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~So f(:afr‘_; we lhove seenr seve ral direcs Structure s *@W‘“
T"&a\é%%j FLR and ITR Lilters:

— FIR divect Lorms ((?' ¥-12)

~FLR  polypPhate reylingtion (e #-1¢)

- Linear g:aémgfz FLR sheyptuppe Cep. B8-18)

— ITIR direct Lorum T L. 5-21)
— TR divert Loy T Cp. 8-25)

— As well ag Cascade and parallel realigations,

—The basic direc+ £prms are often jwmplemented as 4
erlen

Conne rtion  , ¢ Secord-erder cervione

= Thig approach can haye problems £ +he Like, ic twplementad |,
“luike Flecicion if\a,wiware: |

— The numeyrato- and cﬁﬁ%mmé%&’éwf coelfCirionts of ‘“f"é%:"}
are  rounded o

r Ftroneatel Loy fanp
Pived prec;

Cmeptation ., i
A é
Svem havduware .

— Thus, there 18 an

“+he theoreticsl £
actually built,

errer o¢ d»“«:@@@@m&m‘" befweem

e avd dhe Citter that i

s, e \ “”?" "?i"‘eh'
— We often +hink of s dil€erence g5 Quanization

H

H Q“ _ _ﬁ, - 8
neice ar O % Uan Ry +ion EF oy



Roblems: 8—3

i N I,
—The quantization errors can be significant, cavsirg +he
Fracticad fiiter 4o nok behave the way i+ s suppoed tu. - |
be) o hod behaye like the +heoretical Eilter

%

— o an TIR §lter, %uanhzm‘{a/\ ervors in —tie
devem inator of Hir) can cavse one or wore

=ole “+n "y e gqﬂ{dﬁ +he uni-t (Zi*!‘&gel VIAQ%QE‘%‘)
the Lilter wungdylle

' &

— When 4 hrgh order £ite
Cascade o

(s implementesd as g

Setend order sertion 5 Quan tizatico
C€rrors  (atvepduced by +he Lirqr Seetiens in +he
C}‘%;V‘ get multiplied 43)/ the Gains of all e
%*'ﬁgfi?wf*"ij Ceediams ... they can be amplified cnd
Vﬁy’y {arje,f |

é)é CﬁW\Q

When '1m;>lemeu\‘ﬁvzj a € ter as

A Calcade of Seienld ord-e~
Sections with £

el Prec-ﬁgim i/mrciwcgre

J
— You Should +ry + miniwmize Hecp FmEf&ms fay:

O Make fhe econd order sections by groupr
+he Foles -f*oﬁe—ifher with e )

closost 4

ZCrpg )+
o Fhour

Fhal ‘ﬁfe
“+p %%f&gé%f,

Place +he Sectians Lyith poles Fhat are (|

To the unit circle lust 1, +the f
Processig chig 4 minimiZe the cpnle +ha’
NoSe introd e

f ~ 4y . o b o - -
uéld Y Lol MY Sortiman mls AT NeoVE
A . -

Fhem  guteide {

[ €
Ao 4 . H
Tre unit cirele,

ose



Never-+he %eés/, because of thege problems, wany

ciegﬁmers use this N“rule of Heowlh " - do not U
Q Aiv et Steocture Lo o Filder Wit order - \O.

Lattice shuctures are gn alternative wey +o

Cealize FIR and TTR Lters +osk provice -

— low SensiHy ?&"f"‘y +o  cpe ‘@@fﬂﬁ?m? %Maﬂ_%’i'&gf‘im elfecls.

- W\odu\ar{’){’y

— & simele criterion S ENSOring Skl Ly
& Schur- Colhn Yes4 ),

wl'lerﬁ} Oy %f‘f?ﬁa}‘mfwﬂﬁgp wo | 536 Somewb\q*%-' Mor e
Cestriocded Hhum what 5 1n Hpe +ex+ Soole .

~— This vwill wake evav—yﬁiv\j substantially Simple,

-

= But our notation will Le slightly difterest
Frowr Ahe Look..

