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ALLPASS SECTIONS

~Let Dul2) be an MY ovdeyr Po’yn&mf&‘ in 271
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by themeelves.
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~If the allpass Litter Amlz) (s Causal and
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“Now we wil| prove the FACTS on  pPaje 7. 9,
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Nowy combine the ‘huo ‘t’e‘rms OVel™ a  Clommen d@/\@w\’w +
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Tl = kCoS(u-d )+ 1y N 2 Cos(w-Gk) -2
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Zew ~Phase Transber Function with Real Geffcents
—§uFF05e et H s an LTI discrele—tme 9)’5*3”*"
with a real impulse respense |ytny.

~ Then thwe /0 relaton L Hne SyStew IS a
A\€€erence e,%ua%fm with real coe ,@,@;C,;M{T_'

- The @re@uewj responge HL@()‘*J) i a rato
of two  rea\-cpelEicient polynemials in @=¢

= The dtvansfer Lunction Hee) s a ratro of
- $wo red!..,coe%fcﬁie/ﬁ PO(YﬂﬂmiﬁlS A 21,

= Moreover, H(e¥?) is coqugate symmetric and

\zegéééed“)i | m ‘\ev Cnd

;&Mw@@»)@ ST |, )

L) = hoy T € hed Tl

hee ) = 57 hOn+ 3§ s even
hogtn) = 55hoy -hen1§ is A

where

- Offen, it is desiveble Sor  The Qijley Ho Change
‘H/\e, W\ajw}‘l’ude GPCC”"(UM o «H/\e W\Pt{fb (a\.d'
Aot Hhe P‘M&e,

- This regures Her) 4o have 2o P‘““; p




— Tn other womls, it requires Hew)
e E&_L (Md v\w\—»neﬁaz‘r‘v&)‘

— But this means 'l‘ﬂd [n) wmust ‘ge ZE(0 ,
—> In other wards, hCh) wust be even.

= Trerekere) the only causal LTI systew
with  a  real impvdse resfao’n,(eand 2efo
Phase § fhe identity  OrHey with Wi=40).
— Nontrivial real-valued fitters with zerp phase
mwt be noncausal (becauwe hony must be even ).

- There fve / ‘H\@ge & Hers are a/ﬂ Y usenft«l (
M = realtime or Yof€lmeY appliccﬁf‘ms,

—There 15 A ’lln‘c)Q For req?i%ﬂflnj o\aelfne -\D;'H'arj
,w\_ﬂ’\ Tep T‘/\ug.e,,

—> Suppse H(2) 15 a £ iHer with a vFreguencv ,
| FESponge Hle&w) et 1< atppvvx/mfefy one
n the passband and zemp n fhe Stop band,
"I ik i decirable to apply fais B fe
B Some S?ﬁm@' “)CCn})
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— Then almpst Hr\e Same result @Uu 6& |
obtained by applying +he  Liler Hwice
= How Hﬁe “h"ich wwtg :, |

D 4pP(j the Filter fo X0n}. Call the
output VOA) 7

X ——?l H ;’ —> V]

@Le:f urny = vC-nJ  (twe reversal )

® Apply The Litber aqam to urn], Gll the
output™ win)

Urs? ._?IE———-) Wwinr?

@ Let yenl = wr-n3 (e r@\/@(,{a.l). |

..In-%ui-!‘"zvdjj qppljhfj the £itber the secend time
W the “lodenerds” gonal i like applyis the
“buackwards’ £ilbey. .. any time JB’W introduced
43 the Crret @‘{Jrem\aj eperation are otfset 4.7
time advences n +he S&CMJ & ’+e'ﬂ?j |
sveration , |
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— In other worck/ awj Plﬂafe Mﬁwlwedl éj
‘H’te ‘P\YS'.’ £ H’&inj oPemch (g o‘@cﬁej‘
53 Hhe secend back wayr s @«‘I%erf@ operatian.

‘ = Mygye CCWM&“& .
I ; H P un
ATy —> —3 Cn]) l—-—"> Uth]=z y-»] = y
7

(Reveﬁﬁ : thJ = WC-n7),

— It s éstM@e/ Hm’/’ K] 4

—> TA&V) Ving

als reaf.

