B & R A S 101 4 RAR L4 A 4 Kk
#8 B@ARE BRAK BAEFHEEA
R LARMA 2 B RRAASEALHS  SRRAR FADH LEELALARRNEEN  BARRL S -

1. (# 10 %) Explain the following terms.
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(a) Intersymbol interference
(b) Random Variable/Random Process
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(c) Error propagation
(d) Threshold effect
(e) The sampling theorem
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2. (10 2) Apply the Gram—Schmidt procedure to the set of four waveforms illustrated in Fig. 1

and determine the orthogonal signal sets.
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Fig. 1.
3. (3t 10 %) Assume that we uniformly choose a phase ® between /2 and 7/2 and generate a
random process X(¢) in the form of a sinusoid with a fixed amplitude and frequency but with a

random phase 0.

(@) Is the random process X(r) WSS (wide-sense stationary)? Why? S )
(b) Let the random process Y(r) be similar to the random process X(¥), but assume that © is
uniformly distributed between 0 and 2. Is the process WSS? Why? (S 4

4. (3 15 %)Find the power spectral densities and average power of the following signals.

(a) xﬁ0:2quQm+§) G )
(b)  x,(t)=3sin(307) (5 5)
© &UﬁdQMWM—%) (5 4)
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(&£ 10 %) An FM modulator is followed by an ideal bandpass filter having a center frequency
of 500Hz and a bandwidth of 70Hz. The gain of the filter is 1 in the passband. The
unmodulated carrier is given by 10cos(1000nt), and the message signal is m(7)= 10cos(20nt).
The frequency deviation constant kris 8 Hz/V.

(a) Determine the peak frequency deviation and the peak phase deviation. (5 m)

(b) Determine the modulation index. 5 )
(10 %) Determine the 8 x 8 Hadamard matrix.

(# 10 %) Consider the precoding procedure which aims for avoiding error propagation in
duobinary encoding. The data sequence is (xo, X1, X2, X3, X4, Xs, X6, X7) = (+1, -1, +1, +1, -1, +1,
-1, -1). Assume the initial value for the sequence (a,,), which is denoted by a.; , is +1.

(a) Find the sequence () obtained by precoding. (5 o)

(b) Find the sequence (y,) obtained from duobinary encoding of (ay). (S )

(£ 10 %) Consider the linear equalizer.
(a) Explain its functionality. (5 )
(b) Draw the architecture of a three-tap Zero-forcing linear equalizer and express how it

works. (5 %)

(£ 15 4) Suppose that the length of the signaling interval for both 4-QASK and the

one-dimensional 4-ASK, 77, is twice the length of the signaling interval for binary ASK,

(T =27).

(a) What are the information rates of the binary ASK, 4-QASK, and one-dimensional 4-ASK
signals? (5 4

(b) Compare the bandwidth requirements for the binary ASK, 4-QASK, and one-dimensional

4-ASK signals. S )
(c) Fora given probability of bit error, compare the energy requirements for the binary ASK,
4-QASK, and one-dimensional 4-ASK signals. (S o)




