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Answer all questions in the spaces provided.

 1  A car is travelling on a level road at a speed of 15.0 m s–1 towards a set of traffic lights when 
the lights turn red.  The driver applies the brakes 0.5 s after seeing the lights turn red and 
stops the car at the traffic lights.  The table below shows how the speed of the car changes 
from when the traffic lights turn red.

time/s 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

speed/m s–1 15.0 15.0 12.5 10.0 7.5 5.0 2.5 0.0

 1 (a)  Draw a graph of speed on the y-axis against time on the x-axis on the grid provided.

(5 marks)
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 1 (b) (i) State and explain what feature of the graph shows that the car’s deceleration was 
uniform.

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

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

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

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

 1 (b) (ii) Use your graph to calculate the distance the car travelled after the lights turned 
red to when it stopped.

Answer .................. m
(4 marks)

____
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 2 (a) (i)  State the difference between a scalar quantity and a vector quantity.

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

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

 2 (a) (ii)  State two examples of a scalar quantity and two examples of a vector quantity.
 
  scalar quantities  ........................................................................................................

  vector quantities  .......................................................................................................
(3 marks)

 2 (b)  Figure 1 shows a ship fitted with a sail attached to a cable.  The force of the wind on 
the sail assists the driving force of the ship’s propellors.

Figure 1

sail

cable

horizontal line
35°

 The cable exerts a steady force of 2.8 kN on the ship at an angle of 35° above a 
 horizontal line.

 2 (b) (i)  Calculate the horizontal and vertical components of this force.

horizontal component of force ............. kN

vertical component of force ................. kN
(2 marks)
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 2 (b) (ii)  The ship is moving at a constant velocity of 8.3 m s–1 and the horizontal 
component of the force of the cable on the ship acts in the direction in which the 
ship is moving.

  Calculate the power provided by the wind to this ship, stating an appropriate unit.

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

 2 (c)  The cable has a diameter of 0.014 m.  Calculate the tensile stress in the cable when it 
exerts a force of 2.8 kN on the ship, stating an appropriate unit.

 Assume the weight of the cable is negligible.

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

____
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 3 (a)  State Hooke’s law.

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

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

 3 (b)  A student is asked to measure the mass of a rock sample using a steel spring, standard 
masses and a metre rule.  She measured the unstretched length of the spring and then 
set up the arrangement shown in Figure 2.

Figure 2

spring

standard mass

stand

 3 (b) (i) Describe how you would use this arrangement to measure the mass of the rock 
sample.  State the measurements you would make and explain how you would 
use the measurements to fi nd the mass of the rock sample.

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

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

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

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

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

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

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

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

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

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

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

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

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

 
 3 (b) (ii) State and explain one modifi cation you could make to the arrangement in 
    Figure 2 to make it more stable.

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

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

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

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

____
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 4  Figure 3 shows the path of a ball thrown horizontally from the top of a tower of height 24 m 
which is surrounded by level ground.

Figure 3

P

ground

24 m

tower

 4 (a)  Using two labelled arrows, show on Figure 3 the direction of the velocity, v, and the 
acceleration, a, of the ball when it is at point P.

(2 marks)

 4 (b) (i) Calculate the time taken from when the ball is thrown to when it first hits the 
ground.  Assume air resistance is negligible.

Answer ................................ s
(2 marks)

 4 (b) (ii)  The ball hits the ground 27 m from the base of the tower.  Calculate the speed at 
which the ball is thrown.

Answer ......................... m s–1

(2 marks)
____
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 5  Figure 4 represents a stationary wave formed on a steel string fixed at P and Q when it is 
plucked at its centre.

Figure 4

P Q

 5 (a)  Explain why a stationary wave is formed on the string.

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

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

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

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

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

 5 (b) (i)  The stationary wave in Figure 4 has a frequency of 150 Hz.  The string PQ has a 
length of 1.2 m.  

  Calculate the wave speed of the waves forming the stationary wave.

Answer ........................... m s–1 
(2 marks)

 5 (b) (ii)  On Figure 5, draw the stationary wave that would be formed on the string at the 
same tension if it was made to vibrate at a frequency of 450 Hz.

Figure 5

P Q

(2 marks)
____

7



10 Areas outside 
the box will 

not be scanned 
for marking

M/Jan09/PHYA2
(10)

 6   Figure 6 shows a rectangular glass fish tank containing water.  Three light rays, P, Q and R 
from the same point on a small object O at the bottom of the tank are shown.

Figure 6

60.0°49.0°

R

Q
P

water

glass

object O

 6 (a) (i) Light ray Q is refracted along the water-air surface.  The angle of incidence of 
light ray Q at the water surface is 49.0°.  Calculate the refractive index of the 
water.  Give your answer to an appropriate number of significant figures.

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

 6 (a) (ii)  Draw on Figure 6 the path of light ray P from the water-air surface.

(3 marks)

air
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 6 (b) In Figure 6, the angle of incidence of light ray R at the water-air surface is 60.0°.

 6 (b) (i)  Explain why this light ray is totally internally reflected at the water surface.

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

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

 6 (b) (ii)  Draw the path of light ray R from the water surface and explain whether or not R 
enters the glass at the right-hand side of the tank.

   the refractive index of the glass = 1.50

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

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

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

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

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

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

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

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

____
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 7 A narrow beam of monochromatic red light is directed at a double slit arrangement.  Parallel 
red and dark fringes are seen on the screen shown in Figure 7.

Figure 7

screen
double slits

narrow 
beam

 7 (a) (i)  Light passing through each slit spreads out.  What is the name for this effect?

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

 7 (a) (ii) Explain the formation of the fringes seen on the screen.

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

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

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

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

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

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

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

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

   ...................................................................................................................................
(4 marks)
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 7 (a) (iii) The slit spacing was 0.56 mm.  The distance across 4 fringe spacings was 
3.6 mm when the screen was at a distance of 0.80 m from the slits.  Calculate the 
wavelength of the red light.

Answer ..................... m
(4 marks)

 7 (b)  Describe how the appearance of the fringes would differ if white light had been used 
instead of red light.

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

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

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

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

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

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

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

____
12

END  OF  QUESTIONS



14

M/Jan09/PHYA2
(14)

There are no questions printed on this page

DO  NOT  WRITE  ON  THIS  PAGE
ANSWER  IN  THE  SPACES  PROVIDED 



15

M/Jan09/PHYA2
(15)

There are no questions printed on this page

DO  NOT  WRITE  ON  THIS  PAGE
ANSWER  IN  THE  SPACES  PROVIDED



16

M/Jan09/PHYA2
(16)

There are no questions printed on this page

DO  NOT  WRITE  ON  THIS  PAGE
ANSWER  IN  THE  SPACES  PROVIDED 

Copyright © 2009 AQA and its licensors.  All rights reserved.



INSERT TO M/Jan09/PHYA2

This insert page should not be sent to the examiner

General Certificate of Education
Advanced Subsidiary Examination
January 2009

Physics A PHYA2
Unit 2   Mechanics, Materials and Waves

Data and Formulae Booklet



2

INSERT TO M/Jan09/PHYA2




