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Use the Section II answer sheet for Questions 1-20. 
 

 

1. Which of the following best describes the relationship between the work done on an object when 

it moves between two altitudes and its gravitational potential energy? 

 

A) The work done on the object equals its gravitational potential energy. 

B) The work done on the object equals the change in its gravitational potential energy. 

C) The work done on the object equals the increase in its gravitational potential energy.  

D) The work done on the object equals the decrease in its gravitational potential energy.  

 
 

2. Jonathan and Felix place a current-carrying wire so that it is perpendicular to a magnetic field. 
 
Which graph correctly shows the relationship between the magnetic field strength (B) and current 
(I) if the force on the current-carrying wire is to remain constant? 

 
 

3. Jet, an astronaut floating in the International Space Station while it is orbiting Earth, feels 

weightless. 

 

This is because 

 

A) His mass is now zero. 

B) The gravitational force on him is zero. 

C) The gravitational force is balanced by the centrifugal force. 

D) Gravity is the only force acting on him.  
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4. Wethmi places a circular loop of wire in a magnetic field so that it doesn’t move. She then 
pushes the sides together to change the shape, as shown in the diagram below.  
 

 
 
As Wethmi compresses the loop, a current flows. 
 
Which of the following shows the direction of the current and explains why it is induced?  

 

 Current direction Why the current is induced?  

A) Clockwise Change in magnetic flux 

B) Anticlockwise Change in magnetic flux 

C) Clockwise Change in magnetic flux density 

D) Anticlockwise  Change in magnetic flux density 

 
 

5. Rohan and Darshpreet fix in place three straight, conductors, P, Q and R, carrying currents of the 

same magnitude, I. The magnitude of the force between conductors P and Q is F newtons.  

 
What is the net force on conductor R when it is in the position shown above?  

 

A) F/2 N to the left 

B) F/2 N to the right 

C) 3F/2 N to the left 

D) 3F/2 N to the right 
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6. A light source of wavelength λ shines on two slits, S1 and S2, separated by distance d. Two light 

rays from slits S1 and S2 (Ray X and Ray Y) are shown in the diagram below.  

 

 
 

What is the path difference between rays X and Y?  
 

A) 0.5 λ 

B) 1.0 λ 

C) 1.5 λ 

D) 2.0 λ 

 
 
 

7. The escape velocity of Earth is 11 200 ms-1 and yet a spacecraft, moving at a much lower speed, 
can travel away from the Earth and toward distant planets.  

 
Which of the following statements about this is correct? 
 

A) If the spacecraft turns off its rockets, it will slow down and be pulled back to Earth. 

B) To escape the Earth’s gravitational field, a spacecraft in orbit will have to accelerate to a 

minimum of 11 200 ms-1. 

C) A spacecraft in orbit around the Earth could use rockets to accelerate and escape the Earth’s 

gravity at a lower speed. 

D) The escape velocity depends on the mass of the spacecraft.  
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Use the diagram below, which shows four stars, marked W, X, Y and Z, to answer questions 8 and 9. 

 

 
 

8. Which of the following gives the correct features of the relevant star?  

 

A) Star W is the hottest and largest.  

B) Star X is a relatively small, yellow star, similar to our Sun. 

C) Star Y is the largest and hottest of the four. 

D) Star Z is the smallest and has the shortest lifespan.  

 

 

9. Identify the predominant nuclear reactions involved in the three stars W, X and Y. 

 

 W Y X 

A) Proton-Proton CNO cycle Proton-Proton 

B) Proton-Proton Proton-Proton CNO cycle 

C) CNO cycle Proton-Proton Triple alpha 

D) CNO cycle Triple alpha Proton-Proton 

 

 

10. A proton is travelling at half the speed of light at an angle of 7.50 to the direction of the magnetic 

field in a particle accelerator. The accelerator’s magnetic field strength is 2.0 x 10-2 T. 

