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= But they are wt . —
- PAGE §,23



X (&) ¢ e‘éw ‘o ‘\’_L{:ﬁ: ) b Z\ii Lor

Z such Hut \2\> & .

5 0 The other 2’s,

e X@ s aot e@e@ul
b

i Onthe 25 such it ik
y

X @) blows W ot diverges

2) | t
XZC) 19 66()%4& 4 B bt Q_V\_}_Y Loe z

such Hud 1z ¢ ,

=5 0n the other 2%

; Xa2) i not equal
To

-
<5270 On the 2Y% such st 2% L
y

%3 (2) blows wp o diverges

= Tws, Here are  no

values of 7 whe
><\ (?:): XZ (%), A
—> On +the Z's where X( [Z—) = IJ'LZ"\)
Xz('Z') b_l,O_bis [:’:ﬁ’- :
= On e 2's yhere K (7) = T—LJ;E'/

X, (2) blows wp

Fhet 6.29



= S even Hhovgh X,(2) and X, (2) both have

the same Lunctimal forwa (naw\el‘y -—r}'ﬁ,\ 3

There 18w 2 where e Yoo trans Loprms
ore equal... becavse He ROC% ape A ELevent

— Tn fact; Hey are Ajont | The ot o 2

Thet are B Lot &acﬁmww

—Now etk see how we \youd v Hhe bl +
Work thage Yo Feans Corwms.

- The Yuble 0€ Z2-trusborms i found on p-7
ot the Lormuld sheet Lo Test 7.

=TT ¢ays;
Signal Veang forwm RoC
- \ 12\ > |\ (¥)
el W) \ = &2t
| 2] < Ix| (¥%)
- A" UL-n-1] | ~z-! |
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n
- Given ')c\tv\‘)-‘;(%:) "3, e wee \ine (+)
ON P 620 With Azl W weite dpwn e rrunelem

X (z) =

- Gwen Wy Tay = ’(z) ul-n- ﬂ] wWe use line (k)

on P (,30_ W+ o = 2_ To Wm-{'e clawvs ‘f’ke, +Tam51£um

|
%le)= T ) Ri<d

&

—Mou can alss Yge The table o write daun ihverse

Z—-‘l“f‘av\S@aw‘mf.u but np-ti ce “"WL‘?' You MW&“; léV\ﬂbu
the ROC do  this.

\

—-I‘?\ )/034\ wWere J\)Sv\’ ﬂ’\p@?\ '“’\”‘w\@f% X(—Z) - 3_,,2«-1
2

bat you were wpt qiven the Rpe
then Yo wouldn't  knpw whether 1 Wse
MR () on b 630 o Rind wOaT g
whether 4p use line  (#4),

J

> Bul % you were given that Y(z) = —

and  thp RO C we§  |z] > L

Z, then Vou
would enow  Hgt X = (5" uriy

|~4z-
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— S\Ml\av)y | £ Yo were 3,\[@/) ‘E’Wf" X(%)»

..,Lg“’ﬁ
AN the ROC wing \2\< ¥ ;) then You waud
\4“0»\3 +‘l\ﬂ+ ’)C[wj = = ‘fz‘_) U\Evﬁlﬂ"ﬂ‘j v
&
ﬁ"ﬂ/\e Z ‘\’\rqy\sﬁyrvms ‘[’\/\0{" wie wikl See ih ECE 2713
will jenerally” Wo o m-ha o€ tuwp polynemials
WA The ”C\/\‘LV”&(‘&&(/‘ 2:*('
— Thi

5 1S v&ry Stwmilar To what we saw Lo the
DTFT .

