Chapter 9

9.1

(a) H(2) =142z + 3272+ 4273 + 3274 4+ 227° + 276, Refer to fig 9.1-1
(b) H(2) =1+ 2271 +3272 + 3273 + 2274 + 275, Refer to fig 9.1-2

x(n) 71 z1

-1 .

9.2

Refer to fig 9.2-1

Aq(z) = H(2)
B4(Z)
Hence, K4

Ag(Z)
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Figure 9.1-1:

14288271 +34048272 +1.74272 404274
0.4+ 1.7427" +3.4048272 + 2.88273 + 274
0.4
Ay(z) — kaBy(2)

1— k2
1426271 +2432:7240.727°2
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x(n) 1 1 7l 7l . S -

y(n)
Figure 9.1-2:
Bs(z) = 0.742432271 42622+ 273
Hence, K3 = 0.7
As(z) — kgB3(z)
A = P S S
2(2) TR
= 14176271 +1.2:72
By(z) = 1.2+1.76z7 1 4 272
Then, Ko = 1.2
AQ(Z) — kQBQ(Z)
A = =~ 7 = =7
1(2) 2
= 1+0.8271
Therefore, K1 = 0.8

Since Ko > 1, the system is not minimum phase.

9.3

Viz) = X(2)+ %zfl‘/(z)

v(n) = z(n)+ %v(n -1

Y(2) = 2BX(2)+V(2)]+2:"'V(2)
_ 8§— 21
- 1-0.5271

h(n) = 8(0.5)"u(n) — (0.5)" tu(n — 1)
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x(n)

o fa0=yo)

' '
Z_l + z'l Z_l + Z—l

x(n)
0 A/
(b)
Figure 9.2-1: (a) Direct form. (b) Lattice form
94
3zt 1+ 221
H =
=) ot 1+3271  1—1z71
1 n—1 1 n 1 n—1
h(n) = 5d(n)+ 3(75) u(n—1)+ (5) u(n) + 2(5) u(n —1)
9.5

9,1 _ 5,2

H(z) = — Ot =52
(1432711 - 3271
6+ 220 — 22_2

_ 1, _1,-2
1 g% 5%

Refer to fig 9.5-1

9.6

1 n 1
171)1271 171)2271
1-— (bl + bg)z_l

For the first system, H(z) =

H
(2) 1 — b1z D1 — oo 1)
co + clz’1
For the second system, H(z) = A=D1 D)
clearly, ¢g = 1
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x(n) —— —=y(n)
Z'l
1/6
Z'l
-5/3
Figure 9.5-1:
1 — (b1 + b2)
d = b
ag bg
9.7
(a)
y(n) = ay(n—1)+ agy(n —2) + box(n) + bix(n — 1) + box(n — 2)
H(z) . bo +blzfl +622’72
1+a1z71 +ag22
(b)
1 2 —1 —2
H(z) — +2z7 "+ 2z
14 1.527140.9272
Zeros at z = —1,—-1
Poles at z = —0.754 50.58
Since the poles are inside the unit circle, the system is stable.
142271 4272
H = —
(2) 142712272
Zeros at z = —1,—1
Polesat z = 2,—1
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The system is unstable.

(©)
z(n) = cos(gn)
1
H =
) T+21-09922
1
H = - -
(w) 1+ e 9w —0.99e—72w
H(g) = 100e /%
Hence, y(n) = 100005(ﬁn - E)
3 3
9.8
y(n) = Jy(n—2)+z(n)
1
H =
() 1—3272
(a)
11,1 1
h _ “\n Y
0 = |G+ 5] um
1 1
H — 2 2
=) 1—-3z71  141z71
(b)
1 n 1 n
o) = |G+ (=5 utn)
1 1
X =
(2) [ e
2
X =
(2) 1 iz—Q
Y(z) = X(2)H(2)
B 1 Lo, —527 ! N 1z
I L B V= Vo CREN (S P b
vn) = )+ (5" () 4 n(-3)" | uln)
(c)Refer to fig 9.8-1
(d)
1
H(w) = 71 — ie_]Qw
4 .
_ / —tan-] sin2w
V17 — 8cos2w 4 — cos2w
Refer to fig 9.8-2.
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Direct form 2

~ cascade form
+ y(n)
o o) ——( 4 () v
D
D D
12 -1/2
D
| v ]
Parallel form
v2 0 D
+ + n
N e
D
12
x(n) —=
V20
|
D
-1/2
Figure 9.8-1:
Magnitude of H(w)
14 T T
El.z .
T
AN
|
Pl ]
08 | | |
0 0.5 1 15 2 25 3 35
Phase of H(w)
g 0.2F b
T
©
o Of 7
c
S
AN
I
I -0.2| B
0 0.5 1 15 2 25 3 3.5
Figure 9.8-2:
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9.9

14 Lz71
H(z) = 5 3 5
1-— 12_1 + §2_2
B 1+ 3271
N (1- %z—l)(l — iz—l)
10 _T
3 3
= -
1—3z71  1—2z71
Refer to fig 9.9-1
(b)
Direct form |: Direct form I1:

Cascade: Paralldl:

10/3

o

=713

Figure 9.9-1:

0.7(1 — 0.3622)

140121 —0.722-2

0.7(1 — 0.6271)(1 + 0.621)
(140.9271)(1 - 0.8271)
0.1647 0.1853

1+092-1 1-08z1!

