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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

Consider the following analogue communication system. When provided with a single tone

fm = 3 cos(2π2000t) [V]

as input, the output of the system as displayed on a spectrum analyser is depicted in Fig.
1. Refer to the table of Bessel functions at the back of the paper.

702 kHz700 kHz 704 kHz

4.9 v

0.6 v0.6 v

Figure 1: Output spectrum

(a) Assuming that the system is an AM modulator, determine the modulation factor,
frequency of the carrier frequency and total transmit power.

( 5 marks)

(b) Assuming that the system is an FM modulator, determine the modulation factor,
unmodulated carrier (frequency as well as amplitude) and total transmit power.

( 5 marks)

(c) Devise two independent tests to identify the system as either an AM or FM modu-
lator. Show the exact steps as well as the expected outcome for each step. You have
only access to the input signal, and can only change the amplitude and frequency
thereof.

( 10 marks)

( Total 20 marks)
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Question 2

Refer to the modulator depicted in Fig. 2. In the modulator, we have made use of the
following terminology.

• A subscript ‘b’ denotes binary data, e.g. xb. The binary data can either be a logical
0 or logical 1, where the AND operation is depicted by “·” and the OR operation is
depicted by “+”.

• A subscript ‘a’ denotes antipodal data, e.g. xa. The binary data is encoded with
a non-return-to-zero encoder, i.e., a binary 1 is mapped to a 1, and a binary 0 is
mapped to -1

• Here xb × d denotes a binary number xb multiplied by the constant d (d ∈ R); the
result is d when xb = 1, and 0 when xb = 0.

+

+

Σ
90 Degrees

Ac cos(2πfct)

0 degrees

90 degrees

aa · d+ (āb · bb · cb + ab · b̄b · c̄b) · ca · d

Symbol - (a, b, c)

ba · d+ (ab · bb · c̄b + āb · b̄b · cb) · ca · d

Figure 2: Modulator

(a) Sketch the corresponding constellation for the modulator assuming that the 3-tuple
(ab, bb, cb) can take on any combination of 1s and 0s. Clearly indicate the distances
between constellation points, as well as the 3-tuple corresponding to each constella-
tion point.

( 5 marks)

(b) Compare the maximum allowable peak error for the constellation determined in (a)
to the maximum allowable peak error for the corresponding M -PSK constellation.
Also compare the average power for each constellation, expressing the ratio of the
two in decibels. Assume that for both systems the maximum amplitude is A.

( 15 marks)
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(c) Show the optimal decision boundaries for the constellation in (a).

( 3 marks)

(d) Determine the minimum symbol rate necessary if the desired data rate is 30 Mbits/s.

( 2 marks)

(e) Is the mapping of bits to symbols optimal for the modulator of Fig. 2? If yes,
motivate your answer. If not, show how the mapping can be made optimal.

( 3 marks)

(f) Which system of the above two (i.e., system depicted in (a), or M -PSK) would you
propose to be used? Motivate your answer.

( 2 marks)

( Total 30 marks)

Question 3

Refer to the pairs of signals in Signal set I (Fig. 3) and Signal set II (Fig. 4) in order to
answer the following questions.

√
2/T

t

T/2

ψ1(t)

T

(a) ψ1(t)

√
2/T

t

T/2

ψ2(t)

T

(b) ψ2(t)

Figure 3: Signal set I

0 T
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(a) s1(t)

T

A
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−A

T/2

(b) s2(t)

Figure 4: Signal set II
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(a) Show that the signals ψ1(t) and ψ2(t) (Signal set I) are orthogonal over one symbol
period T .

( 2 marks)

(b) Express the signals of Signal set II in terms of the signals ψ1(t) and ψ2(t) (write
equations). Sketch a “constellation diagram” where ψ1(t) represents the x-axis and
ψ2(t) represents the y-axis.

( 6 marks)

(c) By observing the constellation diagram only, is the signal pair of Signal set II or-
thogonal or not?

( 2 marks)

(d) Verify your answer in (c).

( 2 marks)

(e) Develop a communication system that can transmit 8 bits per symbol, which uses
the signal pair of Signal set II. (Assume perfect symbol synchronisation has been
achieved.) Sketch the signals used, a block diagram of the transmitter and a block
diagram of the receiver.

( 8 marks)

( Total 20 marks)
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Question 4

Consider the 16-QAM constellation with alphabet A = {±c± jc,±c± j3c,±3c± jc,±3c±
j3c} depicted in Fig. 5. Derive expressions for both the symbol error probability and
symbol erasure probability for this constellation. Assume that an erasure occurs whenever
the received symbol falls within any of the shaded regions of width b. Assume further that
b = m · d, where m ∈ [0, 1], and d the distance indicated in Fig. 5.

d
b

Figure 5: 16-QAM with errors and erasures

( Total 25 marks)

Question 5

Consider a baseband PAM system with output as depicted in Fig. 6.

(a) Show that when the sampled pulse shape g(kT ) = δk, no intersymbol interference is
present.

( 5 marks)
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(b) Assuming that the symbol period T = 1, demodulate the pulse train depicted in
Fig. 6, where a timing offset is introduced. Show the individual pulses used for
transmission and calculate the timing offset.

( 10 marks)

(c) For this particular PAM system, how many bits are represented per symbol?

( 2 marks)

(d) What is the effect of the raised-cosine filter roll-off factor α on the system?

( 3 marks)
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Figure 6: Pulse train

( Total 20 marks)

( Exam Total: 115 marks)

( Full marks = 100 marks)

Exam˙2012.TEX October 12, 2012
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