‘i”wwer 'ﬁ'(/‘ms(lomm_s were
o€ two Polymaw\.a(,s
e,

ﬁeneml,/y a ratio
N e DTET

“haree to, )

——As an egaw\@’e) Suppose J(Wr WwWe aye 3{\/61/\

\ -2~
- L
X&) = (-t (e ver) z1>L ()

— I8 we VV\MH’iF

l)’ out the denominator Cusmﬁ _H\e
We g@:\':

o w}e) !

| =2

X&) = - 2> )

|-z ~+zz )

—> @ tato of ‘o ?oiymomm\s ih '2"’,
PAGE £.32



~As with +he DIFT, you need 4y be able 4y 90
back and £+, between The Lorm (#) P
where e A@wmmﬁw’ (avv)\ v\uwv\wa"lw‘) ave L,

*@V\(l 'H/\Q -l‘/orm/\ (;k*k‘) oOnN Po 6,32
depnominator Q

. 603"2‘:’)

cored ...

) where {he
nd wwerator ) qpe mulriplied eout

EEERT e

:> You 30 beck and -‘:W—H/l Ee‘i’wﬂ?lﬂ "W%e “"wo

“(:OV“Uwi 6'@ +L\Q Z-—‘?’V‘gmg‘.carm e,)(ﬁf‘l't)/ '{'L\Q
Sawn e

a3 you did i+l the DT1ET.

— But with o Z—transfora, going Fron
the a;vxwi%iP\ied out Lorw (*4) o the
Loctored Corm (*) will o £+ten reguice

You Yo dp MOre  arithmetic with 'CN['\"'MS
than was reguived with the preT
— Nevertheless, vou (, 1t exacH

v the
Shme WaY as veu did Lo the DTFT,
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~The nice ‘H/\Mj aEmt‘l' ﬂ\e @at{‘or@? -Fw*m I ‘('WC{'
it @LP\iCH"E’y Shows the voots of +he Auwe pqtoy—
and Aenouainator Poly nomials,

Mo‘kej—: ‘H\e roots 0-@ a Fp\ynow\m\ evé ‘H\&

Values p4 “the. ivx&le?ém@m‘f’ Var tablg
that malce Hhe o ly vowia) egual
T 2erp |

Note 2 -

An  p'+h ordes Po ly No v 4

- ITL +he ora{@r
there are 72

has n s,
s 2 C%uadrafl‘aj) Fhen

Foo—s.

—Inour evample X(z) £ P- 632, He dewmi

nator—
s Cl=32)(1+ 320 = |- §&' - L 22

T EE yu g in 2= L L, ten. (1-42)

Aeames (;-Jz—o2>:: (l'l> = O)

50 the de nominater I 2erp when =4

.2- [

= T you pluy 4y 225 the denm (I+52)
becomes (|4 5G) = (1. = o,
50 the

S Z2-erp when 2="‘%,

PRGE .34

densm ing -



— T jewev‘a‘/ when vou write a 2 —trastorm lilee
K(2) 1w factored form, the numerator and devominger
will ach be g product of Yerms o€ He Borvn -

Cl=<z)

—> Th terun S 2erp when Z2=c. ...

—> Because € we plug
get

<|“°(’°'}.'Z) = (("”1) = O,

LA £z = OL-) Wwe

_-“sc Qﬂ@i‘f\ \w_gkllltj L)Cc,a\'é '{'O 'f\/\e_ *‘P&C"\'@rece ‘C’OV\W\ O'@ oL

\ A
e)tamg)fi XL%) h o eq, G\*) on ps é,32) we have :

(ﬂ(x.:i
X(z) = -z -
=421+ 42
/ T
A= -%

o=t

~The numerator has one vupt at =)

—The dewowminater has two ropts ook 2=
and 2= "’-%. _
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DEF & & rationd] 2 = trm sLorm

15 @ 2 ~Frgus Lo
Polynowialy 271

That ¢ a ratio gL

=) Most it all o€ +jp 2—Vranslr
will see ECE 2713,y
2 = trang Lo s, '

s you
be ratrtena |

t—?Tl’\Q roots o€ -the c\eMMim&

27 dre the Values
08 2 thut make “+he 4

Enovn in ater Zero ,

~> These vames male@ X(E) blau Wy,

Gl‘e,lww\ inatey o & x(,g)
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Smw\mwy i The pots et the donminaty ot X (2)
are e FO‘@S o€ X().

