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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(¢) = A.(1+a- Ay, cos(2m ft)) cos(2m fet).

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(¢) when the switch is closed.

( 3 marks)

Figure 1: Receiver

( Total 15 marks)

Question 2
Using Euler’s formula (e?® = cosx + isinz), show that

1
coszeosy = 5 [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 167t.

The output of the FM modulator is

t
u(t) = 10 cos [40007715 + 27Tk:f/

—00

]

where ky = 10.

(a)

(f)

(2)

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

(5 marks)
Determine the bandwidth.

(2 marks)
Determine the approximate minimum bandwidth using Carsons rule.

(2 marks)

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)

If the output of the FM modulator is passed through an ideal bandpass filter centered
at f. = 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)
Determine the maximum frequency-deviation for the system.
(2 marks)

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

(1 marks)

( Total 20 marks)
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Question 4

A superheterodyne FM receiver operates in the frequency range of 88 - 108 MHz. The
intermediate frequency (frr) and local oscillator frequencies (fro) are chosen such that
fir < fro. We require that the image frequency f. fall outside of the 88 - 108 MHz
region. Determine the minimum required frr and the range of variations in f7o?

( Total 5 marks)

( Test Total 45 marks)

test'2012.TEX September 18, 2012



page 4)

(3 pages

ELEN3024— Communication Fundamentals

100 | €00 | 900 | ¢T°0 | T¢'0 | 6¢°0 | ¢€'0 | ¢¢'0 | T0'0- | €60~ | ¢&'0- | 90°0 | G20 | SO0 | G¢°0- | O°01
100 | €00 | 90°0 | ¢T°0 | TG0 | T€0 | €€°0 | 020 | 90°0- | L&'0- | 810~ | ¥PI'0 | G¢°0 | 600-| 06
¢00 | S0°0 | OT0 | 8T0 | 8C0 | ¥€'0 | 9¢°0 | €0°0 | €¢°0- | ¥&'0-| 90°0 | L&°0 0 G¢9'8

€0°0 | 900 | €10 | ¢c’0 | ¢€0 | €0 | 6T°0 | OT'0- | 6€°0- | TT'0-| €20 | LT°O 08

¢00 1900 | €10 |€0 | ¥€0 | G€0 | 91T°0 | LT°0- | 0E°0- | 00°0 | 0€°0 02

¢00 {900 | €10 G960 | 9¢°0 | 9€0 | TT0 | ¥&'0- | 8¢'0-| ST°0 09

10°0 | €00 | 60°0 | 61°0 | €€0 | OV'0 | 92°0 | ¢L'0- | V€0~ 0 Gy°G

¢00 | S00 | €10 | 9¢°0 | 6€0 | 9€°0 | GO0 | €€°0- | 8T'0- | 09

¢0'0 | G000 | €10 | 8¢'0 | €V°0 | 9€°0 | LO0- | OV'0-| OF

100 | ¥0°0 | €1T°0 | T€0 | 670 | PE€0 | 9¢°0- | 0€

100 | @0°0 | L0°0 | @0 | G0 | 0G0 | GO'O-| GC

¢00 | 900 | 0C0 | €70 | ¢SO 0 V¢

€00 | €10 | 9€°0 | 880 | ¢¢'0 | 0¢C

100 | 90°0 | €C°0 | 9970 | 190 1

¢00 | TT°0 | ¥P°0 | LL°0 01

€00 | ¥¢'0 | ¥6°0 G0

¢l'0 | 860 | ¢¢0

00T | 000

Eﬁ mH\a mﬂﬁ :ﬁ oCa mﬁ wﬁ n\. wﬁ mﬁ dv mﬁ NH H\a oﬁ Q

(w)¥p ‘puny 481G oY} JO SUOLOUNY 0SSO 1] (Y],