— Lattice stvuctyres are w?c\e}y Vted  n

~mplewentation of high order trancfer Lumctions
- s?eg,(:iq Pr‘oc&ggmj

— acaptive gana Prodessing
ok i

- W\Qéieiiﬂﬁ ot chatisticgl sicyp,ic



FIR Latlice Strvctures : 8-38

_E . i
ach section 15 a -\-wo—Paf+ netwer'c, T

QV\& +WD OUd-PU"fg.

— Some guathors Use +the, teo,p U

N Cll' ] - .
of * +W°"P0T‘i‘ networle, 7/7%) two parr l'f\f-l'eagf

Df‘ijr&m Lor the f& Section

'(:\i—\ G

> 'p: [y}

9 =\ Ev\j ’ﬁ Z_l

— \'U\Fu‘f‘g L Q\._\EV\]) Qi Ca7
—outputs: £t} | g o)

- Rt ,MMH‘i[:lied’S have the same Ggain : |.<.'

A\N J
ca\le) +ho ref lection coe £€icient.”
- difference e/gualﬁ"“’\‘
, = £a0n] +Kjg;-, Cn-i
(—\l (WY \ "j i 9~ 3 (_*)

3.' ) = 8‘\__1'(:'4 ) 4 \<~1 rp\-,\ tn7]



Z2-transforpm -

(-,
R(z)= P (@) + k27 G, (2)
Gix)= 276, ()4 Ki Fi-i (2)
- S;»M?ii-i:ia&\ dmj & wn f&f "‘He 5“&3 Se(%’?m .

‘(\c-x a7 F Tn

i I 4, Cn7J

- A {t{méﬁ 5%‘@@(%{4{6 to realiae an Nﬁg
‘Fﬁ%u\’fe&

8-39

(%)

order FLR e,
N seckions. Tt |ppks like +hs -

foa A —— Pra Sy
’ ‘-‘\‘) ¢ e a “"‘"‘-*——?
XCn7J k; / kz
! Y - » . > e s
Ftr 3t Sty Ju-

hput ¢ X n]
ourpul s Yy = 5?,{ tn7)

0 =y

Ky
=



To analyze 4, Structuce,  consider A Smaller

Livker that tnc)udee only +te Let m Sections,

where O Imzy -

KTn) ‘I—_—, k, k, km
\-—-——9______)""‘ 91 > o

3TR) I T g Jna 10

L f) fm S £, T

N0

. g\ i\ 3ot 5\ ; gh\ sgaer ey,
- Calt ‘he transer TUNTION  “rppn Yrad Ty “Ten LA
et b))

Lot

w@), o it EL(2)= A, (2) K@),

-3¢ m=N, +hen s 8 The whole {ilde,

and A7) = Ay (&) = Hey) , The

‘hamg—ﬁer —@\Ang—&*{m Lo RAL B o dfﬂ&},

qiﬂo m:o} *5'1/\@:4 ’H«e Pi‘f@fe 1S

Ny
ey

ﬂo Cﬂb}

So hI)= x> and A(3) = 4




~With some work, it can be showun E)/

Indurtion Fhat,  pmore Gqeneraliy,

An@= A, (2)+ KmZ ™ A, (27)

M~y L

— Thic 1§ called ‘the S%eg-au‘gb (Ccwursicn '’

*jf-(\v@zgem The ref) ection Coe £O

Citnte kf ) WE Can powy
e the < €p ~UP YCclurs e cing The f@a(* "&”‘m:s Agi%
o Lind Anz) o wry LS.
—> When m=

N, we have Ay(z) = Hz)

—> So +Fhic Aves ug a me f‘t’fwd +o ‘,[’m f,"‘*}/j%}
from the reflecti, coeflicientc
EX ' Given 4 second prde, FIR latice £ er i+,
reLlectizng coeL€icimnts ki=L ang I, = -%: tincl
z~ ) v
"RTMQ %r&gmg%fﬁf %’%«zmﬁ%f‘m

ho (2) = A
Al@) = A=)+ k z7a, (z)
= A4+ L
H(%):‘“Az(%)z (?)-i—kz’-z'zA (2~ )
i'*‘ﬂéw%i%‘”"(i-r 12)

TArie g Lo, Lo

= A+32° ;_\_._4.:{2//



— There 15 0%550 a {(5’*75’?”65‘9«.”4 Cecursion . i 8m4z

- |
00 i (o e e ]

