Appendix D

Answers to Selected Exercises

13@): Z{h}=H(1/z2); Z{g}=H(@H"(1/z")

1.4(a):
b (w) = o’ [1+ 1b11> + bre ™ + be']
(1 +aje=@)(1 4+ afei®) !
2
rO =5 - biai > + b1 P (1 = i)}
(k) = o’ b (1—bfa)} (—a)t,  k=>1
T TP ar e =

1.9(a): ¢, (0) = o|H\(®)> + po10s [Hi(w)Hj (@) + Ha(w)H} ()] + 07| Ha (w)|?

2.3: Ap example is y(¢) = {1, 1.1, 1}, whose unbiased ACS estimate is 7(k) = {1.07, 1.1, 1},
giving ¢(w) = 1.07 4 2.2 cos(w) + 2 cosQw).

24(b): var{i(k)} = o*@®(k)(N — k) [1 + 8¢.0]

2.9: .
2 (= 2
% _ o i(wr—wp)t _ o k =7
(@) E{Y (on)Y*(wr)} = N ;_0 e = { 0 ktr

(¢ E {(;Aﬁ(w)} =02 = ¢(w), s0 $(w) is an unbiased estimate.
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3.2: Decompose the ARMA system as x(¢) = ﬁe(r) and y(t) = B(z)x(¢). Then {x(z)} is an
AR(n) process. To find {r,(k)} from {02, ai ...a,}, write the Yule—Walker equations as

1 0 Vx(()) 0 a ... ap r;(o) 02
a . rxfl) N 0 r;‘.(l) _ 0
: " . ca, 0 : :
an ... a1 re(n) 00 ..0 ry(n) 0

or
2
Aqry +A2r; = |:g :|

which can be solved for {r,(m)}" _,. Then find r, (k) for k > n from equation (3.3.4) and r, (k)
for k < 0 from r;(—k). Finally,

r(k) =Y rlk+p—j) bb}

j=0 p=0

1 1]
34: o =E{le,(O)} =1 6] 1Ru+1 [9;. ] =[1 6;1RS,, [Gb } giving 0, = 6y and o = 0.

3.5(a):

Cm 0
C1 0
R gm +1 1 = 03'2
di 0

314: ¢, =)/, air(¢ —i) for 0 <€ <p, where (k) = r(k) for k > 1, 7(0) = r(0)/2, and
r(k) =0 for k < 0.

3.15(b): First solve for by, ..., b, from
Cn Cn—1 " Cn—m+1 by Cn+1
Cn+1 Cn o Cn—m+2 b2 Cp42
Cntm—1 Cn4m—-2 --- Cn bm Cn4m

Then ay, ..., a, can be obtained from a; = ¢ + Z:"zl bici—;.
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4.2:

(@) E {x(1)} = 0; ry (k) = @* +o2)e! 0

(b) Let p(p) = Z}:o:_oo cre ¢ be the Fourier series of p(¢) for ¢ € [—m, w]. Then E {x (1)} =
&"’zl:m c1. Thus, E {x(¢t)} = 0 if and only if either @ = 0 or ¢; = 0. In this case, r, (k) is the same
as in part (a).

5.8: The height of the peak of the (unnormalized) Capon spectrum is

2 2
1 (@R @@l gy = ot
m



