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A speech signal is to be sampled in preparation for analogue-to-digital
conversion. The probability density function associated with the sampled
process is as shown in Figure 1 and a 4-bit uniform quantizer is to be used.
The quantizer has a step-size A and the boundries of the quantization
levels are as indicated in the figure. Derive from first principle an
expression in terms of a, b and A for the minimum quantization noise
associated with the level bounded by the sample values -A and 0. Use
your expression to evaluate the numerical value of the quantization noise
for the level. Also, use your derived expression to deduce the quantization
noise in the situation in which the probability density function is constant
within a level. Give your answer in terms of the quantization step size, A,
and the probability that the sampled value will fall within the level.

A speech signal S(t), can be represented in the short term by S(t) =
N
Saicos(wit + @;). The signal is to be used to amplitude modulate a
i=1

carrier and envelope detection is to be used at the receiver.

If ¢, i =1, ..., N, has a probability density function that is uniform over
the range 0 to 27 and is zero elsewhere, determine as a function of the a;'s
the maximum percentage of the total transmitted power that can be placed
in the side-frequencies (the sidebands) if distortion is to be avoided.

In a radio communication system a signal Q(¢) is used to amplitude
modulate a carrier and envelope detection is to be used.

If the signal reaches the receiver by two paths, a direct path and one which

introduces an attennuation k and delay 7 relative to the direct path, derive
an expression for the output of the envelope detector.
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Derive an expression for the signal-to-noise power ratio at the output of a
detector in terms of the corresponding signal-to-noise power ratio at the
input to detector for

) Double-Sideband Suppressed Carrier Amplitude Modulation
(DSB-SC), and

(i)  Single-Sideband Suppressed Carrier Amplitude Modulation (SSB-
SC).

If there are differences between your two resuits explain why you think

this occurs.

From the point of view of signal-to-noise ratios, compare the overail
performance of the DS¢-SC and SSB-SC systems.

(&) Describe and compare the circuit, message and packet switched
methods of communication.

(i)  Describe and compare three methods by which a number of
individuals can access and use a communication channel
simultaneously.

(iii) It is proposed to store data in groups of 4 information digits in
computer memory and to protect each group of digits by using a
Hamming (7,4) code.

The code is to be used for the purpose of DETECTING errors.

Derive an expression for the overall probability of undetected codeword
error as a function of the digit error probability, P.
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