The rpots of +he AWM fator  are
e ZereS of X (2),

— The F@les o+ X(z) are +he val

wes o€ 2 ot
haa ke @ \(é%) blow wp,

= When you write X(&) 1, factored Lormn ) the

Poles and zerss ppe 5 how

explicitly
E’_?i: From s éo%'l-)
| -2~
2) =
K= TGy
o | - (2!
Ci=%z9)( 1 = (¢-4) 2—")
Zewss 2z
\QOlG,S; 'Z'; L’Z,_) v:%

Pr&E 6,37



I\Eli@: For any WrafftoM\

Z*‘\’Waws%m) There may
a\so be a.dditiena | PO

< and ¢ zergS at
2=0 m’\dL Z2= o9,

.—.-.__% \(OU\ q\wﬁ)’f '[\ave_ ‘\'0 Cl/\é&‘.(.

Pmm 7! ‘l‘o z
Then i+t will e Easy +p see L there
are  addi+imal EaTas and for Zewys
at z=p and /o Z=o00,
M
—To Ao this

) You W\LLH’('PI)/ XC.;) (oy - %\7\)
w\«wa M= l'\\‘f)L\@sﬂf 'Power’ o+ 7!

Haat occurg
i either

'\VW\ém{Wf" or ’H’\Q C‘éﬂamma{’”b’f
=X fom b, 4,92

| - 2~
X(z)= - —~
) U—%E“)Cl+-§-z")
_ \ ==
e g

Prae 4.3



~ The L\iglu%'(’ powel ot 27 .t ocLuvs s

2%
The Aev\om‘ma‘m’uo S0 M""*?‘
~To wnwverst X(-Z-> -Q\‘?«W\ A % 'ww\l'h“:'y’ X(%)
) < 2
rols g
We get ;
\- 2!
X (&) =

ZZ.
(-%2)(1+52) " 3=

3 z[?:(l-z")-:)
[’%(l——‘iz")JZECH%f‘ﬂ

- Z(z=)1)
(2=£) =+ )

= Frowm 4,

%, We Can See ?
—The 2emp we a\rmly Lound at Z=|
—The Pa\es we qlreawly M at Zz= %) 3

T I adlitin ;e spp Hat there \S an addi+imal

v ot z=p .. because will wmake +he
NVmersdy— Zerp |
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“'_n'\ef“f?. \$ '_\_fi amy €ty ?O\Q ov 2oy

}>e Caysf

,Q,W\ XCZ’) - ZIW\ 2(%"\)

at Z=eg

7305 = rng

s =g

272

Z 700 -7
T (2-4)(2+1)
— Z/?-—;W;Q ’_z_:__ l’)QCﬂVSe;
Z -ZQLM’; (%-0 = fl_wl
b (2-%) =
‘(L .
J1 2o (248)= B = on
_ g
-4

—> S0 2=oo s i\_y’i a &erp of X[%) &ivw{

itis not apole,

;:') So here s a Wf’é’i’e s+ of all

-tho poles and  zepe of Kz}

2@@"053 %: \) 0
Pa‘@%z =

-1
3

L
2)

p——
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RECAP © to fud the poles and zoreg ot 4
rationg | Z—tcuns Lo X(g) ;
0D write X(z) n termg o4 2
reed

ofl +ho Moots of +he Nmeratoy
These gre +he values ol

| —otz- )
'Tb\@y are  fervs i X(z)
V‘EQA off the roots of the Cﬁemomfm’fzzr’
Thete are 4o yalyes ok Appearing
" +he Aéll\cwm“f\élf’ﬂf ""eV"W\S (l“"&%'l),
"TL\@)/ are poles Lo X ()
Convert X(2) £romn ' 4y 2 s

we c(emm&lm%ed ON P 6,39,

Plug in +he Value =0 10 cheok
€ gives you ay addi-trena |

pole
ov zery,
Fl\iﬂ n the ra lue Z=qo 10 C!\eck
1€

"t gives you an additienal pole
or zevp,

PiaE ¢, 4)



