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Data Sheet

� A perforated Data Sheet is provided as pages 3 and 4 of this question 
paper.

� This sheet may be useful for answering some of the questions in the 
examination.

� You may wish to detach this sheet before you begin. 







Answer all questions in the spaces provided.

1 A waiter holds a tray horizontally in one hand between fingers and thumb as shown in the diagram.

P, Q and W are the three forces acting on the tray.

(a) (i) State two relationships between the forces that must be satisfied if the tray is to remain
horizontal and in equilibrium.

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

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

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

(ii) If the mass of the tray is 0.12 kg, calculate the magnitude of the force W.

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

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

(iii) Calculate the magnitudes of forces P and Q.

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

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

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

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

(b) The waiter places a glass on the tray.  State and explain where the glass should be positioned on
the tray if the force, P, is to have the same value as in part (a).

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

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

.........................................................................................................................................................
(2 marks)
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2 The diagram represents part of an experiment that is being used to estimate the speed of an air gun
pellet.

The pellet which is moving parallel to the track, strikes the block, embedding itself.  The trolley and
the block then move along the track, rising a vertical height, h.

(a) Using energy considerations explain how the speed of the trolley and block immediately after it
has been struck by the pellet, may be determined from measurements of h.  
Assume frictional forces are negligible.

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

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

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

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

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

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

0103/PA02

LEAVE 
MARGIN
BLANK

6

pellet

block
trolley

θ



(b) The following data is collected from the experiment

mass of trolley and block 0.50 kg
mass of pellet 0.0020 kg
speed of trolley and block immediately after impact 0.40 m s�1

Calculate

(i) the momentum of the trolley and block immediately after impact,

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

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

(ii) the speed of the pellet just before impact.

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

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

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

(c) (i) State what is meant by an inelastic collision.

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

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

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

(ii) Use the data from part (b) to show that the collision between the pellet and block is
inelastic.

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

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

...............................................................................................................................................
(4 marks)
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3 A girl kicks a ball along the ground at a wall 2.0 m away.  The ball strikes the wall normally at a velocity
of 8.0 m s�1  and rebounds in the opposite direction with an initial velocity of 6.0 m s�1.  The girl, who
has not moved, stops the ball a short time later.

(a) Explain why the final displacement of the ball is not 4.0 m.

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

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

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

(b) Explain why the average velocity of the ball is different from its average speed.

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

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

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

(c) The ball has a mass of 0.45 kg and is in contact with the wall for 0.10 s.  For the period of time
the ball is in contact with the wall,

(i) calculate the average acceleration of the ball.

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

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

(ii) calculate the average force acting on the ball.

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

(iii) state the direction of the average force acting on the ball.

...............................................................................................................................................
(5 marks)
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4 (a) A cylinder of fixed volume contains 15 mol of an ideal gas at a pressure of 500 kPa and a
temperature of 290 K.

(i) Show that the volume of the cylinder is 7.2 × 10�2 m3.

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

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

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

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

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

(b) A quantity of gas is removed from the cylinder and the pressure of the remaining gas falls to
420 kPa.  If the temperature of the gas is unchanged, calculate the amount, in mol, of gas
remaining in the cylinder.

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

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

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

(c) Explain in terms of the kinetic theory why the pressure of the gas in the cylinder falls when gas
is removed from the cylinder.

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

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

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

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

.........................................................................................................................................................
(4 marks)
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5 (a) A student immerses a 2.0 kW electric heater in an insulated beaker of water.  The heater is
switched on and after 120 s the water reaches boiling point.

The table below gives data collected during the experiment.

initial mass of beaker 25 g
initial mass of beaker and water 750 g
initial temperature of water 20 °C
final temperature of water 100 °C

Calculate the specific heat capacity of water if the thermal capacity of the beaker is negligible.

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

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

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

(b) The student in part (a) continues to heat the water so that it boils for 105 s.  When the mass of
the beaker and water is measured again, it is found that it has decreased by 94 g.

(i) Calculate a value for the specific latent heat of vaporisation of water.

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

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

(ii) State two assumptions made in your calculation.

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

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

8

0103/PA02

LEAVE 
MARGIN
BLANK

10



6 (a) A man jumps from a plane that is travelling horizontally at a speed of 70 m s�1.  If air resistance
can be ignored, determine 

(i) his horizontal velocity 2.0 s after jumping,

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

(ii) his vertical velocity 2.0 s after jumping,

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

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

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

(iii) the magnitude and direction of his resultant velocity 2.0 s after jumping.

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

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

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

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

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

(b) After 2.0 s the man opens his parachute.  Air resistance is no longer negligible.  Explain in terms
of Newton�s laws of motion, why

(i) his velocity initially decreases,

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

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

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

(ii) a terminal velocity is reached.

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

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

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

...............................................................................................................................................
(4 marks)
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7 In an experiment to measure the power output of a motor, the motor is used to lift a metal block
vertically at constant speed.

You may be awarded marks for the quality of written communication in your answers.

(a) Describe an experiment to check whether the speed of the rising mass is constant.

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

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

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

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

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

(b) Explain how the output power of the motor is calculated, stating what measurements need to be
made.

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

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

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

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

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

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

4

QUALITY OF WRITTEN COMMUNICATION (2 marks)

END  OF QUESTIONS
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