost due to friction, the speed will be the same as at 
point A.

4	 B.  Since ​​SPE = ​ 1 __ 2 ​k​​(Δx)​​​ 2​​​, it is proportional to the square of the extension. 

So if the extension increases by a factor of 4, the SPE increases by a 

factor of ​​4​​ 2​ = 16​. Therefore ​SPE = 16 × 50 = 800​ J.

5	 C.  Before the collision, ​∑​p​ i​​ = ​m​ 1​​u​; after the collision, ​​∑​p​ f​​ = ​(​m​ 1​​ + ​m​ 2​​)​v​​. 

Since ​∑​p​ i​​ = ∑​p​ f​​​ and ​​m​ 1​​ + ​m​ 2​​ > ​m​ 1​​​, this means that ​v < u​.

Section B

6	 a	​​ F​ net​​ = ​F​ applied​​ − ​F​ s​​ = 0​

​​F​ s​​ = kΔx  ∴ 70 = k × 0.35​

​k = 2.0 × 1​0​​ 2​​ N m−1  (1 MARK)

b	 ​K​E​ i​​ + SP​E​ i​​ = K​E​ f​​ + SP​E​ f​​​

​​K​E​ f​​ = SP​E​ i​​ = ​ 1 __ 2 ​k​​(Δx)​​​ 2​ = ​ 1 __ 2 ​ × ​(2.0 × 1​0​​ 2​)​ × 0.3​5​​ 2​ = 12.25​​ J  (1 MARK)
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​Work done by friction = ΔKE​

∴ ​​F​ f​​ × s = 12.25​  (1 MARK)

​s = ​ 12.25 _____ 3.10  ​ = 3.95 = 4.0​ m  (1 MARK)

c	 ​I = mΔv = 2.5 × 1.8 = 4.5​ kg m s−1  (1 MARK)

7	 a	� [The change in momentum is given by 

​Δp = m​(v − u)​ = ​(450 × ​10​​ −3​)​ × ​(9.0 − ​(−12.0)​)​ = 9.5​ kg m s−1 upwards.1]
[This does not violate the law of conservation of momentum.2]
[Whilst the final momentum of the ball is smaller in magnitude 
than the initial momentum, Newton’s Third Law tells us that the 
ground experiences an impulse downwards to conserve the 
total momentum.3]

I have used the relevant theory: calculating the change 
in momentum.1

I have explicitly addressed whether momentum 
is conserved.2

I have justified my answer by addressing the change in 
momentum of the ground.3

b	 ​v = ​√ 
_

 − 2gΔh + ​u​​ 2​ ​  ∴ 0.0 = ​√ 
_________________

  − 2 × 9.8 × Δh + 9.​0​​ 2​ ​​  (1 MARK)

​h = 4.1​ m  (1 MARK)

c	 ​K​E​ i​​ + SP​E​ i​​ + GP​E​ i​​ = K​E​ f​​ + SP​E​ f​​ + GP​E​ f​​​

​SP​E​ i​​ = K​E​ f​​ + GP​E​ f​​​  ∴ ​​​ 1 __ 2 ​k​​(Δx)​​​ 2​ = ​ 1 __ 2 ​m​v​​ 2​ + mg​h​ f​​​​  (1 MARK)

​​ 1 __ 2 ​ × k × ​​(5.8 × 1​0​​ −2​)​​​ 2​ =​ 

​​​ 1 __ 2 ​ × ​(450 × 1​0​​ −3​)​ × 9.​0​​ 2​ + ​(450 × 1​0​​ −3​)​ × 9.8 × ​(5.8 × 1​0​​ −2​)​​​  (1 MARK)

​k = 1.1 × 1​0​​ 4​​ N m−1  (1 MARK)

8	 a	 Define positive velocity as to the right.

​Σ​p​ i​​ = ​m​ X​​ ​u​ X​​ + ​m​ Y​​ ​u​ Y​​ = ​(4.5 × 1​0​​ 3​)​ × ​(7.0)​ + ​(2.6 × 1​0​​ 3​)​ × ​(−3.7)​​

​​Σ​p​ i​​ = 2.19 × 1​0​​ 4​​​ kg m s−1 to the right  (1 MARK)

By the law of conservation of momentum, ​​Σp​ i​​ = ​Σp​ f​​​ .

​​Σp​ f​​ = 2.19 × 1​0​​ 4​​ kg m s−1 to the right

​​​Σp​ f​​ = ​m​ total​​ v = ​(​m​ X​​ + ​m​ Y​​)​ × v​​

​​2.19 × 1​0​​ 4​ = ​(4.5 × 1​0​​ 3​ + 2.6 × 1​0​​ 3​)​ × v​​  (1 MARK)

​v = 3.08 = 3.1​ m s−1 to the right  (1 MARK)

b	 ​​​I​ Y​​ = Δ​p​ Y​​ = ​m​ Y​​​(​v​ Y​​ − ​u​ Y​​)​ = 2.6 × 1​0​​ 3​ × ​(3.08 − ​(−3.7)​)​ = 1.76 × 1​0​​ 4​​​ kg m s−1 

to the right  (1 MARK)

​​I​ Y​​ = ​F​ avg​​ Δt​  ∴ ​1.76 × 1​0​​ 4​ = 25 000 × Δt​

​Δt = 0.71​ s  (1 MARK)

c	 [It is impossible for Z to remain stationary since this would be a 
violation of the law of conservation of momentum.1][The initial 

momentum of carts X and Y is ​2.2 × 1​0​​ 4​​ kg m s−1 to the right from 
part a, and since Z is stationary its initial momentum is 0 kg m s−1. 
Therefore, the final momentum of the system X-Y-Z must also be to 
the right.2][This cannot be the case if the combined carts have zero 
velocity immediately after the collision.3]

Unit 2, AOS 1 Review
Section A

1	 B

​distance = area under speed-time graph​

​distance = 24 × 0.25 + ​ 1 __ 2 ​ × 1.5 × 24 = 24​ m

This content was covered in Lesson 8B.

2	 D

​I = FΔt = mΔv​

​F × 1.5 = 280 × 24​  ∴ ​F = 4480 = 4.5 × 1​0​​ 3​​ N ​= 4.5​ kN

This content was covered in Lesson 10A.

3	 C.  The net force perpendicular to the plane is given by 
​​​F​ net​​ = ​F​ N​​ − ​F​ g​​ cos​(θ)​ = 0​​, since the ball’s acceleration perpendicular to the 

plane is 0. This means that ​​F​ g​​ = ​ 
​F​ N​​

 ______ cos​(​​θ​)​​ ​​, so ​​F​ N​​ < ​F​ g​​​.

This content was covered in Lesson 9C.

4	 B.  The net force acting on the entire system is given by ​​F​ net​​ = ​m​ A​​ g − ​m​ B​​ g​. 
The two blocks have zero acceleration, which means ​​F​ net​​ = 0​. 
Therefore ​​m​ A​​ g = ​m​ B​​ g​ and ​​m​ A​​ = ​m​ B​​​.

This content was covered in Lesson 9C.

5	 B.  Taking torques about the pivot point, both F2 and F3 produce 
anticlockwise torques whilst F1 produces no torque since it passes 
through the fulcrum. There is no force to provide a clockwise torque so 
the system cannot be in rotational, and therefore static, equilibrium.

This content was covered in Lessons 9D and 9E.

I have used the relevant theory: the law of conservation 
of momentum.1

I have justified my answer by referring to the initial and 
final momentums of the system.2

I have explicitly addressed the reason why Z remaining 
stationary is impossible.3

9	 a	 At the equilibrium position,​ ​F​ net​​ = ​F​ s​​ − ​F​ g​​ = 0​

​kΔx = mg​  ∴ ​300 × Δx = 75.0 × 9.8​

​Δx = 2.5​ m  (1 MARK)

b	 Define initial position as the point he jumps from and final position 
as the lowest point of the fall.

