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Special Information for Invigilators:  none

Information for Candidates

Some useful relationships

logy(z) = 3.321og ()
cos(A + B) = cos(A) cos(B) — sin(A) sin(B)

cos(A — B) = cos(A) cos(B) + sin(A) sin(B)

cos(A) cos(B) = %[COS(A — B) +cos(4 + B)]
cos?(A) = %[1 + cos(24)]
sin?(A) = %[1 — cos(24)]

cos(A) sin(A) = %sin(2A)
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E2.4

The Questions
QUESTION 1 (Compulsory)

(a) The received signal in an AM communications system is passed through an ideal band-pass filter
(BPF) centered on the carrier frequency w. and having an appropriate bandwidth. If the additive
noise at the input to the BPF has a power-spectral density (PSD) of N,/2 for all frequencies,
draw the PSD of the noise component at the output of the BPF. Assume that the bandwidth of the
unmodulated message signal is W.

[1 mark]
If this output noise component is represented as n(t) = > ax cos(wyt + 6x), show that it can also
k
be written as:
n(t) = n.(t) cos(wct) — ny(t) sinw,t).
[3 marks]

(b) In a baseband analog communications system the received signal r(t) = s(t) + v(t) is passed
through an ideal low-pass filter having bandwidth W and unity gain. The signal component 5(t)
has a power spectral density (PSD) given by:

S(f)z{Pa(l—'—g), If|< B

0, otherwise,

and the noise component v(t) has a PSD of N, /2 for all frequencies. Derive an expression for the
signal-to-noise ratio (SNR) at the output of the low-pass filter.

[4 marks]

(c) Consider a baseband digital system that has 3 equally-probable symbols {«, 3,v}. The symbol a
is represented by a voltage level of —2 volts, 3 by 0 volts, and v by 2 volts. The channel noise
is additive white Gaussian noise (i.e., it has a probability density function that is zero-mean and
normally distributed). The receiver decision thresholds are set at —1 volt and 1 volt.

Draw and clearly label the probability density function of the received signal for each of the trans-
mitted symbols, indicating the probability of error for each symbol. Comment on the relative
probability of error for the three symbols.

[4 marks]

(d) Consider the 4-symbol alphabet { A, B, C, D}, where the probability of occurrence of each symbol

isps = 0.2,pg = 0.45,pc = 0.1,pp = 0.25. Using the Huffman coding scheme, determine a
variable-length source code for this alphabet.

[4 marks]
(e) Briefly describe and contrast circuit switching and packet switching.

[4 marks]
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QUESTION 2

(a) A bandpass noise process has the power spectral density shown in Figure 2.1 below. If this band-
pass noise is represented by n(t) = n.(t) cos(2m fct) — ny(t) sin(27 f.t), sketch and annotate
accordingly the power spectral density of the n.(t) component in each of the following cases:

(i) f.=100kHz

[2 marks]
(i) f. =105 kHz

[2 marks]

M

) 95 kﬂz/ 100'1:3:'\105 Kz

Figure 2.1

(b) Comment on the power spectral densities of typical message and noise components at the output
of a receiver in an FM system, and describe how the process of pre- and de-emphasis improves the
output signal-to-noise ratio (SNR).

[6 marks]

(c) In the transmission of telephone signals over microwave links, a combination of frequency-division
multiplexed (FDM) DSB-SC and FM is to be used. A block diagram of such a system is shown
in Figure 2.2 below. Each of the input signals m;(t),1 < ¢ < K is bandlimited to W, and these
signals are DSB-SC modulated on carriers ¢;(t) = A; cos(27 f;t), where f; = 2W (i ~ 1), for
1 < i < K. The output of the multiplexer m(t) is the sum of all the DSB-SC modulated signals.
The multiplexed signal is then FM modulated on a carrier with amphtude A, and frequency f,.
with a modulation index (.

(i) For K = 3, plot a typical spectrum of the multiplexed signal m(t).
{3 marks]
(ii) For K = 3, determine the bandwidth of m/(t).
[1 mark]
(iii) At the receiver side, the received signal r(t) = u(t) + n(t) is first FM demodulated and
then passed through a bank of DSB-SC demodulators. If the power spectral density of the

noise at the output of the FM demodulator is N{f) = —g— f?, derive an expression for the
pre-detection noise power at the ith DSB-SC demodulator

[6 marks]
my(f) —>
my(f) ——> m(t) u(®
FDM
t > ‘
m3( ) _._> DSB-SC M ——

.

My () ———m

Figure 2.2
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QUESTION 3

(a) Explain the process of pulse code modulation, and comment on the issues involved in choosing
the number of bits in the quantizer.