— %

wd htn]  are real.
) A, Wy, awld gy are
Xledt=), Hie), /(e ), Ulev), W levs),
M N oi) e all

iju\«jq‘f@ Ty mmerty . g
- % ‘Hmf, e,ﬁ,/ X(é-

U2 xTer,
— We have :
Viei~) = X(ei~) H(er)
Ulew) = Vie™™) = View) = xTeiH ey
Wet)= UerHet) = X¥er) Whor) i)
_
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N(e~) = W (e
= Wt (i)
= X(ew) H(e) HX(eiw)
= X () |Htew)|"

L_./V\-J . a{»f
- real c’cl/w( nn-neg

—> Thevefere, the overall Lriter

has zero ﬁ\f}; .

Ve -
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M;V\;WMW\ & M&X;MAUM PL\&S@ S\/S“k'“ﬁf\ms ‘ZZO

~olten, a Lilter cbéc)fgn ﬁzse;c, will place.
requ (rements  on the Litter fpéﬂ‘ﬁc/
ij'ﬁwb/ but not om the pPhase.

— This leaves e alésfgh@——r wme ﬁ/g,(;’é;/#(y}
— We hae  gryved  fhot

b 2Zero phise fu deciralle in ceneral, !« Foot
P " general, "
achiey, bl i miss £ 'P‘mrﬁ‘?‘* / Scenayus '

® Linear M\ﬁfe is desirable I Weny casec.
Component s
- Cc»nm'-,nf 5wu,: cl&/ay

D Geneyulizg Zew —phase

,ﬁ | -valued Hleiv) Hd
15 negative Lo e Cammt heve.
A truly 2erw phose.

> ALider with a spectrs/ @l\a{e\ Hoat cn_(j
‘Mk@s +ha Vabu&g O and T 1S S»wy@(

| )
0 luve a « jemmf ized 2y R




o This implies +het | L

> H(eiw) & /K

> where Hle) 70, O(w) =
> where | 4[98‘*’) <o, bw) =1

D Gererulized linesr qt\age,
/Tl’\e 10(80« (S 'I'A,g Same. af 3enem/;w@[
Zevp Phasgﬁ
- The Wlwmﬁ’/fd pha;e s [3166600156 /)Memf/
but can hove Jumps ot 76 o
QCCQW\OCQJQ i S,ﬁn ﬂD/’P S '
Hed~).

- D> When  \ivear Pkacﬁ \S ctesiv"ea/'} ]HL'; LUM_/[}
Suflicient A;@s"‘n Ler- i+ M tha

| pass band m(s&,” we. uuuaé' dm't
e abot e plue i 4 %Péam/



pe/(a,ll'» we lhave seen Hd an Allpass Sertian 7'?2
CAaWN Se, \)x..S@A *-%m aM, @‘Aﬁ“’géi w\‘HMU’f" aﬁcecﬁm% |
N gpe(*faﬂ-v man Wi tuda % a & Itex .
— The al lpass Sectian \Aavs xQ ﬁm%ﬁwﬁvg

3%{3 Gl&aj @ra(( @Veféue(/\.aie‘il | OSko) S TT-

— T+ adds chiagj 0 the Systewm .

/V\§m§WMW) ,P\A&Sf

———"

— et H Le a.cau;wQ LTL 5“7/_54{@@4 with Iﬁf/@
relation ks a Qc’meur coned. coeds,
Afloame e que tieen

> acyta-k] = 2 burlu=wd
k=0 M=o

| —> This }‘W\P!fé’f ”H'ld( m Q’%"%?’ \
respnce. ™) s rational i1 7%

— Thi \‘MPI(%M ’C\Aé/‘f‘"ffmféf‘wpfm
@) S ypatte wd w7
— Lets 16 *ﬁ/‘f{f ovr 6(#\901"}?% rf@ m cale
wh tho  ay  avd b are real.



—> This tmplies ot - 723

- T\Aa tmpulse \f@»ng\ée \A[ﬂ IS T 6&(/
-7 Yoles ave real or oec Uur tw
onjrgate  padivs o
= Zews ove (e o gecur g
cm\)uy\if Paiv g )

~ hssom @N%m hod H ¢ BIBo ¢hble, o
'H«d’ (‘J"S {30'%\’) Cmsm@ avd 94‘“&
lwplies +hot "HIQ poles of HR) |
MS‘A? eyt @f@&t@t M
Z-ptant .
> Wes wet yertrict e | af«&*ﬁ‘:fwﬁ%
e 2wl

pom—

Q//’_E\‘? H2) s called M{m%um Phase

_s This ‘!Mﬁlf@g #’Wd’a CQUI«/%_S*{{&@
wverse exis.




