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Section A

Answer all questions in this section.

There are 21 marks in this section.

1 (a) State the difference between a vector quantity and a scalar quantity.
[1 mark]

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

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

1 (b) State one vector quantity other than velocity or force.
[1 mark]

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

2 A canoeist wishes to cross a river in a straight line between two points labelled A and B
as shown in Figure 1.  
The canoeist can paddle the canoe at a speed of  1.8 m s–1 in still water.  
The current in the river has a speed of  1.1 m s–1.

Figure 1

θ

1.1 m s–1

1.8 m s–1

A B

not to scale

current

river
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To cross from A to B the canoeist has to paddle at an angle θ to the direction of  the
current, as shown in Figure 1.

Determine θ using a scale drawing.
[3 marks]

angle θ ........................................ degrees
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3 (a) Complete Table 1 by stating the type(s) of  charge carriers in each conductor.
The first row has been completed for you.

[2 marks]

Table 1

3 (b) A potential difference is applied across a copper wire.

Explain how electrical energy is transferred to thermal energy in the wire.
[3 marks]

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

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

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

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

3 (c) A 1.7 m length of  copper wire has a cross-sectional area of  1.5 mm2 and a resistance of
1.9 × 10–2 Ω at 21 ºC.

Calculate the resistivity of  copper at this temperature.
Give your answer to an appropriate number of  significant figures.

[4 marks]

resistivity of  copper ............................................. Ω m
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4 Figure 2 shows how the speed of  a long jumper varies with time from the instant she
takes off  until she lands.

Figure 2

4 (a) Use the graph to estimate the horizontal distance travelled by the long jumper.
Consider the long jumper to be a point mass moving freely under gravity while in the air.

[2 marks]

horizontal distance ................................................. m

Question 4 continues on the next page
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4 (b) Figure 3 shows the technique used by the long jumper as she prepares to land.

Figure 3

Explain how this technique increases the distance she travels before landing.
[2 marks]

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

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

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

.............................................................................................................................................
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5 (a) The list shows six energy resources that can be used to generate electricity.

Circle the one that has generated the least energy in the UK in the last 20 years.
[1 mark]

oil           coal           natural gas           nuclear           wind           geothermal

5 (b) The government has set a target of  producing 15% of  the UK’s electricity from
renewable energy resources by 2020.

State one possible renewable energy resource and outline why it is unlikely to become a
major energy resource for electricity in the UK.

[2 marks]

energy resource ..................................................................................................................

outline .................................................................................................................................

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

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

Turn over for the next question
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6 Figure 4 shows a bungee jumper of  mass 75 kg about to step off  a raised platform.
The jumper comes to a halt for the first time when his centre of  mass has fallen through
a distance of  31 m.
The bungee rope has an unextended length of  19 m and a stiffness of  380 N m–1.

Ignore the effects of  air resistance and the mass of  the rope in this question.
Treat the jumper as a point mass located at the centre of  mass.

Figure 4

6 (a) (i) Calculate the extension of  the bungee rope when the centre of  mass of  the jumper has
fallen through 31 m.

[1 mark]

extension ................................................. m

6 (a) (ii) Calculate the resultant force acting on the jumper when he reaches the lowest point in
the jump.

[2 marks]

resultant force .................................................. N
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Section B

Answer all questions in this section.

There are 49 marks in this section.
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6 (b) Calculate the extension of  the rope when the jumper’s acceleration is zero.
[2 marks]

extension ................................................. m

6 (c) The extension of  the bungee rope is 5.0 m when the jumper’s centre of  mass has fallen
through a distance of  25 m.

Use the principle of  conservation of  energy to calculate the speed of  the jumper in this
position.

[4 marks]

speed ............................................ m s–1

6 (d) The bungee jump operator intends to use a bungee rope of  the same unextended length
but with a much greater stiffness.  The rope is to be attached in the same way as before.

Explain, with reference to the kinetic energy of  the jumper, any safety concerns that may
arise as the jumper is slowed down by the new rope.

[3 marks]

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

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

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

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

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

.............................................................................................................................................
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7 Figure 5 shows the current–voltage characteristic of  the output from a solar cell when
light of  intensity 450 W m–2 is incident on it.

Figure 5

7 (a) (i) Using data from Figure 5 estimate the maximum power output from the solar cell.
[2 marks]

maximum power ................................................. W

7 (a) (ii) Sketch, on the axes below, a graph to show how the power output varies with voltage for
this solar cell for the same incident light intensity.

