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

 
1.        Rachel is driving her car at a constant speed around a curve of fixed radius on her way home 

from Physics tutoring.  
 
Which of the following correctly describes the acceleration of Rachel’s car?  
 

  Magnitude Direction  

 A) Constant Constant  

 B) Constant  Changes  

 C)  Changes Constant  

 D) Changes Changes  

     

 
2. Yatha, while calibrating a spectrometer attached to a telescope, records a hydrogen line in the 

Balmer series with a wavelength of 656.28 nm. Later, a star is observed, and its spectrum is 
analysed and the same hydrogen line in this spectrum is recorded as 680 nm.  
 
Which of the following statements is correct?  

 
A) The star is blue shifted and moving towards us. 

B) The star is red shifted and moving towards us. 

C) The star is red shifted and moving away from us. 

D) The star is blue shifted and is moving away from us.  

 

3. According to Max Planck, which characteristic of an object determined the peak wavelength of 
radiation emitted by a hot object?  

 
A) The type of material the objects is made of. 

B) The temperature of the object. 

C) The type of material and its temperature. 

D) The temperature of the object and its shape.  

 

 

 

 

 



3 
 

4. Ravindu is driving his father’s black SUV around a banked circular track. The height of the 
SUV above the ground stays constant. 
 
Which if the following correctly shows the forces acting on the SUV?  

 

 
 

5. The individual stars in a single star cluster are plotted on a Hertzsprung-Russell diagram as 
shown below. 
 

 
 

 
The relative under-representation of O and B type stars is most likely due to: 

 
 (A) the cluster being too young for these stars to have formed yet. 

 (B) too much gas and dust existing between the stars preventing such stars from  

 forming. 

 (C) these stars having depleted their hydrogen fuel and becoming red giants. 

 (D) the main sequence stars that formed in the cluster were not sufficiently large. 
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6. What was Schrodinger’s main contribution to the current model of the atom? 
 

A) Diffraction experiments verifying the wave properties of electrons. 

B) His work was the basis of the Bohr model of the atom. 

C) His wave equations were very important in the development of modern quantum 

mechanics. 

D) He was the first to apply quantum ideas to the understanding of the atom.  

 
 
 

7. A satellite is in a stable geostationary orbit around the Earth.  
 

Which of the options below best shows the satellite’s path if the gravitational force on it was 
somehow removed when it was at point X? 
 

 
 
 
 
 
 

8. A reason that the observations from the Geiger-Marsden experiment were unexpected at the time 
was that: 

 
A) atoms were believed to have a positive nucleus. 

B) atoms were thought to be capable of reflecting alpha particles. 

C) electrons were believed to be orbiting the nucleus. 

D) atoms were thought to have the negative charges embedded throughout a continuous  
positive fluid. 
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9. Two masses have a gravitational force of 12 N between them, If the distance is doubled, what 
would be the new gravitational force between them?  

 
A) 3 N 

B) 6 N  

C) 12 N 

D) 24 N 

 
 

10. How much work is done on an electron being accelerated between two charged plates with a 
voltage drop of 20V? 

 
A) 8 x 10-19 J 

B) 3.2 x 10-18 J 

C) 6.4 x 10-18 J 

D) 8 x 10-17 J 

 
 

11. The diagram below shows a DC electric motor, but when a current flows through the coil, it 
does not turn. 

 
 
  Which of the following is required so that the coil turns?  
 

A) The starting point of the coil must be changed.  

B) The magnetic field must be reduced. 

C) The magnitude of the current must be increased.  

D) The direction of the current must be reversed. 

 

12. Stirling observed that a space probe at rest is 40 m long. However, when he sees the space probe 
travelling in space was only 32 m long. 

  
What was the speed of the space probe relative to Stirling?  

  
A) 0.60 c 

B) 0.75 c 

C) 0.80 c 

D) 1.25 c  
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13. A Physics student who did not pay attention in class got a flat tyre on their way to tutoring after 
school. In order to change the tyre, they had to undo the wheel nuts using the wheel wrench 
shown below.  

 
Knowing that the student did not listen in class, which of the following shows that they have 
the poorest understanding possible of how to undo the wheel nuts with a minimum applied 
force? 
 
A) The force should be applied at right angles to the wheel wrench at the smallest distance 

possible from the wheel nut. 

B) The force should be applied at 450
 to the wheel wrench at the smallest distance possible 

from the wheel nut.  

C) The force should be applied at right angles to the wheel wrench at the middle distance along 

the tyre lever. 

D) The force should be applied at right angles to the wheel wrench at the largest distance from 

the wheel nut possible. 

 
 
 

14. Photons of wavelength λ are incident on a metallic surface in a vacuum. The number of photons 
incident on the surface per second is n. No electrons are emitted from the surface.  

 
Which of the following actions is more likely to cause electrons to be emitted from the surface?  
 
A) Decrease the frequency of the incident light. 

B) Decrease the wavelength, λ, of the incident light.  

C) Increase the number of photons per second, n, incident on the surface. 

D) Change to a different metallic surface.   

 
 

15. Maxwell’s equations apply to the: 
 

 A) particle model of light only. 