0.35 —

Refer to fig 9.9-2
(c)

3(141.2271 +0.2272)

H =
(2) 110121 —02:-2
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Direct form |: Direct form I1:

Parallel:

X(n)

Figure 9.9-2:

3(1+022"YH)(1 4271
(1+0.52=1)(1 — 0.421)

7 1
1-04z"1 140521

- -3+

Refer to fig 9.9-3
(d)
21— 27 H(1+ V2271 +272)
(14+0.5271(1 -0.92—1 +0.8272)
24 (2v2 —2)z7 4+ (2 - 2v2)272 — 2273)
1—-0.427140.3622 + 0.4052—3
A B+ Ozt
1405271 + 1-0.927140.8271

H(z) =

Refer to fig 9.9-4

(e)
14271
H =
() 1—4z71— 1,2
_ 14271
(1 -0.81z71)(140.31271)
1.62 —0.62

1-0.81271 + 1+0.31271
Refer to fig 9.9-5
—1 -2
(f) H(z) = % = Complex valued poles and zeros.Refer to fig 9.9-6 All the above
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Direct form I: Direct form I1:

Figure 9.9-3:

systems are stable.
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Direct form I: Direct form I1:

Figure 9.9-4:

Direct form I: Direct form I1:

y(n)

Cascade: Paralldl:

Figure 9.9-5:
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Direct form I: Direct form |1, cascade, paraldl:

/D y(n)

Y x(n) + I
71
1 -1
+ +
1
05 [ 1
Figure 9.9-6:
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9.10

Refer to fig 9.10-1

Eﬂ_@ﬂ“_)_@w(nl oliwnd) _Fsinwy ’@74“)
Figure 9.10-1:
1
Hz) = 1 - 2rcoswgz—! +r2z32
(1) V() = X(z2)-rsinwgz"'Y(z)
(2) W) = V(2)~reoswoz ' W(z)
(3) Y(2) = reoswpz" Y (2)— rsinwgz"W{z)
By combining (1) and (2) we obtain
@) W) = _1_____)((z) _ W_My(z)
71— reoswgzr™! 1 — reoswgz ™!
Use (4) to eliminate W(z) in (3). Thus,
Y(2)[(1 - reoswoz"1)? +r2sinfwoz %] = X(z)
Y(2)[1 — 2rcoswoz"* + (r*cos*wo +r%sin*we)z ™% = X(2)
Y{z) _ 1
X(z) = 1—2rcoswgz—!+r?z2
9.15
H(z)=Ag(z) = 142271+ %z‘z
By(z) = %-}-22 Ly 2
1
kz = 5
Ag(z) e szz(z)
A = /L o
1(.2) 1— k%
= 14 g-z"l
3
kl = '2-
9.16
(a)




48
.83(3)
Hl (Z)
zeros at z = —1,¢%73%
(b)
H-g(z)

The zeros are z

Az(z)
27 Ba{z)

][R

|

=A3{z)=1+2"=>

Ag{z) — 27 By(2)

2

1+ 32 - 3z
—~5 % 4+/11
1,-—6

-2

-3

(c) If the magnitude of the last coefficient {ky| = 1, i.e., ky = %1, all the zeros lie on the unit

cirele.
{d) Refer to fig 9.16-1. We observe that

2

the filters are linear phase filters with phase jumps at

-

(]

-

———= phase of H1(w)

1
o

0.05 0.15

o

0.1

0.2 0.25 0.3 0.35 0.45

——= freq(Hz)

0.4 0.5

N

[=]

--—> phase of H2(w)
(5]

|
s

1 1 1

o

0.056 6.1 0.15

0.2
——-= freq(Hz}

0.25 0.3 0.356 0.4 0.45 0.5

Figure 9.16-1:

the zeros of H(z).



9.18

C3(2)
H(z) =
(2) As(2)
Az(z) = 1409271 —0.82"2+0.5273
Bs(z) = 05-082"14092724:.73
ks = 0.5
As(z) — ks Bs(z)
A = =2 o
2(2) 1- k2
= 14173271 —1.67272
By(z) = —1.67+1.73271 4272
ko = —1.67
AQ(Z) — ]{7232(2)
A = = emes
1(2) 1- k2
= 1+1.6227¢
Bi(z) = 1.62+42z7!
khk = 162
C3(z) = 1422143724273
D3(z) = 243271 422724273
ks = 2
_ C3(2) — k3Ds(2)
Ca2) = 1- k2
4 1
= 1 + 5271 =+ ngz
1 4
Dy(z) = 3 + ngl + 272
1
kQ == g
_ CQ(Z) — kQDQ(Z)
Gilz) = 1— K2
3
= 1 + 1271
3
Di(2) = 1 + 271
3
kl = Z
C3(Z) = g+ UlDl(Z) + UQDQ(Z) + Ung(Z)

14227 43272492273

From the equations, we obtain

R (U
T
_ B
v = 4
Vo = —1
V3 = 2
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The equivalent lattice-ladder structure is: Refer to fig 9.18-1
(b) A3(2) =1+0.9271 — 08272+ 0.5z7%,  |k1| > 1 and |kg! > 1 => the system is unstable.

A )
-1.67 1.62
Zz -1 + z-1 + z R -
‘ U O
V2=- Vl“-=-l3f4 VG =_107M18
D " .
W, . (e
Figure 9.18-1:
9.35
y(n) = QIO.15(n)] -+ Qlay(n — 1)
(a)
yn) = Q010(n)]+ QU.5y(n — 1))
y0) = Q=3
W) = Q=0
y(2)=y(B)=y4) = 0

no limit eycle

(v)
W) = QU.L(m)]+ QU.T5y(n~ V)
yo) = Q1=
y(1) = Ql% =%
W) = QL] =1
W@ =) = 3

limit cycle occurs
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9.38
(a)

h.z (?’L)

h(n)

(b)

1 n
() ulm)
RG)" - ()l

o o0
20% > h2(n) +20% Y h3(n)

n=0 n=0
64 16
ﬁ”gx + E"gz

ng Z h? (n) + ng Z h% (n)

64 4
5031 + §‘732
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