Solutions to Chapter 10 Exercises

Problem 10.11

Let -
s(t)= Y skexp(j2mfot).
k=—oc0
Then
s(t—=T) = Z sk exp(j2m fo(t = T))
k=—00
Rxx(t) = lz > swsh exp(j2mk fo(t — T) exp(—j2rmf,(t +

= Z > spsh, exp(j2m(k — m) fot) exp(—j2mmf,7)

Elexp(j2n(k — m)f,T)]
Elexp(j2rn(k —m)f.T)] = — /ta exp(j2m(k — m)fou)du

0 k#Em
o 1 k=m

Rxx(t) = |9k| exp(—j2nkf.7)

Sxx(f) = |sel*0(f — kf.)

s

T—T)

Hence the process X(t)=s(t-T) has a line spectrum and height of each line is given by the

magnitude squared of the Fourier series coefficients.
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Problem 10.15
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Rx x(t1,t2) = Efcos(w.ty + B[ni]7/2) cos(w.tz + Blna|m/2)],

where n; and ny are integers such that n,7 < #; < (n1 + 1)T and noT <
ta < (n2 + 1)T/. For t1,ts such that ny # no,

Rx x(t1,t2) = E[cos(w.t1 + B[ni|7/2)] E[cos(w.ts + Blna]m/2)] = 0,

while for ¢, t5 such that n, = na,
1 1
Rx x(t1,t2) = 3 cos(we(ty —11)) + ;E[('OS(Wc(fz +11) + 7 B[n4])]

1 1
= 5 cos(we(t2 — 1)) — 5 cos(we(t2 + 1))

Since this autocorrelation depends on more than just #; — 2, the process is
not WSS.
(b) From part (a),

0 if £, + 7 are in different intervals,
RX_‘,\’(t,t‘}‘T) == 1 . o 1l s 9 f PR . l . . "l

5 cos(w.T) — 5cos(w.(2t + 7)) ift,t+ 7 are in in the same intervals.
Since the process is not WSS we must take time averages.

R x(r) = (R (1, +47)) = (1=p(r)) (0)+p(r) (3 cos(w,) — cos(wo(26+7)),

~ -

where p(7) is the fraction of the values of ¢ that lead to t and ¢ + 7 being in
the same interval. This function is given by

‘ ] 0 |7| > T,
p(7) = 1-& 7)<

Therefore,
p(r) = tri(t/T)
1
Rxx(1) = §t1‘i(T/T)(‘OS(w‘CT)

Sxx(f) = %FT[tri(‘r/T)] « FT[cos(w,T]

using Table E.1 in Appendix E in the text,
... 5, . - .
Sxx(f) = {TSCA(T) + (8(f = £) +6(f + £.)

_ %(smc?((f = fo)T)) +sinc*((f + fo)T))

Problem 10.19
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(a) The absolute BW is oo since S(f) > 0 for all |f| < oc.
(b) The 3dB BW, f; satisfies

1
(L+(f3/B)?)?

= f3 = By/2/3—1=0.5098B.

[N)

—ox — (L+(f/B 1+ 22)3
. Zp3®  B?
2 _ 8 -
Brms - STTB - ‘_))
B
Brms = .
V3
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Problem 10.23

(a)
Ele)] = E[(Y[n+1] —aiY[n] —a2Y[n —1))%
= R))[O](]. + (1? + (l%) — 2(11(1 — (lg)R)’_y[l] — QGZR})[Z]
(b)
. 2
%{E] = 2a,Ryy[0] —2(1 —az)Ryy[1] =0
= Ryy|0lai + Ryy[l]az = Ryy[l]
aE[G_] = QO‘QR)".Y [0] — QR}}[Q] + QG-IR):}'[].] =0
()(12
= R);y[l](l.l + R}:)'[O](lg = R,;;-[Q]
Ry y[0]Ryy[1] a1]1 _ [Ryy[1]
= [ Ry y (1] R):)'[O]J [02] B [RY.Y [2]]

a1 1 Ryy[0]Ryy[1] — Ryy[1]Ryy[2]
= [(12 ] R34 [0] — R34 [1] [ Ryy[0]Ryy (2] — R§y (1] ]
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