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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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SECTION A: NUCLEAR INSTABILITY

Answer all of this question

1 (a) The lead nuclide Pb is unstable and decays in three stages through α and β emissions to a
different lead nuclide Pb.  The position of these lead nuclides on a grid of neutron number, N,
against proton number, Z, is shown below.

On the grid draw three arrows to represent one possible decay route.
Label each arrow with the decay taking place. (3 marks)

(b) The copper nuclide    Cu may decay by positron emission or by electron capture to form a
nickel (Ni) nuclide.
Complete the two equations that represent these two possible modes of decay.

positron emission

electron capture

(4 marks)
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(c) The nucleus of an atom may be investigated by scattering experiments in which radiation or
particles bombard the nucleus.

Name one type of radiation or particle that may be used in this investigation and describe the
main physical principle of the scattering process.

State the information which can be obtained from the results of this scattering.

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 a series circuit containing resistors and silicon diodes.

Figure 1

(a) Calculate 

(i) the voltage between A and C,

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

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

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

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

(ii) the voltage between B and C.

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

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

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

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

3 kΩ

5 kΩ

D1

D2

B

C

12 V



(b) A student connects diode D2 the opposite way round to that shown in Figure 1.

State, giving reasons, 

(i) the new voltage between A and C,

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

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

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

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

(ii) the new voltage between B and C.

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

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

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

...............................................................................................................................................
(3 marks)
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3 A square wave signal of frequency 50 Hz spends equal time high and low.  The signal is applied to the
input of a resistor-capacitor network and the output waveform is viewed using an oscilloscope as shown
in Figure 2.  The trace seen on the oscilloscope is shown in Figure 3.

Figure 2

Figure 3

(a) Describe how the circuit in Figure 2 leads to the output waveform shown in Figure 3.
You may be awarded marks for the quality of written communication in your answer.

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

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

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

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

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

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

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

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

.........................................................................................................................................................
(4 marks)
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(b) The resistor R has a resistance of 10 kΩ.  Estimate a value for the capacitance of C.  

time base setting = 2 ms/division

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

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

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

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

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

.........................................................................................................................................................
(4 marks)
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4 The circuit shown in Figure 4 uses an ideal op-amp as a voltage comparator.  It is used in a frost
warning  device in which the LED lights when the temperature falls to 0 °C.
Figure 5 shows the variation of resistance with temperature of the thermistor.

Figure 4

Figure 5
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(a) Calculate the voltage at the non-inverting input of the op-amp.

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

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

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

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

(b) Calculate the resistance of R1 to allow the output to switch at 0 °C.

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

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

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

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

(c) When the LED is on, the current through it is 20 mA and the p.d. across it is 2.0 V.

Calculate

(i) the resistance of resistor R2,

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

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

(ii) the power dissipated in this resistor.

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

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

(d) In practice, what value of resistor from the E24 series should be used for R2?

.........................................................................................................................................................
(1 mark)
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5 The circuit in Figure 6 is used to switch on a mains powered light.  The input Vin is supplied from an
op-amp and switches from �5 V to +5 V.

Figure 6

(a) Describe the action of the transistor and the relay as Vin changes from �5 V to +5 V.

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

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

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

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

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

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

(b) Add to the circuit in Figure 6 a diode which would protect the transistor.
(2 marks)

5
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END  OF QUESTIONS
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QUALITY OF WRITTEN COMMUNICATION           (2 marks)

Vin

relay
coil

+12 V

0 V

to mains lighting circuit
N.O.
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