​K​E​ i​​ + SP​E​ i​​ + GP​E​ i​​ = K​E​ f​​ + SP​E​ f​​ + GP​E​ f​​​

​GP​E​ i​​ = SP​E​ f​​​  ∴ ​​mg​h​ f​​ = ​ 1 __ 2 ​k​​(Δx)​​​ 2​​​  (1 MARK)

​75.0 × 9.8 × 65.0 = ​ 1 __ 2 ​ × 300 × ​​(Δx)​​​ 2​​, ​Δx = 17.8​ m  (1 MARK)

Therefore the natural length of the bungee cord is 
​65.0 − 17.8 = 47.2 = 47​ m.  (1 MARK)

c	 ​v = ​√ 
_

 − 2gΔh + ​u​​ 2​ ​  ∴ v = ​√ 
_________________

  − 2 × 9.8 × ​(0 − 25)​ + ​0​​ 2​ ​​  (1 MARK)

​v = 22​ m s−1  (1 MARK)
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Section B

6	 a	 Given: ​v = 39.0​ m s−1, ​s = 150​ m, ​t = 5.50​ s; Required: ​u​

​​s = ​ 1 __ 2 ​​(u + v)​t​​  ∴ ​​150 = ​ 1 __ 2 ​​(u + 39.0)​ × 5.50​​  (1 MARK)

​u = 15.546 = 15.5​ m s−1  (1 MARK)

This content was covered in Lesson 8C.

b	

t (s)
1.0 5.0

v (m s−1)

50

30

40

20

10

Cart A

Cart B

First find the final velocity of cart B:

Given: ​u = 0​ m s−1, ​a = 8.5​ m s−2, ​t = 4.0​ s; Required: ​v​

​v = u + at = 0 + 8.5 × 4 = 34​ m s−1  (1 MARK)

Displacement equals area under velocity-time graph.

​​s​ A​​ = 24t​, ​​​s​ B​​ = ​ 1 __ 2 ​ × 4.0 × 34 + 34 × ​(t − 5.0)​ = 34t − 102​​  (1 MARK)

At the end of the track, ​​s​ A​​ = ​s​ B​​​  ∴ ​24t = 34t − 102​

​t = 10.2​ s  (1 MARK)

​​s​ A​​ = 24 × 10.2 = 244.8​ m

The track would have to be ​2.4 × 1​0​​ 2​​ m long.  (1 MARK)

OR

We will take ​t​ to be the amount of time passed since cart A 
started moving.

When ​t = 5​ s:

​​s​ A​​ = ut + ​ 1 __ 2 ​ a​t​​ 2​  ∴ ​s​ A​​ = 24 × 5 + ​ 1 __ 2 ​ × 0 × ​5​​ 2​ = 120​ m; 

​​​s​ B​​ = 0 × ​(5 − 1)​ + ​ 1 __ 2 ​ × 8.5 × ​​(​​5 − 1​)​​​​ 2​ = 68​​ m  (1 MARK)

​​s​ B​​ < ​s​ A​​​ so cart B catches up to cart A when ​t > 5​ s:

​​​v​ B​​ = u + at  ∴ ​v​ B​​ = 0 + 8.5 × ​(5 − 1)​ = 34​​ m s−2

​​s​ A​​ = 24 × t​; ​​​s​ B​​ = ​s​ B,t=5​​ + ​v​ B​​​(t − 5)​ = 68 + 34​(t − 5)​​​  (1 MARK)

When cart B catches up to cart A:

​​​s​ A​​ = ​s​ B​​  ∴ 24 × t = 68 + 34​(t − 5)​​​  ∴ ​t = 10.2​ s  (1 MARK)

at ​t = 10.2​ s: ​​s​ A​​ = 24 × t = 24 × 10.2 = 244.8​ m

The track would have to be ​2.4 × 1​0​​ 2​​ m long.  (1 MARK)

This content was covered in Lessons 8B and 8C.

c	 ​GP​E​ i​​ + K​E​ i​​ = GP​E​ f​​ + K​E​ f​​​

​mg​h​ i​​ + ​ 1 _ 2 ​ m​u​​ 2​ = mg​h​ f​​ + ​ 1 _ 2 ​ m​v​​ 2​​

​9.8 × 25.0 + ​ 1 __ 2 ​ × 1​5​​ 2​ = 9.8 × 15.0 + ​ 1 __ 2 ​ ​v​​ 2​​  (1 MARK)

​v = 20.5 = 21​ m s−1  (1 MARK)

This content was covered in Lesson 10C.

7	 a	 In the horizontal direction: ​​​F​ x​​ = 30.0 + 15.0 cos​(45.0°)​ − 22.5 = 18.11​​ N

In the vertical direction: 
​​​F​ y​​ = 25.0 − 15.0 sin​(45.0°)​ = 14.39​​ N upwards  (1 MARK)

Magnitude of ​​F​ net​​ = ​√ 
________________

  ​(​​18.11​​)​​​​ 2​ + ​(​​14.39​​)​​​​ 2​ ​ = 23.13​ N  (1 MARK)

​​θ = ​tan​​ −1​​(​ 
​F​ y​​

 __ ​F​ x​​ ​)​ = ​tan​​ −1​​(​ 14.39 _____ 18.11 ​)​ = 38.0°​​ or ​142°​  (1 MARK)

This content was covered in Lesson 9B.

b	 ​​τ​ net​​ = ​τ​ anticlockwise​​ − ​τ​ clockwise​​ = 0​

​0.90 × 30 + 1.7 × F − 0.75 × 45 = 0​  (1 MARK)

​F = 4.0​ N  (1 MARK)

This content was covered in Lesson 9E.

8	 a	 Perpendicular to the plane, ​​F​ net​​ = 0​

​​​F​ net​​ = ​F​ N​​ − mg cos​(35°)​ = 0​​  ∴ ​​​F​ N​​ − 2.50 × 9.8cos​(35°)​ = 0​​  (1 MARK)

​​F​ N​​ = 20​ N  (1 MARK)

This content was covered in Lesson 9C.

b	 Parallel to the plane, ​​​F​ net​​ = ma = ​F​ g​​ sin​(35°)​ − ​F​ f​​​​

​​2.50 × 0.25 = 2.50 × 9.8 × sin​(35°)​ − ​F​ f​​​​  (1 MARK)

​​F​ f​​ = 13.43 = 13​ N  (1 MARK)

This content was covered in Lesson 9C.

c	 ​W = Fs​  ∴ ​16 = ​F​ f​​ × s = 13.43 × s​

​s = 1.191​ m  (1 MARK)

​​h = s × sin​(​​35° ​)​​ = 1.191 × sin​(​​35° ​)​​​​ m  (1 MARK)

​h = 0.6831 = 0.68​ m

This content was covered in Lesson 10B.

d	 Given: ​a = 0.25​ m s−2, ​s = 1.19​ m, ​u = 0​ m s−1; Required: ​v​

​​v​​ 2​ = ​u​​ 2​ + 2as​  ∴ ​​v​​ 2​ = 2 × 0.25 × 1.191​  (1 MARK)

​v = 0.7717 = 0.77​ m s−1

OR

​GP​E​ i​​ + K​E​ i​​ = GP​E​ f​​ + K​E​ f​​ − ​W​ fric​​​

​GP​E​ i​​ = K​E​ f​​ − ​W​ fric​​​  ∴ ​mgh = ​ 1 __ 2 ​ m​v​​ 2​ − ​W​ fric​​​

​0.250 × 9.8 × 0.6731 = ​ 1 __ 2 ​ × 2.50 × ​v​​ 2​ − 16​  (1 MARK)

​v = 0.77​ m s−1

This content was covered in Lessons 8C and 10C.
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e	 ​​p​ i​​ = ​p​ A​​ + ​p​ B​​ = 2.50 × 0.77 + 1.80v = 1.925 + 1.80v​  (1 MARK)

​​​p​ f​​ = ​(​m​ A​​ + ​m​ B​​)​ × 0.50 = 2.15​​ kg m s−1  (1 MARK)

By conservation of momentum, ​​p​ i​​ = ​p​ f​​​  .

