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Section 1 

 
 

PART A    20 one mark multiple choice questions. 
       

        Write your answers in pencil on the Part A answer sheet.             (20 marks) 
           

Write your Candidate number on the Part A answer sheet. 
 
 

PART B   Short response questions. 
        
        Write your answers in the space provided.      (55 marks) 

              
  Write your Candidate number at the beginning of Part B 
 
 
 

Section 2 
 
     Option:  Medical physics                                        (25 marks) 
    
     Write your answers to this section in the writing booklet.     
      

Write your Candidate number on each booklet you use. 
 
 
 
     A Periodic Table, A Data sheet and a Formula sheet are provided.   

 
 
 
 
 
 



 
Section 1 
 
 
Total marks (75) 
 
 
 
Part A 
 
Total marks (20) 
 
Attempt questions 1 to 20 
 
Use the multiple choice answer sheet. 
 
 
 
Select the alternative A, B, C or D that best answers the question. Fill in the response circle completely. 
 
Sample 2 + 4 =  (A)  2  (B)  6  (C)  8  (D)  9   
 
 
    (A)   (B)  (C)  (D) 
 
If you think you have made a mistake, put a cross through the incorrect answer and fill in the new answer. 
 
 

(A)   (B)  (C)  (D) 
 
 
 
 
If you change your mind and have crossed out what you consider to be the correct answer, then indicate this 
by writing the word correct and drawing an arrow as follows: 
 
 
 

(A)   (B)  (C)  (D) 
 

 
     

  

correct 



1. The information below shows the data collected by four students who were measuring the 
acceleration due to gravity using a pendulum 
 

Alice’s Data      Sophie’s Data 

 

Which student collected the most reliable data? 

 
(A)     Alice 
(B)     Sophie 
(C)     Antonia 
(D)     Susannah 

 
2. A space probe executes a slingshot manoeuvre around Venus in order to decrease the time to take to 

reach its destination of Neptune.  
 
Which statement below is correct, regarding the motion of the probe? 
 
(A)    Its speed relative to the Sun and Venus both increase  
(B)    Its speed relative to the Sun and the Venus both stay the same, but increases relative to Neptune 
(C)    Its speed relative to Venus stays constant but increases relative to the Sun 
(D)    Its speed relative to both planets decreases but increases relative to the Sun.\ 

 

3. A modern high power laser can produce short light pulses containing 0.2 Joules of light energy. 
Given that the operating wavelength of the laser is 370 nm, how many quanta of light would a single 
pulse from the laser contain? 

(A)  8.3 x 1038 
(B)      3.7 x 1017 
(C)      3.7 x 1014 
(D)      8.3 x 1035 

Antonia’s Data      Susannah’s Data 



The description below refers to questions 4 and 5 

 

In an experiment designed to examine projectile motion, a small steel ball is fired with an initial 
velocity of 50 ms-1 at a variety of angles of projection. This is illustrated in the diagram below. 

 

 

4. The angles of projection which give the greatest final horizontal velocity and the greatest initial 
vertical velocity are, respectively 

(A)    150 and 750 
(B)    450 and 750 
(C)    750 and 450 
(D)    450 and 450 

 

 

5. With respect to any projectile which choices in the table below are all correct? 

 

 

 

 

 

6. The mass of Mars is about 0.1 times that of the Earth and its radius is about half that of the Earth. 
The magnitude of the gravitational potential energy of an object at the surface of the Earth is 32 J. 

 What is the approximate gravitational potential energy of the object on the surface of Mars? 

 

(A)    6.4 J 
(B)    -12.8 J 
(C)    12.8 J 
(D)    -6.4 J 

 Acceleration at top of path Velocity at top of path Net Force at top of path 
(A) down zero zero 
(B) zero right right 
(C) down right down 
(D) down right zero 



7.  The diagram below shows four points, labelled ‘A’ to ‘D’, in free space around a large mass M.  
 

 

Between which two points would no work be done in moving a mass between those points? 
 
(A) from A to B 
(B) from C to A 
(C) from D to C 
(D) from B to D 

  

 

8. The time T of oscillation of a mass m suspended from a vertical spring is given by the expression 
 

𝑇 = 2𝜋ට
𝑚

𝑘
 

 where k is a constant. 

Which of the following graphs would allow the value of the constant k to be determined using the 
gradient of a line? 

