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1 Figure 1 shows a stationary gymnast suspended by his arms at the end of two ropes.

Figure 1

The tension in each rope is 4.1 × 102 N.  The angle between each of the ropes and the
horizontal is 65°.
Calculate the weight of the gymnast.
Give your answer to an appropriate number of significant figures.

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

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

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

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

weight of gymnast ...................................... N
(3 marks)

Section A

Answer all questions in this section.

There are 20 marks in this section.

(02)

2

65°65°
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2 When a 100 W tungsten filament lamp is operating, 3.0% of the input electrical energy
is converted into light.

An 18 W compact fluorescent lamp (CFL) emits the same light power output as the
filament lamp.

2 (a) Calculate the efficiency of the CFL lamp.

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

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

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

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

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

2 (b) The CFL lamp is much more efficient than the tungsten filament lamp.
Explain why.

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

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

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

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

Turn over for the next question

3
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3 Figure 2 shows the graph of the relative intensity Ir against wavelength λ for the Sun.

Figure 2

4

(04)
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3 (a) State the region of the electromagnetic spectrum in which the peak of the graph of
intensity Ir against λ is located.

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

3 (b) Using data from Figure 2, show that the surface temperature of the Sun is
approximately 6000 K.

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

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

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

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

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

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

Turn over for the next question
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4 A mountain walker of weight 750 N climbs a height of 300 m in 40 minutes.

4 (a) Calculate the average power required due to the gravitational force on the walker during
the climb.

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

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

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

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

average power ...................................... W
(3 marks)

4 (b) The walker uses a spring loaded walking pole that changes in length by 15 mm when the
full weight of the walker is applied to it.

Calculate the stiffness of the spring in the pole.
Give an appropriate unit for your answer.

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

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

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

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

spring stiffness ......................................

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

6

(06)
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5 A householder removes part of an external wall to create a doorway.  He fits a wooden
door of dimensions 2.2 m by 1.2 m.  The temperature of the air inside the house is
15 K higher than that of the air outside.

Calculate the change in energy loss per second due to this temperature difference as a
result of replacing part of the wall with the door.

U-value for wall = 0.60 W m–2 K–1

U-value for wooden door = 2.4 W m–2 K–1

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

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

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

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

change in loss of energy per second .............................. J s–1

(3 marks)

Turn over for the next question
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8

(08)

6 Figure 3 shows a pole-vaulter during a pole-vault.

Figure 3

The pole-vaulter is 1.8 m tall and can reach a maximum sprint speed of 8.4 m s–1 just
before take-off.  The mass of the pole-vaulter is 72 kg.

6 (a) (i) Calculate the maximum change in the height of the centre of mass of the pole-vaulter.
Assume that the pole-vaulter uses only the kinetic energy he acquires during the sprint.

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

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

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

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

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

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

maximum height change ...................................... m
(3 marks)

Section B

Answer all questions in this section.

There are 50 marks in this section.

barpole
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6 (a) (ii) The pole-vaulter’s centre of mass is halfway down his body.  His centre of mass reaches
the same height as the bar.
Calculate the height of the bar above the ground.

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

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

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

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

height of bar ................................... m
(2 marks)

6 (b) (i) Not all of the pole-vaulter’s kinetic energy is converted into gravitational potential
energy in the pole-vault.

Describe why it is not possible to convert all of his kinetic energy into gravitational
potential energy when clearing the bar.

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

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

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

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

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

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

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

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

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

Question 6 continues on the next page
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6 (b) (ii) The pole-vaulter can clear a higher bar than that calculated in part (a)(ii).  This can be
done without increasing his maximum sprint speed or changing the equipment used.
Explain how this extra height may be achieved.

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

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

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

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

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

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

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

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

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

10

(10)

11
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Turn over for the next question
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7 A very high resistance voltmeter reads 15.0 V when it is connected across the terminals
of a power supply.

7 (a) Explain why the reading on the voltmeter is equal to the emf of the power supply.