- OH@A) we will peed ‘o malke a f@lf = Fery
plot Torm W(2)., This is 4 graph that shows

The ?M@s and Z2e0S  in *H'\e %~Phwe

— Yow Plo"’ +he P0\€5 uS\"f\j the 5ym£0' \\X”
— Vv Ph)’}‘ ﬂ\e 2erps Uu{nj 'h/\@ j}lmgg)’ \\Oz“/

— YU Should M Araw the Ui

+ circle on
\Voue flo-i’.

~ The pole-zero p(OJIL ¢ alto some-times called q
omz put! or 4 “i/e plot ",

NOTE & +he pole~zers plot ches nst cepend on
the RoC. Ybu don't neey o knaw #he
ROC + dipy the pele-zem plot,

g—)_(_: CSa,Me one  Lrmn P éo?)?_ dgain}

AS we Mr\eaag —l:aum(
J. M% ‘ . (
A~ UNT Clrete

m

FAGE (,42



—There My be raP@‘d‘fd mﬁs-m the

NUinera =
ov denpwmivator,

—For example, £ you had C/"E'f&-()z i
Fhe o@emammd’bf) Thie

Would be 4 repeatk
Pole with mubip! e

ety 2,
- Yov dirguw it (ike this i fﬂ\@ FO{Q’%%

[t : [ Lm 2
plot iy

4{ Re 2
VZ

— Some Feaplé Araw i+ wi Y Til’wa Y
i lee Hiigs

2

in ftead

I

t /Z

— But that gets megy) especially
1€ the mulﬁplrci”lty s > 2.

/\,2
et
~You deaw reperkd 2ews the Sawe wey.
PiGE 6,93



More About the Rpr i X(e)

—_— I,fe re. ﬂf*e SamQ Movr e ’C&(C'IL‘;

ot The Ro¢
o€ XY, You will prove thew in ECE3793.
K ;
=If XCn) Pight—side d 5 ke XTa) = Cﬁ) U Cn7)
ST T .
o - (9" b example,
— Then the Rpt ot X(2) s Exterin~,
— Generally, ;4% every thiny in o, Z-plane
Obﬂlﬁ'diﬁ 7‘}.@ /ﬁvg,e;«# majm’fuf(e

pele

o T ‘) [ —34 (;'k n) - Zn -
TP xrn 5 [e\@+ 54@( ) e X U

o Klny = “"gﬂbtt-—vh-(-}/ "H,\@V\ —k»\,\e MC,
o Xz i Nterig~
— Gﬂv\emllyl s every H';”j m the
2~plame ins de ﬂ\e S llest} Mﬂjmrh;i@_
pele.
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More Abet The Rogc .. -

[n]
m IO 5 twosded | like g = =)
T = () ue) + 3wy

then Hjp RoC ¢ X(z)
- (;,emam'ly/

IS annuwle,

1% every thing i He
Q—P\ame Fhet ll’@S In g C[am«d"
between ot The poles

=X

Everything 14 g
Aot betwe e
Yhe poles at
Z=-2 and 2=73_

— Npte that \\£e+w€€/m v L\e/re Means "H/’”L.('

The donnt 15 made of cireles  with
radiic I)”\ﬁﬁ between e magnitudg
ok the ple at 29 ad e o
ot the gm@i@ at 2=3

