Chapter 3

3.1

— 4272 ROC: 0 < 2| < 0

Il
w
&

ot
_|_
oy
+
w
|
o

X(z) = Z x(n)z="

n

1
_ Z(i)nzfn
n=>5
- Y
= 2z
_ Z(l —1)m+5
2
m=0
27t 5 1
= (7) 1 1
_ (2 Roci st
oo T

3.2

= Z(l +n)z™"
n=0
SRS Wi
n=0 n=0
oo . 1
n=0
59

© 2007 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws
as they currently exist. No portion of this material may be reproduced, in any form or by any means, without permission in
writing from the publisher. For the exclusive use of adopters of the book Digital Signal Processing, Fourth Edition, by John G.
Proakis and Dimitris G. Manolakis. ISBN 0-13-187374-1.



-1

[e o]
and anfn = 27_12 ROC: |z > 1
~ (I—271)
1—271 271
Therefore, X(z) = A= 172 + -1y
B 1
(1 =12
(b)
o0
X(z) = Z(a" +a M)zT"
n=0
_ Z a2z " =+ Za—nz—n
n=0 n=0
> 1
But Zoa”zfn = 1 et ROC: [z] > af
oo 1 1
and a"z7" = ———— ROC: |z]| > —
2 (i L a
1 1
Hence, X (z) = P + P
2—(a+ L)z71 1
_ ( a) - ROC: |z| > max (|a|, —)
1-az")(1-1-1) |al
()
oo 1 B
X(z) = Z(_§)"Z n
n=0
1 12| > 1
_ 2> =
1+ 32717 2
(d)
X(z) = Z na" sinwonz""
n=0
= na |\ ——5o | %
n=0 2‘7
1 aelvoz~1 aeJwoz 1
Y] [(1 —aeiwoz=1)2 (1 — ae*j“"’zfl)J
laz™ — (az™1)3] sinwy
= )zl > a
(1 — 2acoswoz=1 + a?z=2)2
()
X(z) = Zna”coswonzfn
n=0
> edwon 4 e—Jwon
e
2
n=0

60

© 2007 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws
as they currently exist. No portion of this material may be reproduced, in any form or by any means, without permission in
writing from the publisher. For the exclusive use of adopters of the book Digital Signal Processing, Fourth Edition, by John G.
Proakis and Dimitris G. Manolakis. ISBN 0-13-187374-1.



But Z

oo

n=1

Therefore,

1 n—
an(g)

1 aeiwoz=1 ae—iwoz~1
2 {(1 —aedwoz=1)2 (1 — ge~Twoz—1)2
[az7 + (az71)3] sinwy — 2a%2~2 R
(1 — 2acoswoz=' +a?z=2)2 Aoa
oo
A Z r"cos(won + ¢)z7"
n=0
i Jwon gj¢ —Jjwon ,—j¢
AZT” {e € +2e € } 27"
A % c—id
2 [1 “reiwos 1 1 re*j“’oz*l}
" cos¢ — rcos(wy — @)z 71 2] > r
1 —2rcoswoz=1 +1r2z=2|’

= 1
X(z) = 5 n? + n)( )" ly=m
n=1
“1,-1 _ (%) _ z7!
( %z 1)2 (1_%271)2
lzfn _ Z_l + %2_2
RO TRE
1 21 2714 172
X(z) = = { + 3
2[(1—32712  (1—3z71)3
271 1
= zZl > 5
(1 éz—l)S 2 3
o0 o0
1 n,.—n 1 —
= 2= @
2 2
n=0 n=10
_ 1 (%)1%710
1— %2*1 1— %2*1
1= (zzH)? o] > 1
N 1—3z71 7 7%

The pole-zero patterns are as follows:
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a) Double pole at z =1 and a zero at z = 0.

b) Poles at z =a and z = 1. Zeros at z=0and z = 3(a + 1).

Pole at z = —2 and zero at z = 0.

d) Double poles at z = ae?™ and z = ae~7"° and zeros at z = 0, z = =+a.

e) Double poles at z = ae/™° and z = ae~7* and zeros are obtained by solving the quadratic

acoswyz® — 2a%z + a®coswy = 0.

(f) Poles at z = re?®° and z = ae~“° and zeros at z = 0, and z = rcos(wy — ¢)/cos¢.
(g) Triple pole at z = % and zeros

at z=0and z = % Hence there is a pole-zero cancellation so
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that in reality there is only a double pole at z = % and a zero at z = 0.
(h) X(2) has a pole of order 9 at z = 0. For nine zeros which we find from the roots of
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Note the pole-zero cancellation at z = %
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= hin) = n’u(n)

Triple pole on the unit circle =+ the system is unstable.
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zeros at z = 0,2, and poles at z = }, . Hence, the system is stable.

Impulse Response: X(z) = 1
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