- why do we call twis Cminiwn, 724
Phae™?7
— The big idewt Syppose. W@ ¢ a
caval %a‘a(e,) retionel *ansley Lomcton
thed \MLS one OC more. ZENTS b}u—l’S{GQ_Q
The unt c.irc:»(-@. J

> D(2) dues wit hove winimui phase,

- They, 3 @ ¢®.uja\}\ s*%uUe Winimuw PUase
dveneker Kunettan W, (2)  such e

4= LBIAR),

D where  Atz) s an allpass sectian,

> The  allpuss section  adds <{)\AM€] X %Mf
AQ\&L&G ) | |

«» ‘ = @) and H(G) lwve The Same
gvv\aguﬁude V‘@gpmje} but Hz (/m5 |
excess plﬂ»@*éﬁ ) e exces Q[o}aav} :

ompared to H. o




:? que | mmgmmmy ?3;#’”‘#();) Cfe.lia ) 7,25\
| A MAWTA kA ?\m&&-’e ALQA&) " R
wvimuwy el ot Hao \v\pw%’
| | @fecbw%cf%. Cm}bw@*’ﬁ*% )
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Thys 18 CQ[LQA a Carininenm ?L\w“ Sy stewm .

— For the Sa.w\ﬁ» reason Al Ahe 2Z€eyos
ave M o i C'éfrake,/ f’(’\,\gg,,,\

\»3«(,:2;“) i called Cpaimum Phuse "

= \F ame zews are nsido the cirele Q“”‘¥
Sl ave putsido ;e B i
alldd A Miyed Phase,
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= Given an U@,(,%) Wt mermum o wmiced

Phese,

— Fackar N\umeyzdy— Y AWMM%W te
FWAW;QS ok pde fews awl Dy Aoy

b each veal-valuel 2 adtkide fla_
W cirde) reflat Mo 20w lp
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— §UP’\>OS€. HL%) L\as = real»vqfué&

=~ Then Hz) does not ‘«ave ™

Mf‘wgum Llézé.ﬁ
becae Hax 2e4D P

Ui circle ' ovisde tue
~ Lot o
Hi)=G(2)(1- 42"

-

N—

= G(2)(1- o(Z") __;
k,é'&@:' oc):) = wzva]

——
Fivrst - Orau/(

. | | AL suss Se
s £y Iter )f\gg "’Haﬁ, | K%m/)
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—The same approach works €
complex- wlued zeyos, - which occuv
In ijuﬁaﬁz peivs (£ hTn) B real.

- §Uppo‘s—e_vH£%) | hos @%q+ Z= o,
wheve A(X.,é C and | \>»(L

— You can reflect This 2o msw@ tle unit
ctrele fo get a new €illr with the
Same M@m:‘?”uda §ef4rum Py /L/ bt
A reduced /)Lmse

Hz) = GGR)(1- wz2)

Lk
= Q) |- xzt) 2T = X
. ) 27~ ¥

| :[ (fﬁ,o& ] - o(E’l ]
Pz/ Frrst OFAM All f\,.acg S@%%

A Cillex with the Sauo

vagai tvde g bt the
2evp al” « "V\éﬁved »*O
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2 Minimum  phese
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—The amplf’*uceem raspmsg of the {*H’@Q also

[<mown 6 the  zewp-phase respomse

) is & real
Function fw) soch tHeat -

: lﬁ@)l = Il+te°'“)l

' ﬁ(w)éfﬁ v welk

~This EMP
W) has zem phase or je/nemhaed zerp phase

” ? 0, H(u}>0
Bn)=0 ¥ 6lvi= T, fw)co

?—' !:l}li“) s 27C~F8¢?faé'e‘c (umaij we it 3 Py
| dtentien ‘o the -Pumdam‘emﬁal p@nw@

Lro w -MEwe ),
3 f{lw) IS either even or sdd In w.
| -—Whj? hTh) s rea\, S0 lH[eS“’)[ is even. -
= so |t | fS,e(vavf, |
ex:
|Htei | | L““ﬂ

N )),NA_ J/f
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wlva’ the point 7
— Supposé  we have an Hlew) ‘ﬂm}s
| @vm’— +rue, Zero *P"\»’L%é

— This wau/c() tMPj that H(Qé""} 22 Yl

Le/ca\use |
Hiew) = [Hew)]
= fiteiv)| i+ argtlle
o TIM:IJS 71‘0'} HQQ&“} Py‘agj-[?\'CQ,’- U{!()G”y N
He) wil be qositive e soma w0
ind  neqative Lo othss.

| | O{(/ o euem(u‘%ec‘
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d‘w):cj‘

— ‘TA@ ! MwumLV for fha
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—Now suppose. we have a [inear phase  FIR £ilte,
with Lty ¢ R.

