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General Instructions  • Reading time – 5 minutes 

• Working time – 3 hours 
• Write using black pen 
• Draw diagrams using pencil 
• Calculators approved by NESA may be used 
•  A data sheet, formulae sheet and Periodic Table are  
           provided at the back of this paper 
• Write your student number at the top of this page 
 

 
Total marks:  
100  

 
Section I – 20 marks (pages 3–11) 
• Attempt Questions 1–20 
• Allow about 35 minutes for this section 
 
Section II – 80 marks (pages 12–27) 
• Attempt Questions 21–36 
• Allow about 2 hours and 25 minutes for this section 
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Section I – 20 marks 
 

 Attempt Questions 1 – 20  
 Allow about 35 minutes for this section 
 
Use the multiple-choice answer sheet for questions 1 – 20. 
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    14       Which of the following is the most accurate statement regarding limitations of special relativity? 
 

A. It has never been tested due to shortcomings in technology 

B. Its equations only apply to space travel 

C. Its effects can only be measured when objects are travelling close to the speed of light 

D. It only applies to inertial frames of reference 
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Section II – 80 marks 
 

 Answer the questions in 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. 

 
 

 
Question 21 (6 marks) 
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Question 21 continues on next page 
 
 



12 
 

 

 

 
 
 
 
  Question 22 (2 marks) 
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   Question 23 (3 marks) 
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   Question 24 (4 marks) 
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   Question 25 (4 marks) 
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    Question 28 (4 marks) 

 
 

Question 28 continues on next page 
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Continue on to next page 
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 Question 29 (6 marks) 
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  Question 30 (7 marks) 
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Additional writing space for Question 31 is provided on next page 
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 Question 32 (3 marks)

 

 
 
 
 
 
 
 
 

Continue on to next page 
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   Question 33 (5 marks) 
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Question 34 (4 marks) 

A communications company launched a satellite of mass 250 kg. The satellite is 
in an orbit with an altitude of 27 129 km above the Earth.  
Calculate the gravitational potential energy of the satellite and its escape velocity.  
In your response, explain what the term ‘escape velocity’ means.     4 
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   Question 35 (7 marks) 
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Question 36 (6 marks) 

In science, there is a close link between developments in technology and  
developments in knowledge and understanding. 
Evaluate this statement with reference to the cathode ray debate and Thomson’s  
discovery of the electron.           6 
 

 

 
 
 
 
 
 
 
 

End of paper 
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27.  
 

 
Markers comments 
a. Many students did not take into account the distance from point of rotation point. Torque is defined by the force 
and distance from pivot point.  
b. Many students did not address the ‘verb’ explain. Cause and effect / how and why. It is not enough to say that the 
torque changes due to angle but rather how and why. 
28.  
 

 
Markers comments. 
Address the verb ‘evaluate’ meaning to demonstrate to your marker if the conclusion was valid or not.  
 
 
 
 
 
 
 



 
29.   
    

 
 
 
Markers comments 

a. Many students did not use correct sig figs 
b. The question asks you to compare therefore you must acknowledge the pilots observed momentum in your 

answer. 
 
 



 
 
 

30.  

 

 

 

 

31.  
Marked holistically with a typical 7 mark answer including the following: 

 Defined and correctly related Lenz’s law (1) 
 Identifies induced eddy currents in disk (1) 
 Explains the formation of these eddy currents by the change in magnetic flux in the disk as it rotates within 

the external magnetic field, inducing an EMF in accordance with Faraday’s law and a current flow. (1) 
 Relates the induced current’s magnetic field (cause) to the slowing of the disk’s rotation (effect) in 

accordance with Lenz’s law. (1) 
 Defines Back EMF as the induced EMF in a DC motor due to the change in magnetic flux within its rotating 

coil. (1) 
 Explains that the back EMF decreases when the disk’s rotation slows. (1) 
 Relates a smaller back EMF to a larger net EMF across the motor and therefore a larger current in the motor 

and ammeter. Equation Net EMF = Supply EMF – Back EMF would be helpful here.  (1) 



 
 
32.  

Includes equation Ploss = I2R (or P = VI used with V = IR). (1) 
States that power loss in A is greater than in B (or vice versa). (1) 
Calculates power loss in A to be 100x larger than power loss in B (or, stated differently, power loss in B is 1/100th 
as large as the power loss in A). (1) 

 



   

33.  
 Explains that to block the light the cog must move the width of a gap in the time it takes light to travel to the 

mirror and return. (1) 
 Calculates this time correctly as 5.33 x10-5 s. (1) 
 Explains that the cogwheel must rotate 1/100th in this time for light to be blocked (wheel consists of 50 cogs + 

50 gaps) (1). 
 Includes a calculation to determine the angular velocity to be 1x103 rad s-1 such as using the working out 

shown below (1) 
 Identifies that any odd multiple of this angular velocity will also result in the light being blocked (3x, 5x, 7x, 

etc). (1) 
 

 
 
 
 
 
 
 
 
 
 



 
34.  
Correct gravitational potential energy value (1)  with units (1).  
Correct escape velocity (1) with correct definition of escape velocity (1).  
 

 
  
 
 
 
 
 
35.  

 
Marked holistically but a typical 7 mark response required 7 of the following points and at least one equation 
supporting your answer.  

 Photoelectric effect stated and described 
 Particle (photon) model of light described 
 Work function stated, explained and related to question.  
 Threshold frequency stated, explained and related to the question 
 E = hf equation stated to explain that energy of photon is proportional to frequency rather than intensity 
 Role of intensity in particle model explained, where intensity corresponds to the concentration of photons but 

not the energy of each photon 
 Interaction of photon to electron described as one photon only every able to impart energy to one electron 
 K = hf – 𝜙 equation used to support explanation 

 

 
 



 
 
 
36.  
 
Criteria  
6 marks 

 Provides a well-organised and succinct response 
 Addresses the ‘evaluate’ verb (e) by providing a well-supported judgement about the link between technology 

and the development of knowledge 
 Describes at least TWO technologies (t x2) used in modified cathode ray which includes at least one example 

from the cathode ray debate tubes and one example from Thomson’s experiment 
 Explain the link (l) between how each technology described plays an important role in enhancing knowledge 

(k x2) and understanding about the nature of the electron.   

 

Examples of technologies might include the following: 

 Oppositely charged electric plates to produce an electric field 

 Electromagnets to produce magnetic field 

 Fluorescent screen to observe the trajectory of the electrons 

 High voltage power supply (e.g. induction coil) connected to cathode and anode 

 Vacuum tube 

 Any of the specific modification of Crooke’s tubes such as Maltese cross, paddlewheel, thin gold foil, etc.  

 

Note that 5 marks came from past papers (NESA sample paper) was for q. 33.  


