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Answer all questions. Read the question carefully. Think before you write.

1. Assume a discrete memory less source with the symbols given below.

The probability of symbol s.; is given by P(sm) = 2-m. Design an 'ON-OFF' based transmission scheme with min-
imal power requirement. [4J

2. Prove that for an AWGN channel and an optimal demodulator, the unmodeled noise is orthogonal to the signal space
spanned by the expansicn basis functions. [5]

3. A white gaussian noise with power density spectrum (~) is fed to a RC circuit. The output is tapped from across the
capacitor. Draw the autocorrelation function of the output process. Assume no noise is generated in the resistor and
no power is leaked at the capacitor. [5J

4. Assume a Markov Chain x with state space X = {I, 2, 3} and the transition probability matrix given by

[

1

T= ! I
3"

° 1]
For the modified source y(n) = x( n) +O.5x( n - 1), find the transition probability matrix and the steady state distribu-
tion. [4+2]

5. Assume x E X is a (n xl) gaussian vector with mean mx .and covariance matrix CX'

(a) Let A : X ---t X be an invertible linear transformation matrix such that y = Ax. Obviously y E X is also a
gaussian vector. Find out the mean(my) and covariance matrix(Cy) of the transformed vector y.

(b) Assume

mx = [~]

c; = [l t]
Find A, such that the two elements of the random vector y = Ax are independent. Is A unique? [1+2+3+1]

and

6. Assume an AWGN channel and a power constrained digital communication system.

(a) Show that the capacity of the channel doesn't increase indefinitely with the bandwidth of the channel. Find the
bound of the capacity.

(b) Show that the minimum value of signal to noise ratio to transmit a single bit is -1.6dB for reliable communica-
tion. [5+5J

7. Suppose a 6-QAM signal is received from a discrete memoryless source. The signal coordinates in the constellation
are given by (in the polar coordinate): (1,0), (1, 2;,), (1, 4;,), (a, ~), (a, iT), (a, 2;'). Assume a > 1. Assume an

additive noise channel. The conditional pdf of the demodulated noise is given by p(nlsm) = fIlT~Y:" 12' Here, 11.1100
is the infinity norm, r.l is the ceiling function, km is a constant for symbol Sm, and n = (r - sm). Also assume
that the source symbol power is inversely proportional to it's probability. Compute a) The average power required for
transmission, b) Expected error probability. The signal space is confined to the area surrounded by the equations x =
2a, :r - J3y + 4a = 0, and x + J3y + 4a = O. [Hint: Takeaway from the rnini-projcct.] [3+10]