FACTS: (D He = Ay (2)

Let A= {+C€(Z"+QZZ'Z+,,,+QMZ__’T

‘n’\ﬁﬂ \<M = Ay,

ﬁ?’ wWe can wse thee @M%g with ~the

Step-clorun
Yecursien +, J:,

wd tue refleqt on Coe f5icients
«Qrm H{%)

-E_X: F"V\"} "H\e Vﬁe‘pgé’/"{"fm (ﬁﬁ'@‘{?;{;@ﬂ“f‘g for 73 {

ngfe
Fealizet icn of an I 0

Yer Wi+, Hizy= |- 3122
— Since HC?:) \$ serond @Vﬁéﬁ@ we  lhaye r=72.
- A()=Ha) = [-Lz*
|
Lars = k-4 )
\ — ~ |
- ARz m (/—\z(f%)m ko 2t AL (2 )]

- [P (o))
s [he ]

4 [ 3 = = 2"

4 ‘J 1 i—k(/\)Z

’ La,zkgék*:‘o//

i

J



§o/ Cor The F1le \QH{E@ Lilver rea lizatron

Shovon o Page 8-39,

—we can Cad tue ropf,
Q | tien  coe Ll 4
3ven  H () Lp 8-427] cienvs

— W& can @;md Hﬁi)

{'v@q -ﬁ,] )
Coefbicients J € reflecdt

!m
Cp 84177
FacT: for any m with o<y, =N, the tfranster

J
- | . * P\ &
ﬁwm&%ém Focn ) o ?M. w7y 16 @ 1wen ‘t&%{j

G, (2) _ ZET AL (2"‘)
Fe () P () 7

which 16 all pass | since e numers tu- cn

-

cespw inator ALE W Wrey WAesp Fof’yw O e 5
W



SQ’%‘\MK‘—- Cagr\.m S’{'m ’Dp‘\"i’\/ _T:ng\t‘

— genera lizeg The

Vdea o€ +he
L Iters

\\ .y

‘ ;Qﬂf}?ﬁ a2 “!’O
Wi order N>72.

Frcr: e Poly nom e |
AM (z): j_t—QSZ—’ﬂ—E—‘Q«z%”z—f—v:r'f' qmcz:"“m
has atl roots  \ngide

The wnit cirele

Ve the rellestion coefbicients k), . |,
' have maqnitude Strictly  legs than Unity,
BRI S L R A G

ST a4 qenesl TIR Piike,

023, m

A P e Loncdron
| . B®

“ Wﬁ\f/ + @V\eéﬁ\ﬁ »@a’“ ﬁ:«ab{(f{y Wﬁ"twu—)l
\f\aw’“ﬁ ’{/O QCDLC’E’W 'ﬁ/\e é@ﬂamma‘#{)f

~ Implement +he Polynom iq

AR) in an
FIe

« e Structu e ,

- 1L The re «Cﬁe(’ﬁ‘af\ éae—p@?fi@m 3@‘3 ic‘ ; k‘u e
are all 9?9(’”)# |

» -



AM-Tole TIR Lattice Shuctupe

= T8 an TR Bivder oo pomtyivied poles, but all tue
ofe  lpcated g% 220,
—> +hen 44 hmevator

Hezy =

Zeym <

L4

’P’Q?}MQM{&\& s {?%Mﬁf ’{"Q 4 Qmal,

3
Ay(2)

where, as befoce, Ay () = i*’ae%""t’%yzf‘““‘?’ QN?’;*M‘

o +i
This is a9 gy orcler all~pole TIR Liiter

-For ITTR laHice S+

;rua*%“uv*e%j we  wili
g%m“?’@m% () on

Fe-write the d/lfeorance
Pede 833 (ke +uos .,
§ £.0n] = fon-k g, =13

P = Gty « ki f Ty

~The only thing Thats diffeent Frpm be€oce 16 that +he

LivgA equaticn s glyed L. P:—»r Oy wskead o4
Lo £y,

— This dpes no- Charge any of He re lationships betioeen

.

