5.35. (a)
20log,o | H(e**/3)| = 0o = pole at &/(=/3)
20 logo |H (e7*/®)] = —o0 = sero at &/(2*/3)
Resonance at w = 3f = pole inside unit circle bere.
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(b) Since H(z) has poles, we imow h{n] is ITR.
(c} Since Afn] is causal and IIR, it cannot be symmetric, and thus cannot have linear phase
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5.38. (a) mumdm:hwmﬂummpmwwmmwtdrde. Therefore

H(z)
Hy(z)

Hy(z)

Hi(z)

(1 — 0.9¢%06% 2~1)(1 ~ 0.9¢~097572)(1 - 1.25¢°47 271 )(1 — 1.25e77047271)
(0.9)2(1.25)2(1 - (10/9)e”***2=1)(2 - (10/9)e= 7% 27%) -

(1 — 0.8e787;-1)(1 = 0.8~ 704 271)

{0.9)*(1 - (10/9)e™**s~)(1 ~ (10/9)e= %271 )(1 — 1.25¢™4"2"1) .

(1 - 1.25¢ 408 ~1) _

(1.25)%(1 - 0.9¢#7z~1)(1 — 0.9¢~#4:~1)(1 - 0.8¢7%:71).

(1 — 0.8¢=70-07 1) )

H:(z) has all its zeros outside the unit circle, and is a maximum phase sequence. Hi(z) has al its
zeros inside the unit circle, and thus is 2 minimum phase sequence.

(b)
H(z) = 1+25788z7%+3.49752~% 4 2.5074z~" + 1.2656z "
hln] = &[n]+ 2.57888[n — 1] + 3.49758[n — 2] + 2.5074é[n ~ 3] + 1.26565(n - 4]
Hi(z) = 1.2656+2.5074z" +3.4975:~% + 2.57882x7% 4 2~
hi[n] = 1.265648(n] + 2.5074[n — 1] + 3.49758[n - 2] + 2.57884[n - 3] + &[n — 4]
Hy(z) = 0.81+2.1945:~ 4 3.3006z-2 + 2.89172™ + 1.5625z™"
Bofn] = 0.815[n] + 2.19456[n — 1] + 3.39065[n — 2] + 2.89174[n — 3] + 1.56254(n - 4]
Hy(z) = 1.5625+ 28917z + 3.39062~2 +2.1945:7% + 0.81™
hafn] = 1.56258[n] + 2.89174[n — 1) + 3.39065[n — 2} + 2.19454{n - 3] + 0.814[n — 4]
{¢)
n | E(n) | Er(n) | Ba(n}) | Ea(n)
0| 16| 16| 07] 24
1} 77| 79| 55 108
2] 199 201 170| 223
3| 262] 268 253| 271
4| 278| 278 278| 278
5| 278 27.8| 278 278
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5.40.

(i) A zero phase sequence has all its poles and zeros in conjugate reciprocal pairs. Generalized
_ linear phase systems are zero phase systems with additional poles or seros at £ = 0,00,1 or
-1.
(ii) A stable system’s ROC includes the unit circle.
{a) The poles are not in conjugate reciprocal pairs, so this does not bave zero or generalized linear
phase H;(z) bas a pole at z = 0 and perhaps z = co. Therefore, the ROC is 0 < |2 < o, which
means the inverse is stable. If the ROC includes z = oo, the inverse will also be causal.

(b) Since the poles are not conjugate reciprocal pairs, this does not have sero or generalized linear
phase either. H;(z) bas poles inside the unit circle, s0 ROC is |z] > § to match the ROC of H(z).
Therefore, the inverse is both stable and causal.

(c) The zeros occur in conjugate reciprocal pairs, so this is a zero phase system. The inverse has poles
both inside and outside the unit circle. Therefore, a stable non-causal inverse exists.

(d) The zeros occur in conjugate reciprocal pairs, so this is a zero pbase system. Since the poles of the
inverse system are on the unit circle a stable inverse does not exist.



5.42. (a)

Ale*) =1, ll<x
#w) = —ow, pj<x
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(<) If o is an integer, then A[n] is symmetric about about the point n = a. fo =4, where M is odd,
then hin] is symmetric about A | which is not a point of the sequence. For a in general, h[n] will
not be symmetric.



5.57. (a)

z[n] = s{n]caswon = -21-3[1:]:’”’“ + %s[n “iuen

X(e) = %S{Eﬁw—w)) + %Suﬂw-&w}.}

vln] = % 5[:1]:”"""'“] + % s[n]e~I(won—%)
= s[n]cos(won — o)

(b) This time,

Y(e™) = H{e“) X(e¥) = %c'”‘:"“’"‘S{eﬂ“"‘”""} + -lz-eme'imsuﬂ“*wl)

vn] = dn-nde (%afn]aw-*-* + %s[ﬂ]e'ﬂ""“"‘})

= d[n — ng] * s[n]cos(won — ¢o)
= s[n - ng)cos{won — wong — o}

Therefore, if ¢, = ¢o + wgng then
yln] = s[n - ng) cos(won - ¢;)

for narrowband s[n].

©
Tgr = —j:;—dngH(\BJH}] = -%{-h --md] = N4
= - LarglH(E)] = - {-do —umd = & - ng
w w w
y[n] = sin — 7gr(wo)] cosfwn(n — 7an{wn))]

{(d) The effect would be the same as the following:

(i) Bandlimit interpolate the composite signal to a C-T signal with somerateT
(ii) Delay the envelope by T - 7,,, and delay the carrier by T - Tpa.
(iii) Sample to a3 D-T signal at rate T



