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Answer all questions in the spaces provided.

1 (a) A simple radio receiver uses the following subsystems:

af amplifier,    antenna,    detector/demodulator,    loudspeaker,    tuned circuit.

Draw a labelled block diagram to show how these subsystems are connected.

(4 marks)

(b) The receiver in part (a) is tuned to a carrier frequency of 600 kHz.
Calculate

(i) the wavelength of the carrier waves, 
(c, speed of electromagnetic waves in vacuo, is 3 × 108 m s�1 )

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

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

(ii) the length of a half-wave dipole antenna for this frequency.

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

____
7
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2 The audio amplifier subsystem in a radio receiver consists of two stages, an op-amp voltage
amplifier, followed by a push-pull output stage.

(a) The op-amp voltage amplifier has an input resistance of 10 kΩ and a voltage gain 
of �10.

(i) Calculate the value of the feedback resistor required.

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

(ii) Draw the circuit of the voltage amplifier stage.  Label the components with their
values and mark its input and output.

(4 marks)

(b) The push-pull output stage uses a p-channel and an n-channel MOSFET.

(i) What type of amplification does this stage give?

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

(ii) Draw the circuit of this stage labelling the p-channel and n-channel MOSFETs,
and mark the input and output.

(iii) The MOSFETs operate at high power.  On what must they be mounted?

....................................................................................................................................
(8 marks)

____
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3 A transmitter has a carrier frequency of 603 kHz and is amplitude modulated by an audio
frequency signal which occupies a frequency range from 300 Hz to 3 kHz.

(a) In which broadcast waveband would the modulated signal appear?

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

(b) Draw a frequency spectrum diagram of the modulated signal to show the carrier and
sidebands.  Label all the features of the spectrum and draw all the components of the
spectrum in their correct locations.

599       600      601       602        603        604       605        606       607

(5 marks)

(c) Calculate the bandwidth of the modulated signal.

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

Turn over for the next question

____
7

frequency/kHz

amplitude
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4 The analogue signal shown below is to be converted into different types of pulse modulated
signal.
In each case, show how the analogue signal would be represented as the given type of pulse
modulated signal.

(a) PAM signal

(2 marks)
(b) PWM signal

(2 marks)

�
�
�
�
�
�
�
�
	 time/sampling points

analogue signal

�
�
�
�
�
�
�
�
	 time/sampling points

time
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(c) PPM signal

(3 marks)

(d) 3-bit PCM signal

(3 marks)

Turn over for the next question

____
10
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5 A logic diagram for a 2-input data multiplexer system is shown below.

(a) Write Boolean expressions in terms of A, B and S, for:

(i) C = ............................................................................................................................

(ii) D = ............................................................................................................................

(iii) Q = ............................................................................................................................
(4 marks)

(b) Convert this logic system into one which uses four NAND gates and has the same
function.  Draw the converted system below.

(4 marks)

(c) Give two practical advantages that are gained by using the converted system.

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

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

____
10
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6 The input signal to the demodulator of a superheterodyne radio receiver is shown below.  

(a) Calculate the period and frequency of the carrier wave in the input signal to the
demodulator.

Period  .................................................................................................................................

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

Frequency  ..........................................................................................................................

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

(b) Draw on the graph above the output signal from the demodulator. (2 marks)

(c) The local oscillator of the superheterodyne radio receiver contains a 100 µH coil and a
variable capacitor set to 100 pF.

Calculate

(i) the frequency of the local oscillator signal,

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

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

(ii) a frequency to which the superheterodyne receiver would respond if it had an
intermediate frequency of 455 kHz.

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

____
8
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7 (a) Draw a labelled diagram of a curved length of a step-index optical fibre. 
Include on your diagram the path of a ray of light travelling through the fibre.

(4 marks)

(b) Name an output device which can be used to create pulses that will travel through the
fibre.

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

(c) A 555 timer IC is used as an astable to generate pulses for a fibre optic system.

(i) Complete the circuit diagram to show how the IC is connected as an astable and
label the connection to the output device.

    reset              +Vs 
 

discharge 
 
threshold output 
 
trigger 

                           control 
ground               voltage 

555 

100 kΩ

10 kΩ

10 nF

0V

+Vs
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(ii) Calculate the frequency of the output pulses.

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

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

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

(iii) Calculate the time period during which the output pulse gives a logic 0.

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

....................................................................................................................................
(8 marks)

(d) An optical fibre system can be used to carry signals from a mobile telephone base
station to the rest of the telephone network.

(i) How do signals from the mobile telephone travel to the base station?

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

(ii) Explain how the mobile telephone network can support almost the entire
population of this country using mobile telephones when only a restricted
frequency allocation is available.

Credit will be given for using relevant technical terms in your answer.

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

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

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

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

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

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

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

END  OF QUESTIONS

____
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