​1.925 + 1.80v = 2.15​  ∴ ​v = 0.125 = 0.13​ m s−1  (1 MARK)

This content was covered in Lesson 10A.

9	 a	​ k = gradient = ​ 800 − 0 _______ 1.50 − 0 ​ = 5.33 × 1​0​​ 2​​ N m−1  (1 MARK)

This content was covered in Lesson 10D.

b	 Define the initial position to be at Y and the final position to be at X.

​GP​E​ i​​ + K​E​ i​​ + SP​E​ i​​ = GP​E​ f​​ + K​E​ f​​ + SP​E​ f​​​

​SP​E​ i​​ = GP​E​ f​​ + K​E​ f​​ + SP​E​ f​​​  ∴ ​​​ 1 __ 2 ​ k​​(Δ​x​ Y​​)​​​ 2​ = mg​h​ f​​ + ​ 1 __ 2 ​ m​v​​ 2​ + ​ 1 __ 2 ​ k​​(Δ​x​ X​​)​​​ 2​​​  (1 MARK)

​​ 1 __ 2 ​ × 5.33 × 1​0​​ 2​ × 0.7​5​​ 2​ 

= 0.800 × 9.8 × 0.40 + ​ 1 __ 2 ​ × 0.800 × ​v​​ 2​ + ​ 1 __ 2 ​ × 5.33 × 1​0​​ 2​ × 0.3​5​​ 2​​  (1 MARK)

​v = 16.89 = 17​ m s−1  (1 MARK)

This content was covered in Lesson 10D.

c	 ​GP​E​ i​​ + K​E​ i​​ = GP​E​ f​​ + K​E​ f​​ − ​W​ by air​​​

​​ 1 __ 2 ​ m​u​​ 2​ = mg​h​ f​​ − ​W​ by air​​​  ∴ ​​ 1 __ 2 ​ × 0.800 × 17.​0​​ 2​ = 0.800 × 9.8 × 12.5 − ​W​ by air​​​

​​W​ by air​​ = 17.6​ J  (1 MARK)

​​ 
​W​ by air​​

 _____ K​E​ i​​
  ​ = ​  17.6 ______________  

​ 1 __ 2 ​ × 0.800 × 17.​0​​ 2​
 ​ × 100 = 15.2 = 15%​ of its energy is lost to 

air resistance.  (1 MARK)

OR

Given: ​u = 17​ m s−2, ​a = − 9.8​ m s−2, ​v = 0​ m s−1; Required: ​s​

​​v​​ 2​ = ​u​​ 2​ + 2as​  ∴ ​​0​​ 2​ = 1​7​​ 2​ − 2 × 9.8 × s​  (1 MARK)

​s = 14.74​ m

The rocket maintains ​​  12.5 _____ 14.74 ​ = 0.85 = 85%​ of its initial energy. 

Therefore it loses 15% of its energy to air resistance.  (1 MARK)

This content was covered in Lessons 8C and 10B.

10	 ​​M​ 1​​​ system:

​​a​ ​M​ 1​​​​ = ​a​ ​M​ 2​​​​ = 3.14​ m s−2  (1 MARK)

​​F​ net ​M​ 1​​​​ = T − 150 = ma​  (1 MARK)

​T − 150 = 25 × 3.14​  ∴ ​T = 228.5 = 2.3 × 1​0​​ 2​​ N  (1 MARK)

OR

​​M​ 2​​​ system:

Taking downwards as positive, ​​F​ net​​ = ma​  ∴ ​​F​ g​​ − T = ma​  (1 MARK)

​34 × 9.8 − T = 34 × 3.14​  (1 MARK)

​T = 226.4 = 2.3 × 1​0​​ 2​​ N  (1 MARK)

This content was covered in Lesson 9C.

11	 a	 Given: ​u = 0​ m s−1, ​a = − 9.8​ m s−2, ​v = − 18.0​ m s−1; Required: ​s​

​​v​​ 2​ = ​u​​ 2​ + 2as​  ∴ ​​​(​​−18.0​)​​​​ 2​ = ​0​​ 2​ − 2 × 9.8 × s​  (1 MARK)

​s = − 16.53 = − 17​ m

Therefore the height is 17 m.  (1 MARK)

OR

​GP​E​ i​​ + K​E​ i​​ = GP​E​ f​​ + K​E​ f​​​

​​ 1 __ 2 ​ m​u​​ 2​ = mg​h​ f​​​  ∴ ​​ 1 __ 2 ​ ​u​​ 2​ = g​h​ f​​​  ∴ ​​ 1 __ 2 ​ × 18.​0​​ 2​ = 9.8 × ​h​ f​​​  (1 MARK)

​​h​ f​​ = 16.53 = 17​ m  (1 MARK)

This content was covered in Lessons 8C and 10C.

b	 [The change in displacement of the ball is zero,1][and so by 
the symmetry of vertical motion (and energy conservation), 
the magnitude of the ball’s final velocity will be equal to the 
magnitude of the ball’s initial velocity.2][Therefore the final velocity 
of the ball will be 15.0 m s−1, less than the 18.0 m s−1 she wanted.3]

I have referenced the change in displacement of the ball.1

I have used the relevant theory: symmetry of vertical 
motion or energy conservation.2

I have related my answer to the context of the question.3

This content was covered in Lessons 8B and 10C.

c	 Given: ​a = − 9.8​ m s−2, ​v = − 18.0​ m s−1, ​s = − 14.5​ m; Required: ​t​

Find the initial velocity using ​​v​​ 2​ = ​u​​ 2​ + 2as​

​​​​(−18.0)​​​ 2​ = ​u​​ 2​ + 2 × ​(−9.8)​ × ​(−14.5)​​​  ∴ ​u = − 6.31​ m s−1, since the ball is 
thrown downwards.  (1 MARK)

​v = u + at​  ∴ ​− 18.0 = − 6.31 − 9.8 × t​  (1 MARK)

​t = 1.19 = 1.2​ s  (1 MARK)

This content was covered in Lesson 8C.

12	 a	​ GP​E​ i​​ + K​E​ i​​ + SP​E​ i​​ = GP​E​ f​​ + K​E​ f​​ + SP​E​ f​​​

​​mg​h​ i​​ = ​ 1 __ 2 ​ k​​(Δx)​​​ 2​​​, ​​h​ i​​ = Δx = L​  (1 MARK)

​mgL = ​ 1 _ 2 ​​kL​​ 2​​, cancel an L on the LHS and RHS.

​3.2 × 9.8 = ​ 1 __ 2 ​ × 75 × L​  ∴ ​L = 0.836 = 0.84​ m

This content was covered in Lesson 10C.

b	 ​GP​E​ i​​ + K​E​ i​​ + SP​E​ i​​ = GP​E​ f​​ + K​E​ f​​ + SP​E​ f​​​

​​mg​h​ i​​ = mg​h​ f​​ + ​ 1 __ 2 ​ m​v​​ 2​ + ​ 1 __ 2 ​ k​​(Δx)​​​ 2​​​  (1 MARK)

​​3.2 × 9.8 × 0.84 = 3.2 × 9.8 × 0.42 + ​ 1 __ 2 ​ × 3.2 × ​v​​ 2​ + ​ 1 __ 2 ​ × 75 × ​​(0.42)​​​ 2​​​

​v = 2.02 = 2.0​ m s−1  (1 MARK)

This content was covered in Lesson 10D.
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c	 At the equilibrium position,​ ​F​ net​​ = ​F​ s​​ − ​F​ g​​ = 0​

​kΔx = mg​  ∴ ​75 × Δx = 3.2 × 9.8​  (1 MARK)

​Δx = 0.42​ m

This content was covered in Lesson 10D.

d	 [From part c we know the midpoint (0.42 m) is the equilibrium 
position.1][Above the midpoint the net force acts downwards so the 
falling mass is accelerating and gaining speed. Below the midpoint 
the net force acts upwards slowing down the mass. At the midpoint the 
forces due to gravity and the spring are equal and opposite (they are 
in equilibrium) so the acceleration of the mass is 0.2][Therefore its 
maximum speed must occur at the equilibrium position.3]

I have explicitly addressed that the midpoint is the 
equilibrium position.1

I have used the relevant theory: forces acting on a 
mass-spring system.2

I have explicitly addressed why the maximum speed will 
occur at the equilibrium position.3

This content was covered in Lessons 9A and 10D.
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Concept discussion questions
2A

•	 The milk diffuses because of collisions between the milk particles and 
the water molecules, as they are all in random motion, which randomly 
spreads the milk particles throughout the tea.