 

The force on the proton is closest to 

 

A) 2.356 x 10-13 N 

B) 6.273 x 10-14 N 

C) 6.172 x 10-14 N 

D) 1.19 x 10-15 N 
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11. Gliese 581c is an Earth like planet discovered in 2007 orbiting a star 20 light years from the Sun. 
Astronomers suspect its mass is 6 times that of the Earth.  

 
Assuming that the radius of Gliese 581c is twice that of the Earth, what would be the acceleration 
due to gravity be at its surface?  

 

A) 3.3 ms-2 

B) 6.5 ms-2 

C) 14.7 ms-2 

D) 29.4 ms-2 

 
12. A negatively charged particle enters a uniform magnetic field, as shown below. 

 

 
Which of the following best demonstrates what happens to this particle once it is in the 
magnetic field?  

 

 
 

13. One of the consequences of special relativity is that 

 

A) Forces that are not real can be felt by some observers. 

B) People travelling at high speeds will be crushed by length contraction. 

C) Time can move backward. 

D) Two events may appear to be simultaneous to one observer but not another.  
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14. Europa, a moon of Jupiter, has an orbital diameter of 1.34 x 109 m and a period of 3.55 Earth 

days. 

 

What is the mass of Jupiter?  

   

A) 1.48 x 1023 kg 

B) 1.83 x 1027 kg 

C) 1.89 x 1027 kg 

D) 1.51 x 1028 kg 

 

15. Daniel sent a microwave signal from Earth to Lucy, who was in a spacecraft which was travelling 

directly towards the Earth at a speed of 0.4 c.  

 

What was the speed of Daniel’s signal as received by Lucy?  

 

A) 0.4 c 

B) 0.1 c 

C) 1.0 c 

D) 1.4 c 

 

 

16. Which wave behaviour provided evidence for the transverse nature of light? 

 

A) Polarisation 

B) Diffraction 

C) Interference 

D) Refraction 

 

17. The graph below shows the electromagnetic radiation emitted from two stars, A and B.  

 

 
Why is there a drop in the intensity at very short wavelengths for the typical black body radiation 

traces shown in the graph below? 

 

A) The energy of each photon is reduced at very short wavelengths. 

B) There are fewer photons with high energy at very short wavelengths.  

C) Only photons of very short wavelengths are reabsorbed by the black body. 

D) Photons of very short wavelengths interact, causing destructive interference. 
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18. Angela is travelling in her spacecraft, X past an observer on an asteroid of 0.9 c, as shown below.  

 

 
Which of the following statements about how the observers sees Angela’s spacecraft is correct?  

 

 A) It will be more massive, but not as long. 

 B) It will be more massive, not as long or as wide. 

 C) It will be more massive and not as wide. 

 D) it will be less massive and not as long.  

 

 

19. An ideal transformer is used to convert an input of 800 V to an output current of 24 A. There are 

5700 turns in the primary coils and 460 turns in the secondary.  

 

What is the current on the primary?   

 

A) 1.94 A  

B) 3.81 A   

C) 13.8 A  

D) 64.6 A  

 

20. Thompson carried out an experiment with a modified form of cathode ray tube, where a new, 

unknown type charged particles are injected into a region perpendicular to a magnetic field. He 

measured the charge to mass ratio q/m.  

 

What does the new charge to mass ratio become if the particle velocity is doubled and the 

magnetic field strength is tripled?   

 

 

(A) 0.66 q/m 

(B) 1.33 q/m 

(C) 1.66 q/m 

(D) 1.75 q/m 
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80 marks 
Attempt Questions 21-34 
Allow about 2 hours and 35 minutes for this section 
 
 
Instructions • Write your teacher’s name and student number at the top of this 

page. 

• Answer the questions is the spaces provided. These spaces provide 
guidance for the expected length of response.  

• Show all relevant working in questions involving calculations. 

• Extra writing space is provided at the back of this booklet. 
If you use this space, clearly indicate which question you are 
answering.  

