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! 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 car accelerates from rest to a speed of 26 m s�1.  The table shows how the speed of the car
varies over the first 30 seconds of motion.

(a) Draw a graph of speed against time on the grid provided.

(3 marks)

time/ s 0 5.0 10.0 15.0 20.0 25.0 30.0

speed/ m s�1 0 16.5 22.5 24.5 25.5 26.0 26.0

�
� time /s

speed/ m s�1
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(b) Calculate the average acceleration of the car over the first 25 s.

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

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

(c) Use your graph to estimate the distance travelled by the car in the first 25 s.

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

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

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

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

(d) Using the axes below, sketch a graph to show how the resultant force acting on the car
varies over the first 30 s of motion.

(2 marks)

(e) Explain the shape of the graph you have sketched in part (d), with reference to the
graph you plotted in part (a).

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

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

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

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

resultant force

time0
0

____
11
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2 Figure 1 shows apparatus that can be used to investigate energy changes.

Figure 1

The trolley and the mass are joined by an inextensible string.  In an experiment to investigate
energy changes, the trolley is initially held at rest, and is then released so that the mass falls
vertically to the ground.

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

(a) (i) State the energy changes of the falling mass.

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

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

(ii) Describe the energy changes that take place in this system.

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

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

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

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

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

trolley

mass
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(b) State what measurements would need to be made to investigate the conservation of
energy.

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

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

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

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

(c) Describe how the measurements in part (b) would be used to investigate the conservation
of energy.

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

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

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

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

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

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

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

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

Turn over for the next question

____
10
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3 Figure 2 shows a supermarket trolley.

Figure 2

The weight of the trolley and its contents is 160 N.

(a) Explain what is meant by centre of gravity.

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

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

rear
wheels

front
wheels

10 cm 40 cm 50 cm

weight

centre of gravity

A

P Q

not drawn to scale
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(b) P and Q are the resultant forces that the ground exerts on the rear wheels and front
wheels respectively.  Calculate the magnitude of

(i) force P,

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

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

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

(ii) force Q.

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

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

(c) Calculate the minimum force that needs to be applied vertically at A to lift the front
wheels off the ground.

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

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

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

(d) State and explain, without calculation, how the minimum force that needs to be applied
vertically at A to lift the rear wheels off the ground compares to the force you calculated
in part (c).

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

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

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

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

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

____
10
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4 In an experiment to measure the temperature of the flame of a Bunsen burner, a lump of
copper of mass 0.12 kg is heated in the flame for several minutes.  The copper is then
transferred quickly to a beaker, of negligible heat capacity, containing 0.45 kg of water, and
the temperature rise of the water measured.

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

specific heat capacity of copper = 390 J kg�1 K�1

(a) If the temperature of the water rises from 15 °C to 35 °C, calculate the thermal energy
gained by the water.

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

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

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

(b) (i) State the thermal energy lost by the copper, assuming no heat is lost during its
transfer.

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

(ii) Calculate the fall in temperature of the copper.

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

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

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

(iii) Hence calculate the temperature reached by the copper while in the flame.

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

____
6
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5 The number of molecules in one cubic metre of air decreases as altitude increases.  The table
shows how the pressure and temperature of air compare at sea-level and at an altitude of
10 000 m.

(a) Calculate the number of moles of air in a cubic metre of air at

(i) sea-level,

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

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

(ii) 10 000 m.

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

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

(b) In air, 23% of the molecules are oxygen molecules.  Calculate the number of extra
oxygen molecules there are per cubic metre at sea-level compared with a cubic metre
of air at an altitude of 10 000 m.

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

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

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

altitude pressure/Pa temperature/K

sea-level 1.0 × 105 300

10 000 m 2.2 ×104 270

____
5
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6 Figure 3 shows a stationary metal block hanging from the middle of a stretched wire which
is suspended from a horizontal beam.  The tension in each half of the wire is 15 N.

Figure 3

(a) Calculate for the wire at A,

(i) the resultant horizontal component of the tension forces,

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

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

(ii) the resultant vertical component of the tension forces.

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

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

20 °20 °

15 N 15 N

A

metal block

weight
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(b) (i) State the weight of the metal block.

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

(ii) Explain how you arrived at your answer, with reference to an appropriate law of 
motion.

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

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

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

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

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

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

Quality of Written Communication (2 marks)

END  OF QUESTIONS

____
6

____
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