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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

The output when no modulation is applied to an AM Double Sideband Full Carrier mod-
ulator is a 750 kHz carrier with amplitude of 25V. When the modulating input of 10 kHz
is applied, it is of sufficient amplitude to cause a change in the output wave of ± 6V.
Determine:

(a) Upper and lower side frequencies.

(b) Modulation coefficient.

(c) Peak amplitude of the modulated carrier and the upper and lower side frequency
voltages.

(d) Expression for the modulated carrier.

(e) Sketch the output spectrum.

(f) Sketch the output signal.

( Total 10 marks)

Question 2

Consider AM Double Sideband Full Carrier modulation.

(a) Show that the total power Pt is given by Pt = Pc

(
1 +

µ2

2

)
, where Pc is the power

of the unmodulated carrier. Assume that the average power dissipated in a load by

a sinusoidal wave is P =
(0.707V )2

R
, where V is the amplitude of the sinusoidal wave

and R is the load resistance.

(b) Determine the maximum carrier, upper, lower, and total sideband power for an
unmodulated carrier power Pc = 2.5 kW.

( Total 10 marks)

Question 3

For an FM modulator with modulation index β = 2, modulating signal vm(t) = Vm cos(2π2000t) (V ),
and an unmodulated carrier vc(t) = 8 cos(2π800kt) (V ),

(a) Determine the number of sets of significant sidebands.
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(b) Determine their amplitudes in volts.

(c) Sketch the frequency spectrum showing the relative amplitudes of the side frequen-
cies.

(d) Determine the bandwidth.

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

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

(g) Fig. 1 depicts a superheterodyne receiver for an FM wave. Sketch the spectrum of
the input signals to each component depicted in Fig. 1, when the FM wave described
above is used as input. The following assumptions can be made:

• The intermediate frequency is 50 KHz, and high-side injection can be assumed,
i.e., the frequency produced by the local oscillator is always greater than the
carrier frequency.

• Assume that the channel bandwidth is the same as the bandwidth of the system
(calculated in Question 2.b) and no guard bands (on either side) is needed.

For this setup, identify the image frequency and also specify the cutoff frequencies
of the IF section.

Mixer

Local oscillator

Audio
amplifier

FM
detector

RF
Section

IF
section

Figure 1: Receiver

( Total 20 marks)

( Test Total 40 marks)

test˙2011.TEX September 28, 2011
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