[2 marks]
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7 (a) (iii) When the light intensity is 450 W m–2 the cell has an efficiency of  0.15 at the maximum
power.

Calculate the area of  the solar cell.
[3 marks]

area ................................................ m2

7 (b) A manufacturer has a supply of  solar cells that each have an electromotive force (emf)
of  0.70 V and an internal resistance of  0.78 Ω when delivering maximum power.

7 (b) (i) Explain what is meant by an emf of  0.70 V.
[1 mark]

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

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

7 (b) (ii) The manufacturer uses a number of  these solar cells in an array to make a power
supply that has an emf of  14 V and an internal resistance of  3.9 Ω when delivering
maximum power.

Describe and explain the arrangement of  cells the manufacturer has to use in this array.
Go on to calculate the number of  cells the manufacturer needs to make the power
supply.

[4 marks]

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

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

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

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

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

number of  cells .....................................................
Question 7 continues on the next page
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7 (c) Communications satellites use solar cells to generate electrical power.
Discuss why solar cells are appropriate for this task.

Your answer should refer to:
 any additional features that would be needed to ensure that the satellite’s electrical

systems operate continuously
 whether solar cell arrays are appropriate for space probes that travel to the edge of

the solar system.

The quality of  your written communication will be assessed in your answer.
[6 marks]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

.............................................................................................................................................
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8 A student carries out an experiment to investigate the rate of  thermal energy transfer
through a cylindrical metal bar of  length 0.14 m and diameter 0.050 m.
The ends of  the bar R and S are maintained at 85 ºC and 23 ºC respectively and the bar
is well insulated as shown in Figure 6.

Figure 6

Figure 7 shows how the temperature of  the bar varies with distance from R.  The rate of
thermal energy transfer P through the bar is 180 W.

Figure 7
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8 (a) (i) Show that the temperature gradient along the bar is approximately 400 K m–1.
[1 mark]

8 (a) (ii) Theory suggests that the temperature gradient along the bar is related to P by the
formula:

temperature gradient = ––

where k is the thermal conductivity of  the metal and A is the cross-sectional area of  the
bar.

Calculate the thermal conductivity of  the metal.
Give an appropriate unit for your answer.

[3 marks]

thermal conductivity .................................... unit ..............................

8 (a) (iii) Suggest two ways in which the apparatus could be modified to reduce the rate of
thermal energy transfer while maintaining the same temperature at the ends of  the bar.

[2 marks]

1 ..........................................................................................................................................

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

2 ..........................................................................................................................................

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

Question 8 continues on the next page
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8 (b) The student uses an ntc thermistor in an experiment to investigate how the temperature
changes along the metal bar.
She connects the thermistor into a circuit as shown in Figure 8.

Figure 8

Figure 9 shows the resistance–temperature characteristic of  the ntc thermistor that the
student uses.

Figure 9
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8 (b) (i) The thermistor is placed in thermal contact with the metal bar halfway between R and S
where the temperature is 54 ºC.
Show that the output voltage V0 is approximately 6 V.

[3 marks]

V0 .................................................. V

8 (b) (ii) The thermistor is moved from the halfway point between R and S.  This movement
increases V0.

State whether the thermistor is moved towards R or S and explain why this movement
increases V0.

[3 marks]

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

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

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

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

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

Turn over for the next question
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9 (a) A parcel of  mass 15 kg drops from a delivery chute onto a conveyor belt as shown in
Figure 10.
The belt is moving at a steady speed of  1.7 m s–1.
The parcel lands on the moving belt with negligible speed and initially starts to slip.  It
takes 0.82 s for the parcel to gain enough speed to stop slipping and move at the same
speed as the conveyor belt.

Figure 10

9 (a) (i) Calculate the change in kinetic energy of  the parcel during the first 0.82 s.
[2 marks]

change in kinetic energy ................................................... J

9 (a) (ii) The average horizontal force acting on the parcel during the first 0.82 s is 31 N.

Calculate the horizontal distance between the parcel and the end of  the delivery chute
0.82 s after the parcel lands on the conveyor belt.
Assume that the parcel does not reach the end of  the conveyor belt.

[2 marks]

horizontal distance ................................................. m
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9 (b) At a later stage the parcel is being raised by another conveyor belt as shown in 
Figure 11.

Figure 11

This conveyor belt is angled at 18º to the horizontal and the parcel moves at a steady
speed of  1.7 m s–1 without slipping.

Calculate the rate at which work is done on the parcel.
[3 marks]

rate at which work is done ................................................. W

END  OF  QUESTIONS
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