
Physics SEE marking guide 
External assessment 

SEE 1 — Combination response (50 marks) 

SEE 2 — Combination response (81 marks) 

Assessment objectives 
This assessment instrument is used to determine student achievement in the following 
objectives: 
1. describe and explain gravity and motion, electromagnetism, special relativity, quantum

theory and the Standard Model

2. apply understanding of gravity and motion, electromagnetism, special relativity, quantum
theory and the Standard Model

3. analyse evidence about gravity and motion, electromagnetism, special relativity, quantum
theory and the Standard Model to identify trends, patterns, relationships, limitations or
uncertainty

4. interpret evidence about gravity and motion, electromagnetism, special relativity, quantum
theory and the Standard Model to draw conclusions based on analysis

5. investigate phenomena associated with gravity and motion, electromagnetism, special
relativity, quantum theory and the Standard Model

6. evaluate processes, claims and conclusions about gravity and motion, electromagnetism,
special relativity, quantum theory and the Standard Model

7. communicate understandings, findings, arguments and conclusions about gravity and
motion, electromagnetism, special relativity, quantum theory and the Standard Model.

Note: Objective 1 is not assessed in SEE 1. 

 Objectives 5, 6 and 7 are not assessed in SEE 2. 
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Purpose 
This document is an External assessment marking guide (EAMG). 

The EAMG:  
• Provides a tool for calibrating external assessment markers to ensure reliability of results 

• Indicates the correlation, for each question, between mark allocation and qualities at each 
level of the mark range 

• Informs schools and students about how marks are matched to qualities in student 
responses.  

Mark allocation 
Where a response does not meet any of the descriptors for a question or a criterion, a mark of ‘0’ 
will be recorded. Where no response to a question has been made, a mark of ‘N’ will be recorded.  
 
Allow FT mark(s) – refers to ‘follow through’, where an error in the prior section of working is used 
later in the response, a mark (or marks) for the rest of the response can still be awarded so long 
as it still demonstrates the correct conceptual understanding or skill in the rest of the response.  
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SEE 1 
External assessment marking guide 
Section 1: Short response (23 marks) 

Q Sample response The response: 

1a) 𝐹𝐹mean =  ∑ 𝐹𝐹𝑖𝑖𝑛𝑛
𝑖𝑖
𝑛𝑛

𝐹𝐹mean =  1.49 + 1.36 + 1.26
3

  
𝐹𝐹mean = 1.37 

• provides relevant working [1 mark]
• states 1.37 N [1 mark]

1b) Absolute uncertainty = ± 𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚 − 𝑥𝑥𝑚𝑚𝑖𝑖𝑛𝑛
2

 = ± 3.24 − 2.89
2

 
 = ±0.175 
 = ±0.18 N 

• states 0.18 N [1 mark]

1c) Graphs A and C. 
The force–distance relationship is not linear. As distance increases, 
the mean force decreases, and the effect of distance on force is 
greater at closer distances. This is consistent with the trend in  
Graph A. 
Graph C represents the linearised form of the data. As 1/distance2 
increases, mean force increases at a constant rate.  

• identifies Graph A [1 mark]
• identifies Graph C [1 mark]
• provides appropriate reasoning for

Graph A [1 mark]
• provides appropriate reasoning for

Graph C [1 mark]
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Q Sample response The response: 

1d) The relationship between force and distance is: 

𝐹𝐹 = 𝑚𝑚 ×
1
𝑑𝑑2

+ 𝑐𝑐 

𝑚𝑚 =
12.32 − 0.34

� 1
0.01�

2
− � 1

0.06�
2

= 0.001232 

12.32 = 0.001232 × �
1

0.01
�
2

+ 𝑐𝑐 

𝑐𝑐 = 0 

0.085 = 0.001232 ×
1
𝑑𝑑2

𝑑𝑑2 =
0.001232

0.085
𝑑𝑑 = √0.0145 

= 0.12 m 

• determines a distance of 0.12 m
[1 mark]

• provides appropriate reasoning [1 mark]

2a) 120° and 240° • states 120° [1 mark]
• states 240° [1 mark]

2b) 588.8 mN • states 588.8 mN [1 mark]

2c) The net force is greatest when the current-carrying wire is 0° from 
the normal line, then decreases as the angle approaches 180°. The 
net force then increases again as the angle approaches 360°. The 
graph is symmetrical at about 180°, indicating a trigonometric 
relationship between net force and angle of the current-carrying wire, 
where  
F ∝ cos ϴ. 