 B) particle and wave models of light. 

 C) explanation of the photoelectric effect. 

 D) wave model of light only. 
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16. A charged particle, q, enters a uniform magnetic field B at velocity v. The particle follows a 
circular path of radius r, as shown below. 

 

 
 
If the magnitude of the magnetic field was doubled and the other variables were kept constant, 
what would the new radius be?  
 

A) r/4 

B) r/2 

C) 2r 

D) 4r 

 
 
 

17. A conductor, which is connected to an ammeter, is moved by a force F through a magnetic field, 
as shown below. 

 

 
 
The direction of the conventional current in the conductor and the reason why it must be in this 
direction is: 
 

 Direction Reason 

A) Up the page The motor effect 

B) Up the page The law of conservation of energy 

C) Down the page The law of conservation of energy 

D) No current There is not a complete circuit 
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18. Michelson and Morley expected to see a change in the interference pattern in their experiment, 
yet they obtained a null result. Why did they obtain a null result? 

 
A) A positive result would violate the principle of relativity.  

B) The Earth’s speed through space is too small compared to the speed of light for the 

experiment to give a significant result.  

C) Any variation in the speed of light could be explained by experimental errors. 

D) Einstein had proven that the speed of light was a constant in a particular medium.  

 
 

19. UV light with a wavelength of 2 x 10-7 m hits a metal which then emits photoelectrons with a 
maximum kinetic energy of 3.98 eV. 

 
What was the metal? 

 
 Metal Work function (eV) 

A) A 7.2 

B) B 7.0 

C) C 6.5 

D) D 6.1 

 
 

20. Danindu moves a square copper plate at a constant speed through a magnetic field, as shown 
below.  

 

 
 

Which of the following best shows the emf induced in the plate? 
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80 marks 
Attempt Questions 21-33 
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 
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Question 21 (10 marks) 
 
Mars is the only other planet in our solar system where it is realistically possible to send humans to live. 
NASA aims to launch astronauts to Mars by the late 2030s or early 2040s and two ex BHHS students, 
Arya and Karan, were selected to be on the first mission.  
 
Use the following information about Mars to answer the following questions.  
 

Mass 6.39 x 1023 kg 

Diameter 6.679 x 106 m 

Atmosphere Negligible  

 

a) Calculate the acceleration due to gravity that Ayra and Karan would experience on the surface of 
Mars.                                   2 

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

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

 
b) Arya and Karan decide to test their understanding of projectile motion that they learnt at school. 

They throw a food cannister of 1.25 kg upward at an angle of 250 to the horizontal with an initial 
velocity of 2.5 ms-1.  
Calculate: 
 
(i) The maximum distance from the centre of Mars that the food cannister reaches.             2 

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

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

 
(ii) How far the food cannister lands from where they threw it, assuming that it was thrown at 

a height 2m above the ground and that the ground was level.               4 
 

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

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

 
……………………………………………………………………………………………………...... 
 
……………………………………………………………………………………………………...... 
 
……………………………………………………………………………………………………...... 
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c) Calculate the minimum velocity that they would need to throw the food cannister vertically if it 
was to just escape Mars’ gravitational field.                  2 

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

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

 
 
 
 
Question 22 (3 marks) 
 
In 1990, the Hubble Space Telescope (HST)was placed in orbit around the Earth. Earth and Hubble follow 
the orbits shown below, with identical orbital periods. This appears to contradict Kepler’s law of periods. 
                                   3 
 

 
 
Fully explain why it is possible for the HST to orbit the Sun with the same orbital period as the Earth. 
 
……………………………………………………………………………………………………................. 
 
……………………………………………………………………………………………………................. 
 
……………………………………………………………………………………………………................. 

 
……………………………………………………………………………………………………................. 
 
……………………………………………………………………………………………………................. 
 
……………………………………………………………………………………………………................. 
 
……………………………………………………………………………………………………................. 
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Question 23 (9 marks) 
 
During experiments with the Large Hadron Collider (LHC), Tim and Lincy accelerated protons to travel at 
2.2 x 106 ms-1. The LHC has a diameter of 8 x 103 m. 
 

a) Calculate the De Broglie wavelength of these protons.                2 
 

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

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

 
b) Calculate the momentum of a proton at that speed and the force required to keep it on a circular 

path.                                  4 
 

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

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

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

 
c) Assess the validity of the following statement: 

 
Particle accelerators cannot accelerate particles to any speed beyond the speed of light.            3 

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

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

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

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

 
……………………………………………………………………………………………………...... 
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Question 24 (4 marks) 
 
The diagram below shows two parallel plates 2.50 mm apart. They are connected to a power supply which 
produces a potential difference of 320 V. An electron is at rest at point P.  
 

 
 

a) Calculate the force acting on the electron.                             2 
 

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

 
b) Describe quantitatively the effect of the field on the electron’s motion.               2 

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

 
……………………………………………………………………………………………………... 
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Question 25 (3 marks) 
 
Describe ONE experiment conducted by a scientist that provided a previously unknown property of the 
electron.                         3 
 
……………………………………………………………………………………………………................. 
 
……………………………………………………………………………………………………................. 
 
……………………………………………………………………………………………………................. 