+he  <iopale

= BuY v oenables ug T draw +he e Section 1n 4
difbevent way... where he

Céiirf?g—%?m ol Flow
on the botowm path ig reversed |



F - 4 é

Gy ") £ o)
ke
fj;f'@ < (< 1\?‘ Y 36-&Dﬂ
- New Simeli £ied dy aqram Lo the T S€ction ¢
£ v—— iy 00
K
91— Jibr
Ncw here is +he lattice structuve Lor an N th greﬁ@r
ali-psle TR £} lter :
£,00) 'Rm['ﬂ +o -‘LE"L _ptﬂ 5 AGE }’m
KIn) = 4 O *—) ' S
kN-—l o s kl
WEN = GuDH) e | e e
9.0 | G, ,TR) g,TR) J

ivx@u')fz ATy
owtput - 4Tn)

T
WD ¢ an mtermedigle s Gl tha
we witl wie {ate



" Compare NS 10 the FIR cuse  shown  on E8-47
Paqe -39 -

T TR Case FIR Cace
L= YT £0n) = xTn
- 4vrs
ﬂt){ﬂdg - %gﬂ“ﬁ gﬂ{:ﬁ} = Kin -
= Yy
«Cntﬂ = XTn) AT ]

—In the all~pole ITR Sheveture,  fhe relatiamship
between K/t 4.4 xCrx’J/szA‘) s Switched

~—%§<66Piﬂj +the S'{'eagww@ recuvsion and ‘3‘»%5»%;%&%4%

Fecuvsion +he Sawe as bedlore (in the

FIR case) Wil Por the mew TIR cuse-

— 'le'F the fransPer Lynction upside dowan

— The T@M'i“!'mgii?‘ Tha't we hod betueen
The reflectim coefficients k; aud 4be
ZEr0S p€ H(=) in the FIR

ARSI

Cale

- will become Lie relationship  betueen
‘the ve flecdion c@@?%’{g{@m«h ks th

the poleS of Hez) i
TR case.

the new



- S@) for the TIR Case, call the Trarsier

Lunerion £ ‘ a )
oW l\f’,—:\‘:’} +D ﬁm t"j (AMQZ?‘} 3

56 +haT Bv (2) = AL (2) Y(z),

~ W hep m=N, we obYain

Fu(2)= X&) = Ay (2) YL%))

X(#)
Yiz) Av @)
and  HE = Y(2) — i k o5 desired Lo
no X(z) Ay (%) o on)
an &)\~ pole
TIR Eiiter

~ Wi+ Mm=0, ’H\e P{C'(wu"é IS

A j £ty = 4T

FoTin) |
6 b=y and Alm)= L
as \bef?ore.

—The Sf{”e?wu\g Ce€cuvrsion 1§ still given :f:;y

Av(z)= 4 - e aar)
m (Z) moi (2) 4 Kk, 2°M AM‘) (1) ( ?*6%}

| £
The Step-down recursion is s+l given Oy

- \ as
Aoy () - k2 [‘\M(%) K™ Ay, (i"ﬂ (r e



- As Ee'@'&("@ oOn Z:’Qﬁﬁ 8”4“2-/ —H/\e re@gec—h‘m
coelficrent Kp L the M cortion s
Jen ®y the oo ficiont ou of Z-

o fy (2)

Aw\ (%3; i+ QQEO}‘\‘ 422‘7‘—{- PPN + QM%«*M

kw\: Ay

— These “twop %%ua‘\f‘{mg ‘\‘ﬁge‘wﬁf" w ity A\& ()= ﬁ_}

The Step-up fecursion;, and +the

step cown  recursion
give ue a methsd 4o |

Find the re@éec%fm (,ﬂae@g?{,‘é%m?é“& %«(’; Qrwﬂ H{%}

(Mtzz order all-pole IIR |zHice @e‘é%@g’f)

g_}f: Given 4 QM/@rd@f‘ all-pele TTR laHice Lilder with

reflection coef€iclents Ki=4 and kz; 2%} ‘@W’Eﬂ‘y

+the “rans Lo Lunetion W (2,

A(z) = 4

M) = Ao le)+ k2 Ay (zm) =+ Lz

2) = A(Z) + k272 A (37 Compaye

) 1}-2\ ,i )3_ to the
= (g2 + (4 52) exXample
SRS TR+ S on p. 8- 4)