• provides a description of a cosine
relationship [1 mark]
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Q Sample response The response: 

2d) The weight of the magnet apparatus can be determined when the 
force from the current-carrying wire is zero. This occurs when the 
wire is parallel to the magnetic field, which in this case is at 90° and 
270°. 

The net force at 90° and 270° is 588.0 mN. 

m = 
𝐹𝐹
𝑔𝑔

= 
588.0 ×10–3 N 

9.8
 = 0.06 kg 

The mass of the magnet apparatus is 0.06 kg or 60 grams. 

• indicates an understanding of how force
varies with respects to the angle [1
mark]

• interpolates values for force at 90° or
270° [1 mark]

• provides relevant working [1 mark]
• arrives at a consequentially correct value

for the mass [1 mark]

3a) Uncertainty of the gradient: 

∆m = ± 
0.75 – 0.50

2
 

 = ±0.13 
Uncertainty of the y-intercept: 

∆c = ± 
4.3 –2.3

2
 

       = ±1.0 
∴ 𝐸𝐸𝑘𝑘 = (0.63 ± 0.13)𝑓𝑓 + (−3.3 ± 1.0)  

• states that the uncertainty of the gradient is
0.13 [1 mark]

• states that the uncertainty of the y-
intercept is 1.0 [1 mark]

• provides a consequentially correct
equation [1 mark]

3b) The y-intercept of the graph is the work function for the metals. 

Maximum work function 
4.3 × 10–19 J

1.60 × 10–19 J eV–1 
 = 2.7 eV

Minimum work function 
2.3 × 10–19 J

1.60 × 10–19 J eV–1 
 = 1.4 eV

The metals may have been caesium or potassium. 

• identifies y-intercept as a measure of
work function [1 mark]

• provides consequentially correct working
to compare y-intercepts to work
functions of metals [1 mark]

• draws a consequentially correct
conclusion about the identity of the
unknown metals [1 mark]
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Section 2: Extended response (27 marks) 

Q Sample response The response: M 

4a)  Analyses and interprets evidence  Identifies trends, patterns or relationships 

uncertainty (gradient) =
𝑚𝑚max − mmin

2
  =

3.52 − 2.83
2

 = 0.35 

uncertainty (𝑦𝑦-intercept) =
𝑐𝑐max − 𝑐𝑐min

2
  =

0.54 − (−0.06)
2

  = 0.30 

mean (𝑦𝑦-intercept) =
𝑐𝑐max + 𝑐𝑐min

2
= 0.54+(−0.06)

2
 = 0.24 

 mean (gradient) =
𝑚𝑚max + 𝑚𝑚min

2
 = 3.52+2.83

2
  = 3.18 

Results show the relationship between the horizontal 
displacement of a ball and the angle at which it is 
projected is parabolic, with displacement increasing as the 
angle approaches 45°, where the maximum horizontal 
displacement of 3.40 m occurred. Angles greater than this 
produced less displacement; however, the parabola is not 
perfectly symmetrical. This can be seen in the graph of 
angle of elevation vs horizontal displacement, where the 
second x-intercept is at 88°, not 90° as would be 
expected, even after measurement uncertainties of ± 0.5° 
and  
± 0.005 m are taken into account. This is most likely due 

• provides a mathematical relationship that
has been arrived at using the data

• identifies a relevant trend in the data

2 

• provides a mathematical relationship that
has been arrived at using the data

OR 
• identifies a relevant trend in the data

1 

• does not satisfy any of the descriptors
above.

0 

Identifies uncertainty and limitations 

• identifies uncertainty and limitations of the
evidence

3 

• identifies uncertainty OR limitations of the
evidence

2 

• makes a statement about uncertainty or
limitations

1 

• does not satisfy any of the descriptors
above.

