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For this paper you must have:
! a calculator
! a pencil and a ruler
! a data sheet loose insert. 

Time allowed: 1 hour 15 minutes

Instructions
! Use black ink or black ball-point pen.
! Fill in the boxes at the top of this page.
! Answer all questions.
! You must answer questions in the spaces provided.  Answers written 

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

want to be marked.

Information
! The maximum mark for this paper is 40.  This includes up to two 

marks for the Quality of Written Communication.
! The marks for questions are shown in brackets.
! A Data Sheet is provided as a loose insert to this question paper.
! You are expected to use a calculator where appropriate.
! Question 1(c) and 5(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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SECTION  A:  NUCLEAR  INSTABILITY

Answer all of this question.

 1 (a) An isotope of technetium 99Tcm,43
 which is in a metastable state, decays emitting only γ 

rays.  When the isotope is placed 20 cm from a γ ray detector the count rate is 
25 counts per second.  The background count rate is 120 counts per minute.

   Calculate the count rate, in counts per second, when the detector is placed 30 cm from 
the isotope.

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

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

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

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

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

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

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

(3 marks)

 1 (b) (i) Calculate the approximate radius of a nucleus of 99Tcm,43  given that the nuclear 
radius of  28Si14

 
is

 
3.7 × 10�15 m.

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

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

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

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

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

 1 (b) (ii) State one method by which the nuclear radius of  28Si14 could be determined 
experimentally.

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

(4 marks)
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 1 (c) Explain why sources of β radiation often also produce γ rays of discrete frequencies.

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

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

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

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

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

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

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

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

(3 marks)
____
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Turn over for the next question



4 Areas outside 
the box will 

not be scanned 
for marking

(04)
M/Jun08/PHA9/W

SECTION  B:  ELECTRONICS

Answer all questions.

 2 Figure 1 shows a half-wave rectified power supply.  The transformer in the power supply 
has a peak output of 3.0 V at a frequency of 50 Hz.  The power supply is connected to a 68 Ω 
load resistor.  The pd across the load resistor is displayed on an oscilloscope.

Figure 1

 2 (a) Explain why the peak voltage across the load resistor is about 2.3 V.

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

(1 mark)

 2 (b) The oscilloscope was set to a voltage sensitivity of 1 V cm�1 and a time base of 
   5 ms cm�1.
 Draw on the grid the trace that would be seen on the oscilloscope.

(2 marks)

68 Ω
3.0 V peak
50 Hz  oscilloscope
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 2 (c) A smoothing capacitor is to be added to the circuit.  The use of a capacitor of 
capacitance 22 µF is suggested for this circuit.  Explain, using appropriate calculations, 
the suitability of such a capacitor.

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

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

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

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

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

 2 (d) A student attempts to set up a half-wave rectification circuit, but uses a wrong 
component, X as shown in Figure 2.

Figure 2

 2 (d) (i) Name the component X. ............................................................................................

   Explain how the properties of X affect the rectification produced by the circuit 
when X is 

 2 (d) (ii) in the dark,
  
   ...................................................................................................................................

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

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

 2 (d) (iii) illuminated by bright light.

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

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

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

____
9  

68 Ω
3.0 V peak
50 Hz  oscilloscope

X
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 3 A capacitor is marked 25 V, 0.1 mF.

 3 (a) Explain why this capacitor should not be connected to a 24 V rms ac supply.

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

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

(2 marks)

 3 (b) Calculate the reactance of this capacitor when connected to a 50 Hz ac supply.

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

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

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

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

 3 (c) Apart from cost, give two disadvantages of an electrolytic capacitor compared with a 
mica capacitor with the same capacitance.

 disadvantage 1 .....................................................................................................................

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

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

 disadvantage 2 .....................................................................................................................

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

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

____
5  

(06)
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 4 (a) Draw a non-inverting voltage amplifier circuit containing an operational amplifier.  The 
amplifier circuit is required to have a voltage gain of +50.  Give suitable values for the 
components required.

(5 marks)

 4 (b) The bandwidth of an amplifier increases when negative feedback is used.
 Explain the terms:

 bandwidth ............................................................................................................................

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

 negative feedback ................................................................................................................
 
  .............................................................................................................................................

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

____
7  

(07)
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 5 The circuit shown in Figure 3 operates a temperature indicator on the front of a freezer.  The 
switching temperature for the indicator is �5 °C.

Figure 3

  The graph shows how the resistance of the thermistor varies with the temperature.

(08)
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 5 (a) Calculate the resistance of the resistor, R, which would cause the switching temperature 
to be �5 °C.

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

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

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

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

 5 (b) Explain the state of the two LEDs at a temperature of �10 °C.

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

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

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

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

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

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

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

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

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

 5 (c) When the red LED is on, the voltage across it is 1.6 V.

 5 (c) (i) Calculate the current through its 500 Ω current limiting resistor.

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

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

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

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

(09)
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 5 (c) (ii) The 500 Ω resistor has a power rating of 0.125 W.  The student is concerned that 
this may not be high enough.  Show by calculation that this is not a suitable 
resistor.

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

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

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

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

____
7  

____
2  

END  OF  QUESTIONS

(10)
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