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Figure 3.1 The unit circle in the complex z-plane.
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Figure 3.2 The ROC as aring in the z-plane. For specific cases, the inner boundary can extend inward to the origin,
and the ROC becomes a disc. For other cases, the outer boundary can extend outward to infinity.
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Figure 3.3 Pole—zero plot and ROC for Example 3.1.
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Figure 3.4 Pole—zero plot and ROC for Example 3.2.

Im z-plane

\

~

// _ Unit circle

NIV LTel @ Discrete-Time Signal Processing, Third Edition Copyright ©2010, ©1999, ©1989 by Pearson Education, Inc.
el Alan V. Oppenheim ¢ Ronald W. Schafer All rights reserved.



L’r\, :/v-'*’)’/\)L:J.)

wn] - (l,a)ﬂUf"] 3 (—%)nufn) —> X(Z)=7

% .

\ ) T .= %)
Y =) + Y ) ) ') alz !
)-TZ FQ ()-?Z +-7 )
) )
) 2] > = =|1Z\>— R0C
Y Co ‘Gl K
Lt O rz(z--)
X(Z) = : v
_)(Z-f-l
)((i)%a /z"" Z:o,..\_ o}
‘r 1)
X(E) =0 .,JJ z:) ?35
v’ v X ,

N el
Fo/e - Z&"O F/o‘k

NIV LTel @ Discrete-Time Signal Processing, Third Edition
el Alan V. Oppenheim ¢ Ronald W. Schafer

Copyright ©2010, ©1999, ©1989 by Pearson Education, Inc.
All rights reserved.



Figure 3.5 Pole—zero plot and ROC for the individual terms and the sum of terms in Examples 3.3 and 3.4.
(@) 1/(1 = 1/2z"), |z| > 1/2. (b) 1/(1 + 1/3z7"), |z| > 1/3. (c) 1/(1 = 1/2z7") + 1/(1 + 1/3z7"), |z| > 1/2.
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Figure 3.6 Pole—zero plot and ROC for Example 3.5.
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Figure 3.7 Pole—zero plot for Example 3.6 with N = 16 and a real such that 0 < a < 1. The ROC in this example
consists of all values of z except z = 0.
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Table 3.1 SOME COMMON z-TRANSFORM PAIRS
TABLE3.1 SOME COMMON z-TRANSFORM PAIRS

Sequence Transform ROC
1. 8[n] | All z
1
2. I.l[n] 1_——-—1 I:l > ]
< |
3. —u[—n —1] = lz| <1
4. 8[n — m] i All z except 0 (if m > 0) or oo (if m < 0)
1
5. a"uln] _— 1z] > |a|
—1
1 —az ~—_
1
6. —a"u[—n — 1] — Iz] < |a|
—1
| —az L )
-1
a’,'
7. na"uln T — > |a
[1] T 2] > la|
i az”!
8. —na"u[-n -1 —_— z| < |a
[=n =11 i 2l < lal
1 — cos(wp)z™!
9. cos(won)uln z| > 1
onuln] 1 —2cos(wp)z™! 4272 1
i sin(wg)z ™!
10. sin(wgn)uln] S 0) - lz] = 1
1 —2cos(wp)z™! +z72
1 — rcos(wg)z™}
11. r" cos(won)uln 2l >r
on)uln] 1 —2r cos(wg)z—! + r2z—2 2
) rsin(wg)z ™!
12. 7" sin(won)uln z| >
on)uln] 1 —2r cos(wg)z™! + r2z—2 12
l'\ an. () <n< A’ i 1. ] _al\,z—l\" I | “
3 e e z] >0
0, otherwise 1 —az™!
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Figure 3.8 Examples of four z-transforms with the same pole—zero locations, illustrating the different possibilities for
the ROC, each of which corresponds to a different sequence: (b) to a right-sided sequence, (c) to a left-sided
sequence, (d) to a two-sided sequence, and (e) to a two-sided sequence.
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Figure 3.9 Pole—zero plot for the system function in Example 3.8.
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Figure 3.10 Pole-zero plot and ROC for Example 3.9.
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Figure 3.11 Pole-zero plot for the z-transform in Example 3.10.
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Property Section
Number Reference Sequence Transform ROC
x[n] X(2) R,
x1[n] X1(2) Ry,
. xln] Xa(2) Ry,
W&y | axi[n]+ bxs[n] aXqi(z)+ bX>(2) Contains Ry, N Ry,
(.(U} < 2 : x[n — no] 27X (2) R,. except for the possible
S addition or deletion of
the origin or oo
Shpr ) o 3 343 zgxln] X (z/20) 20| R
< = 1.X Z
o2 O— @ 3.4.4 nx [72] —:( 1E ) R,
G S 345 x*[n] x* (9 R,
~— N——
: |
6 Refx[n]} 5[)((:) £ X% (N Contains R,
— i -
7 Im{x[n]) —[X(z) — X*(z*)] Contains R,
2j —
8 4.6 x*[—n] X*(1/z%) L/R;
u:,)yg 9 3.4.7 x1[n] % x2[n] X1(2)X2(2) Contains Ry, N Ry,
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Figure 3.12 Pole—zero plot for the z-transform of the convolution of the sequences u[n] and a"u[n] (assuming |a| < 1).
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