0 

Interprets data to draw a conclusion 

• provides a justified conclusion linked to the
research question

3 

• provides a reasonable conclusion relevant to
the research question

2 

• states a conclusion 1 
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Q Sample response The response: M 

to a systematic error, which would need to be addressed 
to ensure the validity and reliability of the experimental 
findings.  
The observed relationship can be modelled by the 
equation: 

𝑠𝑠 =  (3.18 ±  0.35) sin(2𝜃𝜃) +  (0.24 ±  0.3), 
where (8° < 𝜃𝜃 < 81°) 

However, as can be seen in the equation, there is 11% 
uncertainty in the launch velocity (gradient), and 125% 
uncertainty in the displacement data (y-intercept). This 
suggests the data (and therefore the identified 
relationship) is unreliable. In addition, the identified 
relationship is specific to the conditions of the experiment 
(launch velocity, air resistance, mass and cross-sectional 
area of the ball) and should not be assumed to apply in all 
situations. 

• does not satisfy any of the descriptors
above.

0 

Communicates understanding 

• uses scientific language and conventions
fluently and concisely

2 

• uses scientific language, allowing for minor
errors

1 

• does not satisfy any of the descriptors
above.

0 

Q Sample response The response: M 

4b) Evaluates experimental design Analyses evidence 

The linearised graph suggests there is a systematic error in 
the experimental process. The data points show varying 
deviation from the line of best fit and the error bars are not 
uniform, indicating that more than just measurement 
uncertainties are involved. The data points alternate above 
and below the line of best fit, and the error bars decrease as 
the value of sin(2𝜃𝜃) increases. When considering how 
sin(2𝜃𝜃) changes as a function of 𝜃𝜃, this suggests the 
displacement data gets less reliable the further from 45° the 
launch angles get. This provides strong evidence of a 
systematic error affecting the launch and/or trajectory of the 
ball and places doubts about the validity of the data.  

When analysing aspects of the launch in the experimental 
set-up, it is clear that changing the launch angle also affects 

• provides a detailed analysis of the data to
inform decisions about the reliability or
validity of the experimental process

3 

• provides an analysis of the data to inform
decisions about the reliability or validity of
the experimental process

2 

• provides a statement about the reliability or
validity of the experimental process

1 

does not satisfy any of the descriptors above. 0 
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Q Sample response The response: M 

the launch height. This could affect the initial launch velocity 
(due to more energy being required to accelerate against 
gravity at greater angles), as well as the trajectory (which 
could influence the air resistance at different points in the 
ball’s motion). This means the experiment is not a fair test 
and would explain why a launch angle of 60° — which 
should theoretically produce the same displacement as a 
30° launch — produced an average displacement 10 cm 
less than 30°. It would also explain the alternating pattern of 
data points, with the data points below the line of best fit 
representing launch angles greater than 45°. For data to be 
accurate, the launch height would need to be consistent and 
in line with the point of impact.  

In addition to this, the initial velocity of the launch may 
decrease over time as the tension of the rubber band 
decreases. This could account, in part, for the observed 
errors, especially if the trials were conducted in a systematic 
fashion. As it is known that initial velocity significantly affects 
projectile motion, it is important that this variable is 
controlled. 

Analysis of the experimental procedure also indicates an 
error in the way the horizontal displacement was measured. 
The fact that the measurement was taken from the point at 
which the projectile launcher made contact with the table, as 
opposed to the point at which the ball was launched, means 
the displacement data is incorrect. This would affect the 
accuracy of the data but is unlikely to account for the 
uncertainty trends observed in the graph, as it should affect 
all measurements equally. 

Evaluates processes 

• uses the data to provide a thorough
justification of how the experimental process
could affect the reliability or validity of results

4 

• uses the data to provide a justification of
how the experimental process could affect
the reliability or validity of results

3 

• provides a detailed identification of how the
experimental process could affect the
reliability or validity of results

2 

• identifies how the experimental process
could affect the reliability or validity of results

1 

• does not satisfy any of the descriptors
above.

0 

Communicates understanding 

• uses scientific language and conventions
fluently and concisely

2 

• uses scientific language, allowing for minor
errors

1 

• does not satisfy any of the descriptors
above.

0 

4c) Suggests and justifies improvements Suggests improvements 

In the current set-up, changing the launch angle also 
changes the height of the launch. The point at which the ball 
exits the launcher should be placed on the same horizontal 
plane as the point at which it lands. This would ensure that 

• provides 3 modifications that are logically
derived from the analysis of evidence

3 

• provides 2 modifications that are logically
derived from the analysis of evidence

2 
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Q Sample response The response: M 

only one variable is changed and that all trials have a 
balanced trajectory. 

