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Question 1

(a) Assuming a 4-bit ADC channel accepts analogue input ranging from 0 to 5 volts,
determine the following: (5]

(1) Number of quantization levels

(1)  Step size of the quantizer or resolution

(iii)  Quantization level when the analogue voltage is 3.2 volts
(iv)  Binary code produced

v) Quantization error

(b) Consider the binary sequence 1001011. Draw the waveforms for the following signalling
formats. [6]

(1) Split phase (Manchester) signalling format
(il)  Bipolar RZ signalling format
(ili)  AMI (alternate mark inversion) RZ signalling format

(c} A communication channel of bandwidth 75 kHz is required to transmit binary data at a

rate of 0.1 Mb/s using raised-cosine pulses. Determine the roll-off factor a. [2]
(d) List and describe four channels of digital communications [8]
(e) State four advantages of digital communications [4]

Question 2

(a) Describe the sampling process and state the conditions for successful recovery of the
signal from the samples. [6]

(b) Consider an AWGN channel with 4 kHz bandwidth and the noise power spectral density
g: 1072 W/Hz. The signal power required at the receiver is 0.1mW. Calculate the
capacity of this channel. [4]

(c) Given the following random binary sequence 10011011001110.
(i) Perform partial response signalling, that is, show the signal formed assuming the
initialization bit is 1. [4]
(ii) Draw a transmitted Delta Modulation waveform [3]

(d) A DMS X has four symbols x,,x;,x3,x, with probabilities P(x;) = 0.4,P(x,) =
0.3,P(x3) =0.2,P(x;) = 0.1

(1) Calculate H(X) [2]
(1)  Find the amount of information contained in the messages x; x,x; x3 and
X4X3 X3 X, and compare with the H(X) obtained in part (1). [6]
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Question 3

(a) A DMS X has four symbols x,, x,, x3 and x, with P(x,) = %, P(x,) = % , and P(x3) =

P(x,) = -;—. Construct a Shannon-Fano code for X, Show that this code has the optimum
property that n; = I (x;) and that the code efficiency is 100 percent. [8]

(b) Describe how you can reduce a MPSK M-correlator receiver to an N = 2 correlator
receiver 18]

(c) Simplify the following QPSK equation into its orthogonal basis function and message
points [5]

si(t) = ﬁcos [(Zé -1) 7—;—] cos(2mf.t) — ‘j_z-;lisin [(Zi -1) Zﬂ sin(2rf,t),i=1,..,4

(d) Describe the following errors as they are encountered in delta modulation:
(i) Granular noise [2]
(ii) Slope overload [2]

(4

Question 4

(a) Show that the error probability of equal-energy signal for a BPSK receiver

p ]“’ 1 . ( 1 (z - al)z) J
= ——eXp| — z
B YO,_,(Ch;az) \/21{00 P 2 Og

... results in Q ( FS—’-’-) in AWGN [61
1]

(b) Find the BER for a BPSK system with a bit rate of 1 Mbits/s the received waveforms

$;,(t) = Acos(wot) and s,(t) = —Acos(wyt)are coherently detected with a matched
filter. The value of A = 10mV. Assume that Ny = 10™**W /Hz and the signal power and
energy is normalized relative to a 1 () resistor [4]

(c) Draw the structure of a digital communication system and describe the function of each
block. 191

(d) Show that the code C={0000,0101,1010,111 1}is a linear cyclic code. [6]



Question 5

(a) A 100 kHz signal is sampled at the Nyquist rate and an 8-level quantizer is used to
quantize a signal.
(i) Calculate the number of bits to encode one sample (2]
(ii) Calculate the number of bits per second transmitted - [2]

(b) Given the generator sequences of a convolutional encoder g; =111andg, =101,
(i) Draw the convolutional encoder 3]
(i1) Find the impulse response of the encoder [4]

(c) Show that the matched filter of signal s(t) is given by
s¢—T), forO<t<T
) = {0, ( 1 otherise
(d) Consider OFDM

(i) State the property of the subcarriers that make OFDM symbols not to interfere

with each other and write the equation for the subcarrier (31

‘ (ii) Draw the OFDM symbol and state the reason for using a cyclic prefix [3]
(ii1) Given that the OFDM symbol is 10us long with a cyclic prefix of 2us, calculate

the SNR loss due to the insertion of the cyclic prefix 3]

[5]
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