@ If X)) —— X(2J with ROC R then
xXn) <= XL* with ROC R

@ This is known as the conjugation property of the z transform.



@ If xi(r) —— Xi( with ROC R, and J(r) —— Xo(2 with ROC A, then
X1 k() il X1(DXo(2 with ROC containing /A N R

@ This is known that the
of the z transform.

@ The ROC always contains the intersection but can be larger than the
Intersection (if pole-zero cancellation occurs.(

@ Convolution in the time domain becomes /mu/tiplication in the z domain.

@ This can make dealing with LTI systems much easier in the z domain than
In the time domain.

Version: 2016-01-25



o If X(r) <= X(2 with ROC R then

n(rn) <= —Zd—X(Z( with ROC R

@ This is known as the z-domain differentiation property ofthe z
transform.



@ If X)) —— X(2J with ROC R then
X)) —xn-1) <2 (1-zHYX(2) for ROC containing RN |4 > .0

@ This is known as the of the z transform. Differencing
o in the time domain becomes multiplication by 1 —z71 in the z domain.

This can make dealing with difference equations much easier in the z
@ domain than in the time domain.

Version: 2016-01-25



@ If X(r) <= X(2 with ROC R then

n

Z XK <5 ZLX(Z) for ROC containing RN 4> .1
1_

koo —=

@ This is known as the accumulation property ofthe z transform.



@ Fora sequence xwith z transform X, if xis causal, then
X0) = Iim X(z(
20 —

@ This result is known as the initial-value theorem.



@ Fora sequence xwith z transform X, if xis causal and lim -« X/ exists,
then

lim x(7) = lim[(z—1) X(z(

@ This result is known as the final-value theorem.



THIS SLIDE IS INTENTIONALLY LEFT
BLANK.
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Section 11.4

Determination of Inverse Z Transform
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@ Recall that the inverse z transform xof X'is given by
f

XN = A4 X327z

where [ is a counterclockwise closed circular contour centered at the
origin and with radius 7 such that[ is in the ROC of X.

@ Unfortunately, the above contour integration can often be quite tediousto
compute.

@ Consequently, we do not usually compute the inverse z transform directly
using the above equation.

@ For rational functions, the inverse z transform can be more easily
computed using partial fraction expansons

@ Using a partial fraction expansion, we can express a rational function as a
sum of lower-order rational functions whose inverse z transforms can
typically be found in tables.
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Section 11.5

Z Transform and LTI Systems
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@ Consider a LTI system with input X, output ), and impulse response /4 and let
X, Y, and H denote the z transforms of X, J; and /1 respectively.

@ Since ) = x*kMA 1), the system is characterized in the z domain by

M9 = X(9H(2.

@ As a matter of terminology, we refer to A as the (or

) of the system (i.e., the system function is the z
transform of the impulse response).

@ When viewed in the z domain, a LTI system forms its output by multiplying its
input with its system function.

@ AlLTIsystem is completely characterized by its system function H.
@ Ifthe ROC of H includes the unit circle |4 = 1, then H(J |~ ga is the
frequency responseof the LTI system.
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@ Consider a LTI system with input X, output ), and impulse response /4 and let
X, Y, and H denote the z transforms of X, ), and 7, respectively.

@ Often, itis convenient to represent such a system in block diagram form in
the z domain as shown below.

X(2 4

@ Since a LTI system is completely characterized by its system function, we
typically label the system with this quantity.
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@ The sar/esinterconnection of the LTI systems with system functions A
and A& is the LTI system with system function /= Hi1Fb. That is, we

have the equivalences shown below.

D me = me E22 = U home
e e ma B2 = T e s B2

@ The paralld interconnection of the LTI systems with impulse responses H
and b is a LTI system with the system function H= Fi1+ Fb. Thatis, we

have the equivalence shown below.

An) (2 NA

\

X

(9 + HoZ

NA

\

Ho(4
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@ Ifa LTl system is causal, its impulse response is causal, and therefore
right sided. From this, we have the result below.

@ Theorem. ALTIsystem is causal if and only if the ROC of the system
function is the exter/or of a circle incluaing infinity.

@ Theorem. A LTI system with a rafional system function H'is causal if and

only if
@ the ROC is the exterior of a circle ouisde the outermost pole and with

Q /(2 expressed as a ratio of polynomials in zthe order of the
numerator polynomial does not exceed'the order of the denominator

polynomial.



