
For Examiner�s Use

NumberNumber

1

2

3

4

MarkMark

General Certificate of Education
January 2003
Advanced Level Examination

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

Monday 27 January 2003   Morning Session

In addition to this paper you will require:
! a calculator;
! a pencil and a ruler.

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 in the spaces provided.  All working must be shown.
! Do all rough work in this book.  Cross through any work you do not want

marked. 

Information
! The maximum mark for this paper is 40. 
! Mark allocations are shown in brackets. 
! The paper carries 10% of the total marks for Physics  Advanced.
! 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.
! In questions requiring description and explanation you will be assessed on

your ability to use an appropriate form and style of writing, to organise
relevant information clearly and coherently, and to use specialist vocabulary
where appropriate.  The degree of legibility of your handwriting and the level
of accuracy of your spelling, punctuation and grammar will also be taken into
account.

0103/PHA9/W

Total
(Column 1)
Total 
(Column 2)

TOTAL

Examiner�s Initials

Leave blankSurname Other Names

Centre Number Candidate Number

Candidate Signature

www.XtremePapers.net

www.theallpapers.com

TClappison
Copyright © 2003 AQA and its licensors. All rights reserved.

http://www.xtremepapers.net


0103/PHA9/W

2

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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TURN  OVER  FOR  THE  FIRST QUESTION

0103/PHA9/W
Turn over!!

LEAVE 
MARGIN
BLANK

5

www.XtremePapers.net

www.theallpapers.com

http://www.xtremepapers.net


SECTION  A NUCLEAR  INSTABILITY

Answer all parts of the question.

1 The radioactive isotope of sodium    Na has a half life of 2.6 years.  A particular sample of this isotope
has an initial activity of 5.5 × 105 Bq (disintegrations per second).

(a) Explain what is meant by the random nature of radioactive decay.

You may be awarded marks for the quality of written communication provided in your answer.

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

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

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

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

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

(b) Use the axes to sketch a graph of the activity of the sample of sodium over a period of 6 years.

(2 marks)
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(c) Calculate

(i) the decay constant, in s�1, of    Na, 
1 year = 3.15 × 107s

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

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

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

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

(ii) the number of atoms of    Na in the sample initially,

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

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

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

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

(iii) the time taken, in s, for the activity of the sample to fall from 1.0 × 105 Bq to 
0.75 × 105 Bq.

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

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

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

...............................................................................................................................................
(6 marks)
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SECTION  B:  ELECTRONICS

Answer all questions in the spaces provided

2 (a) Figure 1 shows the circuit of a half-wave rectified power supply obtained from an alternating
supply of 10 V rms at a frequency of 50 Hz.  An oscilloscope is connected across the load resistor
R. Assume that the potential drop across the diode is 0.6 V.

Figure 1

(i) Calculate the peak voltage value of the alternating supply.

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

(ii) Draw on the grid below the trace that will be seen on the oscilloscope screen.

time base setting = 5 ms div�1

Y sensitivity = 5 V div�1

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

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

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

(5 marks)
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(b) Using the same alternating source as in part (a), two diodes, D1 and D2, are incorporated into a
signalling system as shown in the circuit in Figure 2.  Each diode has a potential drop of 0.6 V
across it.

Figure 2

When either switch A or switch B is closed, one of the LEDs, P or Q, will light.  
The LEDs have a forward voltage drop of 2.0 V and a maximum forward current of 25 mA.

(i) Explaining your answer, state which LED will light when switch B is closed.

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

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

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

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

(ii) Calculate the minimum preferred value for each of the resistors R, using the E24 series.

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

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

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

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

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

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

...............................................................................................................................................
(5 marks)
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3 (a) State two characteristics of an operational amplifier.

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

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

(b) (i) Draw a circuit diagram showing an operational amplifier used as an inverting voltage
amplifier.

(ii) Give suitable values for the components you have used in the circuit for a voltage
amplification of magnitude 150.

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

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

...............................................................................................................................................
(4 marks)
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(c) When negative feedback is used with an amplifier the bandwidth increases.

(i) Explain what is meant by negative feedback as applied to the circuit drawn in part (b).

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

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

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

(ii) Give one other advantage of using negative feedback in this application.

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

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

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

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

(iv) Indicate on the graph below, by means of a horizontal line, the bandwidth of the amplifier
whose characteristic is shown.

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

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

(5 marks)
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4 Different parts of a circuit are often coupled together by a capacitor and a resistor as shown in 
Figure 3.  The output waveform depends on the time constant of the coupling circuit.

Figure 3

Figure 4 shows the input signal Vin, as a function of time.

Figure 4

(a) Figure 5 shows the output signal, Vout, obtained when R = 200 kΩ and C = 0.10 µF.

(i) Calculate the time constant of the circuit.

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

(ii) Explain the form of the output voltage signal.

You may be awarded marks for the quality of written communication in your answer.

Figure 5
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...............................................................................................................................................

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

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

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

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

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

(b) R is now changed to 2.0 MΩ and C remains at 0.10 µF.

(i) Calculate the new time constant.

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

(ii) Sketch on the axes below the form of the output signal.  The time scale is the same as that
in Figure 5.

(iii) Explain, without further calculation, the form of the output signal you have drawn.

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

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

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

7

QUALITY OF WRITTEN COMMUNICATION (2 marks)

2

END  OF QUESTIONS
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