[4 marks]

(b) A binary channel with a data rate of 36,000 bits/second is available for pulse code modulated voice
transmission. Assume the voice channel has a bandwidth of 3200 Hz and a uniform quantizer is
used. Find appropriate values for the number of levels in the quantizer and the sampling rate;
explain why you have chosen these particular values.

{3 marks]

(c) The binary bit stream {1, 0,0, 1} is to be transmitted using digital bandpass transmission. Draw
and clearly label the transmitted waveform for each of the following schemes:

(i) amplitude shift keying (ASK)
(ii) phase shift keying (PSK)
(i) frequency shift keying (FSK)

[3 marks]

(d) Having missed out on a banking job in the City, you have taken employment in an engineering
consulting firm. Your first task is to set up a central station for simultaneous monitoring of elec-
trocardiograms (ECGs) of 10 hospital patients. The data from the rooms of the 10 patients are
brought to a central processing centre over wires and are sampled, quantized, binary encoded, and
synchronous time-division multiplexed. The multiplexed data are then transmitted to the monitor-
ing station. A block diagram of the system is shown in Figure 3.1 below. The bandwidth of each
ECG signal is 100 Hz. The maximum acceptable error in sample amplitudes is 1% of the peak
signal amplitude, and the range of the quantizer matches the peak signal range. The sampling rate
is to be at least 50% above the Nyquist rate.

(i) Determine the minimum cable bandwidth needed to transmit the multiplexed data to the
monitoring station. Assume that the additive noise in this cable is negligible.

[6 marks]

(i) It is found that the signal-to-quantization-noise (SQNR) of the received ECG signals in part
(i) is not high enough. How could you increase the SQNR by 12 dB without increasing the

cable bandwidth?
[4 marks]
Monitoring
station
b
== <
Processing Cable -

P iz center
Tl ¥ A .

z ///// \‘\\ -
=" @
TR,

Figure 3.1
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QUESTION 4

(a) Write down the Hartley-Shannon expression for channel capacity, explaining and giving units for
all terms used. Discuss the practical relevance of this expression.

[4 marks]

(b) An information source can be modelled as a bandlimited process with a bandwidth of 6000 Hz.
This process is sampled at the Nyquist rate. It is observed that the resulting samples take values in
the set A = {~3, —1, 2,4} with corresponding probabilities {0.3,0.15,0.05,0.5}.

What is the entropy of the discrete-time source in bits/sample? What is the entropy in bits/second?

[2 marks}

(¢) A discrete memoryless source has the alphabet A = {-3,-1,0,1,3} with corresponding proba-
bilities {0.15,0.1,0.15,0.05,0.55}.

Assume that the source is quantized according to the quantization rule:

q(=3) = q(-1) = -2,
q(0) =0,
q(1) = q(3) = 2.

Design a source code for the quantized source, and comment on the average codeword length
relative to the entropy.

[4 marks]

(d) A television picture frame is composed of 300,000 basic picture elements (600 picture elements in
a horizontal line, and 500 picture elements in a vertical line). Each of these picture elements can

assume one of 8 distinguishable brightness levels (such as black and shades of gray) with equal
probability.

(i) Determine the information content of a single television picture frame.
[2 marks]

(ii) A television transmission requires 30 such frames to be transmitted per second. If the SNR
at the receiver is required to be at least 50 dB, calculate the theoretical bandwidth required of
the transmission channel (which is assumed to have additive white Gaussian noise).

[4 marks]

(e) Consider a channel with a bandwidth of B, and additive Gaussian noise having a flat power spectral
density of N,/2. Derive an expression for the Hartley-Shannon channel capacity as B — oo. You
may find the following expression useful:

lim z log, (1 + i) = log, e = 1.44

T—00

[4 marks]
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QUESTION 5
(a) Describe and compare statistical time division multiplexing and synchronous time division multi-
plexing.
Under what conditions would you expect statistical TDM to be more efficient than synchronous
TDM.
[6 marks]
(b) Contrast the operation of a LAN using a bus topology with one using a ring topology.
[4 marks]

(c) Consider the signal z(t) = Aei(“!*%), where A and w are constants, and 6 is a random variable
having a probability density function that is uniformly distributed in the range 0 to 7 /2.

(i) Draw the probability density function of 6.

{1 mark]
(ii) Evaluate the mean value of z(t).
[2 marks]
(iii) Evaluate the mean square value of z(t).
[3 marks]

(d) Determine the autocorrelation of the modulated DSB-SC signal 5(t) = m(t) cos(w,t + 6), where
m(t) is a stationary random process and 6 is a random variable uniformly distributed over [0, 2r}.
Assume that 8 and m(t) are independent.

[4 marks]
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Part I 39
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Ring topology

¢ Set of repeaters joined in closed
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