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

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

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

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

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

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

7 (b) A resistor of value 470 Ω is connected across the terminals of the power supply in
parallel with the voltmeter, as shown in Figure 4.  The voltmeter reads 14.5 V.

Figure 4

7 (b) (i) Calculate the current in the 470 Ω resistor.

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

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

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

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

current ...................................... A
(2 marks)

12

470 Ω

14.5 V

V

(12)
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7 (b) (ii) Calculate the internal resistance of the power supply.

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

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

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

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

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

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

internal resistance ....................................... Ω
(3 marks)

Turn over for the next question
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8 Figure 5 shows an electrical circuit that contains a 4.0 Ω resistor, a 0 – 8.0 Ω variable
resistor and a 12 V power supply with negligible internal resistance.

Figure 5

8 (a) State the name given to this type of circuit.

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

8 (b) Calculate the minimum and maximum potential differences that can be obtained across
XY.  State the corresponding values of the resistance of the variable resistor.

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

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

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

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

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

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

minimum pd ................. V when the resistance of the variable resistor is .................... Ω

maximum pd ................. V when the resistance of the variable resistor is .................... Ω
(4 marks)

14

X Y

4.0 Ω

12 V

0 – 8.0 Ω

(14)
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8 (c) (i) Complete the circuit diagram to show how a potentiometer (variable resistor) can be
connected so that the relative loudness of the sound from two loudspeakers can be
adjusted.

(1 mark)

8 (c) (ii) Explain the advantage of using a potentiometer over the two-resistor arrangement in
Figure 6 for this purpose.

Figure 6

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

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

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

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

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

15

8

input signal

Turn over �

input signal

(15)
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9 Figure 7 shows data for a photovoltaic cell when the load resistance is varied.  The
intensity of the energy from the Sun incident on the surface of the photovoltaic cell is
constant.

Figure 7

9 (a) Using data from Figure 7, calculate the current in the load at the peak power.

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

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

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

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

current ....................................... A
(3 marks)

16

0
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200 600 1000

40

80
Power
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mW

120
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60

100

(16)
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9 (b) The active area of the photovoltaic cell has dimensions 60 mm × 60 mm.  The intensity
of the Sun’s radiation incident on the photovoltaic cell is 730 W m–2.

When the cell delivers its peak power, calculate

electrical energy delivered by the cell

energy arriving at the cell from the Sun

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

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

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

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

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

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

9 (c) The measurements of the data in Figure 7 were carried out at noon with the
photovoltaic cell in a fixed position.

State two reasons why the cell will yield lower peak values at other times of day.

reason 1 ................................................................................................................................

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

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

reason 2 ................................................................................................................................

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

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

17

9
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10 Figure 8 shows a car that travels down a hill of constant slope with the engine turned
off.  The slope is inclined at 9° to the horizontal.

Figure 8

10 (a) The total mass of the car is 1200 kg.

10 (a) (i) Show that a force of about 1.8 kN acts down the slope due to the weight of the car.

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

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

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

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

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

10 (a) (ii) The car is travelling at a constant speed down the hill.

State the magnitude and direction of the resistive force acting on the car.

magnitude of resistive force ............................................................................................ N

direction of resistive force ...................................................................................................
(2 marks)

18

A 9°

(18)
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10 (b) The car reaches the end of the slope and moves onto a horizontal road at point A on
Figure 8.  The speed of the car at point A is 18 m s–1.  Assume that the resistive force
does not change from its value in part (a)(ii).
Calculate the time that elapses, after passing point A, before the car stops.

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

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

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

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

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

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

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

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

time taken to stop ....................................... s
(4 marks)

Question 10 continues on the next page

19
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10 (c) A similar car travels down the hill and collides with a crash barrier.
Explain how the designers of the car and crash barrier use a knowledge of physics to
reduce the risk to the occupants of the car in such a collision.

The quality of your written communication will be assessed in this question.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

END OF  QUESTIONS
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