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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 The high energy electron diffraction apparatus represented in Figure 1 can be used to determine
nuclear radii.  The intensity of the electron beam received by the detector is measured at various
diffraction angles, θ.

Figure 1

(a) Sketch on the axes below a graph of the results expected from such an electron diffraction
experiment.

(2 marks)
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(b) (i) Use the data in the table to plot a straight line graph that confirms the relationship 
R = r0A ��.

(ii) Estimate the value of r0 from the graph.

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

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

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

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

...............................................................................................................................................
(5 marks)

(c) Discuss the merits of using high energy electrons to determine nuclear radii rather than 
using α particles.

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

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

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

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

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

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

.........................................................................................................................................................
(3 marks)
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element
radius of

nucleonnucleus, R
number, A10�15m

lead 6.66 208
tin 5.49 120

iron 4.35 56
silicon 3.43 28
carbon 2.66 12
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SECTION  B:  ELECTRONICS

Answer all questions.

2 A capacitor-resistor circuit is shown in Figure 2.  The input voltage, Vin , is a 2.0 kHz square wave,
shown in Figure 3.  

Figure  2

Figure  3

(a) Calculate the period of the input square wave.  Hence add a scale to the time axis on Figure 3.

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

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

.........................................................................................................................................................
(2 marks)
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(b) (i) Show that the two capacitors in Figure 2 are equivalent to a single capacitor of
capacitance 8.25 nF.

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

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

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

(ii) The resistor R has a value of 5.6 kΩ.  Calculate the time constant of the RC network. 

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

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

(iii) On Figure 4, sketch the waveform of the output voltage, Vout , and label the curve A.

Figure 4
(4 marks)

(c) The 5.6 kΩ resistor is replaced with a 33 kΩ resistor. 
On Figure 4, sketch the new waveform of the output voltage, Vout , and label this curve B.
Explain why curve B has this shape.

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

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

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

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

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

.........................................................................................................................................................
(4 marks)
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3 (a) Figure 5 shows a circuit which produces an output voltage, Vout , which changes as the intensity
of the light incident on component X changes.  

Figure  5

(i) Name component X. .............................................................................................................

(ii) Explain why Vout changes as the intensity of the light incident on component X changes.

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

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

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

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

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

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

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

(b) A light-emitting diode (LED) has a forward voltage drop of 1.8 V and a reverse breakdown
voltage of 5.0 V.  Explain what is meant by

(i) forward voltage drop,

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

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

(ii) reverse breakdown voltage.

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

...............................................................................................................................................
(2 marks)
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(c) The circuit in Figure 6 shows this LED used as an indicator.  

Figure  6

(i) Explain how the state of the LED is related to the input voltages V1 and V2.

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

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

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

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

(ii) Explain why reverse breakdown voltage is not a problem in this circuit.

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

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

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

(iii) The current passing through the LED when lit is 20 mA.  Calculate the value of 
the resistor R.

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

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

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

(iv) Which resistor from the E24 series would be used in practice for R?

...............................................................................................................................................
(6 marks)
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4 Figure 7 shows an operational amplifier used as a summing amplifier. 

Figure  7

(a) State what type of feedback is used in this circuit.

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

(b) Calculate the output voltage, Vout, when the input voltages are V1 = – 3.0 V and V2 = + 2.0 V.

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

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

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

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

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

(c) Calculate the new output voltage if both input voltages are set to – 3.0 V.

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

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

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

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

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