ECE 4260 Problem Set 7 Solutions

Problem 7.1

(a) A discrete-time random process has sample functions of the form: X[n] = A where 4 is a
Gaussian random variable of mean 2 and variance 1.

& (i) Find the mean of X[n].
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“f (ii) Find the power in X|[n].
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‘1’ (iii) Find Rx[m;, my|, the autocorrelation function of X|[n].
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» (iv) Is X[n] deterministic or not? Justify your answer. .
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(b) W{n] is zero mean discrete-time WSS white noise with spectral height of 1.
(i) What is its power?
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Win] is put through an ideal lowpass filter with gain 1 and cutoff 7/3 radians. The
filter’s corresponding impulse response is 31—:—;2 The output is Yn].
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(iii) Find the variance of Y[n]. a | 1/
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(iv) Find Ryw|[m]
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(c¢) G[n] is stationary, zero mean, and has autocorrelation function as sketched below:

(i) I G[n] is Gausslan, find the joint PDF for [G[1], G[2]]
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(i) Find 5 f S¢(w)dw where Sc(w) is the power spectral density of G[n].
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(iii) G[n] is input to a Sjrstem with impulse reéponse equal _fo dn — 7] (i.e., a delay by 7).
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(d) J[n] and K|[n] are independent, zero mean stationary random p:rocesses Ryslm] = 2¢7Im;
Rgk[m] = 3e—(m?), ‘

(i) Find the power in 3J[n] — 2K[m]
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(iii) J[r] was obtained by passing unit spectral height white noise through a filter. Find a
possible impulse response for that filter.
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Problem 7.2 (8.22 in Stark and Woods)

Let the system be reprezented by cperator L as y[n] = L{z[n|}. From the definitionh[n] =
e . ~ . ~ _ _ _ . ap o 1. L= I:l'. -
L{i[n])} with §[n] being the dizcrete time impulse function d[n] = { 0 " | Mext, uzing

. elae
the shifting representation, we write the input sequence az z[n] = ¥ 1o =[k]é[n—k]. Then
we Can compute
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Therefore ¥ [n] = X[n| « k[n] too. Note that in order to interchange the cperator L and the
infinite summeaticn cperator EEM: we generally need that kln] be absclutely summable,
ie. %7

BT o |B[n]| < o0, & stable system. Stable cperators L are continuous in the senze that
a2 small change n the Input szequence = results in 2 bounded change in the cutput sequence .
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where the interchange of the infinite sum and the integral is permitted if the sequence a iz

absolutely summable, ie. 5 °°

(c) We have y[n] =

la[n]| < =c.
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Note that the interchange of the infinite sums in the steps above can be justified if the infinite
sum 375 x[k]h[n—k] converges uniformly. This occurs when Y727 |x[k]|-|hln—k]| < co.

Problem 7.3 (8.24 in Stark and Woods)

. |a) We are given that

Kyy[m]

(b) To get white noise

o 15 a real constant, but in general o could be complex.
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. we try o real and take m = 1, then we set
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This also works, i.e. gives zero for Kyy|m| for m < 0, thus @ = p is a solution. The value
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alzo works to produce white noise at the system output.



(¢) For m = 0, we then get the variance of the white noise sequence ¥
I.’.T%r = gil+a’— g — o)
ai(l— pz_]._ with the choice o = p.
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Alternatively, with the choice oo = p™, we get cr:?, = {p_g —1).

Problem 7.4 (8.26 in Stark and Woods)

(a) From the problem. Y [n] = h[n| + [W[n] + X[n]], =0
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(b) The second moment of the real-valued random sequence 1™ is given as:
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{c) For the covariance function of ¥, we have
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where g(m) = Kyy[m], the WSS covariance function. Continuing on,
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Thus Kyv|[m,n| = Kyy[m—n|=p™

Thus Kyy[m,n]=EKyym—n]=p"
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Problem 7.5 (8.32 in Stark and Woods)

We are given Ry x[m] = 10e~*MIml L se—2Iml with A
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Problem 7.6 (8.36 in Stark and Woods)

For thiz system
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Here, the triangular finite-support sequence triag|-] is specified as follows:
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