•	 When the tea is very hot, the water molecules move quickly and collide 
more often with the milk particles, causing them to spread faster than 
when the tea is cold.

2B

Example responses:

•	 The heat travels via electromagnetic radiation from the Sun to the Earth, 
where it is absorbed by a particle in a leaf. The hotter leaf transfers this 
energy to air particles through conduction, which then rise due to the 
air’s increased temperature (and lower density), transferring the energy 
via convection.

•	 Energy is carried by the electromagnetic radiation from the Sun, 
and is absorbed by air particles in Earth’s atmosphere. These air 
particles rise due to the air now having a lower density from being 
at a higher temperature. The air then passes on the energy through 
conduction when its particles collide with another substance’s particles.

2C

•	 A burn occurs when a large quantity of heat is transferred in a short 
period of time.

•	 Steam has a lot more internal energy stored as potential energy than 
water at 100°C.

•	 This means that the steam will transfer this large quantity of energy 
(the latent heat) to the skin that it touches as it condenses, 
causing severe burns. It does not decrease in temperature while it 
condenses so it will continue to transfer heat rapidly during this process.

•	 Water will cool down while it transfers heat, and so the rate of heat 
transfer will decrease.

2D

•	 When you push down the bicycle pump, you compress the air in it.  
This means you do work on the system.

•	 This increases the internal energy of the system: ​ΔU = Q + W​ where the 
work done on the system is considered a positive quantity. The increase 
in internal energy causes a corresponding increase in temperature 
(the average translational kinetic energy of the air molecules increases).

•	 The pump ‘feels warm’ because heat is transferring from the air to 
the pump and then to your hands. This in turn slightly decreases the 
internal energy of the air in the pump.

3A

•	 Information-carrying signals need to pass (be transmitted) through 
solid objects and travel long distances. They must also not interfere with 
other signals.

•	 Visible light cannot travel through obstacles such as buildings. It would 
be impractical to have visible light beams shining all around for the 
sake of communication technology in addition to the light that we use 
for sight. The visible region of the spectrum is very small, which means 
there is a limited range of frequencies (bandwidth) to be able to carry 
different signals.

•	 Gamma waves have incredibly high energy. This makes them 
difficult to produce and dangerous to people. They are also unable 
to travel very far through objects. This makes them unsuitable for 
communications technology.

3B

•	 Shiny/reflective objects are not as good at emitting (or absorbing) 
radiation.

•	 A kettle is designed to heat water quickly and efficiently.

•	 A kettle heats up water with a metal coil that it heats with electrical 
energy (resistive heating), however, thermal energy also escapes from 
the kettle via convection (i.e. steam and heated air leaving the kettle), 
conduction (with the surrounding air or the surface), and radiation.

•	 Since shiny objects are worse emitters, a shiny kettle reduces the 
amount of heat that escapes via radiation so that the water will heat up 
quicker and with more efficiency.

3C

•	 Q represents summer in Australia as it is the diagram where the 
Southern Hemisphere gets more radiation.

•	 P and Q are the extreme states of summer and winter in 
either hemisphere.

•	 When the Earth is halfway between these states the Northern Hemisphere 
and Southern Hemisphere will receive a similar amount of radiation. 
This is spring/autumn. This amount of radiation is less than they would 
receive in summer and more than in winter.

3D

•	 The side of the Earth that is facing the Sun would immediately (or after 
about 8 minutes, which is how long it takes for the Sun’s radiation to 
reach the Earth) get hotter with the increased radiation.

•	 But the greenhouse effect would be responsible for causing the whole 
planet to warm up by trapping this heat. The increase would take time 
as the atmosphere needs to build up this store of energy. 

•	 The more greenhouse gases there are in the atmosphere, the faster the 
atmosphere will heat up.

3E

•	 The climate is a useful concept because it is a measure of the long-term 
average weather, allowing us to predict how it will change in the future.

•	 The time period must be long enough such that it is not affected by 
random variation or the many short-term climate cycles (such as 
seasonal fluctuations or El Niño). 30 years is long enough for these 
variations to cancel out so that the measure of climate reflects the 
region’s average weather.

•	 The time period must be short enough to be practical and to allow us to 
gauge long-term climatic trends that humans may be able to affect or 
prepare for.
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3F

•	 The heat pump moves thermal energy from the cool side and expels 
it into the hot side. In the case of a refrigerator, this means it removes 
thermal energy from inside the refrigerator and expels it via coils at the 
back of the refrigerator.

•	 The heat pump does not decrease the total amount of thermal energy.  
It simply moves thermal energy. (In fact, it adds thermal energy due  
to inefficiencies). Hence, if a refrigerator door is left open, the room will 
stay approximately the same temperature (or increase) because the heat 
expelled at the back is equal to the heat removed from the front.

4A

•	 Milliamp (mA) is a measure of current, equal to one thousandth of an 
ampere (A). Hours (h) is a measure of time. Therefore, mA h is the unit 

representing current multiplied by time. From I = ​​ 
Q

 _ t  ​​, we can rearrange 

this to ​Q = It​ and see that mA h is a measure of charge, Q.

•	 Current is a measure of how fast charge is moving over time.  
Therefore, a higher current will mean that more charge is delivered 
by the battery in a given period of time. Since a mA h rating measures 
charge, the battery connected to the circuit drawing more current 
(Circuit X) will run out faster than the battery connected to the lower 
current circuit (Circuit Y).

4B

•	 In most circuits, it is not important to consider the resistance of 
conducting wires when conducting circuit analysis, since the magnitude 
of their resistance (which would usually be in the order of 10−4 Ω) is 
insignificant compared to the resistance of the circuit components. 
Accounting for wire resistance would cause no significant difference in 
analysis results.

	– If the wires were extremely long their resistance would increase, so it 
may become important to consider their resistance.

	– If the wires were extremely thick their resistance would decrease, so it 
would be even less necessary to consider their resistance.

4C

•	 If another bulb was added in series, the total equivalent resistance of 
the circuit would increase, since ​​R​ T​​ = ​R​ 1​​ + ​R​ 2​​ + … + ​R​ n​​​. With a constant 

voltage source, an increase in resistance would cause a decrease in 
current (by Ohm’s law) around the series circuit. Additionally, adding a 
bulb will decrease the voltage drop across each individual component 
since ​​V​ T​​ = ​V​ 1​​ + ​V​ 2​​ + … + ​V​ n​​​ must remain true. Given that ​P = VI​, and that ​V​ 

and ​I​ both decrease, the consequence of adding another bulb in series is 
a reduction in the power consumption of each bulb.

•	 If a bulb blew, then the circuit would be open, and there would be  
no path for current to flow. This means that ​I = 0​ A, and given ​P = VI​,  
the power consumption of each bulb is therefore 0 W.

4D

•	 If a bulb blew, one arm of the circuit would be open, however the 
pathways that all other bulbs are a part of remain part of a 
complete circuit. Therefore the remaining bulbs would remain on.

