@ Since the frequency response His simply the frequency spectrum of the
impulse response /£, if ~is real, then

(H(Q)[= |H(—Q)| and agH(Q)= —arg H(—(

)i.e., the magnitude response |H(Q)|is everrand the phase response
arg H(Q) is oaddl(
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@ Consider a LTI system with input X, output ), and impulse response /4 and let
X, Y, and H denote the Fourier transforms of X J; and / respectively.

@ Often, it is convenient to represent such a system in block diagram form in
the frequency domain as shown below.

[ e

@ Since a LTI system is completely characterized by its frequency response,
we typically label the system with this quantity.

Version: 2016-01-25



Q
o

Many LTI systems of practical interest can be represented using an
Nth-order linear difference equation with constant coefficients
Consider a system with input Xand output ythat is characterized by an
equation of the form

N M
Y b n—-R =) a{n—k(
=0 =

Let 7denote the impulse response of the system, and let X, Y, and H
denote the Fourier transforms of X, ), and /£ respectively.

One can show that H(Q) is given by
= (L To M ™ _ Filoae’™
XQ( SE,ode)+* SN e
Each of the numerator and denominator of H'is a polynomial in e /<.
Thus, His a rational function in the variable /2,
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Section 10.6

Application: Filtering ‘
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@ In many applications, we want to /m10al7y the specirum of a signal by
either amplifying or attenuating certain frequency components.

@ This process of modifying the frequency spectrum of a signalis called

@ Asystem that performs a filtering operation is called a

@ Many types of filters exist.

Q pass some frequencies with little or no
distortion, while significantly attenuating other frequencies.

@ Several basic types of frequency-selective filters include: lowpass,
highpass, and bandpass.
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@ An eliminates all baseband frequency components
with a frequency whose magnitude is greater than some cutoff frequency,
while leaving the remaining baseband frequency components unaffected.

@ Such a filter has a frequerncy response H of the form

1 if Q| < Q.

H(Q=

where Qcis the
@ Anplot of this frequency response is given below.

H(CQ(
1
: : Q
—IT _QC Qc T
< >» < >» < >
Stopband Passband Stopband
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@ An eliminates all baseband frequency components
with a frequency whose magnitude is less than some cutoff frequency, while
leaving the remaining baseband frequency components unaffected. Such a

o filter has a frequency response H of the form

1 ifQ.< Q<

H(Q) =
(£2) 0 if|Q|<Qg

where Qcis the
@ Anplot of this frequency response is given below.

H(Q)
1 —_
: : Q
—IT _QC Qc T
< >» < >» < >
Passband Stopband Passband
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@ An eliminates all baseband frequency components
with a frequency whose magnitude does not lie in a particular range, while
leaving the remaining baseband frequency components unaffected.

@ Such a filter has a frequency response H of the form

1 ifQu <|Q|<Qp

H(Q) =
(£2) 0 iflQl< QuorQe< |Q|< m,

where the limits of the passband are Qg and Q.
@ Aplot of this frequency response is given below.

H(C(

l__
: : Q
— Qe —Qa Qa Qe n
< >» < >» < >» < >» < >
Stopband Passband Stopband Passband Stopband
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Part 11

Z Transform (ZT)
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@ Another important mathematical tool in the study of signals and systems is
known as the z transform.

@ The z transform can be viewed as a generalization of the Fourier
transform.

@ Due to its more general nature, the z transform has a number of
aavantagesover the Fourier transform.

@ First, the z transform representation exists for some signals that do not have
Fourier transform representations. So, we can handle a /arger cl/ass of
signalswith the z transform.

@ Second, since the z transform is a more general tool, it can provide
adaitional insightsbeyond those facilitated by the Fourier transform.



@ Earlier, we saw that complex exponentials are eigensequences of LTI
systems.

@ In particular, for a LTI system A with impulse response /7 we have that
H{Zy = H(QZ" where H(2 = /Z Anz".

@ Previously, we referred to A/ as the system function.
@ As it turns out, His the z transform of A

@ Since the z transform has already appeared earlier in the context of LTI
systems, it is clearly a useful tool.

@ Furthermore, as we will see, the z transform has many additional uses.
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Section 11.1
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@ The (bilateral) of the sequence X denoted £ X or X is
defined as

X(9 = iﬁ_ xXnz".

@ The IS then given by
f
_ 1 1
XN = 777/ l_X(az‘F az

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

@ We referto xand Xas a and denote this relationship as
Xr) == X(z(

@ In practice, we do not usually compute the inverse z transform by directly
using the formula from above. Instead, we resort to other means (to be
discussed later.(
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@ Two different versions of the z transform are commonly used:

Q@ the bi/ateral (or two-sded) z transform; and
@ the wnilateral (or one-sded) z transform.

@ The unilateral z transform is most frequently used to solve systems of
linear difference equations with nonzero initial conditions.

@ As it turns out, the only difference between the definitions of the bilateral
and unilateral z transforms is in the /ower /imit of summation.

@ In the bilateral case, the lower limit is —<, whereas in the unilateral case,
the lower limit is O.

@ For the most part, we will focus our attention primarily on the bilateral z
transform.

@ We will, however, briefly introduce the unilateral z transform as a tool for
solving difference equations.

@ Unless otherwise noted, all subsequent references to the z transform
should be understood to mean b//ateral z transform.
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@ Let X'and Xt denote the z and (DT) Fourier transforms of x respectively.

@ The function X(2 evaluated at z= €% (where Q is real) yields X£(Q).
That is,

*Due to the preceding re lafidm hipethe F¥u(@) transform of xis
o SoOmetimes written as X(&).

*The function X(2 evaluated at an arbitrary complex value z= re®
o (where r=[Zand Q= arg2 can also be expressed in terms ofa
Fourier transform involving X In particular, we have

X(re) = XLQ),

where Xt is the (DT) Fourier transform of X () = r—"xn(
@ So, In general, the z transform of xis the Fourier transform of an
exponentially-weighted version of X

@ Due to this weighting, the z transform of a sequence may exist when the
Fourier transform of the same sequence does not.
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