- The 3 - shorom, 4 L s
F;quj i ﬂﬁ”ﬁ% o€ cﬁf%gf? PAGE 6,45

aqnifide



Mpvre About Rol---

—TE T g Qe

\emy%\ 5
A =

e
d‘[ﬂ)+Za\[n—tj — 3 -2
XY= (5)" 3 ure — m»mg/ Fhen

the ROC ot X(2) will be +he whole
2plane oy cepy Porsibly the ot pzp

—Remember Yo "l""”’?)’f /\av@ 45 checl

‘H\e 40 foiv\‘k 2= m/( 2= no
= ky pational X(Z) eautd have

a
Pole or 4 zem ¢ Z=9,
= T4 there ¢ 4 pole at 250 4
they Vhe point  p=p 'sonet
the ppe
= The Ryl ¢ Xz)

(s the Set o Z i1 The

Z7plane  here X(Z) CMVETes

= bles
= Therp Can't é&

4P

27 pes b e foc ek,




- Here are Some 06 the  sharthand ways gt
We  weite

pare " ¢

Xlz) = Z {xen Awy= 272 X(%)}

A 2> X(2)

T_\]__O'_\;@_ s Lor all the
5o fQM“}

Cea\

p———

Z““"mvu-(‘armé wWe haye Sean

The "P@\@ﬁ and 2eps ]Nwe E’é’@f\

—In EE 2713 we  wil ey b shcle +
cuses where fre wolos gl 2erss

AVe (en .
~Bul vou wust be Aware St This 15 gt
e case Yeneral ,
~Estecey G M veal o] © Airgitg |

\C\‘lj\'ﬂﬁ) ﬂ\e Pal@é m«d Zervs wit
dnerally e compley .

PAGELAT)



— Here g 4 Example of it the pole-

o€ H(2) gt oy
Glfgi"t‘q\ Crider withy

Zew plot
e ¢, 4 real-werld

‘Maswlﬁe \reswxge \f\ﬁﬂi

WW\“'\' el
‘\f)
X
7 Qe

-
I
Q

i

z

i:\J
7 3

/

Hizy= 23 hto§

%
N

— Here, W(2) lag
—Two F@ét\ Pot@S

—Four compley poles
~ o vea\ 40,

— Four™ Compley z2pppc
FACT : ¢ X[Z) is a

octionel 2bramsborm

)
—and 1 o Numerat
o .
POY NGt gle kav@ mv*m\ ! AQWW’”QWA

coeficients
 Then the poles e
CoOnNjwgute  paiits

real or peeur n comf by

~The zers ave abo veal or sccar i _compley
Conposnte " pue - PAGE 6.46




~ Now L\F/v*@ s oan erample. o £ LW\OUAJ a fZ*’{'fQWSQf”‘?
IN‘A@V\ there gre i +ermss
G ivens ey = (4 " n
= ) u -1
T&Lble :-‘L " Ly 8
Wizt () ey & =, lzl> 3%
bl 2 7
Ta e w = - : "
o5 (D) uony & L 12(> +
l_@__lg?ﬁ } 3
So (2) = \ + |
K(2) | — 4z | +537
o g l X
-y T [+ 37 -3
P N s
one ¢— b geta — MNC
Coron WAUA
| -+ jggf' 2 desoncivactia

\— sz

D ICITD R gures) qryvey

iy

_ \'\'\'\"\5%—\—%2_\ _ 2‘("%£—k""%z'k
(=%2)(r §2) (-52) (et
- 2=\
= 2TFE 2(i-5)
R S \ -
(' 22 )(\)‘3%\) C\‘_}Z’Z")(HJJ—Z") —>
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W\ {
-% The -(;miweal’ Lorm oL X2 e

2(1-5727)

Xz) = }
(i f%%“)(il-r%’i")

~What gbpwt The Roc ?