•	 Since each bulb is connected in parallel, removing a component does not 
affect the current through the individual parallel arms, even though the 
total current is affected. So, the power consumption of each remaining 
bulb does not change.

4E

•	 The equivalent resistance of two parallel components, when 
one component has a much greater resistance than the other, is 
approximately equal to that of the smaller resistance component.  
For example, with ​​R​ 1​​ = 10​ Ω and ​​R​ 2​​ = 10 × ​10​​ 3​​ Ω, 

​​​R​ T​​ = ​​(​  1 ___ 10 ​ + ​  1 _______ 
10 × ​10​​ 3​

 ​)​​​ 
−1

​ = 9.99 ≈ ​R​ 1​​​​.

•	 For an accurate voltage measurement, we need the equivalent 
resistance of the component being measured and the voltmeter to be as 
close as possible to the resistance of the component being measured. 
This means that the voltmeter must have much greater resistance than 
the component being measured.

•	 Digital voltmeters typically have a resistance of around 10 MΩ, 
which usually satisfies the condition of being much greater than the 
component being measured.

5A

•	 In the configuration shown, no current would flow through the diode, 
but current can flow through the resistor since parallel arms form separate 
circuit loops. The circuit will behave as if the diode arm is not connected.

•	 When no current is flowing (like in this configuration) the voltage across 
the ideal diode is not limited. This means that the voltage across the 
diode and the resistor will be equal to the source voltage, and there will 
be no effect on the operation of the resistor.

•	 If the source were connected in the reverse direction, current would 
flow through the diode if the source voltage met the threshold voltage. 
However, an ideal diode voltage cannot exceed the threshold voltage 
while allowing current. Since parallel arms always have the same 
voltage drop, the resistor must also have a maximum voltage drop 
equal to the diode threshold voltage. This means that the source cannot 
provide a voltage higher than the threshold voltage, and that the 
operation of the circuit is significantly affected.

5B

•	 A hand saw cuts through wood by moving relative to the wood.

•	 It gets this kinetic energy from the hand of the person holding the saw.

•	 Saw teeth do not need to move from the hand to the wood. The cutting 
can be done by only a few saw teeth, but the back and forth motion of 
the hand causes all the teeth to move which provides the energy to cut 
through the wood.

•	 Energy is transformed into thermal energy (or many other forms) by 
charges moving through the circuit. In the case of thermal energy, 
the charges collide with each other and the atoms in the conductor to 
increase the average kinetic energy of the particles.

•	 This process does not require charges to move from the source to the 
appliance. Like the teeth on a saw, all the charges move in the circuit 
almost at once. This motion transfers energy without the individual 
charges needing to move far. The direction of motion is not important.
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•	 As long as another safety device does not cause a break in the circuit, 
the appliance will operate normally because the current can flow from 
the active wire through the appliance to the earth, which is where a 
neutral wire ultimately leads to as well.

•	 However, if an RCD is connected then it will detect a difference between 
the currents in the active and neutral wires and it will shut down the 
power on the active wire.

•	 This configuration poses some dangers. Firstly, the exterior of the 
appliance would connect to ground via the neutral wire which is a less 
direct/higher resistance path than the earth wire, which means it would 
not provide as effective protection. Secondly, since an RCD would switch 
off the circuit whenever it is used, a user might assume the RCD is faulty 
and remove it which means there is greater risk of electric shock if 
something else goes wrong.

6A

•	 Antiparticles are created in a large number of common processes like 
various forms of beta radiation, which produce positrons or antineutrinos. 
Some particles are also their own antiparticle, like the photon. 

•	 When a particle and an antiparticle collide, they annihilate (produce 
energy in the form of photons). An antihydrogen atom produced at 
CERN would be composed of a positron orbiting an antiproton.

•	 A large amount of energy is required to isolate the created antimatter 
(keeping it stored in a constantly maintained magnetic field and a 
near-perfect vacuum). When these components are switched off, 
the antimatter annihilates with atoms in the walls of the machine they 
are made in. The energy of antimatter colliding with its environment is 
what scientists measure to prove they created antimatter.

•	 The massive amounts of energy required to produce antimatter and 
consequently to store it (and the very large associated costs) prevent 
a dangerous amount of antimatter from being created and stored at 
CERN. Despite its extremely powerful and expensive colliders, the total 
amount of antimatter created over CERN's history is very small – far less 
than would be needed to produce an explosion comparable to an 
atomic bomb.

6B

•	 The strong force holds the nucleus together and it holds quarks together 
to form nucleons. If the strong force did not exist, protons, neutrons, 
and atoms as a whole could not exist. This would mean that the universe 
would be composed similarly to how it was less than 10 microseconds 
after the Big Bang – a soup of quarks!

•	 The weak force is responsible for radioactive decay. If the strong 
force also did not exist, there would be no atoms to stabilise through 
radioactive decay. If the strong force still existed, but the weak force 
did not, there would be elements that normally decay through weak 
force interactions that could no longer decay. These elements 
(like uranium) would then be able to be handled without protection! 
Unfortunately, the weak force is also involved in the fusion reactions that 
powers the Sun, which would mean the Sun could not exist in a universe 
without the weak force and so life could not exist on Earth either. 

6C

•	 500 mL of water must flow out of the bottle for the volume to decrease 
by half (so that 500 mL remains). This will take 5 seconds.

•	 An additional 250 mL must flow out of the bottle for the volume to 
decrease to half of 500 mL. This will take an additional 2.5 seconds.

•	 The amount of time it takes for the volume to halve decreases as volume 
decreases (because the flow rate is constant), which means that the 
concept of a half-life does not apply. This differs from radioactive decay 
where the decay rate depends on the amount of substance remaining so 
that the time taken for half the substance to decay is always constant.

6D

•	 Blue represents nuclides that undergo beta minus decay. This is 
because they are to the left of the Valley of Stability (it has fewer protons 
compared to the nuclides on the Valley of Stability with the same mass 
number). Beta minus decay increases the number of protons in the 
nucleus without changing the mass number, making the nuclide more 
stable. In other words, the daughter nuclide is shifted to the right, 
closer to the Valley of Stability.

•	 Orange represents nuclides that undergo beta plus decay. This is 
because they are to the right of the Valley of Stability (it has more 
protons compared to the nuclides on the Valley of Stability with the 
same mass number). Beta plus decay decreases the number of protons 
in the nucleus without changing the mass number, making the nuclide 
more stable. In other words, the daughter nuclide is shifted to the left, 
closer to the Valley of Stability.

•	 Yellow represents nuclides that undergo alpha decay. These elements 
are so heavy that they are inherently unstable, so the emission of an 
alpha particle increases stability. They also contain too many protons 
(they are to the right of the Valley of Stability).

7A

•	 Stars will burn the most efficient fuel available, which is the fuel that 
releases the most energy per nucleon. The gradient of the binding 
energy curve decreases as the nuclei get bigger and so there is less 
energy released in a fusion reaction. Hence the most efficient fuel will be 
the smallest remaining element, so the star will burn increasingly large 
nuclei in order of size starting with hydrogen.

•	 Once the star reaches elements around iron and nickel, they have 
produced the most tightly bound nuclei possible with the greatest 
binding energy per nucleon. There is no possible reaction that could 
release enough energy to sustain the star and so they will not be able to 
produce elements heavier than nickel.

•	 In order to produce nuclei heavier than nickel through fusion, a net 
energy input is required. The conditions necessary to supply a 
sufficient amount of energy are only possible through cataclysmic 
events such as supernovae.

7B

•	 Since a laser is monochromatic (releases light with a single wavelength) 
the radiation it emits all has the same energy.

•	 The only way for a single wavelength to be generated by electron 
transitions is if only one transition is available – which only occurs if the 
electrons are moving between the first excited state and the ground state. 
From the energy levels diagram, this amount of energy is 10.2 eV.
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•	 If a higher amount of energy was absorbed, corresponding to a higher 
energy level, electrons would have the ability to release more than one 
wavelength of light as they transition to the ground state. This would 
compromise the laser’s monochromatic property.

