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sub-tasks have to be treated correctly as partial fulfillment to pass
the exam. Tasks 2-6 yield at most 5 points each. Sloppy solutions
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1 At least two of the following three sub-tasks have to be treated correctly as partial
fulfillment to pass the exam:

a. Define the concept wide-sense stationarity for a time-discrete process.

b. A time-continuous filter has frequency response

3, 1<|f],

0, elsewhere.

H(f) =

The input X () to this filter has PSD Rx(f) = Ro. Determine the PSD of the
output.

c. Consider a time-continuous Gaussian process, X (¢), with mean zero and ACF
rx(7) = sinc(T).

Determine the ACF of the process Y (t) = sgn(X(t))

2 Let X (t) be an ergodic process with ACF
rx(7) =1+ sinc(7).
X(t) is the input to an LTT system with impulse response
h(t) = e tu(t),

where u(t) as usual is the time-continuous unit step. Determine the mean and PSD
of the output.

If there is more than one solution, then determine all solutions.

3 A certain sampler is subject to a quadratic error according to the following expres-
sion.

Y[n] = X(nT) + eX?*(nT),

where € is a real constant. The input X (¢) is in this case a Gaussian process with
mean zero and ACF rx(7).

Express the ACF of the output, ry[k], in that of the input, rx (7). (5 p)
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4 A time-continuous stochastic signal X (¢) with PSD

100( . M) . |f] < 1000,

1000

R _
D=1 1] > 1000,

is sampled and pulse-amplitude modulated according to the figure below.

sampling puls

p(t)

Y (1)

X(t) H(f) G10]

nT

In the figure, there is a time-continuous LP filter with frequency response H(f) and
a time-discrete HP filter with frequency response G|f)], according to

H(f) = 5, [fl <750, Glo) = 2, ;<01<3,
0, |f] > 750. 0, 16 <1,

with G[0] = G[0 + m|, where m is an integer. The pulse-amplitude modulation uses
the pulse p(t) = sinc(fst), and the sampling frequency is f; = % = 1kHz.

a. Determine and draw the PSD of the output Y (¢). (4 p)
b. Determine the power of Y (). (1p)
5 The time-continuous stochastic signal X (¢) is defined as

X (t) = Acos(2m fot) + Bsin(27 fot),

where A and B are uncorrelated uniformly distributed stochastic variables over the

interval [—1, 1]. Show that X (¢) is WSS! (5 p)
6 Consider the 2-D space-continuous signals
( ) ]-7 |a’1|<%7|a2|<17 ( ) ]-7 |a1|<17|a2|<%7
x(ay,az) = a,as) =
b 0, elsewhere, v, a2 0, elsewhere.

a. Calculate the 2-D convolution (z ® y)(a1, az). (4 p)

b. Determine and draw (z ® y)(a, a) (1p)
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Formulas on Complex Processes

Complex process: X (t), where X;(t) is the real part, and X5(t) is the imaginary part.

ACF: ry(T) =E{X({t+7)X*(t)}
=13, (7) 4 16, (7) + 5 (7 s (— T) = T (7))
PSD: Ry (f) = Ry, (f) + Ry, (f) + (R, x, (f) = B, x, ()

Formulas on Baseband Representation - Deterministic Input

5(t) is the message and s(t) is the modulated signal, with bandwidth of 5(¢) less than f..

Passband: s(t) = Re{§(t)ej2”f°t} = s1(t) cos(2m fot) — sq(t) sin(27 f.t)
Baseband: 5(t) = si1(t) + jsq(t)
Spectrum: — S(f) = 3(S(f = fo) + 5*(=f = £o)), S(f) =28(f + foyulf + f)

Filtering: y(t) = (x*xh)(t) &  §t)=1(@*h)(1)

where Z(t), h(t) and y(t) are the complex baseband representations of
x(t), h(t) and y(t), respectively.

Formulas on Baseband Representation - Stochastic Input

S(t) is the message with mg = 0 and S(t) is the modulated signal. The bandwidth of S(t)
must be less than f..

Passband: S(t) = Si(t) cos(2m ft + W) — Sq(t) sin(2n fot + V) )
with ¥ uniformly distributed on [0, 27), independent of S(t).

Baseband: S(t) = Si(t) + jSq(t)

Mean: mg =0

TSt (7')+7"SQ (1) TSI,SQ(_T)_TSI,SQ ()

ACF: rg(7) = ——F5——cos(2n f.T) — 5 sin (27 fT)
PSDs: Ry(f) = 7 (Rg(f—fo) + Ry(=f—f)),  Rg(f) =ARs(f+fo)u(f+fe)




