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Time Allowed: Two hours
Answer 3 of 4 questions. All questions carry equal marks.

Question 1.
(a) Explain the concept of a typical sequence.

(b) Using the concept of typical sequences give an intuitive proof of Shannon’s Source coding

2nH(X)

theorem. That is, show that the maximum possible compression possible is , where n

is the block length, H denotes the entropy function and X is the source.

(c) Given a binary source X, with alphabet, 4y = {0,1} and associated probabilities, Px={0.5,
0.5}, explain using Shannon’s source coding theorem why no lossless compression is
possible?

(d) An Alphabet 4= {a,a,...,an} with associated probabilities P = {p1,ps,...,pn} is encoded
using a decodable code. Given that the cost of ;a codeword c; is defined as:
ci = 2- i

where /; is the length of the codeword. Prove that:

ZCZ' <1
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Question 2.

(a) Given the probabilities in Table 1 below construct an arithmetic code for the following
piece of text: ‘tory’.

Table 1.

Character Probability
0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1
0.05
0.05
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(b) How many bits are required to transmit this message?

(¢) Given that:
I(X;Y)=H(X)-H(X\Y)
prove:
‘ IX;Y)=HX)-HY\X)

where the above are defined in the usual way.

(d) Consider a binary erasure channel. Let the probability of sending a 1 and receiving a 1 be
1-f; and the probability of sending a 0 and receiving a 0 be 1-f,. The source X, produces bits
with probability: Py = {py, p1}. Calculate in terms of py, fi and f; :

i. The entropy of ¥,
ii. Givenpy= 0.3,@ =0 and f; = 0.3 calculate
a) The conditional entropy of Y given X,
b) The mutual information between X and Y.



Question 3.

(a) Prove the following Fourier transform properties:

i x(@®)*y(t) = X(N)XY(S)
i, x(r) cos(27y'0t)<:>%X (f —fo)"'%X (f+ /)

(b) Prove that a signal x(¢) with X(f) = 0 for /> fix sampled at f;, where is f; > 2 fr.x can be
reconstructed exactly using:

X(O)= 321 fyx(n! f;)sine(2f (¢ -nl £,)

n=—00
where fimax <f <f; —fmax 18 an arbitrary frequency.

(c) A signal is bandlimited to 54KHz. What sampling rate do we require for a guard band of
15KHz ?

Question 4.

(a) Given a deterministic input, sketch (no derivations necessary) and compare the spectrums
of:
i. Conventional AM,
ii. SSB-AM,
1ii. FM, and
iv. PM.

(b) Show that the spectrum of a DSB-SC AM signal when the message signal is random can
be expressed as:

}kAf(S,,,<f—fC)+S,,,<f+fc))

where above defined in the usual way.

(c) Briefly explain Frequency Division Multiplexing.