7C

•	 This scenario is a hypothesised end for our Universe known as the 
“Big Rip”.

	– Since the recessional velocity is proportional to distance, objects far 
enough away will be receding faster than the speed of light, which 
imposes a limit on the movement of objects and any emitted light 
through space, but not the expansion itself. The space between us 
and a distant object could be expanding faster than any emitted 
light can cover this distance.

	– The light from such objects will never reach Earth, regardless of how 
powerful a telescope or how long we look for. Hence, objects far 
enough away will never be seen by Earth (all the objects which 
emit light that will eventually reach Earth encompasses the 
observable Universe).

	– If Hubble’s constant was increasing, the distance required for 
objects to be receding from us faster than light would be decreasing. 
Therefore the boundaries of the observable Universe would be 
shrinking. Eventually, our observable Universe would consist only of 
the nearby bodies bound together by gravity.

8A

•	 By ‘faster’ it is meant that the acceleration of the sports car is greater 
than that of the truck. With a greater acceleration, the sports car reaches 
the maximum speed before the truck does, which means it moves ahead 
of the truck and reaches the next set of lights first.

8B

•	 Initially, the magnitude of acceleration would be at, or near, 9.8 m s−2. 
The longer the basketball has fallen for, the greater the effects of air 
resistance will be and therefore the more the magnitude of acceleration 
will decrease.

•	 This will mean that the change in velocity from one second to the 
next will get progressively smaller over time as the ball approaches 
terminal velocity.

•	 At some point, the change in velocity will reach 0, at which point the 
velocity will be constant and we would say that the basketball has 
reached terminal velocity.

•	 We would expect the acceleration-time graph to therefore look 
something like this:

a (m s−2)

t (s)

9.8

•	 Since acceleration at a point in time is equal to the gradient of the 
velocity-time graph at that point, the velocity-time graph should initially 
increase at roughly 9.8 m s−2 then flatten out towards horizontal as it 
approaches the terminal velocity.

v (m s−1)

t (s)

Terminal velocity

gradient = 9.8

8C

•	 As the word falls, the letters will stretch vertically. The velocities of water 
drops at the bottom of the word will be larger than that of those towards 
the top, since they have been falling for a longer period of time.

•	 This means that for every second that passes, the lower drops will fall a 
greater distance, which in turn causes the word to stretch.

•	 Specifically, the bottom portions of each letter will stretch out more 
than the upper portions. This is because the relationship between 
displacement and time is quadratic, as is shown in the constant 

acceleration equation ​s = ut + ​ 1 _ 2 ​a​t​​ 2​​ (initial velocity and acceleration are 

constant and equal for all of the water drops).

Image: ArtDesign Illustration/Shutterstock.com

9A

•	 When a car is accelerating, there must be a net force acting on the car in 
the direction it is accelerating. Therefore, the forward force on the car by 
the road must be greater in magnitude than any resistive forces pushing 
the car backwards (such as air resistance).

•	 When a car is not accelerating, the net force on the car is zero. This is true 
even if the car is in motion, which is a conclusion of Newton’s 1st law. 
This means that the forward force on the car by the road must be equal 
in magnitude to any resistive forces.

•	 According to Newton’s 3rd law, there must be a friction force directed 
backwards on the road by the car since there is a force directed forwards 
on the car by the road. The magnitude of the friction force on the road 
by the car will be the same as the magnitude of the forward force on the 
car by the road.
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10B

•	 If the machine can run forever once it has been started, then this would 
mean that it does not lose any useful energy. The useful energy in would 
always equal to the useful energy out.

•	 This would require 100% energy efficiency. This is not physically 
possible, since in reality the existence of friction will always cause 
useful energy to be made unrecoverable. It is also impossible to create a 
surface that is perfectly frictionless.

10C

•	 If the Moon were to move away from the Earth, we would expect it 
to slow down. As it moves away from the Earth, it will convert kinetic 
energy to gravitational potential energy  as energy is always conserved. 
This would decrease its speed. 

•	 If the Moon were to move closer to the Earth, we would expect it to 
speed up. As it moves towards the Earth it will convert gravitational 
potential energy to kinetic energy as energy is always conserved.  
This would increase its speed.

10D

•	 A shorter and stiffer rubber band will have a larger spring constant, k, 
than one which is large and stretchy. However, the stiffer rubber band 
will not be able to be stretched as far as the larger rubber band so it will 
have a smaller ​Δx​ value.

•	 Knowing that the equation for strain potential energy is ​SPE = ​ 1 __ 2 ​ k​​(Δx)​​​ 2​​, 

by increasing the spring constant we will increase SPE in a linear 
manner and by increasing the extension we will increase SPE in a 
quadratic manner.

•	 The maximum speed will be achieved when the kinetic energy, ​​ 1 __ 2 ​ m​v​​ 2​​, 

of the rubber band is a maximum. As the rubber band is released, 
the energy stored as strain potential energy is transformed into 
kinetic energy, so a maximum strain potential energy is desired.

•	 As SPE is proportional to both the extension and the spring constant, 
the preferred rubber band is one with a combination of a large spring 
constant and large extension, not just one of these features.
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GLOSSARY

A
AC (alternating current) electricity  electricity with a 
periodically alternating direction of current and voltage 
p. 192

acceleration  the rate of change of velocity per unit time 
(vector quantity) p. 286

accuracy  a relative indicator of how well a measurement 
agrees with the ‘true’ value of a measurement p. 13

active wire  the wire at the end of an AC electrical system 
with a varying potential; this wire connects to the voltage 
supply p. 192

activity (radiation)  the rate of radioactive decays per unit 
of time p. 234

albedo  a measure of how much shortwave radiation is 
reflected by the Earth or by a particular surface p. 105

alpha decay  the process by which an unstable nucleus 
decays into a more stable nucleus by emitting an alpha 
particle p. 240

alpha particle  a particle composed of two protons and two 
neutrons (the nucleus of a standard helium atom) p. 240

angular acceleration  the rate of change of angular velocity 
per unit time p. 361

angular velocity  the rate of rotation per unit time p. 361

antiparticle  a particle with the same mass and spin as its 
corresponding particle but with opposite charge and other 
quantum numbers (such as baryon number, lepton number, 
and strangeness) p. 218

atmosphere  the layers of gases around a planet p. 93

average acceleration  the average rate of change of velocity 
per unit time over a given period (vector quantity) p. 298

average velocity  the average rate of change of displacement 
per unit time over a given period (vector quantity) p. 298

B
baryon  a subatomic particle made up of an odd number of 
quarks (typically 3), such as a proton or a neutron p. 218

beta minus decay  the process by which an unstable 
nucleus decays into a more stable nucleus by transforming 
a neutron into a proton and emitting an electron and an 
antineutrino p. 240

beta particle  an electron (beta minus decay) or a positron 
(beta plus decay) p. 240

beta plus decay  the process by which an unstable nucleus 
decays into a more stable nucleus by transforming a proton 
into a neutron and emitting a positron and a neutrino p. 240

binding energy  the total energy required to split a nucleus 
into its constituent nucleons p. 252

black body  an ideal body that absorbs (before re-emitting) 
all incoming electromagnetic radiation and does not 
transmit or reflect any of the radiation p. 83

boil  convert from liquid to gas at a certain temperature and 
pressure p. 59

C
charge  a fundamental property of subatomic particles 
responsible for electric interaction p. 136

charge carrier  a charged particle that contributes to an 
electric current p. 136

circuit breaker  a safety device that opens a resettable switch,  
causing a break in an electric circuit, when too much current  
flows through it p. 200

climate  the long-term (minimum 30 years) average 
weather of a planet or region p. 105

collision  the coming together of two or more objects where 
each object exerts a force on the other p. 374

composite particle  a particle that is composed of two or 
more elementary particles p. 218

compression  the process of decreasing an object’s length 
p. 402

condense  convert from gas to liquid at a certain 
temperature and pressure p. 59

connected bodies  two or more objects either in direct 
contact or attached by a string, rope, cable or similar 
connection p. 340

controlled variable  a variable that has been held constant 
in an experiment in order to test the relationship between 
the independent and dependent variables p. 2

convection  the transfer of heat through the bulk movement 
of matter p. 47

convection cell  a circular flow of fluid caused by 
differences in temperature and hence fluid densities p. 47

conventional current  the direction of flow of positive 
charge p. 136

core  the dense, hot, molten centre of the Earth p. 93

crust  the thin surface of the Earth made of solid mineral 
and rock p. 93

current (electric)  the rate of movement of charge with 
respect to time requiring the movement of charged 
particles p. 136

