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Answer all the questions.

Section A

1 Here is a list of units.

C s–1      J C–1      J s–1      V A–1      V A

 Choose the correct unit for

 (a) electric current  ....................

 (b) potential difference  ....................
[2]

2 The diagram below is an image of Saturn’s moon Iapetus.

4100 pixels

4100 pixels
 © NASA/JPL/Space Science Institute, www.nasa.gov

 The resolution of the image is 400 m pixel–1. The image above is 4100 pixels × 4100 pixels.
 Estimate the diameter of Iapetus in kilometres.

 diameter =  ................................................... km [2]
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3 The three sound signals on the left, all shown to the same scale, give the three frequency spectra 
on the right.

 (a) Draw a straight line joining each waveform to its correct frequency spectrum.

500 1000 1500 2000
f /Hz

500 1000 1500 2000
f /Hz

500 1000 1500 2000
f /Hz

[1]

 (b) When the three signals are played, they all sound at the same pitch. Explain why this is so.

[1]
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4 A neon indicator lamp needs 90 V in order to conduct. It then draws a current of 0.5 mA.

 (a) Calculate the resistance of the lamp at this voltage and current.

 resistance =  .....................................................  Ω [2]

 (b) Calculate the number of electrons moving through of the lamp each second.

  electron charge e = 1.6 × 10–19 C

 number =  .................................................... s–1 [2]

5 (a) A song is being recorded at a sampling frequency of 44 100 Hz with 16 bits per sample for each 
of the two stereo channels. Calculate the rate, in bytes per second, at which data is processed.

 rate =  .........................................  bytes s–1 [1]

 (b) The recording system has a random electrical ‘noise’ signal of amplitude 2 µV. The total voltage 
variation in the circuit is 0.2 V.

  Explain why this means that there is no advantage to recording with more than 16 bits per 
sample.

[2]
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6 A resistor has resistance 2.5 Ω.

2.5 Ω

 (a) Calculate its conductance.

conductance = ................................... unit ............... [2]

 (b) Calculate the conductance of three such 2.5 Ω resistors arranged in parallel.

2.5 Ω

2.5 Ω

2.5 Ω

conductance = ................................... unit ............... [1]
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7 The material selection chart below shows the cost of different materials and the fraction of those 
materials that can be recycled.
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 (a) Explain how you can see that the horizontal (cost) axis of this chart is logarithmic.

[1]

 (b) Use the information in the chart to describe the differences in cost and recyclability between 
glasses and metals and alloys.

[1]
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 (c) Suggest why metals are easy to recycle, while ceramics such as pottery are almost impossible 
to recycle.

[1]

[Section A Total: 19]
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Section B

8 This question is about elastomers, polymers which can extend a great amount under stress and 
return to their original size.

0
0 1 2 3 4 5 6 7

5

10

15

20

25

30

35

40 urethane

neoprene

natural
rubber

tensile
stress
/ MPa

tensile
strain

Fig. 8.1

 (a) Fig. 8.1 shows the stress-strain curves for three elastomers: urethane, natural rubber and 
neoprene.

  Imagine you were to pull a strip of natural rubber until it was six times its original length, and 
then repeat this with a similar strip of neoprene. Use the graph to describe what you would 
feel when you stretched the natural rubber and neoprene.

[3]
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 (b) (i) Use data from the graph to find a value of the Young modulus for urethane at a tensile 
strain of 4.0. Give your answer to an appropriate number of significant figures.

 Young modulus E =  ...................................................  Pa [3]

  (ii) Consider the Young modulus of urethane at a strain of 3.0. Explain whether it is larger or 
smaller than the value calculated in (b)(i).

[1]

 (c) A natural rubber cord, initially 20 cm long, has a 30 N load attached to it, and it stretches to a 
length of 1.0 m.

  (i) Calculate the strain in the rubber cord.

 strain =  ........................................................  [1]

  (ii) Use the graph of Fig. 8.1 to find the area of cross-section of this natural rubber cord 
while it is stretched by the 30 N load.

 area of cross-section =  ....................................................m2 [3]

[Total: 11]
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9 This question is about an experiment to find the power and focal length of a lens.

 In an experiment, students varied the distance u between a point source of light and a lens, and 
measured the corresponding distance v from the lens to a screen on which a real image was 
formed.

point source
of light

lens screen

u v

Fig. 9.1

 For each object distance u, the students found there was a range of positions of the screen for 
which the image looked quite sharp, so they recorded the smallest and largest possible values of 
v for each value of u.

 The data the students obtained are shown in Table 1.

u/m
v/m

smallest value largest value

–0.220 0.890 1.090

–0.280 0.490 0.540

–0.330 0.390 0.420

–0.400 0.325 0.340

–0.485 0.285 0.290

–0.550 0.270 0.272

Table 1

 (a) (i) Suggest a reason why any uncertainty in the values for u can be neglected.

[1]
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  (ii) Describe the variation of uncertainty in v shown by these data.

