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Answer all the questions in the spaces provided. 

1 (a) (i) Distinguish between random and systematic error.  

   ………………………………………………………………………………………………  

   ………………………………………………………………………………………………  

   ………………………………………………………………………………………………  

   ……………………………………………………………………………………………… [3] 

    
 
 

  (ii) Explain why using a graph and drawing line of best fit for the different points will 
reduce the random error.  
 

 

   ………………………………………………………………………………………………  
   ……………………………………………………………………………………………… [1] 

    

 (b) A ball approaches a ramp with an inclination of 30°. It hits the surface of the ramp at a 

speed of 5.0 m s−1 at 45° to the normal and bounces off with a speed of  

5.0 m s−1 as shown in Fig. 1.1.  
 

 

  

 
Fig. 1.1 

 

 

  Determine the change in velocity of the ball.  

    

  magnitude of change in velocity = ……………………… m s−1  [2] 
 

  direction of change in velocity is ……………………… ° 
with respect to the horizontal 

[1] 
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 (c) A physical equation is of the form  

−
=

3

1 2( )r P P
Q k

L
 

 

where k is a constant,  

r = (1.55  0.03) mm,  

P1 = (125  1) kPa,  

P2 = (100  1) kPa,      

L = (120  5) m.   

 

 

 

  Determine the fractional uncertainty of Q?      

    

  fractional uncertainty of Q = ………………………  [2] 
 

    
 
 
 
 
 
 
 

[Total: 9] 
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2 Popcorn is produced in a shallow pan. One piece of popcorn is projected out of the pan from 

the base of the pan. Fig. 2.1 shows the trajectory of this piece of popcorn. 

 

 

 

 

 

 

 

                                                                        Fig. 2.1 

The piece of popcorn reaches a maximum height of 56.0 cm above the base of the pan. You 

may assume air resistance is negligible. 

 
 
 
 
 
 
 
 
 

   

 (a) (i) Show that the vertical component uv of the initial velocity of the piece of popcorn is 

about 3.3 m s-1. 

 

 
 
 
[1] 

    
 
 

  (ii) The piece of popcorn lands at the same level as its starting point in the pan at a 

horizontal distance of 1.20 m from its starting point. 

Show that the magnitude of the initial velocity u of the popcorn is about 3.8 m s-1. 
 

 

    

   [3] 
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 (b) A microphone placed near the pan recorded the sound emitted as the piece of popcorn 

was produced. 

Fig. 2.2 shows how the loudness of the popping sound varied with time. 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                     Fig. 2.2 

 

Determine the average acceleration of the popcorn as it pops. 

 

   
 
 
 

 

  acceleration = …………………… m s-2 [2] 

    

[Total: 6] 
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3 (a) When a body is submerged in a fluid, it experiences an upthrust due to the fluid. Explain 

the origin of upthrust. 

 
 
 

  ………………………………………………………………………………………………………  

  ………………………………………………………………………………………………………  

  ……………………………………………………………………………………………………… [2] 

    
 
 

 (b) A block of concrete M, of mass 950 kg and density 4750 kg m-3 is held in equilibrium by a 

vertical cable BE. The block is fully immersed in water of density 1000 kg m-3.  

Cable BE is attached to a uniform rigid beam AB which is freely hinged to the ground at 

A and held by another cable CD. The beam makes an angle of 58° with the ground. The 

angle between cable CD and the beam is 26°. Fig. 3.1 shows the arrangement. 

 

 

 

 

 

 

 

 

 

 

 

The beam AB has mass 80.0 kg. The mid-point of the beam is D.  

 

  (i) Show the tension in the cable BE is about 7360 N.  

    [2] 

    
 
 
 

A 

B 

D 

C 

M 

water, density 1000 kg m-3 

E 

Fig. 3.1 

beam 

260 

580 
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  (ii) Determine the tension in cable CD.  

    

  tension = …………………… N [2] 

  [Total: 6] 

    

4 A ball slides without friction around the loop-the-loop apparatus of radius R as shown in  
Fig. 4.1. It starts from rest at point A at a height H above the bottom of the loop. 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 The radius of the loop, R, is 0.40 m and the ball has a mass of 0.10 kg.  

 (a) (i) 
 

Draw a free-body diagram of the sphere when it reaches the highest point C. 
 
Label your forces clearly in the diagram below. 
 
 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
[2] 
 

Fig. 4.1  

R 

A 

C H 
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  (ii) Calculate the minimum speed required at the highest point C for the ball to remain in 
contact with the track. 
 
 
 
 
 
 
 

 

   
 

 

  minimum speed = …………………..m s-1 [2] 

    

  (iii) Hence, determine the minimum value of H so that the ball will always remain in contact 
with the track. 

 

   
 
 
 
 
 
 
 
 

 

  minimum value of H = ………………..m [2] 

    

 (b) If the ball is instead moving at 4.0 m s-1 at the highest point C of the loop, calculate the force 
exerted by the track on the ball. 