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 p. 21

D
DC (direct current) electricity  electricity with a constant 
direction of current and voltage p. 192

density  mass per unit volume; a measure of how closely 
packed matter is p. 47
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dependent variable  a variable that the experimenter 
measures, which is predicted to be affected by the 
independent variable. Dependent variables are plotted  
on the vertical axis of graphs p. 2

diode  a semiconductor device which limits current flow to 
one direction p. 182

direct current (DC)  electric current that flows in a constant 
direction p. 136

discrete  limited to certain values (not continuous) p. 260

displacement  the change in position of an object, or the 
shortest path (including direction) between the initial and 
final positions (vector quantity) p. 286

distance  the total length of a given path between two 
points (scalar quantity) p. 286

E
earth wire  the third wire that connects to household 
appliances, which provides a low-resistance path for 
current to flow from the outside of the appliance to the 
ground in order to avoid an electric shock p. 200

electric potential energy  potential energy due to the 
separation of charge p. 136

electric shock  the sensation and damage done when 
electric current flows through a person or other living 
thing p. 200

electromagnetic radiation  a disturbance in the electric 
and magnetic fields (electromagnetic fields) of charged 
particles; includes visible light p. 47

electromagnetic spectrum  the range of all electromagnetic 
waves ordered by frequency and wavelength p. 78

electromagnetic wave  a disturbance in the electric and 
magnetic fields (electromagnetic fields) of charged 
particles; includes visible light p. 78

elementary particle  a particle that is not made up of other 
particles p. 218

emissivity  a measure of how effectively an object emits 
radiation p. 83

energy  a quantity describing the ability to cause a physical 
change (scalar) p. 40

enhanced greenhouse effect  the magnification of the 
greenhouse effect due to increased greenhouse gas levels 
that are a result of human activity p. 105

equilibrium  the state of a system when it is in both 
translational and rotational equilibrium p. 361

equivalent resistance  the effective resistance when two or 
more resistive components are treated as one component 
p. 156

error  the difference between a measured value and its 
‘true’ value p. 13

evaporate  convert from liquid to gas only at the liquid's 
surface due to high-energy particles in the liquid escaping 
p. 59

extension  the process of increasing an object’s length p. 402

F
feedback  where a change is amplified (positive feedback) 
or suppressed (negative feedback) due to the effects of that 
change p. 105

first law of thermodynamics  law that states that the 
change in internal energy of a system is equal to the heat 
transferred to it and the work done on it p. 68

fluid  a substance that flows easily; a liquid or gas p. 47

force  a push or a pull with an associated magnitude and 
direction (vector quantity) p. 322

fossil fuel  a material that started as living organisms and 
has transformed into an energy-dense fuel as a result of 
geological processes over millions of years. Examples 
include coal, oil, and gas p. 115

freeze  convert from liquid to solid at a certain temperature 
and pressure p. 59

frequency  the number of cycles completed per unit time  
p. 78

friction  a force that resists the relative motion of two 
surfaces which are in contact p. 340

fundamental forces  the four forces that cannot be  
broken down into other forces: the gravitational force,  
the electromagnetic force, the strong force, and the weak 
force p. 228

fuse (electric)  a safety device that melts, causing a break in 
an electric circuit, when too much current flows through it 
p. 200

G
gamma decay  the process by which an excited nucleus 
decays into a more stable nucleus by emitting energy in the 
form of gamma rays p. 240

gamma rays  high energy photons p. 240

gradient  the graphical representation of the rate of change 
of one variable with respect to another p. 28

gravitational force  the force experienced by an object due 
to the gravitational field of another object p. 322

gravitational potential energy  the stored energy associated 
with the position of an object in a gravitational field p. 394

greenhouse effect  the trapping of thermal radiation emitted 
from the Earth by greenhouse gases in the atmosphere, 
keeping the Earth’s temperature higher than it would 
otherwise be p. 99

greenhouse gas  a gas that is better at absorbing radiation 
emitted by the Earth than radiation emitted by the Sun p. 99

H
hadron  a subatomic particle made up of two or more 
quarks held together by the strong force p. 218

half-life  the time it takes for half of a radioactive sample to 
decay p. 234

heat  energy that is flowing between systems due to a 
difference in temperature p. 47
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human error  see personal error p. 13

hypothesis  a proposed explanation that predicts a 
relationship between variables and can be tested through 
experimentation p. 2

I
ideal spring  a spring that obeys Hooke’s law so that the 
force it exerts is proportional to its change in length p. 402

impulse  the change in momentum of a body as the result of 
a force acting over a time (vector) p. 374

inclined plane  a flat surface that is at an angle to the 
horizontal plane p. 340

independent variable  the variable that the experimenter 
manipulates (selects or changes), which is predicted to 
have an effect on the dependent variable. Independent 
variables are plotted on the horizontal axis of graphs p. 2

inflation  a very short time in which the early universe 
underwent extremely rapid expansion p. 267

instantaneous acceleration  the rate of change of velocity per 
unit time at a single instant in time (vector quantity) p. 298

instantaneous velocity  the rate of change of displacement 
per unit time at a single instant in time (vector quantity)  
p. 298

internal energy  the total energy associated with the 
random motion of particles and the interactions between 
the particles within a system p. 40

internal resistance  the inherent resistance associated with 
an electric power source p. 182

ionisation energy  the energy required to remove an 
electron from an atom p. 240

ionising power  the ability of a given type of radiation to 
cause another atom to lose electrons and become an ion  
p. 240

isolated system  a collection of interacting objects for which  
there is no external exchange of mass and energy p. 374

isotope  an atom of an element that has the same number 
of protons but a different number of neutrons compared to 
another atom of the element p. 228

K
kinetic energy  the energy associated with the motion of an 
object p. 40

L
latent heat  the heat absorbed or released to change the 
state of a substance p. 59

light-dependent resistor  a variable resistor that decreases 
resistance as the intensity of light hitting its sensitive 
surface increases p. 182

light-emitting diode  a diode that emits light when a 
potential difference is applied p. 182

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 p. 21

linearise  the process of transforming data through 
mathematical operations so that, when graphed, a line of 
best fit can be drawn through the data p. 21

live wire  see 'active wire' p. 192

M
magnitude  the size or numerical value of a quantity 
without sign (positive or negative) or direction p. 8

mantle  a solid region under the surface of the Earth 
between the crust and the outer core p. 93

mass defect  the difference in mass between a nucleus and 
its constituent nucleons p. 252

medium  the physical substance through which energy  
(e.g. heat or sound) travels p. 47

melt  convert from solid to liquid at a certain temperature 
and pressure p. 59

meson  a subatomic particle made up of one quark and one 
antiquark p. 218

model (scientific)  a representation of a physical process 
that cannot be directly experienced p. 2

momentum  a quantity of a body in motion which is equal to  
the mass of the body multiplied by its velocity (vector) p. 374

N
natural length  the length of a spring when no external 
forces are acting on it p. 402

net force  the vector sum of all forces acting on an object  
p. 322

neutral wire  the wire at the end of an AC electrical system 
that is fixed at zero volts; this wire connects to the ground 
p. 192