Since the initial velocity of the launch may decrease over time 
as the tension of the rubber band decreases, an improved 
launching device should be used to ensure a uniform initial 
velocity. Better control of the initial velocity would allow for a 
very significant variable to be controlled and decrease the 
uncertainty of the gradient. 

Video analysis software could be used to track the motion of 
the ball. This would allow a visual inspection of the path of 
the ball to determine the impact of any poorly controlled 
variables in a specific trial and therefore the validity of that 
trial. In addition, the software could allow for a more 
accurate measurement of angle and horizontal 
displacement, resulting in more accurate data. 

OR 
• provides 3 modifications that would improve

the reliability or validity of the data 

• provides 1 or 2 modifications that would
improve the reliability or validity of the data

1 

• does not satisfy any of the descriptors above. 0 

Justifies modifications 

• justifies how 3 modifications would improve
the evidence

3 

• justifies how 2 modifications would improve
the evidence

2 

• justifies how 1 modification would improve
the evidence

1 

• does not satisfy any of the descriptors
above.

0 

4d) Identifies and manages risk 

The most significant risk identified in this experiment is the 
potential for injury caused by the moving projectile. This will 
be managed by ensuring that each experimenter wears 
safety glasses and is not standing in the firing area. 

• identifies a relevant risk
• identifies how the risk will be managed

2 

• identifies a relevant risk 1 

• does not satisfy any of the descriptors
above.

0 
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SEE 2 
External assessment marking guide 
Paper 1: Multiple choice 

Question Response 

1 B 

2 B 

3 A 

4 B 

5 C 

6 C 

7 A 

8 A 

9 C 

10 B 

11 D 

12 B 

13 B 

14 C 

15 B 

16 C 

17 D 

18 C 

19 A 

20 D 
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Paper 1: Short response 

Q Sample response The response: 

21 𝐹𝐹 =
𝐺𝐺𝐺𝐺𝑚𝑚
𝑟𝑟2

𝑚𝑚 =
𝐹𝐹𝑟𝑟2

𝐺𝐺𝐺𝐺

𝑚𝑚 =
2.84 × 103 × (7.12 × 106)2

6.67 × 10−11 × 5.97 × 1024
Mass = 362 kg 

• indicates an understanding of the physical scenario
in relation to Newton’s law of universal gravitation or
other relevant physical concept/s [1 mark]

• provides pertinent mathematical operation/s
correctly performed [1 mark]

• determines the mass [1 mark]

22 1. Electron
2. Electron neutrino
3. Tau
4. Tau neutrino
5. Muon
6. Muon neutrino

• identifies the six leptons [1 mark]
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Q Sample response The response: M 

23 The theory of special relativity states that there is no 
absolute time. Instead, the measurement of time is 
relative to the frame of reference in which it is 
measured. The time measured by a stationary clock 
is greater than the time measured by a moving 
clock. From the perspective of either twin, the other 
twin will be younger.  

• provides an explanation of why the twins will no longer
be the same age

• supports the explanation using the theory of special
relativity

• provides a conclusion about the respective ages of the
twins that indicates an understanding of the twin
paradox

2 

• provides an explanation of why the twins will no longer
be the same age

• supports the explanation using the theory of special
relativity

OR 
• provides an explanation of why the twins will no longer

be the same age
• provides a conclusion about the respective ages of the

twins that indicates an understanding of special
relativity

1 
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Q Sample response The response: 

24  𝑡𝑡 =
𝑡𝑡𝑜𝑜

�1 − 𝑣𝑣2
𝑐𝑐2  

4.0 =
𝑡𝑡𝑜𝑜

�1 − (0.90𝑐𝑐)2
𝑐𝑐2  

𝑡𝑡𝑜𝑜 = 1.7 years 

Time = 1.7 years (to 1 decimal place) 

• indicates an understanding of the physical
scenario in relation to time dilation, or other
relevant physical concept/s [1 mark]

• indicates an understanding that the time
provided in the question represents relativistic
time [1 mark]

• provides pertinent mathematical operation/s
correctly performed [1 mark]

• determines the time [1 mark]

25 𝑇𝑇Mars2

𝑟𝑟Mars3 =
4𝜋𝜋2

𝐺𝐺𝑚𝑚

𝑇𝑇 =  �
4𝜋𝜋2

𝐺𝐺𝑚𝑚
𝑟𝑟3 

𝑇𝑇Mars =  �
4𝜋𝜋2

𝐺𝐺𝑚𝑚
(1.5 × 𝑟𝑟Earth)3 

Therefore 𝑇𝑇Mars = √1.53𝑇𝑇Earth 
𝑇𝑇Mars = 1.8371 × 365 days 
𝑇𝑇Mars = 670.5 days 
Time = 671 days 

