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_earning Outcomes

Students are able to:

1.calculate z-transform for a discrete signal sequence x[n] to the frequency domain
X(2).

2.calculate inverse z-transform to recover time domain discrete signal sequence X[n]
from the frequency domain X(z).
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e Z-transform converts a discrete-time signal x[n] from time domain into a
frequency domain X(z), where z is a complex variable.

oo

Zx[n} = X(z)= % x[nl

n— —ao

eThe set of z-values for which the summation converges is called the region for
convergence (ROC) for the transform.
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e Two sided or bilateral z-transform

Co

Z{x[n]} = X(z) = Z x[n]z—"
e Unilateral z-transform
Z{x[n]} = X(z2) = Z x[n]z "
n=0
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n n<-1{0 |12 3]|4]5|n>5
X[n]l{ O (246421 ()

Dr. Zaidoon Waleed AL-Shammari Department of Biomedical Engineering



Example 1 (solution) Al- Mustagbal

University College

O

X(z) = Z xinlz=™

n=0

X(2)) =244 ) +6EZDHD+4z3 +
2z 4+ 1(z>)

X(z) =24+4z7"'+ 627> +4z7 3 +2z27* + 2z

Region of convergence is all z except z = 0.
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Find the z-transform X(z) of the signal x[n] = 3[n].

The signal is nonzero at only a single place, n = 0. Thus,

00

X(z) = Z R a2 = ME") =1

n=0

Region of convergence includes all z.
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Find the z-transform X(z) of the signal x[n] = d[n — 1].

The signal is nonzero only at n = 1. Therefore,

Co

X(z) = Z xinlz® =1z ) =27

n=0

Region of convergence is all z except z = 0.
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Find X(z) if x[n] = u[n].

X(z2) = xnjg™ = ¥ unla™
-y
o
X(z) = Zz‘“ =14z t+z%4z23+z27%+27°4...
0

This is a geometric series of the forma + ar + ar2+ .. .witha=1andr=z"1

9
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The sum of an infinite geometry series 1s given
by as long as |r| < 1.

Theretore

K j— f—
(z) 1 —z71 =z -1

Provided that |z-1| < 1.

Region of convergence (ROC) 1s |z| > 1.
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A signal x[n] = 20[n] + d6[n — 1] + 0.5 5[n — 2]. Find the z-transform, X(z) of the
signal.

co

X(z) = Z xinjz™™

n=0
X(z) = x[0](z™°) + x[1](z™") + x[2](z7%)
=2+ 1@z"1)+ 059
=242z 1405272

Region of convergence is all z except z = 0.
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Find the z-transform, X(z) of the signal x[n] = (-0.5)"u[n].

Since u[n] =1 forn >0,

oo

X(z) = Z X[n]z™"

n=0

X(z) = i(—O.S)"z"“ = i(—O.Sz*l)n
0 0
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X(z) = Z(—o.sw)n
0

X(z) = (—=0.5271)0 4+ (=052 1) + (=0.52"1)2 + (=0.52"1)3+...
X(z)=1- 052714+ 0.2527%2 —0.125z73+...

This is a geometric series of the form a + ar + ar2+ ...with a= 1 and r = 0.5z-1. Therefore,

Al 1 Z
2T} = — I —
(2) 1+ 05z7Y z+4+05

Provided that [-0.5z-1| < 1.
Region of convergence (ROC) is |z| > 0.5.
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