Newton's first law  law that states an object will accelerate 
only if a non-zero net force (unbalanced force) acts upon it 
p. 322

Newton's second law  law that states the acceleration of an 
object is equal to the net force applied divided by the mass 
of the object being accelerated p. 322

Newton's third law  law that states that for every force 
there is a reaction force of equal magnitude and opposite 
direction p. 322

node (electric)  a point in a circuit where multiple 
components are connected together p. 163

non-renewable energy source  an energy source that is not 
replaced or that is replaced at a slower rate than it is being 
used p. 115

normal force  the contact force that acts between two 
objects with equal magnitude on each object and at right 
angles to the contact surfaces p. 322
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nuclear fission  the process of splitting a single nucleus into 
several smaller nuclei p. 252

nuclear fusion  the process of forcing several smaller nuclei 
together to form a single large nucleus p. 252

nucleon  a proton or a neutron p. 218, 228

nuclide  a nucleus with a specific number of neutrons and 
protons p. 240

O
observation  the acquisition of data using senses such as 
seeing and hearing or with scientific instruments p. 2

ohmic device  a device that has a constant resistance for all 
voltages, meaning it follows a linear I-V relationship p. 148

P
parallel circuit  an electric circuit that has only parallel 
connections p. 163

parallel connection  an arrangement where multiple 
components connect the same two points so there are 
multiple alternative pathways for current to flow p. 163

particle  a small, discrete object or portion of matter p. 40

particulates  small, distinct solids such as dust or soot that 
are suspended in a liquid or gas p. 115

peak wavelength  the wavelength of the highest intensity 
electromagnetic wave released as thermal radiation p. 83

penetrating power  an indicator of the extent to which a 
given type of radiation can penetrate matter before it loses 
its energy p. 240

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 p. 13

potential difference  the amount of electric potential energy 
per unit charge between two points p. 136

potential energy  the energy associated with the position 
of an object in the presence of a force that could move the 
object p. 40

potentiometer  a variable resistor that changes resistance 
depending on the manual control of a sliding contact p. 182

power  the rate of change of energy with respect to time  
p. 83, 136

precision  a relative indicator of how closely different 
measurements of the same quantity agree with each other 
p. 13

product  a substance that is formed as the result of a 
reaction p. 252

Q
qualitative data  data that cannot be described by 
numerical values p. 2

quantitative data  data that can be described by numerical 
values p. 2

quarks  elementary particles that can combine to form 
hadrons p. 218

R
radiation  any type of energy, or energy-carrying particles, 
that spreads as it travels away from a source p. 218, 240

radioactive decay  the process of an atom becoming more 
stable by losing energy and emitting particles or photons  
p. 228

radioisotope  an isotope that will undergo radioactive 
decay p. 228

random error  the unpredictable variations in the 
measurement of quantities p. 13

reactant  a substance present at the start of a reaction and 
is involved in the reaction p. 252

recessional velocity  the rate at which an astronomical 
object is moving away from an observer p. 267

redshift  where electromagnetic waves undergo an increase 
in wavelength p. 267

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 p. 13

renewable energy source  an energy source that is constantly  
replaced at a greater rate than it is being used p. 115

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) p. 13

reproducibility  the closeness of agreement of results when 
an experiment is repeated by a different experimenter 
under slightly different conditions (using their own 
equipment and lab) p. 13

residual current device (RCD)  a safety device that switches 
off a household electric circuit when it detects a difference 
between the current flowing in the active and neutral wires 
p. 200

resistance (electrical)  a measure of an object’s opposition 
to the flow of electric current p. 148

resistivity (electrical)  a property of a material describing 
how much it opposes the flow of electric current p. 148

resistor  an electrical component that resists the flow of 
electric current and causes a drop in voltage p. 148

RMS (root-mean-square)  a measure of a time-varying 
(such as AC) voltage or current. A constant DC voltage or 
current with the same value as the RMS would deliver the 
same average power p. 192

rotational equilibrium  the state of a system when the 
torques on the system sum to zero p. 361

S
scalar quantity  a quantity that has only magnitude (size)  
p. 286

series circuit  an electric circuit that has only series 
connections p. 156

series connection  a connection of components from end 
to end p. 156
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short circuit  a situation in which current skips part of a 
circuit by following an unintended path with very low 
resistance, causing a larger current to flow p. 200

SI unit  the accepted standard unit used for measuring a 
quantity. It is an abbreviation of “le Système international 
d'unités” p. 8

significant figures  all digits quoted starting with the first 
non-zero digit giving an indication of the confidence in a 
measurement p. 8

specific heat capacity  the heat per unit of mass needed  
to increase the temperature of a substance by one kelvin 
(or degree Celsius) p. 59

specific latent heat of fusion  the heat per unit of mass 
needed to convert a given substance from a solid into a 
liquid p. 59

specific latent heat of vaporisation  the heat per unit of 
mass needed to convert a given substance from a liquid  
into a gas p. 59

speed  the rate of change of distance per unit time  
(scalar quantity) p. 286

spring constant  a value that describes the stiffness of a 
spring p. 402

state of matter  the physical property of an object being 
either a solid, liquid, or a gas p. 40

strain potential energy  the energy stored by the 
deformation of an object; also known as elastic potential 
energy or spring potential energy p. 402

strong force  the fundamental force that holds quarks 
together to form nucleons and that holds nucleons together 
within the nucleus p. 228

synchrotron  a machine for accelerating charged particles 
to a great speed in order to release electromagnetic 
radiation p. 260

system  a collection of interacting particles or objects that 
are treated as a single entity p. 40

systematic error  a consistent, repeatable deviation in the 
measured result from the actual results, often due to a 
problem with the experimental design or calibration of 
equipment p. 14

T
tangent  a line which touches, but does not cross, a curve at 
a single point p. 260

tectonic plate  a large portion of the Earth's crust, also 
known as a lithospheric plate p. 93

temperature  a measure of the average translational kinetic 
energy of the particles in a system (scalar) p. 40

tension  a pulling or stretching force that acts through an 
object connecting two bodies; the magnitude of the force 
on both bodies is the same p. 340

theory (scientific)  an explanation of a physical 
phenomenon that has been repeatedly confirmed by 
experimental evidence and observation p. 2

thermal conduction  the transfer of heat through direct 
contact p. 47

thermal energy  see 'internal energy' p. 40

thermal equilibrium  the state of two (or more) systems 
having the same temperature so that there is no net flow of 
thermal energy from one system to the other p. 40

thermal radiation  the transfer of heat in the form of 
electromagnetic radiation p. 47

thermistor  a variable resistor that changes resistance with 
temperature p. 182

torque  the turning effect caused by a force at a distance 
from a pivot point (vector) p. 352

transducer  a component or device that transforms energy 
between different forms p. 182

translational equilibrium  the state of a system when the 
forces on the system sum to zero p. 361

trendline  see line of best fit or curve of best fit p. 21

U
uncertainty  the qualitative appraisal of how well an 
experiment measures what it is intended to measure p. 14

V
vacuum  a region that does not contain matter p. 47

validity  the quality of an experiment measuring what it 
intends to measure p. 14

vector quantity  a quantity that has both magnitude (size) 
and direction p. 286

velocity  the rate of change of displacement per unit time 
(vector quantity) p. 286

volatile  the property of changing between the liquid state 
and the gaseous state easily p. 115

voltage  see potential difference p. 136

voltage divider  a resistive circuit that outputs a voltage 
smaller than its input voltage p. 182

W
wavelength  the distance between two identical points in a 
wave p. 78

weak force  the fundamental force responsible for beta 
decay by changing the flavour of a quark p. 228

weather  the state of the atmosphere at a particular time  
p. 105

work  the change in energy caused by a force displacing an 
object in the direction it is acting in p. 385

Z
zeroth law of thermodynamics  law that states that if two 
systems are each in thermal equilibrium with a third system,  
then they are also in thermal equilibrium with each other 
p. 70
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