= \r e

o= 7z, = |
B=Am L+ %527 + 522 //l/




EX: Given a 2" order all-pole ITR 4iiter 8-50
Wit Yeanster Lunction Hz) = | - .égﬂ— ) |
Lind +he el lertion Coeficientg for o latice ?*Ciécl({%qf‘{m
- ‘o |
| \
= = = = - L2
g
Y k2=7Z /
»A; (%) - | - kzz [ b\z (%) - k) %'LA'?_ (Z‘—\)] /
e (SO NPT FEeP e
:&gamlﬁ
- 2 _ - ¢
A -yEre gt -4 | e éﬂﬂ)
_ 3L4] 1= 4+0z2"

T «=0 //

 Erowm Ahe diagrﬁw\i on p. g~4~6) The laHice struttuve 15:

R Yy

w)

— The —Fwil i@Ht‘CE @(f@r éaé:oaf( CZ%%"Q%V&,M N

| 69{%‘92 :2—‘ Sectim 4
f Ky= =¥y ! k=0

;
|
/
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FACT : Lo He all-pole TIR laHice structure,

the Francfer —?uv\cf‘)n‘m Leown XMWY T wind
'S allpass T+ 1S given B)(

W (z) _ 2% A (27)

—

X (z) Ay ) -

General TIR LaHice Strocture

- We now é@,va@g} a lathee Structurée 'pof' a ﬁﬁﬁ@mi

TIN Filver .3 has bot, howtrivial poles and
Nowtrivia) weggg

- This means +j,t both +the nywme

rator iﬁé c
o+ W) ATe hontri

enom lnator
vial POl nom 4l {

n 2!,
- S'{‘ra’}'eﬁy ’

@ implement the de;vwwm*f“ar of H(z) qg an

a;i«Pa\e_ ITR $€E+er) Jost like we did on

Pages R-45 Thfaugl«. ®-50.

@ Add an FIR strodore 45 the é
Path 45

—> This wi

OWer S f‘j e }

mplement  the nymerats- of He).

I require ssme aagitiona| hotation,

= In the book, this 1c calley Hhe “Gray - Markel method .

—The Strurture 18 also sowme tmes Called a W latice - ladje !
Steucture,



= + .
NE’LL:” for The method Yo WOrk} 4he order o £

e c\e,v\é)miwa%ur' o+ P((,-:;;B WAL Lt
. 5T

i
be e -+,
order of ue e

Nuwm-eva o r.
:-_> IP +hats not +he case, then do ﬁom_g

Aivision Lirst o Lactor our an FIR
~’frm\510<?f -’pum(‘h‘m. Tkeﬂ QPng "H'\e

Gray - Markel we o o +he Cewainde,

+o ie‘t’ an 'TTLTR. MLHM@ Shrycture,

—. i . ¢
Cinally tmplewment e “actored out

lj‘“l@ 't‘e.rmé in q ﬁaHs‘ce and ?iﬁe 3_1L

n pavaltel witl, The TTIR structure,

B Ai+ional Notation

—up To now, we have M,adﬂ use ot +he ’Fw}?wm“’gf
! RS-

f%m (2} = 4+ A2t A, 24, T oa, 2"

Lor OT ms< N

— For our FIR laHice Structure,  An (2) was +he
Freansfer Punetion From KInY Ao £, Ty, so that

Fn(2) = An )X (2) (e, 8-40)

- For pur all-pole TIR \aHice Structure, A (2) was

‘f\we. “l‘\rqws ﬂ?er a«%}mvx!"t’{m ‘@‘V”’M ‘jc’ﬂ —ED @Mgﬁj; 20 Hay”

Fon (2) = Am@) Y(2) (p- 8-48)



~Here, we are developing @ laHice strurtuve ‘.I

Lor a 38~'xﬁml TR —?;!%@@ S0 we fomtiaue p u se

the TIR convention ot Aen () is +he Frane Lo
é@mwé“”?*?m Preom Yoy 1o ‘{“\M Tn) .

