
For Examiner’s Use

General Certifi cate of Education
January 2009
Advanced Subsidiary Examination

PHYSICS  (SPECIFICATION  A) PHA3/W
Unit 3 Current Electricity and Elastic Properties of Solids

Tuesday 13 January 2009 1.30 pm to 2.30 pm    

For this paper you must have:
z a pencil and a ruler
z a calculator
z a data sheet insert.
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Instructions
z Use black ink or black ball-point pen.
z Fill in the boxes at the top of this page.
z Answer all questions.
z You must answer the questions in the spaces provided.  Answers 

written in margins or on blank pages will not be marked.  
z Show all your working.
z Do all rough work in this book.  Cross through any work you do not 

want to be marked.

Information
z The maximum mark for this paper is 50.
 This includes up to 2 marks for the Quality of Written 

Communication.
z The marks for questions are shown in brackets.
z A Data Sheet is provided as a loose insert.
z You are expected to use a calculator where appropriate.
z Questions 1(a)(iii) and 4(b) should be answered in 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 A student investigates how the current through a 6.0 V filament lamp varies as the potential 
difference across it is changed up to 6.0 V.

 1 (a) (i) Draw a suitable circuit diagram for this investigation.

 1 (a) (ii) Use the axes below to sketch a graph showing how the current through the lamp 
varies with the potential difference across it.

current

0
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 1 (a) (iii) Explain the shape of the graph.

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

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

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

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

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

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

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

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

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

 1 (b) When the potential difference across the lamp is 6.0 V, the current through it is 0.30 A.  
The lamp filament consists of a metal wire of area of cross-section 1.1 × 10–8 m2.

 1 (b) (i) Calculate the resistance of the filament wire for this current.

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

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

 1 (b) (ii) Calculate the length of the filament wire.

  resistivity of the wire at the operating temperature of 
  the filament = 1.2 × 10–6

 Ω m

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

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

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

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

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

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

____
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 2 Figure 1 shows a circuit containing a battery of emf 12.0 V and negligible internal resistance.

Figure 1

12 .0 V

30 Ω

60 Ω

20 Ω

 2 (a) (i) Calculate the total circuit resistance.

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

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

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

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

 2 (a) (ii) Show that the potential difference across each resistor is 6.0 V.

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

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

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

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

     ...................................................................................................................................
(5 marks)
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 2 (b) Explain, without further calculation, why the power supplied to the 20  Ω resistor is the 
same as the power supplied to the parallel combination of the 30  Ω resistor and the 
60  Ω resistor.

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

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

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

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

____
7
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 3  An electric cooker is designed to operate from a 230 V rms mains supply.  On full power, the 
cooker operates at 5.3 kW.

 3 (a) (i) Calculate the peak voltage of the mains supply.

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

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

 3 (a) (ii) Calculate the rms current supplied to the cooker when it is operating at full power.

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

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

 3 (b) The cooker is connected permanently to the ac mains electricity supply using its own 
connecting cable of length 5.2 m.  Each metre of the connecting cable has a resistance 
of 0.020 Ω.

 3 (b) (i) Calculate the voltage drop along the cable when the cooker operates at full power. 

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

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

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

 3 (b) (ii) Calculate the average power wasted in the cable due to the heating effect of the 
electric current passing through it when the cooker operates at full power.

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

   ...................................................................................................................................
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 3 (b) (iii) Explain why the connecting cable needs to have such a low resistance per metre.

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

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

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

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

____
9
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 4 Figure 2 shows a circuit used to measure the resistance of a thermistor, T.  The circuit 
includes a 3.0 V battery of negligible internal resistance.  The resistance of T increases when 
its temperature is decreased.

Figure 2

A

R

T V

3.0 V

  With the thermistor maintained at a constant temperature, the ammeter reading is 0.60 mA 
and the voltmeter reading is 1.2 V.

 4 (a) (i) Calculate the resistance of the thermistor at this temperature.

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

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

 4 (a) (ii) Calculate the resistance of R.

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

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

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

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

   ...................................................................................................................................
(4 marks)
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 4 (b) Discuss how the ammeter reading and the voltmeter reading would change if the 
temperature of the thermistor were reduced.

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

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

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

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

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

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

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

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

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

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

____
9
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 5 A metal wire is suspended vertically and a weight, sufficient to make the wire taut, is fixed
   to the free end.

 5 (a) The load on the wire is increased by adding a 30 N weight.  The extension of the wire 
from its initial length is then measured accurately and found to be 1.28 mm.

 5 (a) (i) Assuming the wire obeys Hooke’s Law, calculate the elastic energy stored in the 
wire after the 30 N weight has been added.

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

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

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

 5 (a) (ii) Two further measurements need to be made to determine the Young modulus of 
the material of the wire.  State what these measurements are and describe how 
you would make them.

  measurement 1 ...........................................................................................................

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

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

  measurement 2 ...........................................................................................................

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

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

 5 (a) (iii) Show how you would use these measurements and the data above to calculate the 
Young modulus of the material of the wire.

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

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

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

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

   ...................................................................................................................................
(8 marks)
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 5 (b) When an additional 30 N weight was added, the total extension of the wire became 
2.73 mm.  The total load of 60 N was then removed and the wire regained its initial 
length.

Discuss whether or not the assumption made in part (a)(i) is still valid and describe the 
behaviour of the wire in terms of elasticity and Hooke’s Law when it was loaded and 
unloaded.

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

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

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

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

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

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

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

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

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

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

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

____
12

Quality of Written Communication (2 marks)
____
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