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SECTION  A

In this section each item consists of a question or an incomplete statement followed by four 
suggested answers or completions.  You are to select the most appropriate answer in each case.

1 Which one of the following statements concerning the acceleration of an object moving with 
 simple harmonic motion is correct?

 A It is constant.
 B It is at a maximum when the object moves through the centre of the oscillation.
 C It is zero when the object moves through the centre of the oscillation.
 D It is zero when the object is at the extremity of the oscillation.

2 When the length of a simple pendulum is decreased by 600 mm, the period of oscillation is 
 halved.  What was the original length of the pendulum?

 A   800 mm
 B 1000 mm
 C 1200 mm
 D 1400 mm

3 

 The graph shows, at a particular instant, the variation of the displacement of the particles in a 
 transverse progressive water wave, of wavelength 4 cm, travelling from left to right.  Which one
 of the following statements is not true?

 A Particles at P and R are in a phase.
 B The velocity of the particle at Q is a maximum.
 C The particle at S is moving downwards.
 D The distance PS = 3 cm.
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4 Which one of the following statements is not correct?

 Progressive longitudinal waves can

 A show interference effects.
 B be diffracted.
 C superpose to form a stationary wave.
 D be polarised.

5 Light of wavelength 590 nm is incident normally on a diffraction grating with 500 lines per mm.

 What is the maximum number of orders that will be observed in the light emerging from the 
 grating?

 A 2
 B 3
 C 4
 D 5

6 An uncharged capacitor of Þ xed capacitance is connected in series with a switch and battery.
 The switch is closed at time t = 0.  Which graph, A to D, shows how the energy, E, stored by the
 capacitor, changes with time, t, after the switch is closed?
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7 The voltage across a capacitor falls from 10 V to 5 V in 48 ms as it discharges through a resistor.  
 What is the time constant of the circuit?

 A 24 ms
 B 33 ms
 C 69 ms
 D 96 ms

8 The wheel of the London Eye has a diameter of 130 m and can rotate at a steady speed, 
 completing one rotation every 30 minutes.  What is the centripetal acceleration of a person in a 
 capsule at the rim?

 A 1.2 × 10�4 m s�2

 B 2.5 × 10�4 m s�2

 C 3.9 × 10�4 m s�2

 D 7.9 × 10�4 m s�2

9 Which one of the following has different units to the other three?

 A gravitational potential gradient
 B gravitational Þ eld strength
 C force per unit mass
 D gravitational potential

10 A charged particle of mass 4.80 × 10�13  kg and charge 8.00 × 10�19 C is stationary in a vertical 
 electric Þ eld.  What is the value of the electric Þ eld?
 (Assume that the gravitational Þ eld strength is 10.0 N kg�1) 

 A 6.00 × 105 V m�1

 B 1.67 × 106  V m�1

 C 6.00 × 106  V m�1

 D 1.67 × 107  V m�1
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11 The diagram shows four point charges, each +Q, at the corners of a square of side 2a.  What is 
 the electric Þ eld strength at P, the centre of the square?

 A zero

 B Q
4!ε0a

2    

 C 
Q

2!ε0a
2

 

 D Q
!ε0a

2
 

12 An α particle and a β� particle both enter the same uniform magnetic field, which is 
 perpendicular to their direction of motion.  If the β� particle has a speed 15 times that of the 
 α particle, what is the value of the ratio

magnitude of the force on the β� particle  ?
magnitude of the force on the α particle

 A 3.7
 B 7.5
 C 60.0
 D 112.5

+Q

+Q+Q

+Q

P2a

2a

Turn over!
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13 If 1g of matter is completely transformed into energy, how much energy is released?

 A 9.0  × 1013 MeV
 B 9.0  × 1016  MeV
 C 5.6  × 1023  MeV
 D 5.6  × 1026  MeV

14 Which one of the following statements correctly describes the changes that occur when a 
 uranium nucleus undergoes Þ ssion?

 A The binding energy per nucleon decreases and one or more neutrons are released.
 B The binding energy per nucleon decreases and one or more protons are released.
 C The binding energy per nucleon increases and one or more neutrons are released.
 D The binding energy per nucleon increases and one or more protons are released.

15 A nucleus of 235U
     

92 absorbs a neutron and undergoes Þ ssion.  Which one of the following gives 
 possible products of this process?

 A 2 4 He + 228Ra
   

2
            

88

 
 B 141Ba + 92 Kr + 3 1n

 
56

         
36 0

 C  2   0e  +  236Pu 
   

�1

       
94

       

 D 
212Po + 4 4 He + 8 1n
 
84

            
2    0

END  OF  SECTION A
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Answer all questions.

You are advised to spend one hour on this section.

 1 A simple model for the suspension system of a car represents the car as a rectangular block, 
the weight of which is supported equally by four identical springs that are fixed rigidly at 
their lower ends, as shown in Figure 1. 

Figure 1

 1 (a) The mass of the block is 1600 kg, and tests have shown that vertical oscillations of the 
block have a frequency of 0.92 Hz.  Calculate the spring constant of one of the springs.

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

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

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

(2 marks)

 1 (b) In a further test of the model, the whole block is displaced vertically downwards with 
an initial displacement of 90 mm.  The block is then released at time t = 0.

   You may assume that subsequently the block oscillates vertically with undamped 
simple harmonic motion.

