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2 (a) State, by reference to simple harmonic motion, what is meant by angular frequency.

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

 .............................................................................................................................................  [1]

 (b) A thin metal strip is clamped at one end so that it is horizontal.
  A load of mass M is attached to its free end. The load causes a displacement s of the end of 

the strip, as shown in Fig. 2.1.

s

load
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clamp

Fig. 2.1

  The load is displaced vertically and then released. The load oscillates.
  The variation with the acceleration a of the displacement s of the load is shown in Fig. 2.2.
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  (i) Use Fig. 2.2 to determine

   1. the displacement of the load before it is made to oscillate,

 displacement =  .........................................................  cm

   2. the amplitude of the oscillations of the load.

 amplitude =  .........................................................  cm
[2]

  (ii) Show that the load is undergoing simple harmonic motion.

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

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

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

 .....................................................................................................................................  [3]

  (iii) Calculate the frequency of oscillation of the load.

 frequency =  ...................................................  Hz  [3]

[Total: 9]
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  The variation with time t of the current I in coil C is shown in Fig. 5.3.

  On Fig. 5.4, show the variation with time t of the e.m.f. E induced in coil D for time t = 0 to 
time t = t5.

0
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Fig. 5.3

0
0

E
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Fig. 5.4
[4]

[Total: 8]
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 (b) In the circuit of Fig. 7.1, the ratio 
R2
R1

 is 4.5.

  The variation with time t of the input potential VIN is shown in Fig. 7.2.
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  On Fig. 7.2, show the variation with time t of the output potential VOUT. [3]

[Total: 11]
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9 (a) In computed tomography (CT scanning), it is necessary to take a series of many X-ray 
images.

  Outline briefly the principles of CT scanning.

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

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

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

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

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

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

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

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

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

 .............................................................................................................................................  [4]
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 (b) A student creates a model for CT scanning.
  A section is divided into four voxels, with pixel numbers A, B, C and D, as shown in Fig. 9.1.

A B

D

V4 V3

C

V2

V1

Fig. 9.1

  The section is viewed from four different directions V1, V2, V3 and V4, as shown in Fig. 9.1.

  The detector readings for each direction are noted and then summed. The result is shown in 
Fig. 9.2.

47 59

44 32

Fig. 9.2

  The background count is 26.

  Determine the pixel numbers A, B, C and D as shown in Fig. 9.1.

A ...............................    B ...............................

D ...............................    C ...............................
[3]

[Total: 7]
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10 (a) The mean value of an alternating current is zero.
  Explain why heating occurs when there is an alternating current in a resistor.

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

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

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

 .............................................................................................................................................  [2]

 (b) Transmission of electrical energy is frequently achieved using alternating high voltages.
  Suggest why

  (i) high voltages are used,

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

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

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

 .....................................................................................................................................  [2]

  (ii) the voltage is alternating.

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

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

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

 .....................................................................................................................................  [2]

[Total: 6]
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12 (a) A radiation detector is placed close to a radioactive source. The detector does not surround 
the source.

  Radiation is emitted in all directions and, as a result, the activity of the source and the 
measured count rate are different.

  Suggest two other reasons why the activity and the measured count rate may be different.

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

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

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

 ...................................................................................................................................................
[2]

 (b) The variation with time t of the measured count rate in (a) is shown in Fig. 12.1.
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Fig. 12.1

  (i) State the feature of Fig. 12.1 that indicates the random nature of radioactive decay.

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

 .....................................................................................................................................  [1]
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  (ii) Use Fig. 12.1 to determine the half-life of the radioactive isotope in the source.

 half-life =  ............................................... hours  [4]

 (c) The readings in (b) were obtained at room temperature.
  A second sample of this isotope is heated to a temperature of 500 °C.
  The initial count rate at time t = 0 is the same as that in (b).
  The variation with time t of the measured count rate from the heated source is determined.

  State, with a reason, the difference, if any, in

  1. the half-life,

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

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

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

  2. the measured count rate for any specific time.

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

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

 ...................................................................................................................................................
[3]

[Total: 10]
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