(A) T2 against √𝑚 
(B) T against m 
(C) T2 against m 

(D) √𝑇 against m 

 

9. A rocket of mass M is ascending vertically from a launch pad on Earth. The rocket’s engine exerts a 
downwards force T on the exhaust gases. 

 What is the magnitude of the net force acting on the rocket? 

(A) T + M 
(B) T – Mg 
(C) Mg –T 
(D) T + Mg 

 

 

 



10. A loop of wire is arranged so that the plane of the loop is perpendicular to the surface of the desk. 
The magnetic field B created by a current in the loop is as shown 

 

 The direction of the electron flow at point P is  

(A)     Left 
(B)     Up 
(C)    Down 
(D)    Right 

 

11.  Consider a coil of wire rotating clockwise in a circular radial field as shown below. 

 

 

 

 

 

 

 

Which statement below is correct, regarding the emf generated in the coil when it is moving through 
the position indicated? 

(A)    Emf will be maximum because flux is being cut at a maximum rate 
(B)    Emf will be zero because zero flux is being cut 
(C)    Emf will be the same as at any other position because the rate at which flux is cut is constant 
(D)    Emf will be minimum because flux is being cut at a minimum rate 

 

 

12. The motor / generators in modern electric cars have a dual role. They use electrical energy to power 
the car and use the kinetic energy of the car to generate electricity when the car decelerates. 

Which of the following features enable the motor / generator to carry out both roles? 

(A)    Induction motors have no commutator. 
(B)    Potential energy can always be converted into kinetic energy 
(C)    The structure of a generator is identical to a DC motor 
(D)    When electricity is being generated the induced emf can exert a braking force on the car. 

 

 

 

 

N S 



13. Some physics students were investigating a generator. 

 

They tested the device by firstly connecting an oscilloscope between the terminals P and Q, and then 
rotating the coil at a constant rate, in the uniform field B, in the direction shown. 

 

The diagram below shows graphs of the magnetic flux through the coil and of the voltage measured 
between the terminals. 

 

Which one of the graphs best represents the voltage observed on the oscilloscope? 

 

 

14. In an experiment a magnet was dropped vertically through an aluminium tube. The magnet fell more 
slowly than when it was falling outside the tube. 

 Which statement best accounts for this observation? 

(A) Magnetic fields are induced in the aluminium tube which, according to Lenz’s Law, oppose 
the motion of the magnet through the tube. 

(B) An eddy current below the magnet is induced which, according to Lenz’s Law, opposes the 
motion of the magnet through the tube. 

(C) Eddy currents are induced above and below the magnet which, according to Lenz’s Law, 
oppose the motion of the magnet through the tube. 

(D) Eddy currents are induced above and below the magnet which produce magnetic fields 
which, according to Lenz’s Law, oppose the motion of the magnet through the tube. 



15.  When a motor is operating, the emf causing the coil to rotate reduces as the rotational speed 
increases. When a generator is operating, the rotor becomes increasingly more difficult to turn as trhe 
rotational speed increases. 

Ignoring frictional effects, which selection below correctly identifies the principle of physics 
responsible for these observations? 

 
 
 

 

 

 

16.  Students set up an investigation to explore how the relative motion between a magnet and a coil 
affects the size of the induced current in the coil. 

 

Which of the following correctly describes the variables in this investigation? 

 

  

 

 

 

17.  A rocket flies at 0.8 c parallel to a field of length 1500 m as measured by a stationary observer on the 
field. How long does the pilot of the rocket measure to pass from one end of the field to the other? 

(A)    4.40 µs 
(B)    6.35 µs 
(C)    2.80 µs 
(D)    3.75 µs 

 

18. When Hertz determined the velocity of radio waves he used the interference of these waves to 
produce points where the intensity equalled zero.  Given that he measured the distance between two 
of these points to be 15 m, which choice below could not be possible values for the wavelength and 
the frequency of the radio waves, respectively? 

(A)    30 m and 10 MHz 
(B)    10 m and 30 MHz 
(C)    60 m and 5 MHz 
(D)    15 m and 20 MHz 

 Generator Motor 
(A) Induction of a back emf Law of conservation of energy 
(B) Law of conservation of energy The motor effect 
(C) Law of conservation of energy Induction of a back emf 
(D) Induction of a back emf Induction of a back emf 

 Control Dependent Independent 
(A) Number of turns in coil Size of induced current Relative motion 
(B) Relative motion Size of induced current Size of magnetic field 
(C) Size of magnetic field Relative motion Size of induced current 
(D) Size of induced current Size of magnetic field Relative motion 



19. An charged particle travels in a circular path in a magnetic field as shown below 

 

 

Using this data which choice in the table below correctly describes the type of particle and the 
strength of the magnetic field?  