 

 
 

Select the response which best answers the question and indicate your choice by placing 
an ‘X’ over A, B, C or D on the grid below 

 

1 A B C D  11 A B C D 

2 A B C D  12 A B C D 

3 A B C D  13 A B C D 

4 A B C D  14 A B C D 

5 A B C D  15 A B C D 

6 A B C D  16 A B C D 

7 A B C D  17 A B C D 

8 A B C D  18 A B C D 

9 A B C D  19 A B C D 

10 A B C D  20 A B C D 

 

 

2023 
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Question 21 (6 marks) 

 

A rocket is in orbit, distance R from the centre of the Earth. At this position, it has a gravitational 

potential energy (U) equal to -4E J. The rocket is then boosted to an orbit where its gravitational potential 

energy is -E J. 

 

a) Complete the table below to show the missing values.                2 

 

 Gravitational Potential 

Energy (J) 

Orbital kinetic energy 

(J) 

Total Energy (J) 

Initial position  

 

  

Final position  

 

  

 

b) Explain how the gravitational potential energy of the rocket seems to decrease from -4E to -E, 

even though it is boosted to a higher orbit.                  2 

 
……………………………………………………………………………………………………….. 
 
……………………………………………………………………………………………………….. 

 
……………………………………………………………………………………………………….. 

 
……………………………………………………………………………………………………….. 

 

c) Justify the change in kinetic energy of the rocket by deriving the relationship between the kinetic 

energy of an orbiting object and the radius of its orbit.                 2 

 
……………………………………………………………………………………………………….. 
 
……………………………………………………………………………………………………….. 
 
……………………………………………………………………………………………………….. 

 
……………………………………………………………………………………………………….. 

 
……………………………………………………………………………………………………….. 

 

 

Question 22 (2 marks) 
 
An astronomer recorded hydrogen spectral data from a star. She noticed the spectral lines she recorded for 
this star were shifted to a lower wavelength by 30.0 x 10-10 m and were broader than expected.  
 
State what caused each of these two observations.                   2 
 
………………………………………………………………………………………………………............. 
 
………………………………………………………………………………………………………............. 
 
………………………………………………………………………………………………………............. 
 
………………………………………………………………………………………………………............. 
 
………………………………………………………………………………………………………............. 
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Question 23 (6 marks) 
 

A year 12 Physics student who owned a motorcycle decided to give up riding it as he was worried for his 
safety, especially at very high speeds. Therefore, he sold his motorbike and purchased a 1,500 kg car. When 
driving his car, he remembered what he learned in class about travelling around curves and the forces 
involved.  
 
The diagram below shows the student’s new car travelling around curves of the same 12 m radius, but with 
the right hand curve banked, as shown below.  
 

 
a) Determine the frictional force required by the 4 tyres in total to prevent the car skidding on the 

horizontal road if the student drives it at a speed of 30 km/h.                3 
 

……………………………………………………………………………………………………….. 
 
……………………………………………………………………………………………………….. 
 
……………………………………………………………………………………………………….. 

 
……………………………………………………………………………………………………….. 

 
……………………………………………………………………………………………………….. 
 

 
b) Determine the angle of the banked track needed for the car to safely travel around the banked road 

if the car travels at 40 km/h assuming that there is no friction between the tyres and the road.          3 

 
……………………………………………………………………………………………………….. 
 
……………………………………………………………………………………………………….. 
 
……………………………………………………………………………………………………….. 

 
……………………………………………………………………………………………………….. 
 
……………………………………………………………………………………………………….. 
 
……………………………………………………………………………………………………….. 
 
……………………………………………………………………………………………………….. 

 
……………………………………………………………………………………………………….. 
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Question 24 (4 marks)  
 
The graph below shows the wavelength of the peak intensity of radiation emitted by a standard black body 
at different temperatures.  
 

 
 
Show that the graph is consistent with Wien’s Law.                                         4 

 
………………………………………………………………………………………………………............. 
 
………………………………………………………………………………………………………............. 
 
………………………………………………………………………………………………………............. 
 
………………………………………………………………………………………………………............. 
 
………………………………………………………………………………………………………............. 
 
