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(200 1. Given the signals x, () and x,{r} as follows,

B Lol

. = t—T ' .
(5) (a) Rewnite x, (= 3 ﬂ[—T 0 ]5(: —nZ,) in the simplest form.
) )

{5) (k) Find X" (f}, the Fourier transform of ._J:II {r).

(3) () Rewrite x, {7} = i [H[Ti] s &t —uT, )} in the simplest form,

Ao iy 3
- wh_era » represents the convolution operation.
{5){d) Find X, (1), the Fourier ransform of x, ().
-
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2. (A) Consider an audio signal with spectral components in the range
300 to 3000 Fz. Assume that a sampling rate of 7kiz is used to generate
a PCM signal. (2) For S/N=30 dB, what is the muanber of unifonm
quantization levels needed? {b) What data rate is required? (10%)

(B} Ten analog signals that are bandlimited to frequencies below 16 kHz
are samples at the Nyquist rate. The PCM digitizing error 1s below 0.2%.
The signals are carried by a TDM channel. What is the data rate required
for the channel? (10%:)

(20%) 3. G\, G, X1, X, Xa, X, are independent Gaussian randem va,ria,h]es.with ZETO -
weans, £[Gh] = E{Gy] = (X)) = E{Xs] = ElXs) = BiX:] = 0. Their variances are
given hy var 7y = var &7 = 0% and var X, = var Kz =var Xy = var Xy = Ny, whore
Ny is a constant. Lel R, = \/(G1 + X2+ {Ca+ X)) and B, = m |
(10%) (2). Find the probability density funclion fa,(m) of Ry

(10%) (b}. Find the probability that &, < &,.
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20% 4. Conaider té-ary QAM with signals givén as

)= %‘E‘L{a‘- s wod 4 Iy sin Wc.f] Cs1=T,,
L

where o, b; & {£123} with equal probability. Under the assumption of the AWGN
channel with double-sided power spectral density ¥, /2,
5% (@) Devize an optimal coherent detector for 16-QAM; ~

3% (b) Show the signal constellation and the optimal decision regions;

10% (¢ ) Compute the detecied error probability (o term of £, f NG,

5.(20%)Consider a systematic block code whose parity-check equaticns are

¢y =y 40y +m, '

Oy = kA

Cp = R, o,

C,=m e kg .

where s, are message digits and ¢, are cheek digits,

(A}Find the generator mattix

{B)Find the parity—:::hsck tatrix

{C)Encode the message (1101}
(D)ls the vector [101001 g codeword? -

6 (20%) For a relay-satellite-to-user {ink :

{a). Relay satellite input power: 10-W

(b). Relay satellite antenna pain: 38 dB

). Transmit {requency: 10 GHe

(d). Receiver noise temperature of user (antenna included): 1000K

{€). User satellite antenna pain: 15 dB

(f). Total system losses: 3 dB

(2). System bandwidth: 3000 Hz

(h). Relay-user scparation; 41000 km
Knowing that 10kog,e(kT,} = - 174 dBm/Hz, where k is Boltzinann's constant and
T, 15 room temperature 290 K, find the signal-to-noise power ratio in a 3000 Hz
bandwidtly at user satellite receiver output.
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