  

 

 

 

 

 
20. A beam of monochromatic light is shone onto a device to study the photoelectric effect. In the first 

part of this experiment, while the light source is on, the microammeter records a steady current. 

                                              

While keeping all other factors constant, the light source was altered by 

 Increasing the intensity of the original monochromatic light source: 
 Increasing the wavelength of the monochromatic light source; 
 Increasing the frequency of the monochromatic light source. 

 

How many of the factors changed would have resulted in the microammeter showing a greater current 
than in the original part of the experiment? 

(A) All of them 
(B) Only one 
(C) Two of them 
(D) None of them 

 

 Type of Particle Strength of magnetic Field (T) 
(A) electron 2,000  
(B) proton 1,000 
(C) electron 1.14 x 10-3 
(D) proton 1.14 x 10-3  



 
Part B – 55 marks 
 
Attempt questions 21 – 30.  Allow about 1 hour 40 minutes to answer this part 
 
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. 
 
Question 21 (2 marks) 
 
Consider the following diagram. 
 



32.4 m

water surface

15.0 m
s
-1

38.5 m  
 
A stone is projected from a cliff at 15.0 ms-1 at an angle  above the horizontal as shown in the diagram. 
The cliff was 32.4 m high and the stone was seen to land 38.5 m from the base of the cliff.  The time of 
flight was 4.0 seconds. 
 
 

(a) At what angle,  above the horizontal was the stone projected? (1) 
 
              
 
              
 
              
 

(b) Calculate the magnitude of the velocity of the stone at its maximum height. (1) 
 
              
 
              
 
 
 
 
 
 
 

Section 1 (continued)         Candidate Number ………………………………………….. 

38.5 m 
Water surface 

32.4 m 

ϴ 



Question 22 (4 marks) 
 
Neutrons are ejected from some unstable atomic nuclei at a speed 1.2  108 m s-1. 

 

At rest, isolated neutrons decay to a proton plus an electron, with a half-life of  
6.20 seconds. The rest mass of a neutron is 1.675 × 10–27 kg. 

 

(a) Calculate the relativistic mass of a neutron with a velocity of 1.0  108 m s-1.         (1) 
 

 ...............................................................................................................................................  
 

 ...............................................................................................................................................  
 

 ...............................................................................................................................................  
 

 

 

 

(b) Show by calculation whether the average lifetime of the neutrons ejected from the unstable 
nucleus is greater or less than 6.20 seconds as measured by a stationary observer and 
comment on the result.               (2) 

 

 ...............................................................................................................................................  
 

 ...............................................................................................................................................  
 

 ...............................................................................................................................................  
 

 ...............................................................................................................................................  
 

 ...............................................................................................................................................  
 

 
 
(c) Determine the ratio of the distances travelled by the neutron, before it decays, as measured by the 

stationary observer and the neutron itself.        (1)  
 

 ...............................................................................................................................................  
 

 ...............................................................................................................................................  
 

 ...............................................................................................................................................  
 

n 
1.2 108 m s-1 



Question 23 (4 marks) 
 
Einstein proposed an explanation for the photoelectric effect by applying Planck’s Quantum Theory. 
His explanation resulted in an expression which when plotted yielded the graph below. 
 

 

(a) Identify what the quantity labelled A represents. (1) 

 
 ...............................................................................................................................................  
 
 ...............................................................................................................................................  

 

(b) Describe, with the aid of a labelled diagram, how the variable indicated on the y-axis is 
measured. (3) 

 

 

 

 

 

 

 

 
 ...............................................................................................................................................  
 
 ...............................................................................................................................................  
 
 ...............................................................................................................................................  
 
 ...............................................................................................................................................  

 

Kinetic Energymaximum 

frequency 
A A 

B 

B 

line Y 
line X 



Question 24 (7 marks) 

The “transformer principle” is an example of electromagnetic induction. 
 
(a) Explain how electromagnetic induction is used to change the voltage of electric current between the 

primary and secondary coils of a transformer.                          (2)
        
…………………………………………………………………………………………………………. 
 