~Then H (eau) - 'H(ﬁaw) leadr3 H(eb‘“‘) - H (w)e'a(&w-i»p) (7'4@
for some real constante ¢, feIR.

- Beause \'\tﬂ XS f';gf;-_\j H (ﬁ:‘“’)
SO Heew) = H¥(em3=)
- Plugging i,
379w (7.42)

ks (‘Qn\}‘ugﬁ%é 5'};’ MM\Q"%&Y“;CX

H(w)e§(cw1—$) - g(_w) e::} C"‘Cw “f‘/j) (7‘4_4_>

~ I H(w) s CVeN = then (7:44) becomes
Hodeiewedf = [Jye e if
= el gif
= Cosprisinf = cosp-ismp
= sSinfi=0

= F:o .OIﬁ:'TL_ P_é}—
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-if p=o, then  (7.41) becomes

Heem) = e et = [i(w)e* = Z.\/\Cﬂ o
? )

N C‘t’\ne de-@»’n‘e"'%)f‘m
\ 3w
“Ta oter words, [e Tyt

- N\u\ﬁ\ozy both  sideg ‘03 e‘écw
g N N : - h
Hlw) = 2 htnyed 79 = Z!Am o lern)
o ¥

n=0

— T e ee—— —

-£ {3,:, T, +hen (7.42) instead becomes

H(e>) = ﬁ(y eéccw_m') TP Lt
) = Hw e e\

N .
“:-—fx(w)eww = Z_‘afﬂ@vbwm

n=op
“In other worck;) ﬁ(w)eic‘w = _f_‘nfﬂ e"im
“M\Alfé?f;/ ED‘H'\ §icies \sy e‘icw .

e N —gw (cn)
Hw) = »kat e - ,Z_Okme &)

= The Book wwi%es () and (%) “tegether as:

~ 0 (cn)

R = ‘\‘2 hoye (7.45)

¢ g=0
t(’_ﬂ 1L p;‘w 7;36



— From the last page, Uwe have
Hew)z £ 2o e 0™ (m.43)
nN-o

= Bvawde thg at —w and weite “g" jnsctedd of Sn

y N .
Hew) = 22 hTaje ab=dlert) +1_hmeé”(”“
A=o A=0 74@)

= Now let L=N-n znd cl’mmje the sum varichle +» n

in (7.44), This reverses the order n which ‘ﬁ«e

tecms ‘f\[-—h—) /L\‘CL-} 3@’(’ added -

\l}\(»w) = (7'44’) - j: Z \'\Cw,njebw (C+N-—h)
h=p

> Smce, we QSSUMEJ H(W)
must haye Hiw) = H (~w),

(7.47)

$ even back on p.7.35, we

In other worcls, (7.45) = (7.47).
_ I-@ c = "-% R 4ren

y N, o (Y
(745) + Heo)= tkaea TR 43 hoae @)

h=o
w (=Y s (N
(r.a7): e = 2 ZDLEM'“j e’ <) = :_X'ALZ hiv+Je’ (X+n)
ho =

— These must be the Seeme }'!

ﬁ.‘ﬂ\ere@orc) H: H 1S an FliZ @;H»@() L\Uﬂ be *f"@aj} q.,m,g]
He) e even, t‘he phaie will be (neer ¢

W) = hTN-2] ) psnenN (7.48)
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S0, an N~ order FIR Liter with  how) real and

H(N) evenn witl  have \inesr §>\r\a€i€, RN S TTS
€. Ve Symme”f\r{a gg_};)guﬁ' —H,\& Pa},\-\’ N

T . Wk

= A completely similar argument shows that,

£ H(w) X3 odo\ then +he Lilter will

L\&V@ igﬂé?uf Péﬁnﬁff&& 5{2 L\fy\_) 1S @do( SyMW‘sé'h"fC,

about e ot L;—_-l} ve., (§

%m = - hTN-1]) ;) osnsN
& &

(7.52)
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lmear }-@ \.\En") XS Symmeﬁ‘ﬁé o ‘€
N

1% amﬁS\/m wee"l’ rie
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This leads +  fwr Types of W

ynear | ()(/\QSC FIR {ritens .

