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Note: Show all workings, complete with the necessary comments. Marks will be
allocated for all working and logical reasoning and not just for the correct

answer.

Question 1

Refer to Fig. 1. Assume that the input signal is r(t) = Ac(1+a·Am cos(2πfmt)) cos(2πfct).

a.) Show how the circuit can be modelled using a block diagram, given that the switch
is closed. Indicate all relevant components.

( 5 marks)

b.) Give a mathematical expression for m(t) when the switch is open. (You do not have
to simplify the equation.)

( 3 marks)

c.) Give a mathematical expression for m(t) when the switch is closed.

( 4 marks)

d.) Explain the significance of the signal m(t) when the switch is closed.

( 3 marks)

r(t) C R m(t)

Figure 1: Receiver

( Total 15 marks)

Question 2

Using Euler’s formula (eix = cosx+ i sinx), show that

cosx cos y =
1

2
[cos(x+ y) + cos(x− y)] .

( Total 5 marks)
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Question 3

The modulating signal into an FM modulator is

m(t) = 4.36 cos 16πt.

The output of the FM modulator is

u(t) = 10 cos

[
4000πt+ 2πkf

∫ t

−∞
m(τ)dτ

]
,

where kf = 10.

(a) Determine and sketch the output spectrum showing the relative amplitudes of the
side frequencies.

( 5 marks)

(b) Determine the bandwidth.

( 2 marks)

(c) Determine the approximate minimum bandwidth using Carsons rule.

( 2 marks)

(d) Derive a general expression depicting the composite wave consisting of the various
frequency components. (Your equation must show all significant frequency compo-
nents.)

( 3 marks)

(e) If the output of the FM modulator is passed through an ideal bandpass filter centered
at fc = 2000 Hz with a bandwidth of 66 Hz, determine the power of the frequency
components at the output of the filter. What percentage of the transmitter power
appears at the output of the bandpass filter?

( 5 marks)

(f) Determine the maximum frequency-deviation for the system.

( 2 marks)

(g) What is the effect on the bandwidth of the output signal u(t), if both the amplitude
Am and frequency fm of the message m(t) are doubled?

( 1 marks)

( Total 20 marks)



ELEN3024– Communication Fundamentals (3 pages—page 3)

Question 4

A superheterodyne FM receiver operates in the frequency range of 88 - 108 MHz. The
intermediate frequency (fIF ) and local oscillator frequencies (fLO) are chosen such that
fIF < fLO. We require that the image frequency f ′c fall outside of the 88 - 108 MHz
region. Determine the minimum required fIF and the range of variations in fLO?

( Total 5 marks)

( Test Total 45 marks)

test˙2012.TEX September 18, 2012
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