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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 parts of the question.

1 (a) Sketch, using the axes provided, a graph of neutron number, N, against proton number, Z, for
stable nuclei over the range Z = 0 to Z = 80.  Show suitable numerical values on the N axis.

(2 marks)

(b) On the graph indicate, for each of the following, a possible position of a nuclide that may 
decay by 

(i) α emission, labelling the position with W,

(ii) β � emission, labelling the position with X,

(iii) β+ emission, labelling the position with Y.
(3 marks)

S05/PHA9/W

LEAVE 
MARGIN
BLANK

6

neutron number, N

0
0 20 40 60 80 proton number, Z



(c) The isotope     Rn decays sequentially by emitting α particles and β � particles, eventually 
forming the isotope      Pb.  Four α particles are emitted in the sequence.

Calculate the number of β � particles in the sequence. 

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

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

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

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

(d) A particular nuclide is described as proton-rich.  Discuss two ways in which the nuclide may
decay. 

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

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

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

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

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

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

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

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

Answer all questions.

2 Figure 1 shows part of a full-wave rectified power supply.  The power supply is connected to an 82 Ω
load resistor.  

Figure 1

(a) Complete Figure 1 by adding the three diodes needed to complete the rectifier.  (1 mark)

(b) Calculate

(i) the peak voltage across the load resistor,

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

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

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

(ii) the peak power dissipated in the load resistor. 

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

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

...............................................................................................................................................
(4 marks)
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(c) The oscilloscope was set to a voltage sensitivity of 2 V cm�1 and a time base of 5 ms cm�1.  
Draw on the grid below the trace that would be seen on the oscilloscope.  
Label this trace A. 

(3 marks)

(d) Many power supplies incorporate a capacitor to smooth the output voltage.  Add such a capacitor
to Figure 1 and label it C.  
Add to the grid the new trace that you would expect to see with such a capacitor in place.  Label
this trace B. (2 marks)
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3 The circuit shown in Figure 2 can be used to sound a buzzer when the intensity of the light incident on
the LDR changes.  

Figure 2

The variation of the resistance of the LDR with light intensity is given in Figure 3. 
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(a) Calculate

(i) the voltage at point A,

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

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

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

(ii) the voltage at point B when the light intensity is 700 lux,

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

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

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

(iii) the voltage at point B when the light intensity is 200 lux.

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

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

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

(b) Explain how the output of the op-amp changes as the light level changes from 700 lux to 200 lux
and the resulting effect on the state of the buzzer.

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

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

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

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

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

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

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

(c) Calculate the light intensity at which the buzzer first starts to sound. 

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

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

.........................................................................................................................................................
(2 marks)
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4 Figure 4 shows a frequency dependent voltage divider circuit. 

(a) (i) Explain how the voltage, Vout, changes as the frequency of the input voltage increases.

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

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

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

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

(ii) Name the RC filter this represents.

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

(b) At a frequency of 520 Hz the capacitor has a reactance of 14 Ω.  Calculate the capacitance of the
capacitor.

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

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

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

(c) A second identical capacitor is added in parallel with the first capacitor.  Calculate the reactance
of the combination of capacitors at a frequency of 520 Hz. 

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

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

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