F (2) 2 Ao (r) Yiz)

= But Ue to how, we t\ﬁvﬁ Oﬂly Aac‘ "f’“o Cpmff,'cfef ‘”’}Lfrgﬁ
polynomial An () Por one value o€ M at atime.

—Becayse of 'fjgvgag/, “he @@«'&?gkiﬁmf’s

Qe Needed
@mgxﬁ ONE, 'mde}(.

., . /
—For example, i£ we were considering Mg (2),

~t
Then twas clear that Mg v

a,” meant
The coefficient a, Prow i polynomial

As2) = L +a,37 + 4,27 4 a, 273

s gﬁfj
~Ln order p develop the stprytuype

Tor im?t&maﬂ%wﬁf the nuwerator ot a9 enere|l IR
teans ber fumetion

Pgiyrzg)vm‘&ff b (2
“the Same "f's‘mé?,

g ' . L
H g’%;j we, wil] v\eed o Com 5’;{%@!{" Tue
) Pfor  wore Thon  om e Y

Y "
vin ﬁar,

-This will reguire a secongd inclex on the coe £liciants.

—one index o tell which polynowial  Am (2) we
arce +@\lgaw\j 4509‘}-)

~and & second index to o)l which coelicient we are
Talking abovt 19 et polynomial.



- We will nce a Supers cript with parenthees @

£ N
7T The index that Fells which polynomial A g
: « WA = ),
-we will use g 5%55@:‘{?% for +he wdey +hat to
VJL\iG\’\ coe ¥ Licient |

e
v the rolynomia) A (2),

- S we will write C(.JLM) To mean the coe PCicient
oF 2 in the polynomial  Aw (2).

—With This pew rotation, e Po!ynamféfg Awm(z) wit
he written as;

m=0 AO(%): 1
m=1 A (E) =1+ aii)z«l

m=2s A (@)= L+ aPz v al 2T

It

m=73 A3 (2) = 1+ Qf@zf—*f”}_ flf}iﬂz & ﬁ;z%mg

’97’5}\ :‘;f} o} ARFEAN

- Ny Lo
— A§ EBE‘{;GVQ O ?o %”ég‘g W;a\ ?,%-—“@2} %‘V’!e fe’*—;\e(-rgm

LR | . i
coeflicents ore aiyen bYy

kpm= all) 1<ms N

J



— Nows SUpPpose we are given an N !

ot

TTR Aransfer Punction
| by bz e b2 '~+i>%2"% ~ B
Hey = “ - — =
Ava e +a 22 + ... "'3g~«4 AN(%)

— T+ 15 rﬁﬁuifﬁfj Tt % < Al

- L i?‘}ﬁJ then use +he erocedure ceccrbed S
a2 2 8-52 1o Lot~ out an FIp +

*@uw‘ o Qwﬁ‘%

Cains 4\@(

1.8

—Here are the steps +o realize Hew wn «a genors|

TIR g&ﬁ%’%éﬁe Strue are :

Stee O ¢ 18 %Q&J Then  define NEW  nuwerator oo PLcients
‘:)atf"‘ :E%*z: ces QEMEQ
4n waxe the order of the nuwmeratur @‘5%‘*\ o
ﬂe @vc\e«r of the denow vnator.

l+ 12—
For example, 1§ Hz = - 11
lrgz v x2te 327

J

+hen re-write t g4

\+ Lty O+ 027
% | ‘LEB

Hez) =

\+=~f§°’+4‘%

— In this ezamele, we have N=3 and:
b=1 b='2 b =0 by = O

-5 r;‘a_-‘s_ ad_ L
Q{?}-é LL%—% A, =3



‘ (8756,
S%ee ©use the procedure given own .

ﬁ&*"\}&s 8"4‘5 "I"’Araujiq 8"5@ 5 vea\i%@ ‘H/\e

c\emmm%@« A;\;(E) woan q{[—g@a%a I
tatice Structure.

