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Check that the National Student Number (NSN) on your admission slip is the same as the number at the 
top of this page.

You should answer all the questions in this booklet.

Write all your answers in this booklet.

For all ‘describe’ or ‘explain’ questions, the answers should be written or drawn clearly with all logic fully 
explained.

For all numerical answers, full working must be shown and the answer must be rounded to the correct 
number of significant figures and given with the correct SI unit.

Formulae you may find useful are given on page 2.

If you need more space for any answer, use the page(s) provided at the back of this booklet and clearly 
number the question.

Check that this booklet has pages 2–26 in the correct order and that none of these pages is blank.

You are advised to spend approximately 30 minutes on each question.

YOU MUST HAND THIS BOOKLET TO THE SUPERVISOR AT THE END OF THE EXAMINATION.
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The formulae below may be of use to you.
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Question One :  Light Fantastic  (8 marks)

Planck’s constant = 6.63 × 10–34 J s
Speed of light = 3.00 × 108 m s–1

(a)	 When viewing white light from a glowing source through a spectroscope, a spectrum is seen. 
If a gas is now placed between the source and the spectroscope the spectrum shows dark 
absorption lines. Explain fully how these lines are formed.

(b)	 Discuss how diffraction and the photoelectric effect demonstrate the wave / particle nature of 
light.
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(c)	 By using sensible estimates for the physical quantities involved, calculate how many visible 
photons per second are emitted by a 100 watt hot filament light bulb.

(d)	 Cold fusion, the supposed fusion of two deuterium nuclei at about room temperature, is 
thought to be unlikely. Discuss.

(8)
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Question Two :  The Wine Butler  (8 marks)

The “Wine Butler” is a simple device, usually made of wood or plastic, that is used to hold a bottle 
of wine in an attractive and interesting manner. The neck of the wine bottle is placed through a hole 
in the wine butler, and the butler is set at an angle so that the whole assembly is balanced, as shown.

The wine butler has a length of 2L and it can be assumed that its centre of mass is in the middle, L 
from either end. In the diagram, the distances from the top of the hole to the centres of mass of the 
bottle and the butler are indicated, along with the horizontal distances from the respective centres of 
mass to the point of balance, O. 
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d

c

a
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(a)	 (i)	 By taking torques, show that the wine butler is in rotational equilibrium if:

			 

b
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(ii)	 Show that  cos

( )
θ =

+ +

Mc
m M L Md

(b)	 Under what conditions will it not be possible to make the system stable?

(c)	 If L is increased, what will happen to the angle? Explain, using physical arguments.
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(8)

(d)	 After the contents of the bottle have been removed, can the bottle be replaced in the same 
equilibrium position or must the neck of the bottle be moved to the left or right? (Assume that 
the centre of mass of the bottle stays in the same place when the wine is removed.)
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Question Three :  The Physics of the Swing  (8 marks)

Acceleration due to gravity = 9.80 m s–2

Centre of Mass A

3.0 m

θ

Centre of Mass A

Centre of Mass B

3.0 m

θ

h

Kristina is playing on a swing. She knows that she can alter the amplitude of the swing by changing 
her position at various stages of the swing cycle. Initially, Kristina is squatting on the swing, with 
her feet on the seat, as shown in the top figure.

(a) 	 When the swing is at angle θ, Kristina stands up so that her centre of mass changes by a 
distance h (from A to B), as shown in the bottom figure. 

	 Show that Kristina gains gravitational potential energy of mgh cosθ.
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(b)	 When Kristina stands she notices that the swing picks up speed. 

	 (i)	 Explain why the speed increases. 

	 (ii)	 Explain whereabouts in the motion Kristina should stand up in order to gain the 
maximum kinetic energy.
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(c)	 By considering the energy changes at the lowest and highest points of Kristina’s motion, show 
that if Kristina stands up at the lowest point of the swing and squats down at the highest point 
of the swing, the increase in mechanical energy is given by:

		    
E =

I
1

2 I
1

I
2

2I
2

1

2 + mgh(1 cos )

	 where
		  I1	 =  moment of inertia of the swing and Kristina while squatting
		  I2	 =  moment of inertia of the swing and Kristina while standing
		  ω1	 =  angular velocity as the swing reaches its lowest point
		  α	 =  angle reached at the end of the swing
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(d)	 Kristina and the swing have a combined mass of 50 kg. When she squats, the centre of mass is 
3 m from the point of rotation. When she stands up, the centre of mass is 2.6 m from the point 
of rotation. 

	 With Kristina squatting on the swing, she is released from rest at an angle of 30° (θ = 30°).  
As she passes through the lowest part of the motion, she quickly stands up. 

