11252 FERE TR A E Sl

4 St 183
% Fr: EiSEEETREMSAT
BOH: BERS

H RH: 0206
GEE SN PR

T HIEEAIET R

ﬁ\ﬂ?
By
b




4RE
%

FHRE C BERR

183 BIILRRIIAER 112 BEEE T IHRAEREE
P - EIEELEE T ARERT

ZECHEL 0206 B 0 2

F1E » #2H

1.

K FEFIR  FREUEAEE -

FNEEB(RIEE  RERBE LESE > TFet5 -

(20%) Consider a binary communication system that has one-dimensional signal s; = d/2 and s, =
2
=)

Determine the optimal decision threshold in the case of equal a priori probabilities. Is there any

—d /2. The channel is characterized by the additive noise with density fy(n) = iexp (——

(a)
(b)

Determine the mean and variance of the noise n. [3 + 5 points]

difference from the Gaussian noise channel? [3 + 2 points]
(c) Find the probability of a bit error for the case (b). [7 points]
(18%) Suppose that the following set of bi-orthogonal signal vectors are used on an AWGN channel
with two-sided noise power spectral density of N,/2 watts/Hz.

. 2{ VEe;,  i=1,..,M/2
' —Si—mjz L=M/2+1,..,M

where the unit basis vectors e; have length M/2, and e; is a vector containing all 0's except for a 1
in the i-th coordinate.
(a) Obtain a union bound on the probability of symbol error as a function of the received bit
energy-to-noise ratio Ep,/N,. [10 points]
(b) Forthe case M = 4, obtain an exact expression for the probability of symbol error as a function of
the received bit energy-to-noise ratio E}/N,. [6 points]
(c) Assuming a baud period of T seconds and M = 8, specify and/or sketch one possible set of
bi-orthogonal waveforms {s;(t)}2.,. [2 points]
(12%) For each of the overall system responses in Fig. 1, Sg(f) = G(f)H(F)C(f), where G(f) is the

transmit filter, C(f) is the receive filter, and H(f) is the channel. For each channel, determine if one

can signal at a rate which would result in zero IS, and if so what the signaling rate (bits/second) is.
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4. (25%) A message signal m(¢) =sin(27¢)is transmitted using amplitude modulation (AM). The
modulated signal is given by x,,,(f) = (1 +/m(t)) - cos(207z¢t) where k denotes the modulation index.
Answer the following questions.

(a) Determine and sketch the spectrum of x,,,(¥), i.e., the continuous-time Fourier transform of the
modulated signal. You need to label all the important quantities on the x- and y-axes. Does the
bandwidth of x,,,(#) depend on &? [10 points]

(b) Suppose that k=1.5. Pass x,,,(t) through the ideal envelope detector. [The ideal envelope

detector outputs the envelope of its input signal.] ~ Sketch the output of the envelope detector.

Also give the mathematical expression of the output of the envelope detector. [10 points]
(c) [continued from part (b)] Can the message signal m(t) be successfully demodulated by the ideal
envelope detector? Explain briefly. [5 points]

5. (25%) Consider the following multi-path channel model:
y(n) = 0.5x(n) — 0.5x(n — 1)
where
x(n): input of the channel, and
y(n): output of the channel.
(a) Isthis a causal channel? Justify your answer. [5 points]]
) s this a memoryless channel? Justify your answer. [5 points]
(c) Determine and plot the channel’s unit impulse response. [5 points]
(d) Determine the channel’s frequency response. Plot the channel’s magnitude response. [10 points]




