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There are FOUR questions (Q1 to Q4)

Answer question ONE (in separate booklet) and TWO other questions.

Question 1 has 20 multiple choice questions numbered 1 to 20, all carrying equal marks.
There is only one correct answer per question.

Distribution of marks
Question-1: 40 marks
Question-2: 30 marks
Question-3: 30 marks
Question-4: 30 marks

The following are provided:
e A table of Fourier Transforms
e A “Gaussian Tail Function' graph

Examiner: Dr A. Manikas

Solutions page-1



Examination 2001-2002
Examiner: Dr A. Manikas

Confidential
Paper: Communication Systems

ANSWER to Q1
) A B C
2) A B C
3) A B C
Hy A B C
5 A B C
6) A B C
7’ A B C
8 A B C
99 A B C
1) A B C
1) A B C
12) A B C
13) A B C
14 A B C
15 A B C
1) A B C
17 A B C
18) A B C
199 A B C
200 A B C
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ANSWER to Q2
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b)
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ANSWER to Q3
a)
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ANSWER to Q4
a)
F,=410°Hz
F,=2xF;=8x10°Hz
Q=2
Pr(—2V) =3/4
Pr(+2V)=1/4
Ny=2x1073
symbols | probabilities | Huffman | /; (bits)
T1T121 27/64 1 1
x1zT122 | 9/64 001 3
z1zo2; | 9/64 010 3
zaxiz; | 9/64 011 3
T1T2T2 | 3/64 00000 5
Tom1T2 | 3/64 00001 5
Tozomy | 3/64 00010 5
ToToXo 1/64 00011 5

b)

I=1x27/64 +3x9/64+3x9/64+3x9/64+5x3/64+5x 3/64
+5x3/6445 x 1/64 = 2.46875 bits/ triple-level
—_——

(or 3-samples)

Alphabet: X = { } (since Pr(z;) > Pr(z2))
n Pr(z)| _ [0.6344
with probabilities: p = {p ] |:Pr(332):| = {0.3656
Note: Pr(zs)=2 x G+ 2x G +ix g +2xd+ix+ixg+ixg
= 0.3656

pe = Pr(yz, z1) +Pr(yi, z2)
= Pr(ya|z1)Pr(z1) + Pr(y|z2)Pr(z2)
= 0.05 x 0.6344 + 0.2 x 0.3656
=0.1048

2
Hy = — 3 pn.l0gapy, = — p'logop = 0.9473 it

symbol
m=1

data rate: )
Tdata = 1 = Fy3 | = 6583.3 bits/sec

information rate:
rinf = 1 X Hp = 1, X 0.9473 = 6236.4 bits/sec
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C) M =2 ie. binary CS
Therefore: T,, = 2 = 1.5190 x 10~*sec
By = %2 T, x Pr(z;) = 1.2046 x 10°°

EUE = £ = 6.0228 x 10~* (data EUE)
0

_ B _ B
BUE = Tes  2Bxlogy(M)

data point = (EUE,BUE) = (6.0228 x 1073, 1)

d)

S = inf.point = (EUE;,;, BUE,;) = (data point) x %%
Therefore we have to estimate the mutual information H
Hmut = HY - HY|X or (Hmut = HX - HX\Y)

ie.

~ [0.6344 p_ [095 02
P=10.3656 = 1005 08

N 0.8918, 0.1082
B = diag(q)~"F.diag(p) = {0.0978. 0.9022}

[0.6027, 0.0731}

J =F.diag(p) = diag(q). B = 0.0317  0.2925

_ ; plogs (pn) = = p'loga (p) = 09473 Jik

2
~ 3 plog, <pk) = — q"log, @ = 09089 S5
k=1

e = 3 () = [ (0], 1% 2%

m=1 k=1

[N)

Hy|x = Hyix(J) = —

= |1 @IOQQ(J.diag(Q)”) =0.4456 S
F 1*

g | 06758
4=5P= 103042

= % (data BUE with B denoting the baseband bandwidth)

|
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=> | Hiu = Hy — Hyjx = 04633 |

Therefore | CS = inf.point = (0.013,1.0792) |

= [ CSis not realizable | (since EUE;,; =0.013 < 0.693)

f)

SNRi, = EYE=0.012 = SNRjy= — 19.2082dB
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