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NOTE:-

Boltzmann’s constant £=1.38 X 1083/K

Use can be made of the asymptotic form for the O function, when its argument Vis

greater than 3, of

which is the area under the upper tail, from vto oo, of a standardised Gaussian random

variable, namely NV (0,1).
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SECTION A Communication Principles

1. Define the effective noise temperature 7 of a device, and show that
Te= To (F-1)
where 70 is the standard room temperature, and F'is the noise figure of the

device.

[3]
Briefly explain the advantages of using the effective noise temperature rather than
the noise figure to describe the noise performance of a device.

[3]
A TV receiver, with a bandwidth of 8 MHz and a noise figure of 9 dB, is directly
connected to a receiving antenna via a coaxial cable whose loss is 3 dB. If the
signal input power at the antenna terminals is 500 pW, calculate the signal-to-
noise ratio at the output of the receiver’s IF amplifier. Assume that the effective
antenna noise temperature is 180 K, and that all the components are matched.

[8]
What steps could you take to increase the signal-to-noise performance of this TV
receiver, without requiring that the signal power is increased? Give some rough

quantitative estimates.

[6]
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2. Justify the representation

va(f) = D 21Af cos 2nfkt + Of)

k

for white noise of power spectral density 77 over a band of frequencies B, of which
a representative frequency is ff, and the 6 are random phases which are

uniformly distributed in O to 27. Show that the mean-square value (6° ) of the

noise is 75.

[6]

By referring vy (?) to the centre frequency f; of the band of frequencies B, show
that 14,(7) can be expressed as a time-varying random phasor

Va(t) = X(0) +jY()

whose zero-phase reference is cos (2nf.f). Describe the statistics of this “complex

noise envelope” Vp(?).
[10]

If now a carrier sinusoid 4Ac.cos(27f:f) is added to 14,(?), and if 4. >>c, describe the

statistics of the resulting complex envelope.

[4]
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3. Two computers are directly connected by a coaxial cable of negligible loss and
may be assumed to be matched to the characteristic impedance of the cable which
is 50 Q,. A binary bit stream consisting of a series of pulses of amplitude 4 V or
0 V are transmitted at baseband over the cable. Calculate the value of 4 that will
ensure a probability of error in the received bit stream of at most 10" when the bit
rate is 2 X 10° bits per second. Assume the use of a maximum-likelihood detector,
that the 1's and 0's in the bit stream are equiprobable and that the transmission
bandwidth is equal to the bitrate.

[12]

What would the bandwidth be of an analogue video signal that could be
transmitted at the same bit rate over the cable by using 16-bit, uniformly
quantized PCM? What is the quantization signal-to-noise ratio, if the video signal

is random but uniformly distributed over the full range of the quantizer?

[8]
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(a) Deduce a formula for the entropy H($) of a memoryless source alphabet §
What is the entropy for the binary-source alphabet §= {0,1}, when the probability
of 0 being sent is p?

[6]

By what fraction 1s it theoretically possible to compress a binary bit stream if the
probability of a 1 is (1) 0.05 and (ii) 0.5?

[3]
(b) Identify, and give the dimensions of, all the terms in Shannon’s channel
capacity formula:
C = Blog, 1 +%],
and state Shannon’s channel capacity theorem.
[6]

Briefly discuss the usefulness, or otherwise, of this theorem.

(3]
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SECTION B Networks (Please use separate answer book.)

5. Answer any two of the following subsections (a), (b) and (c).
(2) Discuss briefly the evolution and characteristics of present public switched
telephone networks. [10]
(b)  Explain and state the differences between virtual circuit packet switching
and datagram packet switching. Use event timing charts when necessary.
[10]
(c)  Briefly describe the function associated with the seven layers of the OSI
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reference model.

[10]
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