Chapter 1

Introduction

1.1 The z-Transform

The z-transform is used to describe linear time-invariant systems (LTT) for discrete-
time signals as the Laplace transform does for the analysis of continous-time signals
in LTT systems. The transform simplifies the signal analysis and makes it possible
to characterize a LTI system. The z-transform for a known sequence x(n) where

-00 <n< oo is defined by

X(z)= > x(n)z™ (1.1)

n—=—-—oo

where z is a complex variable. The z-transform of a sequence can be viewed as a
unique representation of the signal sequence x(n) in the complex z-plane. Know-
ing the pole-zero locations, the system can be estimated with regard to stability.
Herein the unit circle plays an important role.

The z-transform is an infinite power series and converges everywhere in the z-plane
only if x(n) is of finite duration. The z-transform converges everywhere outside a
circle of radius R; if the sequence x(n) is causal, what means x(n)#0 for 0< N; < n
< 00. X(z) converges inside a circle of radius Ry, if the sequence x(n) is noncausal,
or in a more formal expression for -co < n < Ny < 0 is x(n)#0. Finally, if x(n) is

defined over -co < N; < n <Nj < o0, then X(z) converges between these circles.
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