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 1 A car of total mass 1600 kg travels at a steady speed on a level road.  The driver applies the 
brakes so that the car decelerates uniformly and stops 120 m further along the road 8.0 s later.

 1 (a) Calculate the speed and kinetic energy of the car before the brakes are applied.
    

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

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

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

 .............................................................................................................................................
(3 marks)

 1 (b) (i) Braking of the car is assisted by a generator which is turned by the car 
wheels.  The generator transfers part of the car�s kinetic energy to a battery as 
the car slows down.  It consists of a coil that spins in the magnetic field of a 
permanent magnet.  In terms of the forces acting on the coil, explain why the 
coil experiences an electromagnetic force opposing its motion when it generates 
current.

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

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

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

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

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

     
 ...................................................................................................................................
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 1 (b) (ii) During braking, the generator delivers an average current of 90 A at 12 V to 
the battery.  Calculate the percentage of the car�s initial kinetic energy that is 
transferred to the battery.

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

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

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

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

(5 marks)
____

8

Turn over for the next question
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 2 A data logger in a remote location uses a 20 F capacitor, charged by a panel of solar cells, as 
its electricity supply.

 2 (a) During the night, the capacitor pd falls from 12.0 V to 11.0 V.  During the day, the solar 
cells charge the capacitor back to 12.0 V.

 2 (a) (i) Show that the capacitor gains 230 J of electrical energy when it is charged from 
11.0 V to 12.0 V.

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

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

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

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

 2 (a) (ii) Give one reason why the solar panel needs to supply more energy than the 
energy calculated in (i) to recharge the capacitor.

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

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

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

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

(3 marks)
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 2 (b) On a certain day, the output power of the solar cell panel varied as shown on the graph.

 
     
   

 2 (b) (i) Use the graph to show that approximately 10 000 J of electrical energy was 
supplied by the solar cell panel.

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

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

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

     

 2 (b) (ii) The capacitor stores energy at a rate of 5% of the output power of the solar 
cell panel.  Estimate the time taken for the capacitor to recharge from 11.0 V to 
12.0 V on this day.

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

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

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

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

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

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

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

(6 marks)
____
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 3 A steel wire is stretched between two fixed points across two �bridges� X and Y, 0.85 m 
apart, as shown in Figure 1.

Figure 1

 3 (a) When plucked at its centre, the wire vibrates in its fundamental mode and produces 
sound waves of frequency 150 Hz.

 3 (a) (i) With the aid of a sketch, describe the relative amplitude and phase of the particles 
along the wire.

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

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

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

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

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

 3 (a) (ii) Calculate the wavelength of the fundamental mode of vibration of the wire.
     

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

 ...................................................................................................................................
(3 marks)

0.85 m

base boardX Y



7

(07)
M/Jun08/PA10

Areas outside 
the box will 

not be scanned 
for marking

Turn over!

 3 (b) The fundamental frequency of vibration, fo, of the wire is given by

fo = 1     
2l   

T    
µ

 where l is the length of the wire, µ is the mass per unit length of the wire and T is the 
 tension in the wire.

 3 (b) (i) If the diameter of the wire is 0.26 mm, show that µ is 4.1 × 10�4 kg m�1 .

     density of steel = 7800 kg m�3

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

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

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

 3 (b) (ii) Calculate the tension in the wire.
     

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

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

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

 3 (c) The breaking stress of steel is 1.2 × 109  Pa.  Discuss whether or not the wire is in 
danger of breaking if its tension is increased to raise the frequency of its fundamental 
vibrations to 300 Hz. 

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

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

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

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

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

(3 marks)
____
10
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 4 (a) (i) Light takes 43 minutes to travel from the Sun to Jupiter.  Calculate the distance 
from the Sun to Jupiter.

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

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

 
 4 (a) (ii) The mass of the Sun is 1040 times the mass of Jupiter.  Show that the resultant 

gravitational field strength is zero at a distance of 2.3 × 1010 m from Jupiter.
     

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

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

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

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

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

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

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

 4 (b) Jupiter has a mean radius of 7.1 × 107  m and a mass of 1.92 × 1027 kg.

 4 (b) (i) Show that the gravitational potential due to Jupiter at its surface 
    is �1800 MJ kg�1.
     

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

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

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

 ...................................................................................................................................
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 4 (b) (ii) A distant comet is attracted by Jupiter and hits the planet.  Estimate the speed of 
impact of the comet at Jupiter�s surface, stating one assumption made in your 
method.

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

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

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

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

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

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

(5 marks)
____

9
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 5 In a vapour lamp, the vapour is heated to a temperature of 3000 K to make its atoms collide 
and undergo excitation by collision.