HW) even —> L= hin-n)
— N eNen T\/ pe L




— wWe Kava J\)S% (av\,giC{Qﬂr@A !H\ear ’Plf\@a FIR |
filters of Tye =, T, ., awd IV
“‘aat

—ave  Causal

— have an gmﬁugs‘e respense  hial of l@ﬁfﬂ? N+ (.
- have a transber Lunctien Hez) Hooté an
M‘?‘L}/W@éﬁf é’}&}gYﬁWrgﬁ{ ] %‘“‘i

> These gre relerred to as “N™ arder :
@;imf;,}
Notg Aoy FIR Oilter 1¢ an

all zerv filter
, &
_ M= 2 hDe ™"
N= -0
_ L the Lilker IS Causmﬁ} +hewn htw) =0 ¥ ned,
So Hie)= kD4 hTaei+ -t hinde
= There Canngt be any pa(eg in the
'P-m\f%e Z»P{am@ e;(ggP-{" a“t” 23&‘
\:ACT ‘, , A‘?ﬂ T\/Pé T Cays&( lﬁme.ar
P‘mse, EiR SHer cau be ‘1"V“am§-€éfmw(
iwto a zero —phase € lter that 1S
nmcavsa| (this wsa'ft hewe G the

other Lrlter ‘iz‘y/?e‘s)- 7.40



MOt be real and non - negat Ve,

For ﬁeneml’e?ﬂ 2er  phase e M@.—}»
be r@ﬁ«‘f |

> Tn both cases, Hem) real mplies |
"HA&(”P LEWB 1§ even Cag‘guwsmg, \/\Dﬂj é/RJ,

— For " T\/{sefi £ ter, N ¥ cven avd the

“%‘3*"\ ot Wty s odd-

| . "

— S5 hTn) can be shifted left Qj 5
samples 1o make 1t real and evey

in oa L e Hat s not

resuvlt ﬁa\?
Cauéa( bw{“ hat =20 Pm&g@ e
generalized 20 phase .
| Shil+ %3 2 [
e gl ,, — M Iy o
2 34 " 1=l 0o | &
g |
N =4
EX 5 :




g ¢ Tre ook tncorvectly shdes Tt

WS can ales be dwe fora T}p&ﬁ,
Piider... i+ cantt. |
_Fur o~ Typam fider, +re sb\;ﬁ%’eﬁ impulﬁ”é‘.
respence  would  be veal awd odd,
implyrs teed™) weuld be pure imagiery
amn e}éfﬁw
 This leads to a g)‘ﬂﬁié o

(w) = —‘T/z_l B Cef?fw) 0
9 ] f 3?{/2} H{@@LU) < O

WMCL\ ha¢ AL L) ﬁwup de!ﬁj bm’f cfaé’S

ot %uaizﬁa as zeyp phase o
9enevalized 2er0 phase,



Locations of +he zes of +he Type z,

IL/ T.é,.} and T Lw\@&f" FM@{}; F:E e “f‘@r{";
/___’/— e

-Fr a4 T T oor Tpe Pilley, wpey= |ry-nd,
N n N
> S0 Wz)= kD2 = ZM‘\""] 2
n=O

(mzt\“‘@

i

2/ hm z"
77" ZM@ " =z V(7).

(7.66)
~¥or a Type I or Type T D) ter, i3 - —hin -],

N
o He@)s Zhiz" = ‘“Zk[wﬂ 27"
=0

W\

CED = "‘ZL\D"‘]‘Z N

= Yolynow ials with Hne Symmetyy  of (7:66),
Hiz)= 27N He)

ave f,ﬁ%i@é Conivor sm@ﬁg g*'f‘s;ﬁwwfﬁ‘”

)

) o .- * =N ..\53“
- Those withthe sy mumetry of (7.67), H{zl=~-2 iz “))

3

ate called  “onti wivewr tanddp poly news tals, 7{4—3



- Tn either case, haviny a zew of 2=z, .
}w\plies theve is? also  a zeqo at ?,"’—’*;"‘z'o: Zo",
Minr Twaqe s Wiz,)= 0 = 27N H(zs!)
= #Hz;') =0
At Mirer Toae . H(z,) =p = -2 Hezs')
D HES) =0
=% any Tpe T, IL) M, o O linear phuse FIR filier

et b a zerp at 2o alo has ome af _é; ’

— Morepvel asww\in% hTny s real) any complex
ZevwsS occur in cmd‘ua«‘\ﬁ PQ;V’S,

;50; Lr any o€ the Qur Qitker types,

~ Real 2evvs gew@mll\ul occuy n PAIG ‘Hm+ ave [t eréC+®l
thoogh the unit circle.

