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Answer all questions in the spaces provided.

 1  A cyclist pedals downhill on a road, as shown in Figure 1, from rest at the top of the hill 
and reaches a horizontal section of the road at a speed of 16 m s�1.  The total mass of the 
cyclist and the cycle is 68 kg.

Figure 1

 1 (a) (i) Calculate the total kinetic energy of the cyclist and the cycle on reaching the 
horizontal section of the road.

answer............................J
(2 marks)

 1 (a) (ii) The height difference between the top of the hill and the horizontal section of 
road is 12 m.  

    Calculate the loss of gravitational potential energy of the cyclist and the cycle.

answer...........................J
(2 marks)
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 1 (a) (iii) The work done by the cyclist when pedalling downhill is 2400 J.  Account for 
the difference between the loss of gravitational potential energy and the gain of 
kinetic energy of the cyclist and the cycle.

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

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

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

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

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

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

 1 (b) The cyclist stops pedalling on reaching the horizontal section of the road and slows 
to a standstill 160 m further along this section of the road.  Assume the deceleration is 
uniform.  

 1 (b) (i) Calculate the time taken by the cyclist to travel this distance.

answer..................................s
(3 marks)

 1 (b) (ii) Calculate the average horizontal force on the cyclist and the cycle during this 
time.

answer...........................N
(3 marks)

____
13Turn over for the next question
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 2 Figure 2 shows a dockside crane that is used to lift a container of mass 22000 kg from 
a cargo ship onto the quayside.  The container is lifted by four identical �lifting� cables 
attached to the top corners of the container.

Figure 2

being raised

P

Q

 2 (a) When the container is being raised, its centre of mass is at a horizontal distance 32 m 
from the nearest vertical pillar PQ of the crane�s supporting frame.

 2 (a) (i) Assume the tension in each of the four lifting cables is the same.  Calculate the 
tension in each cable when the container is lifted at constant velocity.

answer...........................N
(2 marks)

 2 (a) (ii) Calculate the moment of the container�s weight about the point Q on the 
quayside, stating an appropriate unit.

answer...........................
(3 marks)
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 2 (a) (iii) Describe and explain one feature of the crane that prevents it from toppling over 
when it is lifting a container.

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

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

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

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

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

 2 (b) Each cable has an area of cross-section of 3.8 × 10�4 m2.  

 2 (b) (i) Calculate the tensile stress in each cable, stating an appropriate unit.

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

 2 (b) (ii) Just before the container shown in Figure 2 was raised from the ship, the length 
of each lifting cable was 25 m.  Show that each cable extended by 17 mm when 
the container was raised from the ship.

   Young modulus of steel = 2.1 × 1011 Pa

(2 marks)
____
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 3 A steel ball is released from rest above a cylinder of liquid, as shown in Figure 3.  The ball 
descends vertically in the air then in the liquid until it reaches the bottom of the cylinder.

Figure 3

0.16 m
steel ball
released here

 3 (a) The vertical distance from the bottom of the ball at the point where it is released to the 
liquid surface is 0.16 m.

 3 (a) (i) Calculate the time taken, to, by the ball to fall to the liquid surface from the point 
where it is released.  Give your answer to an appropriate number of significant 
figures.

answer..................................s
(3 marks)

 3 (a) (ii) Calculate the velocity, νo, of the ball on reaching the liquid.

answer..................................m s�1

(2 marks)
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 3 (b) Figure 4 below shows how the velocity of the ball changed after it was released.

Figure 4

velocity

time after release

νo

0
0 to

 Describe and explain how the acceleration of the ball changed after it entered the liquid 
 until it reached the bottom of the cylinder.

 The quality of your written answer will be assessed in this question.

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

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

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

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

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

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

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

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

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

  .............................................................................................................................................
(6 marks)

____
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 4 A student investigated how the extension of a rubber cord varied with the force used to 
extend it.  She measured the extension for successive increases of the force and then for 
successive decreases.  Figure 5 shows a graph of her results.

Figure 5

force

increasing
force

decreasing 
force

extension
0

0

 4 (a) (i) Give a reason why the graph shows the rubber cord does not obey Hooke�s law.

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

   ...................................................................................................................................
(1 mark)

 4 (a) (ii) Give a reason why the graph shows the rubber cord does not exhibit plastic 
behaviour.

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

   ...................................................................................................................................
(1 mark)

 4 (a) (iii) What physical quantity is represented by the area shaded on the graph between 
the loading curve and the extension axis?

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

   ...................................................................................................................................
(1 mark)
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 4 (b) Describe, with the aid of a diagram, the procedure and the measurements you would 
make to carry out this investigation.

 The quality of your written answer will be assessed in this question.

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

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

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

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

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

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

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

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

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

  .............................................................................................................................................
(6 marks)

____
9
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 5 (a) Figure 6 represents a progressive wave travelling from left to right on a stretched 
string.

Figure 6

0.50 m

Y

X
direction of wave travel

 5 (a) (i) Calculate the wavelength of the wave.

answer...................................m
(1 mark)

 5 (a) (ii) The frequency of the wave is 22 Hz.  Calculate the speed of the wave.

answer............................m s�1

(2 marks)

 5 (a) (iii) State the phase difference between points X and Y on the string, giving an 
appropriate unit.

answer..............................
(2 marks)
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 5 (b) Describe how the displacement of point Y on the string varies in the next half-period.

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

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

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

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

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

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

____
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 6 An optical fibre used for communications has a core of refractive index 1.55 which is 
surrounded by cladding of refractive index 1.45.

Figure 7

 6 (a) Figure 7 shows a light ray P inside the core of the fibre.  The light ray strikes the 
core-cladding boundary at Q at an angle of incidence of 60.0°.

 6 (a) (i) Calculate the critical angle of the core-cladding boundary.

answer...........................degrees
(3 marks)

 6 (a) (ii) State why the light ray enters the cladding at Q.

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

   ...................................................................................................................................
(1 mark)

cladding

core

cladding

P

Q

60.0°

θ
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 6 (a) (iii) Calculate the angle of refraction, θ, at Q.

answer..............................degrees
(3 marks)

 6 (b) Explain why optical fibres used for communications need to have cladding.

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

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

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

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

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

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

____
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 7 A narrow beam of monochromatic light of wavelength 590 nm is directed normally at a  
diffraction grating, as shown in Figure 8.

Figure 8

narrow beam of 
monochromatic 
light

diffraction
grating

 7 (a) The grating spacing of the diffraction grating is 1.67 × 10�6 m.

 7 (a) (i) Calculate the angle of diffraction of the second order diffracted beam.

answer....................................degrees
(4 marks)

 7 (a) (ii) Show that no beams higher than the second order can be observed at this 
wavelength.

(3 marks)



15

M/Jun09/PHYA2

Areas outside 
the box will 

not be scanned 
for marking

(15)

 7 (b) The light source is replaced by a monochromatic light source of unknown wavelength.  
A narrow beam of light from this light source is directed normally at the grating.  
Measurement of the angle of diffraction of the second order beam gives a value of 
42.1°.

 Calculate the wavelength of this light source.

answer.......................................m
(2 marks)

____
9
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