………………………………………………………………………………………………………............. 
 
………………………………………………………………………………………………………............. 
 
………………………………………………………………………………………………………............. 
 
………………………………………………………………………………………………………............. 
 
………………………………………………………………………………………………………............. 
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Question 25 (7 marks) 
 
Vanessa, Parleen and Isabella were accepted by NASA and sent to the Moon as astronauts. While on the 
Moon, Isabella and Parleen tell Vanessa to get rid of her chewing gum. After opening the visor on her 
helmet, Vanessa spits the gum out from the top of a cliff, hitting the ground below 18.63 s later.  
 
The acceleration due to gravity on the Moon is 1.6 ms-2.    
 

 
 
 

a) Determine the horizontal component of the chewing gum’s velocity.               2 
 
………………………………………………………………………………………………………. 

 
……………………………………………………………………………………………………….. 
 
……………………………………………………………………………………………………….. 

 
b) Determine the vertical component of the gum’s initial velocity.                3 

 
……………………………………………………………………………………………………….. 

 
……………………………………………………………………………………………………….. 
 
……………………………………………………………………………………………………….. 
 
……………………………………………………………………………………………………….. 

 
……………………………………………………………………………………………………….. 

 
c) The mass of the Moon is miraculously doubled and its radius increased so that is three times 

larger. On the diagram above, carefully sketch the new trajectory of the gum if Vanessa spat it out 
with the same initial velocity. Clearly justify your reasoning below.                          2 

 
……………………………………………………………………………………………………….. 

 
……………………………………………………………………………………………………….. 
 
……………………………………………………………………………………………………….. 
 
……………………………………………………………………………………………………….. 

 
……………………………………………………………………………………………………….. 
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Question 26 (4 marks) 
 
Justin, Arya and Prapann used a mass spectrometer to determine the relationship between the charge on a 
particle and its path in a magnetic field. The diagram below shows the path of two of the six particles 
observed.  
 

 
Their results are shown in the table below. 
 

 
 
They plotted their results, which are shown on the graph below. They concluded that the radius of the 
path followed by a charged particle in a magnetic field is inversely proportional to the magnitude of the 
charge.  

 
 
 
 
 
 
 
 

 
Question 26 continues over page… 
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Question 26 continued… 
 

Evaluate their conclusion. Fully justify your evaluation.                                       4 
 

………………………………………………………………………………………………………............. 
 
………………………………………………………………………………………………………............. 
 
………………………………………………………………………………………………………............. 
 
………………………………………………………………………………………………………............. 
 
………………………………………………………………………………………………………............. 
 
………………………………………………………………………………………………………............. 
 
………………………………………………………………………………………………………............. 
 
………………………………………………………………………………………………………............. 
 
………………………………………………………………………………………………………............. 
 
………………………………………………………………………………………………………............. 
 
 
 
 
Question 27 (2 marks) 
 
A distant star has several planets orbiting it. Information on the planets are shown below.  
 

Planet Radius (m) Period (s) 

Chinson 6.1 x 108 4.2 x 104 

Harry ? 8.4 x x 104 

Danny 1.56 x 109 1.68 x x 105 

 
Calculate the orbital radius of Harry                                          2 
 
……………………………………………………………………………………………………................. 
 
……………………………………………………………………………………………………................. 
 
……………………………………………………………………………………………………................. 

 
……………………………………………………………………………………………………................. 
 
……………………………………………………………………………………………………................. 

 
……………………………………………………………………………………………………................. 
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Question 28 (6 marks) 
 
Fully explain how an emf is produced across the brushes in a DC generator. In your answer, include a 
labelled diagram and a suitable graph.                   6 
 
………………………………………………………………………………………………………............. 
 
………………………………………………………………………………………………………............. 
 
………………………………………………………………………………………………………............. 
 
………………………………………………………………………………………………………............. 
 
………………………………………………………………………………………………………............. 
 
………………………………………………………………………………………………………............. 
 
………………………………………………………………………………………………………............. 
 