• indicates an understanding of the physical
scenario in relation to Kepler’s Law or other
relevant physical concept/s [1 mark]

• provides pertinent mathematical operation/s
correctly performed [1 mark]

• determines the time [1 mark]

26 • identifies a relevant value or feature of the
graph [1 mark]

• provides pertinent mathematical operation/s
correctly performed or sound mathematical
reasoning [1 mark]

• identifies the unknown metal [1 mark]
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Q Sample response The response: 

x-intercept = 1.13 x 1015 Hz 
𝑊𝑊𝑜𝑜 = ℎ𝑓𝑓𝑜𝑜 = 6.626 × 10−34 × 1.13 × 1015/1.6 × 10−19

= 4.7 eV 
Unknown metal = copper 

27 The possible wavelengths of light emitted by 
Element A are as follows: 

Energy 
transition 

Difference 
in energy 

(eV) 

Difference in 
energy (J) 

Associated 
wavelength 

(nm) 
𝐸𝐸𝑛𝑛 → 𝐸𝐸𝑖𝑖 𝐸𝐸𝑛𝑛 −  𝐸𝐸𝑖𝑖

=  𝐸𝐸𝑑𝑑  
𝐸𝐸𝑑𝑑 × 1.60 
× 10−19 𝜆𝜆 =

ℎ𝑐𝑐
𝐸𝐸𝑑𝑑

1.45–1.47 –0.02 –3.2 x 10–21 62 100 
1.45–3.54 –2.09 –3.344 x 10–19 594 
1.45–5.74 –4.29 –6.864 x 10–19 290 
1.47–3.54 –2.07 –3.312 x 10–19 600 
1.47–5.74 –4.28 –6.848 x 10–19 290 
3.54–5.74 –2.2 –3.52 x 10–19 565 

It is possible that Element A is one of the gases 
comprising the gas mixture. 

• provides pertinent mathematical operation/s
correctly performed to determine the differences
between the energy levels in the energy level
diagram [1 mark]

• provides pertinent mathematical operation/s to
convert eV to joules [1 mark]

• indicates wavelengths produced by Element A
that are also included in the emission spectra
[1 mark]

• provides an answer that indicates the possibility
that Element A is one of the gases comprising
the gas mixture [1 mark]

28 𝐵𝐵1 =  𝜇𝜇0𝐼𝐼1
2𝜋𝜋𝑟𝑟1

 = 1.6 x 10–6 T  𝐵𝐵2 =  𝜇𝜇0𝐼𝐼2
2𝜋𝜋𝑟𝑟2

 = 4 x 10–7 T 

The magnetic fields are going in different directions, so 
working out the difference gives an overall magnetic 
field of B = 1.2 x 10–6 T 
The force on a moving charge in a magnetic field is 
given by 𝐹𝐹 = 𝑞𝑞𝑣𝑣𝐵𝐵𝑠𝑠𝑞𝑞𝑞𝑞 𝜃𝜃 
The velocity is at right angles to the direction of the 
magnetic field so sin 90 = 1. 
F = 2 x 10–9 x 3.33 x 105 x 1.2 x 10–6 
Magnetic force = 7.99 x 10–10 N 

• indicates an understanding of the physical
scenario in relation to the magnetic field
generated by a wire or other relevant physical
concept/s [1 mark]

• provides pertinent mathematical operation/s
correctly performed to determine net magnetic
field strength [1 mark]

• provides pertinent mathematical operation/s
correctly performed [1 mark]

• determines the force on the charge [1 mark]
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Paper 2: Short response 

Q Sample response The response: 

1 An object with mass cannot travel at the speed of light 
because as its velocity approaches 1c, its momentum 
approaches infinity. 