-> WVI\\C} A rea\ Zero a:{’ .E:;(O Weéahg *H/\erﬁ.

S allp one 4t 2= ",'\6’
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> Complex zexos genevally occuy i growps o four
\r\avifﬂ both Cm\jqjafe g)/W\M&””ij ﬁVd

iy iwmage symwxeffrj with regwf% tv the
unit circle. .

- Smﬂ\e ceal Zeves  con dalso occur on the um"]’
civele at z=1 and 2=, since -ll—-f-i( and

L=
=7 Complex zevos  Can alyy occur in paivs om the uwnr?

-
C(‘TC‘Q, Since 2 and 2 both  have unit VVMQJMIW(Q

th thiS Cage,
s
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~ An important diffevence between +ae P
Citter types has o do with the(r zews at

2=l and 2‘-‘3"(,
_ o139
y and 1L =€
%‘:66 a¥ z=l
\"a\“y\f’] a zero wn Htz) means havivg
a Zero n H(etw) at w=0.

V llé > el at z=| can't be «

lows pass Citer. or
a éamﬁ( S’(/’OP L£e l+€V:

— Since H(etw)= Hcz)

3“——» ,‘67(
— Since -1=e% €& J
s w
Hz) at 2= means havi’wj a Zerp in H(ev)
at w=2 T, |

having a zero in

= A Etlter with 2 Zero at

' ﬁ

l " Biiter or a band Stop
- T Pitter
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-k Type T Cilter must have +Hhe Symmeﬁ*j
of (7:66) on page 7,43

Wezy = 2N HeE),

—For 221, this becomes H(1)= HLY, which

does wgt tm POS€ Qth rectrictiens
T

Ype

tw &

~For 2=-1, we also have N even
L Eitler, o t

5
\'J((:‘“[') - wl\\) H{,‘"l) - H:»C«»—v\) }
_,_fr‘ i}{/? }M%

ke come §

which again imposes fo FesTIic
— T\/Fe T Lilters are nof f‘@%()mf’@@/ fo have

any ZENTS at 2= (w=0) or 2=—I («ﬁi‘ﬁ)e
:? % TYPQ I @i{'&"ﬁ?fﬁ con !@Q L\fjé«\ {Wf‘if) !5}5«} F@ﬁiﬁ;

'Dwz% (w»ﬁ? ¢ ; or be Eﬁd S{g}? )



~-Yor a T\’Peﬂ 5 Pre\r’ s also Fet()uired
Yt W)=z NG,
*%u‘\? in TWS  cate N g odd.,
— For 2=, we hove HO)= HU)/ whic
mpotes ho  Veskrictions.
— Fer 2;:—*[1 wWe have HCU = dHC,l)
= This means W) =0.
> & Type T Lilter mutt  have a

zexo ot 2=-| ‘C“): ’.S:T[).

= So Type L filters cannet be high pass
and  camet be band stop.
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of (1.61) om pe9e 7.43. |

H(z)= - Z’M HC%WQ.
~ For o« Type T Qéi%an N 15 even.

-At z=l, ths becemes U (1) = - K ()
=1 This means H() =0 -

= A Typaﬂ *C?Nﬂ@r Ma}g“»f E"\g;‘evﬁ? a #£€xy)
at z=1 (w=0).

=AY 42:::”@/ thic becames H(-1) = ~ H'(f')
=7 This means H(A) =0

= A Type T filker wush also have @
2evo ot Z = | C w = T ) )

= % Type TL Lilters cannt be  high pass, fo pass,
of band stop. They can enly be  band poss.
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= For o Type 1 & ter, We‘ must  have
hez) = -2V Hie)

> N5 odd fra Type IZ Srlvey,

-t 23], we get MUY= —H()

= k() =0
=) Ay Type OL Lilter hes @ zevp

“ Bt T2, we gt () = HE), which does
Nt impoce any restrictian s,

= % Type I Lilters cannpt be low pasg
i) commrt be band  Shop,
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[
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|
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: W
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We %2 67079673
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= For FIR frifers, the poles occur
m\jai the origin z=p

They have the same oflect an
all potnts  om the unit circle

Ly all poinds g the circle are

Qﬁéufdﬂés—{aﬁ" Crom  The po(e.S.
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