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SECTION A Communications Principles (Please use separate answer book)

1. (a) Justify the representation:

n(t) = 2 a, cos(2zfit + 6,)
k

for band-limited white noise of which a representative frequency is f, , and the &, are

random phases which are independent and uniformly distributed over 0 to 27.

(5]
(b) Show that this bandpass noise can be written as
n(t) = n () cos(2z f.t)—n, () sin(27z f.t)

and explain what band of frequencies are present in each of #,(¢) and n,(f).

[5]
(c) Derive expressions for the average power in each of 7, (#) and n(1).

[5]
(d) By deriving a phasor representation for n(f) , explain why n (¢) and #,(r) are
commonly referred to as the in-phase and quadrature terms, respectively.

(5]
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2. (a) Describe the process of pulse code modulation (PCM) of an analog signal, and state
what is meant by quantization noise.

[4]

(b) For a uniform quantizer, derive an expression for the mean-square quantization error
in terms of the step size.

[4]

(c) If the input to a uniform #-bit quantizer is the sine wave A4, sin(27zf, ), derive an
expression for the signal-to-noise ratio (in decibels) at the output of the quantizer.
Assume that the dynamic range of the quantizer is — 4,, to 4, .

[4]

(d) Consider a binary source alphabet where a symbol 0 is represented by 0 volts, and a
symbol 1 is represented by 1 volt. Assume these symbols are transmitted over a baseband
channel having uniformly distributed noise with a probability density function:

[ a1
f(n)_{o otherwise.

Assume that the decision threshold 7 is within the range of 0 to 1 volt.
i.  If the symbols are equally likely, show that the probability of error is
independent of the choice of threshold.
ii.  If the probability of occurrence of symbol 0 is p, derive an expression for

the probability of error. Hence determine the optimum value of the threshold
if p=J.

(8]
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(a) A signal m(f) with a uniform power spectral density (PSD) and a bandwidth of 4
kHz, is modulated with a carrier of frequency f,= 500 kHz to produce a DSB-SC signal.
The modulated signal is transmitted over a channel with a noise PSD of S, (/) as shown
below. The power of the DSB-SC signal is 12 W at the receiver input. The received

signal is bandpass filtered, multiplied by 2cos(27z f.f), and then lowpass filtered to
obtain the output. Determine the output signal-to-noise ratio.

Sn(f)

10

t } f (Hz)
—fc 0 1 fc 1
fc—4000  1c+4000

[8]

(b) Consider an AM receiver using a square-law detector whose output is proportional to
the square of the receiver input x(¢), as indicated in the following figure.

(3

)

sie) x{t) x2
Squarer

Low-pass y(ta)
filter

Y

nit)

The AM waveform is :
s(H) = A[l + pcos(2rz fmt)]cos(27z f.h)
where x4 is the modulation index. Assume that the additive noise at the receiver input is

white Gaussian bandpass noise with zero mean. Show that the output signal-to-noise ratio
of the receiver is given by:

2 2 2
SNR,, =—F L
1+ pQ2+pu7)
where p is the carrier-to-noise ratio at the input to the receiver. Assume that a capacitor
is included at the output of the receiver to block DC.

You may find the following identities useful:
cos’(4) = %4 (1+cos(24))
sin®(4) = 4 (1-cos(24))
cos(A)sin(A4) = ¥4 sin(2 4)

[12]
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4. (a) Using the Huffman coding procedure, construct a coding scheme for an alphabet
whose symbols occur independently with probabilities 0.1, 0.4, 0.25, 0.1, 0.15. Calculate
the average codeword length of the resulting source code and compare it with the source
entropy.

(8]

(b) State the source coding theorem, explaining and giving units for all terms used.

[3]

(¢) What is the channel capacity of an additive Gaussian noise channel with bandwidth of
10 kHz, if the required signal-to-noise ratio at the receiver input is 20 dB? Hence, for a
three-symbol alphabet having probabilities 0.2, 0.35, 0.45, calculate the maximum
symbol rate that allows reliable communication over this channel.

[3]

(d) A discrete source produces the symbols A and B with probabilities p, = 3, and
Py =Y atarate of 100 symbols/second. The symbols are grouped in blocks of two and
encoded as follows:

Grouped symbols Binary code

AA 1
AB 01
BA 001
BB 000

Is this code optimum (justify your decision)? If not, how efficient is it?
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SECTION B Networks (Please use separate answer book)
5. Answer any two of the following subsections (a), (b) and (¢).

(a) Discuss the principle of connection-oriented services and connectionless services. Discuss
the relevance of characterising a service by means of its quality of service (QoS) features.
[10]
(b) Describe and discuss the importance of Media Access Control (MAC) techniques for
broadcast communications networks. Describe the main advantages and disadvantages of
a centralised MAC scheme.
[10]
(c) Describe and discuss the importance of the network layer in the OSI protocol reference
model and routing in packet switched networks.
[10]
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