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 Data Sheet

 ! 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 in the spaces provided.

 1 (a) (i) A cable of length 8.0 m consists of a single strand of copper wire of 
cross-sectional area 7.8 × 10�7 m2.

    When the current through the cable is 5.0 A, calculate the voltage between the 
ends of the cable.

     resistivity of copper = 1.7 × 10�8 Ω m
     

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

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

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

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

 (ii) Calculate the energy dissipated when the current flows through the cable for 
6 minutes.

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

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

   ...................................................................................................................................
(5 marks)



 (b) (i) A second cable, also 8.0 m long, consists of three strands of copper.  Each strand 
has the same cross-sectional area as the single copper strand in part (a) and the 
total current through the cable is the same as that in part (a).

   If the voltage between the ends of the cable in part (a) was V, obtain without 
calculation, an expression for the voltage between the ends of the second cable, 
in terms of V.

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

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

 (ii) Compare the heating effect of the same current passing through the two cables.

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

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

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

____
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 2 (a) A battery of emf 21 V and negligible internal resistance is connected to a resistor 
network as shown in Figure 1.

Figure 1

 (i) Calculate the resistance of the single equivalent resistor that could replace the 
four resistors between the points A and B.

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

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

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

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

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

 (ii) Calculate the current through the 40 Ω resistor.

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

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

 (iii) Calculate the current through the 60 Ω resistor.

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

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

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

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

21 V

80 Ω

20 Ω 15 Ω

60 Ω

40 Ω

A B
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 (b) A student is provided with the circuit shown in Figure 2, where P and Q are sealed 
boxes.

Figure 2

  

  The student is told that

  ! each of the boxes P and Q contains two resistors in parallel
  ! one of these four resistors has a value of 1.0 Ω
  ! each of the other three resistors have values much greater than 1.0 Ω.

 (i) State what measurements the student, with the aid of a voltmeter, must make in 
order to determine which box contains the 1.0 Ω resistor.

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

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

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

 (ii) Explain how the measurements you describe would enable the student to make 
the correct identification of the box containing the 1.0 Ω resistor.

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

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

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

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

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

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

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

____
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 3 Figure 3 shows the positive part of the I � V characteristic for a filament lamp when the 
current through it is in the positive direction.

Figure 3

 (a) (i) Draw the circuit diagram of an experimental arrangement which could be used 
to collect the data necessary to produce this graph.  Your circuit should include a 
potential divider and a data logger.  Label the filament lamp clearly.

 (ii) On Figure 3 complete the characteristic when the current through the filament 
lamp is reversed.

(5 marks)

I

�I

V�V
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 (b) Explain the shape of the complete I � V characteristic.

  You may be awarded additional marks to those shown in brackets for the quality of 
written communication in your answer.

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

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

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

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

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

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

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

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

(4 marks)

    ____
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 4 An oscilloscope is connected to a sinusoidal ac source whose frequency and voltage output 
can be varied.

 (a) At a certain frequency the ac signal has an rms output of 21.2 V.  Figure 4 shows 
the trace obtained on the screen of the oscilloscope when one horizontal division 
corresponds to a time of 20 ms.

Figure 4

  Calculate, for the signal shown,

 (i) the peak voltage,

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

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

 (ii) the frequency.

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

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

   ...................................................................................................................................
(3 marks)
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 (b) The voltage output and frequency of the ac signal are now changed so that the peak 
voltage is 60V and the frequency is 100 Hz.

  State which two controls on the oscilloscope have to be altered so that the screen 
shows the same number of cycles as in Figure 4, but with the peak to peak distance 
occupying the full screen.

  Determine also the values at which these two controls have to be set.

  control 1 ..............................................................................................................................

  value of setting ....................................................................................................................
   

 .............................................................................................................................................
  
  control 2 ..............................................................................................................................

  value of setting ....................................................................................................................
   

 .............................................................................................................................................
(5 marks)

____
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 5 (a) When a tensile stress is applied to a wire, a tensile strain is produced in the wire.  
   State the meaning of

   tensile stress ........................................................................................................................
    

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

   tensile strain ........................................................................................................................
    

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

 (b) Two wires, A and B, of equal length and diameter are to be compared.  Each of the two 
wires is subjected, in turn, to an increasing tensile stress until the wire breaks.

  Wire A is made from a brittle material and wire B from a ductile material.
  The Young modulus for the brittle material is greater than that for the ductile material.

 (i) On the axes provided, sketch the graphs you would expect for each wire.
  Label the graphs A and B respectively.

    

    

0
0

tensile
stress

tensile
strain



 (ii) Describe how the behaviour of each wire relates to the shape of each graph.

  You may be awarded additional marks to those shown in brackets for the quality 
of written communication in your answer.

  graph A ......................................................................................................................
  
   ...................................................................................................................................

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

   ...................................................................................................................................
  
  graph B ......................................................................................................................

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

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

   ...................................................................................................................................
 (8 marks)

  (c) A uniform wire of length 1.5 m and cross-sectional area 2.4 × 10�6 m2, hangs vertically 
from a fixed support.  A mass of 10 kg is suspended from its lower end.

   Calculate the extension of the wire.

    the Young modulus for the material of the wire = 2.0 × 1011 Pa

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

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

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

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

(2 marks)
____
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