………………………………………………………………………………………………………............. 
 
………………………………………………………………………………………………………............. 
 
………………………………………………………………………………………………………............. 
 
………………………………………………………………………………………………………............. 
 
………………………………………………………………………………………………………............. 
 
………………………………………………………………………………………………………............. 
 
………………………………………………………………………………………………………............. 
 
………………………………………………………………………………………………………............. 
 
………………………………………………………………………………………………………............. 
 
………………………………………………………………………………………………………............. 
 
………………………………………………………………………………………………………............. 
 
………………………………………………………………………………………………………............. 
 
………………………………………………………………………………………………………............. 
 
………………………………………………………………………………………………………............. 
 
………………………………………………………………………………………………………............. 
 
………………………………………………………………………………………………………............. 
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Question 29 (10 marks) 
 
In 1905, Einstein published his Theory of Special Relativity. However, there were no real physical 
observations at that time to support his theory.  
 

a) Outline TWO later observations that was consistent with specific implications of Einstein’s 
theory.                       4 

 
……………………………………………………………………………………………………... 
 
……………………………………………………………………………………………………... 
 
……………………………………………………………………………………………………... 

 
……………………………………………………………………………………………………... 
 
……………………………………………………………………………………………………... 

 
……………………………………………………………………………………………………... 

 
……………………………………………………………………………………………………... 
 
……………………………………………………………………………………………………... 

 
 

b) With reference to Einstein’s theory of special relatively, comment on the significance of the 
Michelson-Morley experiment to our understanding of the nature of light.               2 

 
……………………………………………………………………………………………………... 
 
……………………………………………………………………………………………………... 
 
……………………………………………………………………………………………………... 

 
……………………………………………………………………………………………………... 
 
……………………………………………………………………………………………………... 

 
c) Evaluate the significance of E=mc2 to our understanding of physics.               4 

 
……………………………………………………………………………………………………... 
 
……………………………………………………………………………………………………... 
 
……………………………………………………………………………………………………... 

 
……………………………………………………………………………………………………... 
 
……………………………………………………………………………………………………... 

 
……………………………………………………………………………………………………... 
 
……………………………………………………………………………………………………... 
 
……………………………………………………………………………………………………... 

 
……………………………………………………………………………………………………... 
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Question 30 (10 marks) 

   

Xin Xin and Chanul carried out a photoelectric effect experiment. Photons from a light source travel 

through a filter onto a photocell. The filters are changed to shine a particular wavelength onto the 

photocell. The variable voltage is increased until the current just goes to zero, and then recorded. They 

repeat this process for different frequencies.    

 
 

 
 

(a) Plot a graph of the results here. Use the range from zero to 9x1014 Hz.                 3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b) Explain how the stopping voltage is related to the electrons’ kinetic energy.              2 
 

……………………………………………………………………………………………………... 
 
……………………………………………………………………………………………………... 

 
……………………………………………………………………………………………………... 
 
……………………………………………………………………………………………………... 
 
……………………………………………………………………………………………………... 

Question 30 continues over page… 

V (V) 

2.0 

 

 

1.0 

 

 

0 

 

 

-1.0 

 

 

-2.0 

 

 

-3.0  
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Question 30 continued… 

 

c)  Use the graph to determine the work function in eV, as well as Plank’s constant.   2 

 

…………………………………………………………………………………………. 

…………………………………………………………………………………………. 

…………………………………………………………………………………………. 

…………………………………………………………………………………………. 

…………………………………………………………………………………………. 

…………………………………………………………………………………………. 

 

(d) For each frequency, Chanul and Xin Xin doubled the intensity of the incident light. 

Describe how the new graph compares with the original graph. Do these two graphs 

support the wave model or particle model of light? Justify your answer.                           3  

 

…………………………………………………………………………………………. 

…………………………………………………………………………………………. 

…………………………………………………………………………………………. 

…………………………………………………………………………………………. 

…………………………………………………………………………………………. 

…………………………………………………………………………………………. 

…………………………………………………………………………………………. 