…………………………………………………………………………………………………............. 
 
…………………………………………………………………………………………………............ 
 
…………………………………………………………………………………………………............ 
 

 
(b) Outline ONE design strategy that is used in real-world transformers in the national electricity grid to 

achieve high energy efficiencies and explain why this strategy is effective.    (2) 
 

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

 
(c) Describe a significant socioeconomic effect in Australia brought about by the use of transformers in 

the national electricity grid.          (2) 
 

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

 
(d)  A transformer with 2000 turns on the primary coil is used to convert 240 V AC to 12 V AC.         

Determine the number of windings on the secondary coil.      (1) 
 

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

  



Question 25 (6 marks) 

The diagram shows the arrangement of a DC motor. Magnets P and Q supply a magnetic field. 
              
 
 
 
 
 
 
 
 
 
 
(a) If the coil, of 400 turns, is to rotate in an anti-clockwise direction, what are the polarities of the 

magnets P, Q and the brushes, R, S?                    (1) 
 
…………………………………………………………………………………………………............ 
 
…………………………………………………………………………………………………............ 

 
(b) The coil has a length L of 40 mm and a width W of 25 mm. After rotating 300 from the position of 

maximum flux what is the torque this motor produces if it draws a current of 500 mA?               (1) 

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

 

(c) Draw a labelled diagram of an AC generator and compare its function to that of a DC motor.          (4) 

 

 

 

 

 

 

 

 

 

 

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

  

P Q 

R S 

W 

L 
Magnetic field =  

   8 x 10-2 T 



Question 26 (6 marks) 

Information about the Saturn V Rocket used in the Apollo Moon Missions is shown in the table below. 

Saturn V Rocket Data 
 

Total mass at lift off                                       2 217 185 kg 

Duration of first-stage burn                            2.5 minutes 

Mass of propellant used in first-stage burn    2 000 000 kg 

Height reached after first-stage burn              61 km       

Speed at completion of first-stage burn           2.38 kms-1 

Thrust produced by first-stage burn                 3 800 000 newtons 

 

With reference to the data in the table, account for the change in acceleration and momentum of the rocket 
and the g-forces experienced by the Apollo astronauts up to the start of the second-stage engine burn, 
qualitatively and quantitatively                                   (6)
    
 
……………………………………………………………………………………………………....... 
 
……………………………………………………………………………………………………....... 
 
……………………………………………………………………………………………………....... 
 
……………………………………………………………………………………………………....... 
 
……………………………………………………………………………………………………....... 
 
……………………………………………………………………………………………………....... 
 
……………………………………………………………………………………………………....... 
 
……………………………………………………………………………………………………....... 
 
……………………………………………………………………………………………………....... 
 
……………………………………………………………………………………………………....... 
 
……………………………………………………………………………………………………....... 
 
……………………………………………………………………………………………………....... 
 
……………………………………………………………………………………………………....... 
 
……………………………………………………………………………………………………....... 
 
……………………………………………………………………………………………………....... 
  



Question 27 (6 marks) 
 

A rocket launches a satellite into orbit 350 km above Earth’s surface. The radius of the Earth is 
6378 km 
 

(a) The weight of the satellite at launch on the Earth’s surface is 19.6 kN.  

What is the weight of the satellite while it is in orbit?      (2) 

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

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

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

 

(b) The apparent weight of the satellite in its orbit is not equal to the weight of the satellite you 
determined in part (a). What is the apparent weight of the satellite and explain this value?               (2) 

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

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

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

 

(c)  Compare the orbital period of a second rocket which is placed in an orbit of triple the altitude of the 
first rocket.            (2) 

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

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

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



Question 28 (8 marks) 

 

 (a) Einstein’s explanation of the photoelectric effect justified Planck’s assertion that energy is 
quantised.  Evaluate this statement. (6)  

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

 

(b) A photon of light of wavelength 450nm hits a clean metal surface inside a vacuum tube and causes a 
photoelectron of energy 2.0 eV to be released from near the surface of the metal 

 

 Calculate the energy of the released photoelectron in joules.        (2) 

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

 



Question 29 (5 marks) 
 

The Law of Universal Gravitation predicts that there is a force of gravitational attraction between 
any two objects with mass m1 and m2.  This can be formulated by the expression 
 
                 

𝐹 =
𝐺𝑚ଵ𝑚ଶ

𝑑ଶ
 

 
 

Where the symbols have their usual meanings.  
 
