
4 
 

Answer all questions in the spaces provided 

1(a)  When an object is placed in water, it experiences an upthrust. 

(i) Explain what is meant by upthrust.       [1] 

(ii) A container contains two liquids A and B which do not mix. The densities of liquids A 

and B, denoted by A  and B , are 31.30 10 kg m-3 and 30.900 10 kg m-3

respectively. A cubical solid of side 0.200 m and mass 9.20 kg stays upright in 
equilibrium in between the two liquids as shown in Fig. 1.1. The depth of the solid 
submerged in Liquid A is denoted by x.

1. Write down an expression for the upthrust exerted on solid by Liquid A in terms of 

x, A  and g.          [1] 

2. Write down an expression for the upthrust exerted on solid by Liquid B in terms of 

x, B  and g.         [1] 

3. Hence, or otherwise, determine x.       [2] 
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(b) A hungry bear walks out from a cave onto a horizontal uniform beam of length L,
supported on the left by a hinge attached to a wall, in an attempt to retrieve some 
“goodies” hanging at the right end (Fig. 1.2). The total weight of the bear and the 
beam is 900 N. The goodies weigh 80.0 N. Fig. 1.3 gives the tension T in the cable 
as a function of the bear’s position given as a fraction x/L of the beam length. 

                                                                                        

(i) By considering the bear standing at the centre of the beam, calculate the angle . [2] 

(ii) Suggest where, on the beam, the bear should stand so that his weight does not 
produce a moment on the beam.       [1] 

(iii)  Calculate the mass of the beam.       [2] 

2(a) Explain the various energy conversions that occur during each of the following events: 

(i) A car moving on a rough horizontal road coming to a stop.   [2] 
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(ii) A mass is attached to the bottom of a vertical spring. The mass is lowered 
slowly until it reaches an equilibrium position and remains stationary at that 
position.         [3] 

(b) The skateboarder in Fig. 2.1 below is 55 kg. She enters the ramp of height h at point 
A with a speed of 6.5 m s-1 and leaves the ramp vertically upwards at point B. The 
skateboarder experiences an average frictional force of 2.0 N by the ramp. The 
distance travelled between A and B is 2.0 m and h is 1.3 m. 

(i) Determine the speed of the skateboarder as she exits point B.  [3] 

(ii) State and explain whether your answer to b(i) will be different if the ramp is 
replaced by the one shown in Fig. 2.2 below. The average frictional force by 
the ramp is still 2.0 N. The points A and B are in the same positions as in 
Fig. 2.1.         [2] 
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3(a) A rectangular block of wood of cross-section A and thickness t floats 
horizontally in water as shown in the figure below. 

 When the block is pushed downwards and then released, it undergoes damped
harmonic motion.  

 (i) Explain why the motion of the block undergoes damping.   [1] 

               

(ii) Sketch a labelled graph showing the variation of displacement x with time t for 
a time interval over three periods.       [2]
    

(b) Surface water waves from a constant amplitude wave generator are incident on the 
block. These causes forced oscillations in the motion of the block. The frequency of 
the wave generator is varied and resonance was observed at a particular frequency. 
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(i) Explain the terms ‘forced oscillations’ and ‘resonance’ with reference to the 
motion of the block.          [2] 

(ii) Resonance occurs when the water waves incident on the block has a speed 
of 0.90 m s-1 and wavelength 0.30 m. 

  1. Calculate the frequency of the water waves.    [1]
   

   

         

2. Given that the expression for the natural frequency of the oscillating 

block is given by 
m

f
28

2

1
 where f is in Hz and m in kg, calculate 

the mass of the block.       [1] 

            

3. Describe and explain what happens to the amplitude of vertical 
oscillations of the block after the block has absorbed some water. [2] 
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4(a) State the First Law of Thermodynamics in words.     [1] 

(b) A gas in an engine undergoes a cyclic process ABCD, as shown in the pressure – 
volume diagram below: 

AB and CD are adiabatic processes, while BC and DA are isochoric processes. 

(i) For process AB, the work done is 10 J. Calculate the change in internal 
energy of the gas. State whether it is an increase or decrease.  [2] 

For process BC, 70 J of heat is supplied to the gas, while for process CD, 25 J of 
work is done. 

(ii) Calculate the heat flow during process DA. State whether it is into or out of 
the gas.         [3] 

(iii) Calculate the efficiency of the engine.     [2] 
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(iv) The engine executes 3000 cycles per minute. Calculate its useful power 
output.          [2] 

5(a) State Lenz’s law and explain how you would use a coil and a magnet to demonstrate 
the law. Make clear the use of any other apparatus in your explanation.  [4] 

(b) An instrument based on induced electromotive force (e.m.f.) is used to measure the 
speed of a projectile. 

 A small, strong but light magnet is imbedded in the projectile as shown in Fig. 5.1. 
 The projectile passes through the two identical coils with N turns each, separated by 

a distance d with constant speed. As the projectile passes through each coil, a pulse 
of e.m.f. is induced in the coil. The time interval between the pulses can be measured 
accurately with an oscilloscope.  

       Fig 5.1 
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(i) Use the laws of electromagnetic induction to explain why an e.m.f. is induced 
in the coils.         [2] 

(ii) In Fig. 5.2, draw clearly a graph of the variation of induced e.m.f. against time 
for the arrangement shown in Fig. 5.1. 

On your graph, label clearly which pulse is from coil 1 and which is from coil 2. 

     Fig. 5.2 

(iii) If the pulse separation is 2.40 ms and d is 1.50 m, calculate the speed of the 
projectile.         [1] 

(iv) State and explain how the graph in Fig. 5.2 will differ if the speed of the 
projectile is increased.        [2] 


