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Answer all questions in the spaces provided.

 1 (a) (i) State two conditions necessary for an object to be in equilibrium.

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

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

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

 1 (a) (ii) For each condition state the consequence if the condition is not met.

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

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

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

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

  Figure 1 shows a pole vaulter holding a uniform pole horizontally.  He keeps the pole in 
equilibrium by exerting an upward force, U, with his leading hand, and a downward force, D, 
with his trailing hand.

   weight of pole = 200 N
   length of pole = 3.7 m
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 1 (b) Calculate for the situation shown in Figure 1,

 1 (b) (i) the force, U,

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

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

 1 (b) (ii) the force, D.

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

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

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

 1 (c) Explain the effect on the magnitudes of U and D if the vaulter moves his leading hand 
closer to the centre of gravity of the pole and the pole is still in equilibrium.

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

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

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

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

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

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

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

(3 marks)
____
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 2 Figure 2 shows a sledge moving down a slope at constant velocity.  
  The angle of the slope is 22°.

Figure 2

R
F

W

22°

  The three forces acting on the sledge are weight, W, friction, F, and the normal reaction 
force, R, of the ground on the sledge.

 2  (a) With reference to an appropriate law of motion, explain why the sledge is moving at 
constant velocity.

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

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

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

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

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

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

(2 marks)

 2 (b) The mass of the sledge is 4.5 kg.  Calculate the component of W,

 2 (b) (i) parallel to the slope,

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

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

   ...................................................................................................................................
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 2 (b) (ii) perpendicular to the slope,

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

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

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

 2 (c) State the values of F and R.

   F ..........................................................................................................................................

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

____
6
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 3 The graph shows how the velocity, v, of a car varies with time, t.

 3 (a)  Describe the motion of the car for the 50 s period.

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

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

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

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

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

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

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

(3 marks)
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 3 (b) The mass of the car is 1200 kg.  Calculate for the first 20 s of motion,

 3 (b) (i) the change in momentum of the car,
     

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

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

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

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

 3 (b) (ii) the rate of change of momentum,
     

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

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

 3 (b) (iii) the distance travelled.
     

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

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

(4 marks)
____

7
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 4 A kettle, rated at 2.5 kW, is used to raise the temperature of 1.2 kg of water from 20°C to 
100°C and then convert some of the water to steam.

   specific heat capacity of water   = 4200 J kg�1K�1

   specific latent heat of vaporisation of water  = 2.3 × 106 J kg�1

 4 (a) Calculate

 4 (a) (i) the time taken to raise the temperature of the water from 20° C to 100° C,
     

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

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

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

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

 4 (a) (ii) the additional time taken for the kettle to convert 10% of the water to steam.
     

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

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

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

  4 (b) State two reasons why in practice, the actual time taken in part 4(a)(i) will be longer.
    

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

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

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

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

____
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 5 (a) 6.7  mol of an ideal gas in a rigid container exerts a pressure of 110 kPa at a temperature 
of 25°C.

 5 (a) (i) Calculate the volume of the container.
     

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

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

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

 5 (a) (ii) Calculate the average kinetic energy of a molecule of the gas.
     

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

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

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

 5 (a) (iii) Deduce the pressure exerted by the gas if the average kinetic energy of the gas 
molecules is doubled.

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

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

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

(5 marks)

 5 (b) Two of the assumptions about the behaviour of the molecules of an ideal gas are 
that they move with random motion and make elastic collisions with the walls of the 
container.

   State and explain what is meant by

 5 (b) (i) random motion,
     

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

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

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

 
Question 5 continues on the next page
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 5 (b) (ii) elastic collisions.
     

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

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

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

____
8
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 6 A pile driver is used to drive cylindrical poles, called piles, into the ground so that they form 
the foundations of a building.  Figure 3 shows a possible arrangement for a pile driver.  The 
hammer is held above the pile and then released so that it falls freely under gravity, until it 
strikes the top of the pile.

 6 (a) State the main energy changes that take place as the hammer is falling.
    

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

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

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

 6 (b) The hammer has a mass of 250 kg and falls 4.5 m before striking the pile.  After impact 
the hammer and pile move downwards together.

   Calculate

 6 (b) (i) the speed of the hammer just before impact,
     

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

 ...................................................................................................................................
 
 6 (b) (ii) the momentum of the hammer just before the impact,
     

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

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

Question 6 continues on the next page

pile

hammer

Figure 3
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 6 (b) (iii) the speed of the hammer and pile immediately after impact if the mass of the pile 
is 2000 kg.

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

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

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

(4 marks)

 6 (c) After an impact the hammer and the pile move so that the pile sinks into the ground to 
a depth of 0.25 m.

   Calcuate

 6 (c) (i) the loss of kinetic energy of the hammer and pile,
     

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

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

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

 6 (c) (ii) the average frictional force the ground exerts on the pile while bringing it to rest.
     

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

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

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

 6 (d) The process is repeated several times and each time the hammer is raised 4.5 m above 
the pile.  Suggest why the extra depth of penetration is likely to decrease with each 
impact.

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

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

(2 marks)
____
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