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Relationship of ROC to Causality and Stability

¢ For a causal system

ROC={|z| > |pmax |}
where pyax is pole with largest eigenvalue
e Stability

Asystemis . ROC included
stabile x'-é—.> unit circle

e Conclusion

A causal system all poles lie
is stable é:) within the unit circle
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EE438 —Z-transform Example 1

EE 438 Z-transform Example

Determine the frequency and impulse response of the following causal system.
() == 3(1=2) + x(m)+ (1 =)

Analysis:
Y@)=52 @D+ X+ 27X @

Y(z)(l +%z‘2J= X(z)(l + z")

1+z7"
H(Z) —_~___§___._..

Z(z+1)
2\
Then the region of convergence is:

Causal => h(n) is right sided

1
= ROC ={¢| > b} where b=mkax|pk|=ﬁ

= ROC ={7>1/42}

Pole-zero diagram:




EFE438 —Z-transform Example ' 2

Compute impulse response
| hn)=2"{H(2)}

Use partial fraction expansion (see appendix of Oppenheim, Willsky with Young)

H(z) _ z+1 __ A B
B - 1

1 1 L
(z+]7§Iz—]~\5) Z+Jﬁ ]'JE

z+1

A=

Notice that A= B" because — j/«/i and + j/ 2 are complex conjugate pole pairs.

(1,1 zi_,._l_]
Ho_12 ') 12 '
z L1 1

z+ j——= - j—=
2 )

1

NG

Since the ROC = || >



EE438 — Inverse Z-transform Example -3

h(n) = (1+J—1'2‘ J’J (n)+[§—JJ—I+~) u(n)

Since j=e/%/? and(1+] 1 ———\/———ejtan

Wi

_\/§ jtan'2[ 1 " —jmnl2 __\_@_ —jtan™2 ___1__ " jrnl2
h(n)—Te (——\/—5—} e u(n) + 5 e \/.2_ e u(n)

= _\/_5(_1_) 2005(—7;—11 —tan ! «/Eju(n)

2 V2
h(n) = «/5(:/%) cos(%n —tan ! \/Eju(n)