   Calculate, for a time 0.20 s later,

 1 (b) (i) the vertical displacement of the block from its equilibrium position,
     

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

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

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

 

block

springs
springs
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  1 (b) (ii) the vertical speed of the block.
     

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

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

 ...................................................................................................................................
(4 marks)

 1 (c) In practice, the vertical oscillations of a car are greatly reduced by fitting dampers 
(known as shock absorbers) to the suspension system.  Figure 2 shows how a graph of 
displacement against time would appear if there were no damping.  Draw a graph on 
the axes beneath it to show how the oscillations would vary with time for a car fitted 
with light damping.  You should use the same time scale.

Figure 2

(2 marks)

Question 1 continues on the next page
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 1  (d) An experiment is carried out to investigate the rattling of internal components of a car 
at certain engine speeds.  When a loudspeaker connected to an ac source of variable 
frequency is placed in front of the rear-view mirror, violent vibrations of the mirror are 
produced when the frequency of the sound waves is 55 Hz.

 1 (d) (i) Give the name of this phenomenon.
     

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

 1 (d) (ii) Deduce the engine speed, in revolutions per minute, at which the same effect 
would be likely to occur in the car.

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

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

(2 marks)
____
10
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 2 (a) You may be awarded additional marks to those shown in brackets for the quality of 
written communication in your answer.

   Describe, with the aid of a diagram, the appearance of

 2 (a) (i) the interference pattern produced by monochromatic light from a point source 
after the light has passed through a double slit system,

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

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

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

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

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

 2 (a) (ii) the diffraction pattern produced by monochromatic light from a point source after 
the light has passed through a single slit.

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

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

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

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

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

(4 marks)

Question 2 continues on the next page
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 2 (b) Young�s fringes, produced by monochromatic laser light passing through slits 0.60 mm 
apart, are viewed on a screen.  The distance across 20 fringe spacings on the screen 
is 58 mm.  When the screen is moved 0.80 m further away from the slits, the distance 
across 20 fringe spacings becomes 74 mm.

 2 (b) (i) Calculate the fringe width in the original arrangement.
     

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

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

 2 (b) (ii) Show that the original distance from the slits to the screen was 2.9 m.
     

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

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

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

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

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

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

 2 (b) (iii) Calculate the wavelength of the laser light.
     

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

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

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

 ...................................................................................................................................
(5 marks)

____
9
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 3 (a) The graph shows how the gravitational force F between a 1000 kg mass and the Moon 
varies with the distance r from the centre of the Moon for points outside its surface.

 3 (a) (i) Explain why the graph has this shape for points outside the surface.
     

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

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

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

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

 3 (a) (ii) Use data from the graph to determine the mass of the Moon.
     

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

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

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

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

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

 ...................................................................................................................................
(4 marks)

Question 3 continues on the next page
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 3 (b) (i) From the graph, estimate the potential energy lost by the 1000 kg mass as it falls 
to the surface of the Moon from a very large distance above it.  Explain how you 
arrive at your estimate.

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

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

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

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

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

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

 3 (b) (ii) By considering the 1000 kg mass as a projectile, calculate the speed at which it 
should it be thrown vertically upwards from the surface of the Moon if it is to 
escape from the Moon�s gravitational field.

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

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

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

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

(5 marks)
____

9
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 4 A uniform magnetic field is produced by mounting two flat magnets on a U-shaped iron 
frame, so that the north and south poles are facing, as shown in Figure 3.  The flux density 
of the magnetic field is 45 mT and may be assumed to act only over the area of the pole 
faces, which measure 40 mm by 20 mm.  This magnet arrangement rests on the pan of a top 
pan balance.

Figure 3

 4 (a) A horizontal wire is placed in the centre of the magnetic field and aligned to make it 
perpendicular to the flux lines.  When a current is passed through the wire, the balance 
reading increases by 1.4 × 10�3 kg.

   Calculate the current in the wire.
    

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

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

 .............................................................................................................................................
(2 marks)

Question 4 continues on the next page
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 4 (b) The wire is disconnected from the current source and its ends are connected to a 
sensitive voltmeter.  When the wire is moved rapidly, vertically upwards across the 
whole magnetic field, cutting all of the flux lines perpendicularly, the voltmeter gives a 
reading.

   Calculate

 4 (b) (i) the magnetic flux change experienced by the wire during its movement 
completely across the magnetic field,

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

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

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

 4 (b) (ii) the time taken for the wire to pass completely across the magnetic field, assuming 
it is moved at constant speed, if the voltmeter reads 0.15 mV.

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

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

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

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

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

(5 marks)
____

7

(10)
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 5 (a) You may be awarded additional marks to those shown in brackets for the quality of 
written communication in your answer.

   In the context of nuclear fission, explain what is meant by

 5 (a) (i) a chain reaction,
     

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

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

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

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

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

 5 (a) (ii) critical mass.
     

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

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

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

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

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

 ...................................................................................................................................
(4 marks)

Question 5 continues on the next page

(11)
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 5 (b) Moderation and cooling are essential processes in the operation of a nuclear power 
reactor using thermal neutrons.  For each process, name a suitable material that is used 
to achieve the required effect, and state why it is suitable.

 5 (b) (i) moderation
     

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

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

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

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

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

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

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

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

 5 (b) (ii) cooling
     

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

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

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

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

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

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

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

 ...................................................................................................................................
(4 marks)

____
8
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____

2
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