
For this paper you must have:
! a calculator
! a pencil and a ruler.

General Certificate of Education
June 2007
Advanced Level Examination

PHYSICS  (SPECIFICATION  A) PHA9/W
Unit 9 Nuclear Instability:  Electronics Option

Thursday 14 June 2007 9.00 am to 10.15 am

Time allowed: 1 hour 15 minutes

Instructions
! Use blue or black ink or ball-point pen.
! Fill in the boxes at the top of this page.
! Answer all questions.
! Answer the questions in the spaces provided.
! Show all your working.
! Do all rough work in this book.  Cross through any work you do not
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Information
! The maximum mark for this paper is 40.  
! Two of these marks will be awarded for using good English,

organising information clearly and using specialist vocabulary where
appropriate.

! The marks for questions are shown in brackets.
! A Data Sheet is provided on pages 3 and 4.  You may wish to detach

this perforated sheet at the start of the examination.
! You are expected to use a calculator where appropriate.
! Questions 1(a) and 5(a) 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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! 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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SECTION  A:  NUCLEAR  INSTABILITY

Answer all of this question.

1 (a) X and Y are two different β emitting sources.  Initially they contain the same number
of unstable nuclei.  Both sources have their emissions recorded over a period of time.
The decay constant of source X is greater than that of Y.  State what is meant by decay
constant and describe two differences in the recordings from the two sources.

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

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

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

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

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

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

(b) The activity of a sample of radioactive iodine, I, is presented in the following graph.   131
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(i) Show that the decay constant of I is about 1 × 10�6 s�1.

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

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

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

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

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

(ii) Calculate the half-life of I in days.

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

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

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

(iii) Calculate the initial number of I atoms in the sample.

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

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

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

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

Turn over for the next question
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SECTION  B:  ELECTRONICS

Answer all questions.

2 (a) On the axes below sketch the current � voltage characteristic for a 3.9 V zener diode.
Show appropriate values on the voltage axis.

(3 marks)

(b) The zener diode is used to provide a stabilised output voltage of 3.9 V.  The circuit used
is shown in Figure 1.  The zener diode must have a minimum current of 10 mA
flowing through it for it to function correctly.

Figure 1

current

voltage

10 Ω

6.0 V output
load
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Calculate the maximum current that can be provided to the output.

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

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

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

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

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

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

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

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

Turn over for the next question
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3 Figure 2 shows an amplifier circuit.

Figure 2

(a) Name this type of amplifier circuit.

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

(b) When the inputs at A and B are at 0 V, show that the output voltage, Vout , is + 2.0 V.

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

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

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

.............................................................................................................................................
(1 mark)
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(c) Voltage signals VA and VB are applied to A and B respectively.  These signals are shown
in Figure 3.  The input to the 400 kΩ resistor remains at �10 V.  Complete on Figure 3
the graph of output voltage against time.

Figure 3   

(5 marks)
____
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4 When negative feedback is used with an amplifier, the bandwidth of the amplifier is
increased.

(i) Explain what is meant by negative feedback.

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

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

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

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

(ii) Give one other advantage of negative feedback.

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

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

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

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

(iii) State what is meant by the bandwidth of the amplifier.

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

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

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

.............................................................................................................................................
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(iv) The graph below shows the characteristic curve of an amplifier.  Indicate the bandwidth
of the amplifier on the graph. 

(6 marks)

Turn over for the next question
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5 The circuit shown in Figure 4 was used to investigate the relationship between the reactance
of the capacitor C and the frequency of the alternating voltage supply.

Figure 4

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

(a) State the readings which would be taken, and explain how they would be used, to
determine

(i) the frequency of the supply,

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

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

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

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

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

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

(ii) the reactance of the capacitor.

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

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

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

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

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

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

mA
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(b) On the axes below, sketch the curve expected for reactance against frequency. 

(1 mark)

(c) The capacitor has a reactance of 12 Ω at a frequency of 2.5 kHz.  Calculate its
capacitance.

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

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

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

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

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

Quality of Written Communication (2 marks)

END  OF QUESTIONS
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