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1. Ar AWM medulator operates with the mesEage signal
{4} = 10c0s{40mt) -+ 20 coa{80nt)

The unmodulated corrier i3 given by 105¢0a(2+ 1000+ 10%72}, and the system operates
with an {ndex of 1/2

{2) Write the equation for m,({), the normalized signal with 8 minimum value of -1
(3 %)

(b) Determline < mi(f) >, the powser in my(8). (4 %)

{¢) Determine the eficlency of the modulator. {d W)

{d) Roughly sketch the deuble-sided spactrum of @e(t) {amplitude and phase spac-
trum}), the modulator output for all frequency components. (4 %)

2. Assurme the syetem Iz lineer time-invariant {LT1).

(a} The impulse response h(t) of tha YTT system is A{t). Let the input to the LTI
Bystem agual to

M
2{6) = 3 andft —ta}

LT

Pleasa flnd the output y(i} in terms of oy, (2}, 2nd tg. (b %)
(b) Assume we have tha system with the amplitude reaponee |H{f)| and the phase

reeponse ZH(F) listed below. (i, ..'F'{h{t:l} = H{f} = [ h{e~3¥f gt where
F{} s the Fourler transform,} Determine the outputs w{f} whether 1,(2)
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“digtortionless” with the input signal =;(t). (e, @) = H{m(t}}} where

2a(t) = Ayef® Y ¢ et 4 40731, Pluase also calculate the output y(7). (5 %)

{c) In wiraless communication systems, tho multipath scenario is quite common.
Dengte #(t) the tranemitied signal end 7(t) the received signal. If we have Lhrea
multipath components, and then we have

2(t) = Fraft — m) + Fralt — m) + Byslt — 1)

+ where ; is the channel gain of the i-th multipatk component and «; & the -th
multipath propagetion delsy, i = 1,-.- ,3. Assume the wireless channel varies
vary slowly and we would like to mode! the wirelesa echanne) ag the LTI system in
aome time period. The multipath wireleas channe! is described by the impulze
regponsa fi,(t) by viewiog s(t) and z(f) ae the input and cutput signels. Please
find the mathernatlcnl expression At in terms of f and 7. {5 %)
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Let a randem procesy be given as
Z0) = K () eoslwat -+ )

where X(z) is 4 stationary random processes with E{X(t)} =0, E{X%t)} = ¢% and
F{XX(t+7)} = Roir) .

(&) ffﬂ;} 0, find E{Z(1)} and B{Z*(t)}. Is Z(t) stationary? Provida your explanating,
L
{b) If ¢ iz a random variable independent of X(f) and uniformly distributed in the
taterval (~m,7), shew that E{Z{t)} = 0 and E{Z%)} = 6% /2 . Is Z(t) wide-sense
atationary? Provide your explanation. (3 T
{c) Let
Z(t) = X(t)coafwpl + 81+ Y{E} sinfuwnt + &

where X{t] and ¥{1) are stationary Gaussian randem processas with E{X(f]} =
E{Y{1)} = 0, B{X%H)} = B{F*(} = ¢%, nnd E{X{X(t+ 7)) = E[Y ()Yt 7))} =
Riry » X{) and ¥(#) are uncorrelated for any t. If 7 is a random variable
independent of X(#), ¥{t) and nniformly distributed in the interval {—m,m), Find
EB{Z(t)} and E{Z%1)} . Is Z(t} stationary? Provide your explanation. (10 %)

Congider an optimal eoherent detector for QPSK. Assume that QPSK signels are
tranemiited over the AWGN channel with double-sided power spectral density 2.
If thera Is o phase error #, which is the difference between the unknown carrier
Phase and tha phese estimate at the recoejver. Assume that 0 <8< 7. Compute the
detected orrer probahility in terms of féﬂl and ¥, where £, denotes the anergy per
symbol. {20%5%)

Conslder 16APSK with signala glven as

H{{f} = A.m{w.:t + ﬂ'g‘z:—ll v 0<t = TM
where A; £ {a,2a} with equal probability as wall as b; € {1,%,-.- .8} with equal prob-
zbility. Assumse that the signels are tranamitted over the AWGN channel with
double-sided power spectral density %

{n) Repredent a in terma of E, and T\, where E, denotes the energy per symbeol ncl
T, denates the aignaliing interval. (5%)

(B) Devige an optimal coherant detector and show the optimal declgion regions .
[10%)

Consider n communication system g follows. At the transmitter, one information
bit ia fed into a channe] encoder to obtain a 3-bit output. Assume thut the channel
code uzed herein is a repetition code. Then the three coded bits are sent inte &
BPSK modulstor successivaly, Suppose thus BPSK signnls are transmittad over
the AWCN channel with double-sided power spectral density #2. At the receiver,
u matched fliter {5 used to produce the detacted value of coded bits successivaly.
Then the decoder makes a decision of the informuation blt aceording to the three
bits. Represent the error probahility of the information bit in terms of ﬂ, whera
Ey denctes the energy per information blt. {15%)
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