	 What angle does the swing reach on the far side?
	 (Kristina plus the swing seat can be modelled as a single point mass on the end of a simple 

pendulum.)

(8)
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Question Four :  The Doppler Effect  (8 marks)

(a)	 A class experiment was set up to investigate the Doppler effect for sound. Two speakers 
facing forwards and backwards respectively, were mounted on the roof of a car and connected 
to a signal generator set to a frequency of 1500 Hz. 

A B

Two microphones, A and B, one placed forward of the car and the second placed to the rear of 
the car, were used to detect the sound of the speakers. Each microphone was connected to an 
instrument that measured the frequency of the received sound. With the car moving towards 
detector A several runs were made at different speeds. Prior to the experiment the class made 
a table of the expected frequency measurements, as shown below (the speed of sound was 
assumed to be 340 m s–1).

Speed / m s–1 Predicted frequency / Hz Actual frequency / Hz
A

Column 2
B

Column 3
A

Column 4
B

Column 5
0 1500 1500 1500

10 1545 1455 1545

20 1594 1406 1594

	 (i)	 The class’s predictions for microphone A, calculated from a formula, are shown in 
column 2. Based on these results, the class write down predictions for microphone B 
(column 3).  

		  In doing this, what assumption has the class made?

	 (ii)	 By using an appropriate formula, calculate the actual frequencies observed at B  
(column 5).
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	 (iii)	 The predicted frequencies for microphone B (column 3) do not match the actual 
frequencies (column 5). 

		  Explain the reason for this difference using physical arguments.

(b)	 Your friend Daniel and you are watching the Sun set. Daniel has been learning about the 
Doppler effect and he explains the colour of the sunset to you as follows, “As the Earth spins 
towards the East, the Sun sets in the West. As we look towards the setting Sun, we are moving 
away from it at the maximum speed for the day. So the light from the Sun is ‘red shifted’ by 
the Doppler effect and it is this that gives us that brilliant orange-red colour.”

	 Using your knowledge of physics, how would you reply? You might like to acknowledge any 
statements he makes that are correct. But, if he is wrong on anything, how can you convince 
him? 

(8)
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Question Five :  Armageddon  (8 marks)

Universal gravitational constant = 6.67 × 10–11 N m2 kg–2

The volume of a sphere = 
4
3

3πr

The movie “Armageddon” is based on an asteroid “the size of Texas”, which is about to collide 
with the Earth. To protect the Earth, NASA proposes to land a drilling team on the asteroid, who 
will drill a hole to the centre and detonate a nuclear warhead there. This blast is supposed to split 
the asteroid into two equal pieces that will each move far enough sideways to safely miss the Earth. 
However, there is not much time and the explosion will take place only four hours before impact.

(a) 	 NASA scientists expect that the blast will not affect the motion of the centre of mass. 

	 Explain.

(b)	 Using the information and diagram below, work out if the Earth will be saved. Ignore any 
gravitational attraction between the two lumps, and list any other assumptions you make 
during your calculation.

		  Width of Texas  					      =  1.45 × 106 m
		  Average density of the asteroid		   =  3 000 kg m–3

		  Energy released by the nuclear warhead	  =  5 × 1018 J
			   (this is equivalent to 105 Hiroshima bombs)

Asteroid

4 hour line

Earth

Will the two lumps 
miss the Earth?
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(c)	 In reality the two pieces will gravitationally attract each other. 

	 Assuming the asteroid splits into two equal-sized spherical lumps, calculate the acceleration 
caused by the gravitational force of each sphere on the other. State the significance of the 
result.

(8)
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QUESTION SiX :  DC Electricity  (8 marks)

(a)	 Kirchhoff’s Laws are often used in complex circuits and are written as:

	 •	 The potential differences around a closed loop sum to zero.

	 •	 The currents entering and leaving a junction sum to zero.

	 (i)	 Explain the underlying physical meaning of each law.

		  Kirchhoff’s Potential Difference Law

		  Kirchhoff’s Current Law

	 (ii)	 In the circuit shown below, what is the current in the 8 Ω resistor?

4 Ω

12 Ω

8 Ω

E

1 A

24 V
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(b)	 In the circuit below, switch S is initially open and the capacitors are uncharged. 

1.00 kΩ

1.00 μF

1000 μF

10.0 kΩ

12 V

S

	 (i)	 S is closed at t = 0. 

	 	 Discuss how the potential differences across the 1.00 kΩ and the 10.0 kΩ resistors 
change with time, carefully explaining any differences between them.
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(8)

	 (ii)	 10.0 seconds after S is closed, it is opened again. 

	 	 Discuss how the circuit will adjust to this situation, determine the initial current in the 
resistors when the switch is opened again, and calculate the potential difference across 
each capacitor when the steady state is reached.
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