— X(Z) was a4 Sum o€ twe teprwms:
\

iy Rlvd (e e hos fen
\ -
l+kz' ) 21> '% 6%- 3 &r%rshm')
3

— The overall RuC ,¢6 X(2) i« the set of

a\K 2 that w\m\Ce é_ﬁﬂ\ “[’e«rms ConVerge

— Tn other NN\AS, It W +Hhe nterseckran
o& the two Rﬂc/s ot the Individud FWg‘
— Tn other wwals)

RDC{X&/)} = {l%\>32f§ ﬂ({lg|7%§
= 1> 4§

——

Phte 650



—% the answer is-
X(Z) - 7-(["'_\(-2_2—')
(I-fz) (bt

law%

S—

- Nopw [e‘\'g CL@ a 'F(Jle—’”%’e!f‘é ?(ml’ ‘CW‘ 'H’\Kf XL‘Z')

— From e 'P@U\'M’“ﬁﬂ( @W‘m shewn ﬂL)p\/é/ We ¢oin

'
J 4 fead ol € 2w :“%:i,,
?O\@,Si 2= 1 _A
%) 3

ng‘i’ A’W\f\' -Qafj@'f‘ 7

— We  wmnuet al\ww checle T—L\@_ N Po mts
220 Al 22 po,

—To dp Hps, 1ts aasiect o amvert Xte)
Lo R AN A

—We see that the l\l‘jl\ey\ power o &
n the denswainater,

= S0 wmultiply Xtz) by _?;;,
2 e
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_ 2 (\““}"z,z‘l) 2°
(2) 2 - 2
X %) (l,.\iz'.l)él_‘_%_z'-l) %?_,
222 (-hz))
[z (-329)][2(ws79) )
72(2‘“\]@3

(z-5)(z+4)

B ?\wﬂﬁmﬂ A %”:0) ue See ot there 15 an
adﬂi%‘m«,\ 2 at 20,

-

ﬂ%v-jz

_?\ujg:"w? ) ’Z.:_wj we. 3@"' v,
ﬁfW\ X(?%) - z@\wx 22 _ ﬂ,w\ 2 =2

-

2 762 2% T 3T T 23500

— 8 Z=m2 s WY 4 Pale o a4 Zerp.

\ 1
) JINE poles: =, -3
P/% - plo At ede
DHE—¢ > Re 2
o o |
p\()é &257 2




= Now le¥s wovle 1ic the other wory - ..

\ N othes zwmfs)
qwen  X(z) \exs

fud xrad.

— The é(W\u\’\’(ﬁUﬁA ont" Lorun o A=) i,

_ 2
X(%) _ (Vf—l(;l)étlz*%y ):l_ = 2-12)
2 527) \ -7zt Ll -fze
] 24 2
- \__izf\_\,%%—\m_&_z—f
. 2-%7

— % the r[ara‘o(elm would ke

2-Le
Guen: X(z)= ;Jg%"wi;g”; ) Qﬂ?é

Fuad ¢ AN

=l e 4w, we wmust:

Factor The denominater

@ Dedue e RoC Lo the mdividual Yermg

® And vy by table bokop.
TGE 4,53



§Dl w“f (o

_ A
X _ 2 @’2- _ Z,Jé-z’f
(z) = T lge
6% "1 (\=az)(\-bz)
—We weed a4 and b sueh Mot -
(¥ ~(a+b) = -+
(‘!\"k) 4,L) = —JE C'H/u‘s means o and. Y
my i+ have dilkereat
31\31/\.5)
a= =l b= T a=-3 b= &

-Q\Ac\dy c\:\edcm? all the Sums, we gee
“Hl\w’r m[&/ a= é’) = -

- SL' Can 7/”(/&,
us  —(a+n) = - "27.“”‘5} - __.é;. /
2 — gzl
G-tz (\+Lz)

-%  Xg) =

3
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_ M@A"T, we Ao The PEE Wing The i—keav:‘sidé

covesr Up  wmethod ¢

___sz\
X(%): Z7¢C — = A + E
(-5 )+ e S PP

_\:\J\r\%mq D ‘msread o€ 2 1o 9\‘Wl(’}l'€>/ Hm\/\j'% Cju,c{

l\'\Ce When rue -y ;
we wirte © L e, The \)TFT))