• states that as velocity approaches the speed of
light (or equivalent), the object’s momentum
approaches infinity [1 mark]

OR 
• states that as velocity approaches the speed of

light (or equivalent), the energy required to
accelerate the object approaches infinity [1 mark]

2a c = 0 
m = 2000 − 0

0.0278 − 0
 = 72 000 

E = 72 000( 1
𝑟𝑟2

) 

• provides a correct value for the y-intercept [1
mark]

• provides a correct value for the gradient of the
graph [1 mark]

• provides the equation [1 mark]

2b (𝐸𝐸 =  1
4𝜋𝜋𝜀𝜀0

𝑞𝑞
𝑟𝑟2

 ) 

equate the gradient to kq. 
q = 72 000 / 9 x 109 C = 8 x 10–6 C 
Charge = 8.0 x 10–6 C 

• indicates an understanding of the physical
scenario in relation to the gradient being used to
find the charge [1 mark]

• provides pertinent mathematical operations
correctly performed [1 mark]

• determines the charge [1 mark]
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Q Sample response The response: 

3 The shortest wavelength in the visible spectrum will have 
the largest energy difference. 

𝐸𝐸 = ℎ𝑓𝑓 

=
ℎ𝑐𝑐
𝜆𝜆

=
6.626 × 10−34 × 3 × 108

400 × 10−9
= 4.9695 × 10−19 J 

𝐸𝐸 =
4.9695 × 10−19

1.60 × 10−19
≈ 3.106 eV 

The largest transition below 3.106 eV is between−2.7 eV 
and −5.6 eV. 

𝐸𝐸 = −2.7 −  −5.6 
= 2.9 eV 

In joules, 
𝐸𝐸 = 2.9 × 1.60 × 10−19 

= 4.64 × 10−19 J 

𝐸𝐸 =
ℎ𝑐𝑐
𝜆𝜆

𝜆𝜆 =
ℎ𝑐𝑐
𝐸𝐸

=
6.626 × 10−34 × 3 × 108

4.64 × 10−19
Wavelength = 428 nm 

Solution 1 
• indicates an understanding of the physical

scenario in relation to the relationship between
wavelength of emitted light and the energy level
diagram [1 mark]

• provides pertinent mathematical operation/s
correctly performed to move between values for
wavelength and energy [1 mark]

• identifies the largest allowable energy transition
for visible light to be emitted (consequentially
correct) [1 mark]

• identifies the consequentially correct transition to
produce the shortest wavelength of visible light
[1 mark]

• determines the wavelength of light [1 mark]
OR 

Solution 2 
• indicates an understanding of the physical

scenario in relation to the relationship between
wavelength of emitted light and the energy level
diagram [1 mark]

• provides pertinent mathematical operation/s
correctly performed to calculate all energy
differences [1 mark]

• provides pertinent mathematical operation/s
correctly performed to identify all possible
wavelengths emitted by the atom [1 mark]

• identifies the consequentially correct wavelengths
within the visible spectrum [1 mark]

• determines the wavelength of light [1 mark]

4 The photoelectric effect experiment demonstrates that the 
number of electrons ejected from a metal plate is 
proportional to the intensity of incident light, whereas the 
kinetic energy of the ejected electrons is proportional to 
the frequency of incident light. The fact that frequencies 

• describes

- three relevant features of the
photoelectric effect 

3 marks 
2 marks 
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Q Sample response The response: 

lower than a threshold value will not eject an electron 
suggests that light energy is quantised. As the frequency 
increases, the kinetic energy of the ejected electrons 
increases, suggesting that light can be conceived as 
packets of energy (photons). The fact that a greater 
intensity of light causes more electrons to be ejected 
suggests that the greater the intensity, the more photons 
(or packets of energy) are incident on the metal plate, 
also confirming the idea of light as a photon. 

- two relevant features of the
photoelectric effect 

- one relevant feature of the
photoelectric effect 

1 mark 

• identifies how

- two relevant features provide
evidence of quantisation of 
photons  

2 marks 

- one relevant feature provides
evidence of quantisation of 
photons  

1 mark 

5 𝐹𝐹2 =
1

4𝜋𝜋𝜀𝜀𝑜𝑜
𝑄𝑄1 × 𝑞𝑞𝑒𝑒
𝑟𝑟12

= 9 × 109 ×
3(1.6 × 10−19) × 1.6 × 10−19

(2.25 × 10−10)2
= 1.3 × 10−8N 

𝐹𝐹1 =
1

4𝜋𝜋𝜀𝜀𝑜𝑜
𝑄𝑄2 × 𝑞𝑞𝑒𝑒
𝑟𝑟22

= 9 × 109 ×
2(1.6 × 10−19) × 1.6 × 10−19

(2.25 × 10−10)2
= 9.0 × 10−9N 

|𝐹𝐹𝑛𝑛𝑒𝑒𝑛𝑛| = |𝐹𝐹1| − |𝐹𝐹2| 
= 1.4 × 10−8 − 9.1 × 10−9 

Force = 4.0 × 10−9 N (to 1 decimal place) 