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

 
……………………………………………………………………………………………………................. 
 
 
Question 26 (8 marks) 
 
Harini wants to charge her mobile phone in class and so she plugs the charger into the power point on her 
desk which provides a 240 V AC supply. The transformer in the charger converts this to an output of 6V 
DC. The phone draws a 1 A current on the charger when it is being charged. 
 

a) Determine the current drawn by the charger on the 240 V power supply.               2   
 

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

 
 

b) Use a labelled diagram in the space below to model the structure of the transformer.            2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Question 26 continues over page… 
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Question 26 continued… 
 

c) Explain TWO methods that could maximise the charger’s transformer efficiency.            4
  
……………………………………………………………………………………………………... 
 
……………………………………………………………………………………………………... 
 
……………………………………………………………………………………………………... 

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

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

 
Question 27 (3 marks) 

 
Tharsiha uses a handle to rotate a cylinder containing multiple copper windings between two permanent 
magnets, as shown below. When the cylinder is rotated, an emf is generated across the copper windings. 
 

 
 
Describe and explain quantitatively how doubling the handle length (L) will change the emf generated in 
the copper windings in the cylinder if she continues to turn it at the same angular velocity.             3 
 
……………………………………………………………………………………………………................. 
 
……………………………………………………………………………………………………................. 
 
……………………………………………………………………………………………………................. 

 
……………………………………………………………………………………………………................. 
 
……………………………………………………………………………………………………................. 
 
……………………………………………………………………………………………………................. 
 
……………………………………………………………………………………………………................. 
 
……………………………………………………………………………………………………................. 
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Question 28 (10 marks) 
 

a) Clearly explain the production of absorption spectra by the atmosphere of stars.              3 
 

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

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

 
b) Describe clearly how the study of a star’s spectrum can give us information about TWO specific 

features of that star.                          4 
 

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

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

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

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

 
Question 28 continues over page… 
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Question 28 (continued) 
 

c) Outline Hubble’s observations and their significance in terms of our understanding of the nature 
of the universe.                      3 

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

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

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

Question 29 (3 marks) 
 
For electricity to be transmitted over large distances between generators and households, transformers are 
used. Two transmissions take place over the same transmission lines at different times: 
 

Transmission A: 28 kV AC 
Transmission B: 280 kV AC 

 
Compare the power losses that occur in transmissions A and B. Include relevant equations and 
calculations in your response.                     3 
 
……………………………………………………………………………………………………................. 
 
……………………………………………………………………………………………………................. 
 
……………………………………………………………………………………………………................. 

 
……………………………………………………………………………………………………................. 
 
……………………………………………………………………………………………………................. 
 
……………………………………………………………………………………………………................. 
 
……………………………………………………………………………………………………................. 
 
……………………………………………………………………………………………………................. 
 
……………………………………………………………………………………………………................. 
 
……………………………………………………………………………………………………................. 
 
……………………………………………………………………………………………………................. 
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Question 30 (7 marks) 
 

a) With the aid of a labelled diagram, outline Bohr’s model of the atom and state the limitations of 
the model.                      4 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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

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

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

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

b) Outline experimental evidence that supported ONE of Bohr’s postulates and explain how the 
experimental evidence provided this support.                 3 

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

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

 
……………………………………………………………………………………………………... 
 
……………………………………………………………………………………………………... 
 
……………………………………………………………………………………………………... 
 
……………………………………………………………………………………………………... 
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Question 31 (5 marks) 
 

 
 
Fully explain the production of torque in the device shown above. In your answer, refer to the diagram 
and include two relevant graphs.                                5 
 
……………………………………………………………………………………………………................. 
 
……………………………………………………………………………………………………................. 
 
……………………………………………………………………………………………………................. 

 
……………………………………………………………………………………………………................. 
 
……………………………………………………………………………………………………................. 
 
……………………………………………………………………………………………………................. 
 
……………………………………………………………………………………………………................. 
 
……………………………………………………………………………………………………................. 
 
……………………………………………………………………………………………………................. 
 
……………………………………………………………………………………………………................. 
 
……………………………………………………………………………………………………................. 
 
……………………………………………………………………………………………………................. 
 
……………………………………………………………………………………………………................. 
 
……………………………………………………………………………………………………................. 
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Question 32 (6 marks) 
 
In 1911 Ejnar Hertzsprung and in 1913 Henry Norris Russell independently plotted the luminosity of stars 
versus their surface temperatures, as shown below. This represented a major step towards an understanding 
of stellar evolution.  

 
 

a) Identify the predominant nuclear reactions involved in the three groups A, B and C.            3 
 

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

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

 
 

b) With reference to the diagram above, outline the stellar evolution of the Sun.              3 
 

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

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

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

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

 
……………………………………………………………………………………………………... 
 
……………………………………………………………………………………………………... 
 
……………………………………………………………………………………………………... 
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Question 33 (9 marks) 
 
What evidence supports the classical wave model of light and what predictions can be made using this 
model?  
 
In your answer, include a relevant diagram and state TWO observations concerning light that are unable to 
be explained by the classical model.                                9 

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

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

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

 
END OF PAPER 
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