…………………………………………………………………………………………. 

…………………………………………………………………………………………. 

…………………………………………………………………………………………. 
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Question 31 (9 marks) 
 
Mr Blunden chose two of his best students, Alivia and Qiandai, to perform an experiment with a simple 
electric motor coupled to a metal disc. 

 
 
Qiandai and Alivia obtained the following results as the current through the electromagnet was changed. 
 

Time (s) Current in the motor’s coil (A) 

0 0.20 

5 0.20 

10 0.30 

15 0.40 

20 0.50 

25 0.55 

30 0.55 

 
Assuming that the motor’s power source was kept constant throughout the experiment, fully explain 
Alivia and Qiandai results, with the aid of a relevant graph and annotations on the diagram above.           9 
 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 
additional writing space over page… 
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Question 31 continued…. 
 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 
 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 

……………………………………………………………………………………………………………. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



22 

 

Question 32 (5 marks)  
 
Dylan performed an experiment to demonstrate Young’s double slit experiment, as shown below. 
 

 
Monochromatic light is passed through the slits S1 and S2. 
 

a) Dylan makes an adjustment that resulted in the new distance between the central maximum and the 
adjacent fringes increasing. Outline TWO possible changes that Dylan could have made.               2 

 
……………………………………………………………………………………………………... 
 
……………………………………………………………………………………………………... 
 
……………………………………………………………………………………………………... 

 
……………………………………………………………………………………………………... 
 
……………………………………………………………………………………………………... 

 
……………………………………………………………………………………………………... 

 
 

b) At the time that Young’s double slit experiment was originally conducted, there were two competing 
theories of the nature of light. Explain how Young’s experiment supported one of those models, but 
not the competing model.                    3 

 
……………………………………………………………………………………………………... 
 
……………………………………………………………………………………………………... 
 
……………………………………………………………………………………………………... 

 
……………………………………………………………………………………………………... 
 
……………………………………………………………………………………………………... 

 
……………………………………………………………………………………………………... 

 
……………………………………………………………………………………………………... 
 
……………………………………………………………………………………………………... 
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Question 33 (5 marks) 
 
The diagram below shows equipment like that used by Milliken in his experiments with oil drops in 1909. 

 

 
 
Explain how Milliken used this equipment and how his interpretation of his results contributed to our 
understanding of matter. In your answer, refer to J J Thomson’s experiment.              5 
 
……………………………………………………………………………………………………................. 
 
……………………………………………………………………………………………………................. 

 
……………………………………………………………………………………………………................. 
 
……………………………………………………………………………………………………................. 
 
……………………………………………………………………………………………………................. 
 
……………………………………………………………………………………………………................. 
 
……………………………………………………………………………………………………................. 
 
……………………………………………………………………………………………………................. 

 
……………………………………………………………………………………………………................. 
 
……………………………………………………………………………………………………................. 
 
……………………………………………………………………………………………………................. 
 
……………………………………………………………………………………………………................. 
 
……………………………………………………………………………………………………................. 
 
……………………………………………………………………………………………………................. 
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Question 34 (4 marks) 
 
The information below relates to the Proton-proton chain, which provides over 90% of the Sun’s energy.  
 

 
 

a) Use the information in the table to calculate the energy produced by fusing hydrogen to form one 
helium nucleus in MeV.                           2 

 
……………………………………………………………………………………………………... 
 
……………………………………………………………………………………………………... 
 
……………………………………………………………………………………………………... 

 
……………………………………………………………………………………………………... 

 
……………………………………………………………………………………………………... 

 
b) White dwarfs are not a part of the main sequence. State TWO other essential characteristics of a 

white dwarf which distinguish it from other groups in the H-R diagram.                         2 
 

……………………………………………………………………………………………………... 
 
……………………………………………………………………………………………………... 
 
……………………………………………………………………………………………………... 

 
……………………………………………………………………………………………………... 

 
……………………………………………………………………………………………………... 

 
……………………………………………………………………………………………………... 
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