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1a)
Show a constellation diagram for a quadrature phase shift keying (QPSK) 
system and allocate binary codes to each phase. Using your allocation of codes 
indicate the phases used to transmit the following sequence of digits.


[image: image10.wmf]Sinusoid

30Hz

Sinusoid

20Hz

Sinusoid

10Hz

Sinusoid

1000Hz

Multiplier

Multipier

fir1

Lowpass 

Filter

Modulated

Signal

Source

Signal

Carrier

Received

Signal


(6 marks)

b)
State 'Shannon's Noisy Channel Coding Theorem'. Use your answer to calculate the required bandwidths necessary to achieve a 
[image: image2.wmf]3

10

1

´

 bits/sec data rate when the signal to noise ratio (S/N) is 1, 3, 15, 255 and 1023 respectively.

(4 marks)

c)
Write a Matlab program to describe the double sideband suppressed carrier 
(DSB-SC) amplitude modulation transmitter and receiver system of figure 
Q1b. Your program should include the capability to simultaneously display 
the inputs and outputs in the time and frequency domains.
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Figure Q1b
(10 marks)

2a)
For the codewords shown in equation Q2a, find the 'Hamming Distance' 
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 and hence determine:

(i) How many errors are detectable 

(ii) How many errors are correctable.
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Equation Q2a

(10 marks)

b)
A set of transmitted data is to be encoded using a (7,4) Hamming code with the parity check matrix, 

 given by equation Q2b.




Equation Q2b

Find the generator matrix, 

 to produce the coded data and calculate the codes produced by the sequences 

.

(10 marks)

3a)
You are required to use 'Time Division Multiplexing (TDM)' to multiplex the signals shown in figure Q3a. 
Determine the bandwidth needed for the channel.
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Figure Q3a

(6 marks)

b)
Demodulation with a reference is called 'Coherent Demodulation'. A Phase Shift Keyed reference can be extracted using a system block diagram as in figure Q3b. Show, by deriving the equations at all parts of the system, how the reference is extracted. The input is given by equation Q3b. 

Further describe a method that avoids the need for a reference.
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Figure Q3b
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Equation Q3c

(10 marks)

c)
Sketch the graphs of 'Error Probability (
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)' vs. 'Carrier to Noise Ratio (CNR)' for Amplitude Shift Keying (ASK), Phase Shift Keying (PSK) and Frequency Shift Keying (FSK) systems. Comment on which is the better with regard to noise immunity.

(4 marks)

4a)
The graphs of figure Q4a show an original signals spectrum on the upper graph and the modulated signals spectrum on the lower graph. What type of modulation is this? Draw a system level block diagram to show how this form of modulation and demodulation is accomplished while describing the function of each block.
Figure Q4a

(6 marks)

b)
A number of characters x1, x2,...,x8 are to be transmitted with the following transmission probabilities p(x1)=0.1, p(x2)=0.05, p(x3)=0.09, p(x4)=0.07, p(x5)=0.35, p(x6)=0.01, p(x7)=0.25 and p(x8)=0.08 .

Design a Shannon-Fano code for the transmission of these characters and 
calculate:

i. the entropy of the source

ii. the average length of the code

Comment upon the optimality of your code using the 'Source Coding Theorem' (Shannon's First Theorem) 

(14 marks)
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