 

   
 
 
 
 
 
 

 

  force = ………………….N [2] 

    

 
[Total: 8] 
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5 A shopping trolley and its contents are being pushed from rest.  

 (a) Explain, in terms of forces on the contents, why when the trolley starts to move, some of 

its contents slide backwards. 

 

  ………………………………………………………………………………………………………  

  ……………………………………………………………………………………………………… [1] 

    

 (b) The trolley and its contents have a total mass of 42 kg. The trolley moves at a speed of 

1.2 m s−1 when the applied force is removed. 

A constant resistive force acts on the trolley and causes it to stop in 3.2 s. 

 

  (i) Calculate the resistive force acting on the trolley.  

    
 
 
 
 
 
 

 

    resistive force = ………………… N [2] 

     

  (ii) Hence or otherwise, determine the power required to keep the trolley moving at a 
constant speed of 1.2 m s−1. 

 
 
 
 

power = …………………… W 
 

 
 
 
 
 
 
[2] 
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 (c) The trolley is now on a straight slope that is inclined at an angle 4.8° to the horizontal, as 

shown in Fig. 5.1. A constant resistive force with the same magnitude as that in (b)(i) acts 

on the trolley. 

 

 

Fig. 5.1 

 

  (i) A force, parallel to the slope, either up or down the slope, is applied on the trolley 

such that it moves down the slope with constant speed of 1.2 m s−1.  

Determine the magnitude and state the direction of the applied force. 

 

    
 
 
 
 
 
 
 

 

   magnitude = ………………………… N 

direction: …………………………… 

 

 
[3] 

     

  (ii) The trolley now moves up the same slope. A force is applied on the trolley such that 

it moves up the slope with the same constant speed. The magnitude of the resistive 

force acting on the trolley remains the same. 

Explain whether the magnitude of the applied force remains the same, increases or 

decreases compared to the value in (i). 

 

   ……………………………………………………………………………………………….. 
 

 

   ……………………………………………………………………………………………….. 
 

 

   ……………………………………………………………………………………………….. 
 

 

   ……………………………………………………………………………………………….. [2] 

[Total: 10] 

     

 

 

4.8° 
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6 A student is studying a transverse plane water wave in which all the wavefronts are parallel to 
one another on a ripple tank experiment at shown in Fig. 6.1. The variation with time t of the 
displacement x of a particular particle in the wave is shown in Fig. 6.2. 
 

  
Fig. 6.1 

 
 

 
 

Fig. 6.2 
 
 
The distance d from the source of the wave of the oscillating particles wave is measured. 
At a particular time, the variation of displacement x with d is shown in Fig. 6.3. 
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Fig. 6.3 
 

 (a) Distinguish between a transverse wave and a longitudinal wave.  

  ………………………………………………………………………………………………………  

  ………………………………………………………………………………………………………  

  ……………………………………………………………………………………………………… [2] 

    

 (b) Use Figs. 6.2 and 6.3 to determine the speed the water wave to 3 significant figures.  

   

 

 

 

 

  speed = ………………………… m s−1 [3] 

    

 (c) (i) Use the Figs. above to state and explain whether the wave is losing power as it 

moves away from the source. 

 

   ……………………………………………………………………………………………….. 
 

 

   ……………………………………………………………………………………………….. 
 

 

   ……………………………………………………………………………………………….. 
 

[2] 
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  (ii) Determine the efficiency of energy transfer from the source to a point 6.0 cm from 

the source. 

 

    
 
 
 
 
 
 

 

    efficiency = ………………………… % [3] 

     

[Total: 10] 
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7 (a) State what is meant by simple harmonic motion.  
 

  ……………………………………………………………………………………………………….  

  ……………………………………………………………………………………………………….  

  ………………………………………………………………………………………………………. [2] 

    

 (b) A mass m connected by two stretched vertical springs with equal spring constants k is set 

up as illustrated in Fig. 7.1 and undergoes simple harmonic motion. 

 

 

Fig. 7.1 

 

For a displacement x, the acceleration a of the mass m is given by the expression 

= −
2k

a x
m

 

 

  (i) Explain why the expression leads to the conclusion that the mass m is performing 

simple harmonic motion. 

 

  ……………………………………………………………………………………………………… 
 

 

  ……………………………………………………………………………………………………… 
 

 

  ……………………………………………………………………………………………………… [2] 
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  (ii) The mass m is 150 g and the spring constants k of the springs are 25 N m-1.  

Show that the frequency of the oscillations is 2.9 Hz. 

 

   
 
 
 
 
 
 
 
 

 

   [2] 

    

  (iii) An initial displacement was applied to the mass m resulting in the maximum kinetic 

energy of the oscillations to be 63 mJ.  

Calculate the amplitude 𝑥0 of the oscillations. 

