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Instructions: Answer all questions. All parts of a single question must be answered together. 

All 5 questions carry 10 marks each. 

1. 1 Provide a schematic block diagram for a QPSK transmitter and a QPSK receiver and explain its 
operation. 

1. 2 Let Pel and PeQ denote the probabilities of bit error for the in-phase and quadrature channels of 
a QPSK receiver. Show that the average probability of symbol error Pe for the overall system is given 

by 

1. 3 BPSK is used for data transmission over an AWGN channel with power spectral density 
N0 /2 = 10-10 W /Hz. The transmitted signal energy is Eb = A2T /2, where Tis the bit duration and 
A is the signal amplitude. Determine the value of A needed to achieve an error probability of 10-6, if 
the data rate is 10 Kbits/s. (You may leave your answer in terms of the Gaussian Q- function). 

2. 1 Use the sphere packing argument to derive the capacity of a power-limited and band-limited 
AWGN channel. 

2. 2 A voice grade telephone channel has a bandwidth of 3400Hz. If the signal to noise ratio (SNR) 
on the channel is 30 dB, determine the capacity of the channel. If the above channel is to be used to 
transmit 4.8 kbps of data, determine the minimum SNR required on the channel. 

2.3 Consider a discrete memoryless source with source alphabet p = {s0, s1 , s 2} and source 
statistics {0.7, 0.15, 0.15}. 

(a) Calculate the entropy of the source. 

(b) Calculate the entropy of the second-order extension of the source. 

3.1 Provide the signal constellation diagram for a coherent binary frequency shift keying (FSK) 
system. 

3.2 Provide a schematic block diagram for a coherent FSK modulator and demodulator. 

3.3 The signal vectors s 1 and s 2 are used to represent binary symbols 1 and 0 respectively, in a 
coherent FSK system. The receiver decides in favour of symbol 1 when 

where xr si is the inner product of the observation vector x and the signal vector si, where i = 1,2. 
Show that this decision rule is equivalent to the condition x1 > x2, where x1 and x2 are elements of 



the observation vector x i.e., x = [~~].Assume that the signal vectors s1 ands2 have equal energy 

(equal to j£";). 

4.1 Find the maximum amplitude of a 1KHz sinusoidal signal input to a delta modulator that will 
prevent slope overload, when the sampling rate is 10,000 samples/sec and the step size is!:..= 0.1. 

4.2 A 4-level quantizer is defined by the following input-output relation: 
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Let the input be a Gaussian random variable X, of zero mean and unit variance, N(0,1). Compute 
the probability mass function (PM F) of the output Y = 9 (X) i.e., P (Y = y) for y E {± 1, ±3}. 
Express your results in terms of the Gaussian Q-function. 

4.3 Consider the detection problem for the following on-off keyed communication system, 

HO: x(n) = w(n) n = 0,1, ... ,N -1 

H1 : x(n) = A+ w(n) n = 0,1, ... , N- 1 

Also assume that P(HO) = P(H1) = 0.5 (equally likely prior). Assume w(n) to be white Gaussian 
noise w(n)-N(O, a 2). Determine the optimal receiver and the probability. of error. 

5. 1 The random rectangular pulse train is denoted by, 

00 

x(t) = L an p(t- nT + t0 ) 
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All the lin's are independent random variables which take on the values ±1 with equal probability. 
The time offset t0 is an independent random variable with a uniform probability density function 
f(to) = 1/T for-T /2 :::; t0 :::; T /2. The pulse p(t) is a rectangular pulse of height A and width 
equal toT seconds. 

Find the autocorrelation function and the power spectral density of this random rectangular pulse 
train. 

5.2 For a discrete channel as shown below, (a) Design the maximum a-posteriori (MAP) receiver (b) 
Determine the error probability for such a receiver. 
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