We AN
2-+p
¢ O o h B
( . l—
(-5 6)(1+}6) =306 I+50
p‘ = Z—t@‘ _ 2’% = %‘% =
= = _ 6
\+50 I+ % 2
2
=2 ; 3*% *s
e~
+hre 1S The value = —%‘« %2
o B +lut makes
— - 3 S
\-L6 =0, 'f’%’;i
_+ 3
BﬂQéﬁ—J - Z—\“é 22'\'%;‘: 5/2 i
-Le 5



1
% X(2) = -

. 1
|- 327 iz ) BT

——% Now WE must -C?f)uf(’i et TL\& Two Roc¢ s/

for the wdividual derme So thut  they
nterseet 3y

*he overall R z1>3

=4

-—=§ Loo\ﬁ_fﬂﬁ ”L+ P'7 947%&1 ‘(WWIOL
“lest Z, we see Hnt

Z A
—az+ ) El> ] &= d"um?

\

——  12]< |ul é——zé -l un-1)

‘_ le-\ )

\
- Fur the -@W‘j‘/” Teran T__"szz;g ) we 've ﬁmf’

-1
=2 O e chyiges fer the Roc of

this terun avre \%P‘?"i or 2] <4+

l. -
- F he
or T setod dern ﬁ"\g; we ve gof w-;@;

% The choicos Lo the Roe o6 +Hhe terwm
are lzlv i L0 lz2)e P
PAGE 6.9



= The only WAY W can ger e wtersectian

Y 2l >4 ( The given overall Rp¢ 1%«')6(%))
SRRV

TR ROC L the St term s Lzl L
— The Re for The Speend +W (s l@vvé;
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NOTE ;
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EX: suppose H is a causal, stable discrete-time LTI system
(filter) with impulse response

n

hln] = (g) ulnl.

Using the DTFT table from the formula sheet on the course
web site, we can write down the frequency response:

. 1
H(e'®) = Taem

Here is a plot of the filter magnitude response |H(ej“’)|:

10

iz T 0 % T

From this plot, we see that H is a low-pass filter.
Using the z-transform table from the formula sheet on the
course web site, we can write down the transfer function:

H(z) =

4
T ROC: |z| > :

From the denominator, we see immediately that there is
one poleatz = :.

Notice that this pole is inside the unit circle, the ROC is
exterior, and the ROC includes the unit circle.
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e Hereis a3D plot of |H(2)|:

e Above the unit circle of the zplane, H(z) = H(ej“’).

e This is shown by the orange curve in the figure. This
orange curve is the same graph of |H(ej“’)| that we just
saw on page 6.103, but now it is wrapped around the unit
circle of the z-plane as the part of the graph of H(z) where
|z| =1 =1.

* Notice how the pole at z = Z, just inside the unit circle,
pulls up the whole surface H(z) and thus shapes H(ej“’).

* You may have wondered why we need to have both a
discrete-time Fourier transform (DTFT) and a z-transform.

* Here is one reason: a filter designer designs the poles and

zeros of H(z) to shape the frequency response H(ef“’).
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* The poles pull the surface H(z) up towards oo; the zeros
pull the surface H(z) down to zero.

e Butif we only had a DTFT H(ej“)), and not a z-transform
H(z), the designer could not use any poles to shape
H(ej“’)...

= because designing a pole directly into H(ej“’) would
make the frequency response fail to converge.

= The filter would then be unstable.

» So instead, we design the poles into H(z), in the z
plane but off the unit circle.

= Recall: for the filter to be both causal and stable, the
poles must be placed strictly inside the unit circle of
the z-plane.

= There is no such restriction on the zeros — the
designer is free to place zeros anywhere in the z-
plane, including inside the unit circle, outside the unit
circle, and even on the unit circle.
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