 

   
 
 
 

 

  𝑥0 ＝.......................... m   [2] 

     

  (iv) State and explain what will happen to the frequency of the oscillations if the initial 

displacement applied to mass m is increased. 

 

  ……………………………………………………………………………………………………… 

 

 

  ……………………………………………………………………………………………………… 

 

 

  ……………………………………………………………………………………………………… 

 

[2] 
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  (v) Fig. 7.2 shows the variation of velocity v with displacement x of the oscillations 

with the original maximum kinetic energy of 63 mJ. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7.2 

The setup in Fig. 7.1 is placed in a viscous medium resulting in damping of the 

oscillations. 

Sketch the graph of the variation of velocity v with displacement x in Fig. 7.2 as the 

mass m undergoes one damped oscillation from point P to point Q.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 

 
[2] 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

v / m s-1 

x / m  

P Q 
• • 



19 
 

  (iv) A variable frequency oscillator is now attached to the set such that the mass m can 

oscillate at different frequencies. The set up is still placed in the viscous medium. 

The variation of amplitude with frequency of the oscillator is shown in Fig. 7.3. 

 

Fig. 7.3 

 

1. State the phenomenon illustrated in Fig. 7.3. 

 

……………………………………………………………………………….…………….… 

2. Explain whether the value of f0 in Fig. 7.3 is equal to, more than or less than the 

frequency of 2.9 Hz calculated in (b)(ii). 

 

……………………………………………………………………………………..………… 

………………………………………………………………………………..………………  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] 

 
 
 
 
 

 
 
[2] 

 
    

[Total: 15] 
 

 

 

 

 

 

amplitude / m 

frequency / Hz              f0 
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8 (a) State the principle of superposition.  
 

  ……………………………………………………………………………………………………….  

  ……………………………………………………………………………………………………….  

  ………………………………………………………………………………………………………. [1] 

    

 (b) Sound produced by the loudspeaker shown in Fig 8.1 has a frequency of 4.0 x 103 Hz. 

The sound waves arrive at microphone M via two different paths, LXM and LYM. The  

left-tube is fixed in position, while the right-tube is a sliding-section. At position M, the 

sound waves from the two paths interfere. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Initially, the lengths of paths LXM and LYM are equal. The sliding-section is then pulled 

out horizontally by 0.020m, and the loudness at microphone M changes from a 

maximum to a minimum.  

 
 
 
 
 
 
 

 

loudspeaker 

microphone 

L 

M 

  sliding-section which can 

be moved horizontally 

X Y 

Fig 8.1 
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  (i) Determine the path difference between the two waves after the sliding-section is 

pulled out. 

 

   
 
 
 
 
 
 

 

  Path difference = ……………………. m [1] 

    

  (ii) Calculate the speed at which sound travels through the tube.  

   
 
 
 
 
 
 

 

  Speed = ……………..……m s-1 [3] 

     

  (iii) When the opening at M is sealed, explain why a standing wave is set up in the tube.  

   .……………………………………………………………………………………………… 
 

 

   .……………………………………………………………………………………………… 
 

 

   .……………………………………………………………………………………………… 
 

[3] 

    

  (iv) The frequencies of the sound produced by the loudspeaker ranges from 40 Hz to 

4.0 kHz. Calculate the range of wavelengths of sound produced by loudspeaker. 

 

   
 
 
 
 
 

 

  Range of wavelengths = ………………… m    to    …………………. m [1] 
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  (v) A good loudspeaker should be able to diffract sound over a large area. Estimate the 

optimal diameter of the loudspeaker in order to achieve the maximum spreading of 

sound waves. Explain your answer. 

 

 
 

   ..……………………………………………………………………………………………… 
 

 

   ..……………………………………………………………………………………………… 
 

 

   ..……………………………………………………………………………………………… [2] 

    

 (c) Light of wavelength 590 nm is incident on a diffraction grating with slits of separation     

1.6 x 10-6 m. 

 

  (i) Determine the maximum order of the interference pattern that will be observed on a 

screen. 

 

    

 

 

 

 

 

 

 

 

   Maximum order = ………………. [2] 
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  (ii) Another diffraction grating of the same slit separation is placed in front of the 

original grating such that their slits are perpendicular to one another as shown in 

Fig 8.2. A 2-dimensional pattern of bright spots is formed on the screen. 

 

 

 

 

 

 

Fig 8.2 

 

Sketch the pattern obtained, showing clearly the relative separation of the spots. 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
[2] 

     

  Suggested Solution: 

 

 

 

 

 

 

 

 

 

 

 

 

 

[Total: 15] 
 

 

 

To Screen 

d = 1.6 x 10-6m 

grating 

d = 1.6 x 10-6m 

grating 

-  Correct shape grid of spots 5x5   

-  2nd order dots are further apart than 1st order 

 dots                

 