[1]

QUESTION 9 CONTINUES ON PAGE 12
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 (b) The students use the results of Table 1 to produce Table 2:

1
u

(u in m)

1
v

(v in m)

largest value smallest value

–4.55 1.12 0.92

–3.57 2.04 1.85

–3.03 2.56 2.38

–2.50 3.08 2.94

–2.06 3.51 3.45

–1.82 3.70 3.68

Table 2

  The equation that gives the power of the lens, P is 

1
v

 = 1
u

 + P.

  A graph of 1/u (horizontally) against 1/v (vertically) should give a straight line of gradient 1 
and intercept on the 1/v axis of P.

  In the graph of Fig. 9.2, the data in Table 2 with the exception of the top and bottom rows 
have been plotted.
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Fig. 9.2

  (i) Plot the remaining data on the graph and add a best-fit straight line.
[3]

  (ii) Use the graph to find the focal length of the lens.

 focal length =  ....................................................  m [2]
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 (c) In their experiment, the students found it difficult to get a sharp, clear image.

  The experiment was repeated with a black paper ring covering the outer parts of the lens 
(Fig. 9.3).

  They also used pure yellow light of wavelength 590 nm instead of white light.

lens black
paper
ring

Fig. 9.3

  The following results were obtained:

u/m
v/m

smallest value largest value

–0.220 1.038 1.052

–0.280 0.510 0.520

–0.330 0.402 0.409

–0.400 0.330 0.335

–0.485 0.288 0.292

–0.550 0.270 0.272

Table 3

  (i) Describe how the uncertainties in v have changed from the values given in Table 1.

[1]
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  (ii) Describe clearly what these results suggest about the lens.

[2]

[Total: 10]

QUESTION 10 IS ON THE FOLLOWING PAGE
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10 This question is about the microscopic structure of iron.

 (a) Measurements on a scanning tunnelling microscope image of iron atoms arranged on a 
copper surface show that the diameter of an iron atom is 2.6 × 10–10 m.

 

Fig. 10.1

  (i) Assuming that each iron atom is a sphere, show that its volume is about 9 × 10–30 m3.

     for a sphere of radius R, the volume V = 4
3

 πR 3

[2]
  (ii) Density is defined as

density = mass
volume

   Use your answer to (i) to estimate an upper limit to the density of iron.

   mass of iron atom = 9.3 × 10–26 kg.

 density =  .............................................  kg m–3 [1]

  (iii) A rectangular block of iron measuring 0.040 m × 0.050 m × 0.080 m at room temperature 
has a mass of 1.26 kg.

   Show that this is less dense than the value obtained in (ii).

[1]
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 (b) In crystals of iron at room temperature, the atoms are arranged in the body-centred cubic 
pattern shown in Fig. 10.2.

Fig. 10.2

  Use this information to explain why the density calculated in (a) is bigger than the measured 
density of iron at room temperature.

[2]

 (c) When iron is heated above 920 °C, it contracts because the atoms move into the face-centred 
cubic pattern shown in Fig. 10.3.

Fig. 10.3

  Suggest and explain one change in the properties of iron when it is heated from just below 
920 °C to just above 920 °C.

!  In your answer you should clearly link changes in the atomic structure to a change in the 
properties of iron.

[3]

[Total: 9]
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11 This question is about a type of thermistor.

 A PTC (positive temperature coefficient) thermistor increases in resistance as its temperature 
increases.

 The circuit in Fig. 11.1 has a 6 V battery connected to a PTC thermistor in series with a 500 Ω 
resistor.

Fig. 11.1

 (a) At a temperature of 20 °C, the thermistor has a resistance of 260 Ω.

  (i) Show that the p.d. across the 500 Ω resistor is about 4 V.

  [2]

  (ii) Calculate the current in the circuit.

 current =  .....................................................  A [1]
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 (b) As the thermistor is heated to 90 °C, its resistance increases to 10 000 Ω.

  State and explain what would happen to the p.d. measured by the voltmeter in Fig. 11.1 as 
the temperature of the thermistor increases from 20 °C to 90 °C.

  You do not need to do any calculations.

[2]

 (c) The variation of resistance R with temperature T for this PTC thermistor is shown in the graph 
of Fig. 11.2.

0
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100

1000

20 40 60 80 100 120

R/ kΩ

T / °C

Fig. 11.2

  The circuit of Fig. 11.1 can be used as a temperature sensor.

  Use the graph of Fig. 11.2 to suggest why this sensor would not be very suitable for controlling 
the temperature of central heating but would be much more suitable for a fire alarm.

! In your answer you should link the information in the graph to the working of the sensor.

[3]
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 (d) In a different circuit, the PTC thermistor described by the graph in Fig. 11.2 is at an initial 
temperature of 20 °C, when it has a resistance of 260 Ω. A fault causes the current in this 
circuit to rise suddenly to 0.5 A.

  (i) Calculate the rate at which energy is dissipated as heat in the thermistor immediately 
after the fault.

 rate of dissipation of energy =  ....................................................  W [2]

  (ii) Explain why the current in this circuit quickly falls to a much smaller value.

[1]

[Total: 11]

[Section B Total: 41]

END OF QUESTION PAPER
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