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SECTION  A:  NUCLEAR  INSTABILITY

Answer all of this question.

1 (a) Calculate the radius of the U nucleus.

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

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

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

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

(b) At a distance of 30 mm from a point source of γ rays the corrected count rate is C.
Calculate the distance from the source at which the corrected count rate is 0.10 C,
assuming that there is no absorption.

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

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

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

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

(c) The activity of a source of β particles falls to 85% of its initial value in 52 s.  Calculate
the decay constant of the source.

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

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

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

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

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

r0 = 1.3 × 10�15 m

238
92
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(d) Explain why the isotope of technetium,          is often chosen as a suitable source of
radiation for use in medical diagnosis.

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

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

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

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

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

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

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

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

Turn over for the next question
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SECTION  B:  ELECTRONICS

Answer all questions.

2 An RC circuit is shown in Figure 1. The input voltage, Vin, is the square wave shown in
Figure 2.  At time t = 0 ms, the capacitors are uncharged. 

Figure 1

Figure 2

Vin
Vout47 nF

10 nF

R
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(a) Calculate the frequency of the input square wave.

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

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

(b) The resistor, R, has a value of 330 Ω.

(i) Calculate the time constant of the RC circuit.

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

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

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

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

(ii) On Figure 2 sketch the output voltage, Vout, and label the curve A.  Explain why
curve A has this shape.

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

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

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

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

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

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

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

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

(c) The 330 Ω resistor is now replaced with a 3.3 kΩ resistor.  On Figure 2 sketch the new
output voltage and label this curve B. (2 marks)

____
10
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3 (a) A student designs a circuit to give an output voltage, VA, of +5.0 V when the
temperature exceeds a certain value.  The incomplete circuit diagram is shown in
Figure 3.

Figure 3

(i) Complete the circuit in Figure 3 by adding a thermistor and a variable resistor to
allow the circuit to function correctly. 

(ii) State the purpose of the variable resistor.

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

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

(iii) If the circuit switches at a temperature of 40 °C, calculate the value of the
variable resistor.  The characteristic curve of the thermistor is shown in Figure 4.

Figure 4

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

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

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

....................................................................................................................................
(5 marks)
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(b) The output of the circuit in Figure 3 cannot be used to operate a relay directly.  The
student now adds the circuit shown in Figure 5 to operate a relay which controls an
external heating circuit. 

Figure 5

(i) Name the terminals of the junction transistor.

X ................................................................................................................................

Y ................................................................................................................................

Z ................................................................................................................................

(ii) Explain in detail the action of the circuit as VA changes from �5.0 V to +5.0 V.
You may be awarded additional marks to those shown in brackets for the quality
of written communication in your answer.  

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

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

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

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

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

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

(iii) Explain why the diode must be included in the circuit shown in Figure 5.

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

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

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

____
12
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____
6

4 (a) For an ideal operational amplifier, state the value of

(i) the output impedance, ...............................................................................................

(ii) the input impedance, .................................................................................................

(iii) the open loop gain. ....................................................................................................
(2 marks)

(b) Figure 6 shows an operational amplifier being used as a non-inverting amplifier.

Figure  6

(i) Name the type of feedback used in this circuit.

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

(ii) State one advantage of this type of feedback in an amplifier circuit.

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

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

(c) Calculate the value of the resistor R when 
Vin = 200 mV
Vout = 5.0 V.

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

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

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

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

Quality of Written Communication (2 marks)
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