• indicates an understanding of the physical
scenario in relation to Coulomb’s law [1 mark]

• provides pertinent mathematical operation/s
correctly performed [1 mark]

• determines the forces (or electric field strength)
imposed by each nuclei on the electron [1 mark]

• determines the correct net force [1 mark]

6 Using the right-hand rule and the motion of the particle, it 
must be a positive particle. 
The particle moves in a circle due to the magnetic force. 

𝐹𝐹𝑚𝑚𝑚𝑚𝑔𝑔 = 𝐹𝐹𝑐𝑐𝑖𝑖𝑟𝑟𝑐𝑐𝑐𝑐𝑐𝑐𝑚𝑚𝑟𝑟 

• indicates an understanding of the physical
scenario in relation to the force on a positive
charge in a magnetic field, and centripetal force
[1 mark]

• provides pertinent mathematical operations
correctly performed [1 mark]
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Q Sample response The response: 

𝑞𝑞𝑣𝑣𝐵𝐵 sin𝜃𝜃 =
𝑚𝑚𝑣𝑣2

𝑟𝑟
Particle enters perpendicularly, therefore 
sin𝜃𝜃 = sin 90° = 1 

𝑞𝑞𝑣𝑣𝐵𝐵 =
𝑚𝑚𝑣𝑣2

𝑟𝑟

𝑚𝑚 =
𝑞𝑞𝐵𝐵𝑟𝑟
𝑣𝑣

𝑚𝑚 =
(1.60 × 10−19)(0.090)(3.48 × 10−1)

1.50 × 106

𝑚𝑚 = 3.34 × 10−27kg 
Therefore, Particle Q must be Particle 4. 

• determines the mass [1 mark]
• identifies the correct particle using the mass and

the charge of the particle [1 mark]

7 

Gradient = ∆𝐸𝐸𝐾𝐾
∆𝑓𝑓

=  5.6×10−19−1.5×10−21

1.25×1015−4.68×1014
= 7.2 × 10−34

Work function = y-intercept =  3.3 × 10−19J 
𝐸𝐸𝐾𝐾 = 7.2 × 10−34 × 𝑓𝑓 − 3.3 × 10−19 

• provides a correct value for the y-intercept [1
mark]

• provides a correct value for the gradient of the
graph [1 mark]

• provides the equation [1 mark]
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Q Sample response The response: 

8 Gradient of the graph = 6 m s–2 = acceleration 
The component of the acceleration due to gravity down 
the inclined plane is gsin 𝜃𝜃 
Therefore 
gsin  𝜃𝜃 = 6 

𝜃𝜃𝑖𝑖 = sin–1(6/9.8) = 38° 

• arrives at a value for the gradient [1 mark]
• indicates an understanding of how the

acceleration of the object is represented by the
gradient of the graph [1 mark]

• provides pertinent mathematical operation/s
correctly performed using the gradient value
[1 mark]

• determines angle [1 mark]

9 The gradient of the graph can be used to find 𝐺𝐺𝐺𝐺
4𝜋𝜋2

. 
The gradient of the graph can be found using the 
following two points: (0,0) and (40 000, 10). 
First, the x values will be converted to seconds2 
(0,0) and (2.985984 x1014, 10 x 1032). 
The gradient = 3.37 x 1018 

Let the gradient be represented by the pronumeral V. 

𝑉𝑉 =
𝐺𝐺𝐺𝐺
4𝜋𝜋2

𝐺𝐺 =  
𝑉𝑉4𝜋𝜋2

𝐺𝐺
Mass = 2.0 × 1030 kg (to 1 decimal place) 

• indicates an understanding that the gradient
represents 𝐺𝐺𝐺𝐺

4𝜋𝜋2
 [1 mark]

• provides pertinent mathematical operation/s
correctly performed to convert days2 into
seconds2 [1 mark]

• arrives at a value for the gradient [1 mark]
• provides pertinent mathematical operation/s

correctly performed using the gradient [1 mark]
• determines the mass [1 mark]
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