EE 132A Spring 2016 Midterm
Introduction to Communication Systems Wednesday, April 27, 2016
Instructor: Lara Dolecek

Maximum score is 100 points. You have 110 minutes

to complete the exam. Please show your work.
Good luck!
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1. (20 pts) Let X and Y be independent continuous random variables, with X uniform
on [0,1] and Y uniform on [0,2]. Let Z(¢) be a random process defined as

Z(t) = X cos2m ft + Y sin 2x ft.

(a) Compute mean and autocorrelation of Z(t).
(b) Is Z(t) strict sense stationary ? Provide an argument.

(c) Is Z(t) wide sense stationary ? Provide an argument.
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2. (20 pts) Suppose a strict sense stationary random process X (¢) has power spectral
density Sx(f).

(a) What is the power spectral density of the random process Y (t) given by Y (£) =
X(t) — X(t —T), where T is an arbitrary positive constant.

(b) Is the process Y (t) wide-sense stationary ? Justify your answer.
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3. (20 pts) Baseband signal m(t) has the power spectral density as shown in figure 1(a).
Signal m(t) passes through a DSB amplitude modulator. The signal at the out put of
the modulator is named as u(¢). Then, u(t) is fed to a channel with additive noise that
has a power spectral density Ny/2 within the passband of the signal. Name the output
of the channel as r(t). Signal r(¢) passes through a demodulator followed by an ideal
low-pass filter with bandwidth W and signal 1.(¢) is recovered at the output of LPF.

(a) Sketch the power spectral density of signals u(t), r(t), and m(t).
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Extra work space.
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4. (20 pts) Let z(t) = Asin(27 ft+6). Sketch the frequency representation of z(t) and the

frequency representation of its in-phase and quadrature components,
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Circling the correct answer is worth +2 points, circling an incorrect answer
is worth —1 points. Not circling either is worth 0 points.

5. (20 pts) True or False.

(a) Power spectral density is the Fourier transform of the squared mean of the given
\/ random process.

TRUE

b) If X(t) is a Gaussian random process, then it is completely specified by its mean
and autocorrelation functions.

FALSE

\/(c) For two WSS random processes X (t) and Y (), Rx,y(7) = Rxy(—T).

TRUE

(d) Consider an LTI system described in time by a delta function. Then. power
/ spectral density of the output is half the power spectral density of the input.

TRUE

(e) Auto correlation of a random process X (t) can be negative.
TRUE
/' (f) Hilbert transform of §(t) is =.

TRUE

(g) For a bandpass signal z(t) of bandwidth W and centered at frequency fy, its
lowpass representation z(t) does not have any frequencies larger than fo + W/2.
v TRUE)  FALSE A Asnminy £50
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l/ (h) If X, Y, and Z are jointly Gaussian random variables, then each of X, Y, and Z
is a Gaussian with mean 0.

TRUE FALS

\/ (i) Two random processes that are independent and each is WSS, are jointly WSS.

ARUE  FALSE

</ (j) DSB-SC AM requires half the bandwidth of SSB-SC AM.
TRUE (F@




