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continuous prose.  In these questions you will be marked on your 
ability to use good English, to organise information clearly and to use 
specialist vocabulary where appropriate.
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Answer all questions in the spaces provided.

 1 Two parallel identical lamps are connected to a resistor R and a 12 V battery of negligible 
internal resistance, as shown in Figure 1.

Figure 1

 1 (a) Each lamp is rated at 2.0 W at a voltage of 8.0 V.
  Calculate the resistance of a lamp at this voltage.
   

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

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

 1 (b) The resistance of R is chosen so that the lamps are to operate at their normal working 
voltage of 8.0 V.

  Calculate

 1 (b) (i) the current supplied by the battery,

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

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

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

 1 (b) (ii) the resistance of R.

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

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

12 V

R
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 1 (c) When the lamps are at their correct working voltage,

 1 (c) (i) calculate the time taken for a charge of 20 C to pass through one of the lamps,
     

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

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

 1 (c) (ii) calculate the total energy dissipated in both lamps in this time,
     

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

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

 1 (c) (iii) state why the energy calculated in part (c)(ii) is less than the total energy supplied 
by the battery in this time.

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

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

(3 marks)
____

7
Turn over for the next question
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 2 (a) A student is required to carry out an experiment and to draw a suitable graph in order 
to obtain a value for the resistance of a resistor.

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

  
 2 (a) (i) Draw a circuit diagram which would enable a range of measurements to be made.

 

 2 (a) (ii) State how the student should make the necessary measurements, ensuring that a 
range of readings is recorded.

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

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

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

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

 2 (a) (iii) Describe how the results would be used to obtain a value for the resistance of the 
resistor from a graphical method.

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

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

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

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

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

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

(7 marks)
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 2 (b) An electric heater is required to produce 1.2 kW when connected to the 
   230 V rms ac mains.  The heating element consists of a single uniform wire of an alloy, 

of cross-sectional area 9.4 × 10�8 m2, wound around an insulator.
   Calculate the length of wire required to make the element.

    resistivity of the alloy = 4.7 × 10�7Ω m
    

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

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

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

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

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

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

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

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

____
10

Turn over for the next question
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 3 The circuit in Figure 2 shows a sinusoidal ac source connected to two resistors R1 and 
R2, which form a potential divider.  Oscillosocope 1 is connected across the ac source and 
oscilloscope 2 across resistor R2. 

Figure 2

  Figure 3 shows the waveform seen on the screen of oscilloscope 1 when the voltage 
sensitivity is set at 30 V div�1 and the time base at 5 ms div�1.

Figure 3

 3 (a) Calculate, for the ac source,

 3 (a) (i) the frequency,
     

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

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

 3 (a) (ii) the rms voltage.
     

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

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

     

R1

oscilloscope 2

oscilloscope 1

(06)

R2
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 3 (b) The two resistors have the following values R1 = 400 Ω, R2 = 80 Ω.
   Draw on Figure 4 the waveform which would be seen on the screen of oscilloscope 2 

if the sensitivity of oscilloscope 2 is set at 10 V div�1, the time base setting being the 
same as that of oscilloscope 1.

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

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

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

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

    
Figure 4

(3 marks)
____
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 4 The graph in Figure 5 shows how the resistance of a resistor, R1, and the resistance of a 
thermistor, T, change with temperature.

Figure 5

 4 (a) The circuit in Figure 6 shows R1 and T connected in series to a 12 V battery of 
negligible internal resistance.

Figure 6

   At a certain temperature the resistance of R1 is equal to the resistance of T.
   State the voltage across R1 and the voltage across T at this temperature.
    

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

  
  
 

0
0

resistor R1

thermistor T

temperature

resistance

R1

T

12 V

(08)
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 4 (b) A second resistor, R2, having the same resistance as R1 is connected in series with a 
switch across the thermistor, as shown in Figure 7.  The temperature of R1 and T is the 
same as that in part (a).

Figure 7

 4 (b) (i) The switch S is now closed.
    Deduce, without calculation, whether the separate voltages across R1 and T will 

increase or decrease.

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

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

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

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

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

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

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

 4 (b) (ii) The effect of the resistor R2 on the voltage across R1 and the voltage across T 
could have been obtained by changing the temperature of R1 and T in the circuit 
of Figure 6.  

    State, with a reason, whether the temperature should have been decreased or 
increased.  Assume that the temperatures of R1 and T are always equal to each 
other.

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

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

(5 marks)
____

6

R1

S

R2

T

12 V
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  5 (a) In the circuit shown in Figure 8, the battery has an emf of 6.0 V.  With the switch 
closed, the reading of the voltmeter is 5.5 V.

Figure 8

  Explain, without calculation, why the voltmeter reading is less than the emf of the 
battery.

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

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

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

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

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

(3 marks)

V6.0 V

(10)
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 5 (b) In the circuit shown in Figure 9 the cell has an emf ∈ and internal resistance r.  The 
voltage V across the cell is read on the voltmeter, which has infinite resistance, and 
the current I through the variable resistor is read on the ammeter, which has negligible 
resistance.

Figure 9

 5 (b) (i) Show that V = ∈ � Ir.
     

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

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

 5 (b) (ii) By altering the value of the variable resistor, a set of values of V and I is 
obtained.  Sketch on the axes below, the graph you would expect to obtain when 
these values are plotted.

I

V

0
0

 5 (b) (iii) State and explain how the values of ∈ and r may be obtained from this graph.
     

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

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

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

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

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

____
8

A

V

r
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∈
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tensile
stress

 6 (a) The Young modulus, E, for a material in the form of a wire is given by E = Fl
Ae   

.
   State what each symbol represents.

   F ..........................................................................................................................................

   l  ..........................................................................................................................................

   A ..........................................................................................................................................

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

 6 (b) (i) A wire, P, is subjected to an increasing tensile stress by application of a force.
    This results in a tensile strain being produced in the wire.
    On each set of axes provided, sketch a graph which represents the behaviour of 

the wire up to its elastic limit.

 6 (b) (ii) A wire, Q, is made from the same material as wire P and is the same length as P, 
but the cross-sectional area of wire Q is half that of P.

    On the same set of axes, sketch the corresponding graphs for wire Q over the 
same range of tensile stress.

    Label clearly which graph represents Q and which represents P.

 6 (b) (iii) Explain the graphs you have drawn for wire Q, with reference to their position 
relative to the graphs for wire P.

    tensile stress vs tensile strain graph:  .......................................................................
     

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

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

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

   

tensile strain extension

force
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 6 (b) (iii) force vs extension graph:  ..........................................................................................
     

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

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

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

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

 ...................................................................................................................................
(7 marks)

 6 (c) The two wires, P and Q, are joined together and fixed to a horizontal support.  A mass 
of 5.0 kg is suspended from the free end, as shown in Figure 10.

Figure 10

   length of each wire = 1.8 m
   cross-sectional area of wire P = 2.0 × 10�7 m2

   the Young modulus of the material of the wires = 4.6 × 1011  Pa

  Calculate the total extension of the combined wire.
   

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

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

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

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

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

____
11

Quality of Written Communication  (2 marks)
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2
END  OF  QUESTIONS

P

Q

5.0 kg
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