In an experimental test of this idea, using two small metal spheres, the following data was 
collected: 
 

Trial m1 
(kg) 

m2 
(kg) 

Separation d 
(cm) 

Force F 
(arbitary units) 

1 1.0 2.0 6.0 20.1 

2 1.0 4.0 6.0 39 

3 1.0 6.0 6.0 60 

4 1.0 8.0 6.0 82 

5 1.0 10.0 6.0 105 

6 1.0 12.0 6.0 122 

7 1.0 12.0 8.0 67 

8 1.0 12.0 10 42 

9 1.0 12.0 12 31 

10 1.0 12.0 14 21 

11 1.0 12.0 16 16 

 
(a)    If a student investigated the dependence of force on mass, which trials would she select?             (1) 

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

 
(b)      Construct an appropriate graph on the following page to investigate whether this data supports the 

     theory regarding the dependence of force on separation.                                                   (4)          
       

       Comment on why your graph supports the theory.  

  



 

 

  



Question 30 (7 marks) 

The diagram below shows part of the apparatus used by J.J.Thomson to identify and measure the properties 
of cathode rays, the electron gun. 

 
(a) Describe how the structure of the electron gun helps to provide a collimated, accelerated beam of 

electrons                                     (3) 
 
……………………………………………………………………………………………………....... 
 
……………………………………………………………………………………………………....... 
 
……………………………………………………………………………………………………....... 
 
……………………………………………………………………………………………………....... 

 

(b)   Account with the use of labelled diagrams and relevant equations for the use of crossed electric and 
magnetic fields in Thomson’s experiments.         (4) 
 
……………………………………………………………………………………………………....... 
 
……………………………………………………………………………………………………....... 
 
……………………………………………………………………………………………………....... 
 
……………………………………………………………………………………………………....... 
 
……………………………………………………………………………………………………....... 
 
……………………………………………………………………………………………………....... 
 
……………………………………………………………………………………………………....... 
 
……………………………………………………………………………………………………....... 
 
……………………………………………………………………………………………………....... 
 
……………………………………………………………………………………………………....... 
 

  Filament Voltage 6 V 

Hot Cathode 

Accelerating Voltage 1 – 5 kV Vacuum Tube 

   

  Electron beam 
  Anode 



Section 2 - Medical Physics 
 
Answer all parts of this question in a writing booklet. 
 

(a) (i)  Discuss how radiation is used to produce a bone scan                  (3) 

 (ii)  Describe how a bone scan is able to provide information that an x-ray cannot provide   (2) 

 

(b) The following table presents acoustic data for various body tissues. 

 
Tissue Density 

(kg m-3 × 103) 
Velocity of ultrasound 

waves 
(m s-1 × 103) 

Blood 1.12 1.57 

Fat 0.95 1.45 

Typical muscle 1.12 1.59 

Average bone 1.63 4.1 

Dense tumour 1.26 1.63 

Brain 1.03 1.54 

 
 (i) Calculate the ratio of reflected to incident ultrasound energy intensity at a boundary 

between a dense tumour and muscle tissue.    (1) 
 
 
 (ii) In an ultrasound sector scan of a foetus, bone shows up as 

bright, white areas in the image. 
 
  Use the data in the table to account for this. (2) 
 
 
 
 
 
 
 
 
 (c)       The following image is a Doppler ultrasound scan of a partly blocked artery. 
 

  The patches mark areas where blood is flowing 
towards (red colour) and away (blue colour) from the 
piezoelectric transducer. 

 

  Describe the scientific principles behind how this 
Doppler scan image is obtained.                                (3) 

 
 
         

 



(d)  Describe the advantages of using light rays to form medical images over using x-rays.    (3) 

 

(e)  Critically analyse the use of a CAT scan for imaging a broken leg.       (3) 

 

(f) One of the best diagnostic tools available for medical imaging is Magnetic Resonance Imaging, MRI. 

 (i) In relation to MRI define the terms           (2) 

     (1) Larmor frequency 

    (2) resonance 

 

(ii)  The computer used is able to distinguish between radio signals that come from different parts of 
the brain when an MRI image of the head is taken. 

 Explain how this resolution and location is achieved.      (6) 

 

 

  



 

 

 Radius of Earth             6.378 x 106 m 
    







 

 

 












