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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 work.
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Answer all questions.

1 A tray containing 0.20 kg of water at 20 °C is placed in a freezer.

(a) The temperature of the water drops to 0 °C in 10 minutes.

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

Calculate

(i) the energy lost by the water as it cools to 0 °C,

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

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

(ii) the average rate at which the water is losing energy, in J s–1.

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

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

(3 marks)

(b) (i) Estimate the time taken for the water at 0 °C to turn completely into ice.

specific latent heat of fusion of water = 3.3 × 105J kg–1

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

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

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

(ii) State any assumptions you make.

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

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

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

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

(3 marks)
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2 The diagram represents an experiment that can be used to investigate stopping distances for a moving

trolley.

The trolley is placed on the raised section of the track.  When  released it moves down the track and

then travels along the horizontal section before colliding with the block.  The trolley and block join and

move together after the collision.  The distance they move is measured.

(a) State the main energy changes taking place

(i) as the trolley descends,

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

(ii) after the collision, as the trolley and block move together.

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

(2 marks)

(b) Describe how the speed of the trolley, just before it collides with the block may be measured

experimentally.

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

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

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

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

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

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

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

(3 marks)
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(c) State and explain how the speed of the trolley, prior to impact could be varied.

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

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

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

(2 marks)

7

3 An apple and a leaf fall from a tree at the same instant.  Both apple and leaf start at the same height

above the ground but the apple hits the ground first.

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

Use Newton’s laws of motion to explain why

(i) the leaf accelerates at first then reaches a terminal velocity,

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

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

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

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

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

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

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

(ii) the apple hits the ground first.

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

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

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

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

(5 marks)
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4 The diagram shows a 250 kg iron ball being used on a demolition site.  The ball is suspended from a

cable at point A, and is pulled into the position shown by a rope that is kept horizontal.  The tension in

the rope is 1200 N.

(a) In the position shown the ball is in equilibrium.

(i) What balances the force of the rope on the ball?

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

(ii) What balances the weight of the ball?

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

(2 marks)

(b) Determine

(i) the magnitude of the vertical component of the tension in the cable,

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

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

(ii) the magnitude of the horizontal component of the tension in the cable,

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

...............................................................................................................................................
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(iii) the magnitude of the tension in the cable,

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

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

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

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

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

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

(iv) the angle the cable makes to the vertical.

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

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

(6 marks)
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5 The diagram shows the velocity-time graph for a vertically bouncing ball, which is released above the

ground at A and strikes the floor at B.  The effects of air resistance have been neglected.

(a) (i) What does the gradient of a velocity-time graph represent?

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

(ii) Explain why the gradient of the line CD is the same as line AB.

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

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

(iii) What does the area between the line AB and the time axis represent?

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

(iv) State why the velocity at C is negative.

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

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

(v) State why the speed at C is less than the speed at B.

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

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

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

(5 marks)
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(b) The ball has a mass of 0.15 kg and is dropped from an initial height of 1.2 m.  After impact the

ball rebounds to a height of 0.75 m.

Calculate

(i) the speed of the ball immediately before impact,

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

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

(ii) the speed of the ball immediately after impact,

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

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

(iii) the change in momentum of the ball as a result of the impact,

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

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

(iv) the magnitude of the resultant average force acting on the ball during impact if it is in

contact with the floor for 0.10 s.

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

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

(8 marks)
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6 (a) (i) Write down the equation of state for n moles of an ideal gas.

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

(ii) The molecular kinetic theory leads to the derivation of the equation

where the symbols have their usual meaning.

State three assumptions that are made in this derivation.

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

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

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

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

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

(4 marks)

(b) Calculate the average kinetic energy of a gas molecule of an ideal gas at a temperature of 20 °C.

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

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

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

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

(3 marks)

(c) Two different gases at the same temperature have molecules with different mean square speeds.

Explain why this is possible.

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

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

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

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

(2 marks)
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END  OF QUESTIONS
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