 5 (a) (i) Estimate the mean kinetic energy of an atom of the vapour at a temperature of 
3000 K.

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

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

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

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

 5 (a) (ii) Explain why the vapour emits light when its temperature is 3000 K but not when 
its temperature is 300 K.

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

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

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

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

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

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

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

(5 marks)
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 5 (b) A transmission diffraction grating has 600 lines per millimetre.  A narrow beam of 
light from a sodium vapour lamp is passed through the diffraction grating at normal 
incidence, as shown in Figure 2.  A prominent yellow line is observed in the second 
order spectrum at an angle of diffraction of 45°.

Figure 2

 5 (b) (i) Calculate the wavelength of this line.
     

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

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

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

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

 5 (b) (ii) Calculate the energy of a photon of this wavelength.
     

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

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

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

Question 5 continues on the next page
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 5 (b) (iii) Discuss the relevance of your calculation of the photon energy to your 
explanation in part (a)(ii).

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

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

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

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

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

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

(6 marks)
____
11  
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 6 A long simple pendulum was used in an experiment to measure g, the acceleration of free 
fall, as shown in Figure 3.  By shortening the thread, the height of the pendulum bob above 
the floor was altered.  The time period was measured for different measured heights of the 
pendulum from the centre of the bob to the floor

Figure 3

 6 (a) Outline how you would use a stopwatch to measure the time period of the oscillations 
as accurately as possible.

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

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

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

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

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

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

  .............................................................................................................................................
(3 marks)

Question 6 continues on the next page

H

pendulum bob

h
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 6 (b) The time period, T, of a simple pendulum at height h above the floor is given by

T = 2! 

   where H is the height of the point of suspension of the pendulum above the floor.

   Rearrange this formula to show that T 2 = a � bh, where a and b are constants, and use 
your rearrangement to give expressions for a and b.

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

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

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

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

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

(3 marks)

 6 (c) The following measurements of T and h were made.

height
h / mm

time period
T / s

(time period)2

T 2 / s2

50 3.60
253 3.48
445 3.35
656 3.24
860 3.12
1042 2.99

 
 6 (c) (i) Complete the table above and plot a suitable graph to show that T 2 = a � bh

Question 6 continues on page 16

H � h
g
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  6 (c) (ii) Use your graph to determine g.

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

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

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

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

   ...................................................................................................................................   
(9 marks)

____
15  
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 7 Two protons moving at high speed towards each other collide and fuse together to form a 
       nucleus accompanied by the emission of two other particles.

 7 (a) (i) Complete the nuclear equation below.

2H1p       +       p       →              + ................  + ................

 7 (a) (ii) State the quark composition of a proton and of a 2H1 nucleus.
     

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

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

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

 7 (a) (iii) Describe, in terms of quarks, the changes that take place in the above reaction.
     

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

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

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

Question 7 continues on the next page
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 7 (b) Discuss the role of each of the following three forces when two protons collide, fuse 
and form a  2H1 nucleus.

   the electrostatic force ..........................................................................................................
    

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

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

   the strong nuclear force ......................................................................................................
    

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

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

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

   the weak interaction ............................................................................................................
    

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

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

 .............................................................................................................................................
 (3 marks)

____
8  
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 8 A beam of monoenergetic electrons is directed at a thin metal foil.  The electrons passing 
through the foil are diffracted by the nuclei of the atoms in the foil, as shown in Figure 4.

Figure 4

  The graph below shows how the intensity of the diffracted electrons varies with the angle 
 of diffraction, θ, shown in Figure 4.

 8 (a) If the speed of the electrons was increased, state and explain what the effect would be on 

 8 (a) (i) the de Broglie wavelength of the electrons in the beam,
     

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

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

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

 8 (a) (ii) the angle of diffraction, θmin, at which the intensity of the diffracted electrons is a 
minimum.

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

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

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

(4 marks)
Question 8 continues on the next page

incident electron beam
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 8 (b) The radius of the nucleus of an atom can be determined from electron diffraction 
measurements.  The results show that the radius, r, of a nucleus depends on its mass 
number, A, according to the equation

   r = ro A
1
3 , where ro is a constant equal to 1.2 fm.

 8 (b) (i) Use this expression to show that the density of a spherical nucleus is independent 
of A.

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

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

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

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

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

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

 8 (b) (ii) Estimate the density of nuclear matter.
     

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

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

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

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

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

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

____
8  

     Quality of Written Communication (2 marks)
____

2  
     

END  OF  QUESTIONS
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