— Abtec stee @), You will have a dizgram that
looks ke +higs

L AR £.,00 Lo £l

KIS ) M 5 e
KN ! kl‘\"\ ) PR AR S

1 Sﬂiﬂ-i g&]-«!z‘:ﬁ‘} 3” »7}:%_} 3: nl go Tn]

‘ e

—With ail The details chown, 11 looks ice Thig,




S‘i’e?@" add an FIR Structure with dﬁ\f&y’
line Taps on 4he lowec Signa) path o
. N
LVAE \Q‘N\eﬂ/‘» \ “Hl\e, V\\’\M,QT‘O‘.‘%O(';

= The Sreracture then \ppks like hic

\D nl '@,{3‘3
wtny NP e T pen 5,00
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EX : (Example 8.5.3 from “Schaum's Outline 0f DSP by
- Menson r“?é‘s’é?ﬁ)
A 3¥-order low-pass digital ellipdic {ilte
withh  cutot€ Qre%uem:;/ We = 0.5T rad/sample has
Frans fer Lo e Fion
0.2189 + 0.512127 4+ 0.51212~% 4 0.275%273

He = | — 0.001027" +0.6546 22 ~0,071752°3

Realize +his Lilter n an ITIR labtice Structure.
Step (D + nothing o do... smce g=N=3.
We have B(2)= 0,259 +0.5121 2+ 0,512 272 4 09,2759 273
b,z 0.2759 b, =0.5V2) b,=0.5121 b, = 0.7759
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A; (&)= |- o0.00102" +0.65462% - 0.0775 2-3
a’’ = -o0.000 aff’: 0.6546 a?: -06.0115

5+Q€>®: F@ali’z,ﬁ 'Hae Ciéﬁﬁm;%%%ﬁf' ol H (&) 1
TIR \aHice Stewetuve,

TS
= K,= a3 = —g.0778

n an gll-pole

Step -Bown Tecuyrsion:

| |
A, (=)= ke [Az (2) - k; 23 A, (%")]

= (o0 O"”?g;}z [(\ - 0.001027'+0.63 4bz2"2 0. 37752“3>

-

~ (o115 )22 (1- 00010 2 + 0.65 46 21»9.0?1523)j
= {,0060 [(hca,aoio 27 +0.654627% - 0.0775 23 )
+0.0775( 273-0.0010 2% + 0, 65467 =0, 6TI5 ) |
r‘ 3
= 1.0060 | (I-0.0010 %" +0.6546 2% ~0.0775 2% )

+ 0. 0TS 22 — 77500 x167°2°% 4 5p,732x10 271 = 46,0063 *’0:’}

]

10060 | 995.9905+ 497321167 271 4 454,52, (70> + Oa*]
= | +0,0800 7" +0.6505 27
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Step~ down Tecursing :
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AE) 2 i [ - x|
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-
-

l(\ T0.0500Z7'+ 0.6525 z‘z)

= [+0.0300 2!

)
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— Summary 58 coellicients ralpulated ”f’hrouﬂh Stee @

(3 . -6.0010 (3 _ (2)
a » 001 A, = 065%b Ay = =0.0115

a® = 0.0500 2y = 0.6585

g\ﬁs‘f Z £.030 |

b,z 0278y k=052 h,=05120 b =0,2759

-——

k3 = - 0.0M15 &y = 0,65 05



)
;= b, -ﬁ: Cia,
\2)
= Ez - G A
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Ci = b; - Z ‘-*_%5'1_.‘
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(2) (2
= | - CZQ! - Csag

= 0:512] = (0.5124)(6-0500) ~ (06,2759 )(0-6544)
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> ;o
Co= b= 2 Cj0;
J-—

() (2) (3
- )Do - C!CL! - Claz - C3Q3

= 0.2759 ~ (0-3062)(0.0301) — (0.5124)(0-6585)
—- (0-2759)(-0.6775)

- —0.04973

-QSUMmmar)/ az,ﬁ ’Zoaramef?“@,rg 5&55%%%%&4 ?cr“ "ﬁ/!@y 11{2;.
lattice Structure -

Ky = -0.0775 Ky= 0.6585 K, ,= 0.030)

Ca=0:5124  (C,=0.3062Z (= -0.0493
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_El given the ITIR \aﬁicﬁe S+r~mé+m¢& %\@

°N P23€ B-62, Lind due trone
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Lunetiza Hez)

Frows the c\%afjrawx of Ahe la
N=73

Hice o
TP S»%*ru,{‘%‘“a.«rﬁ‘ ) we %\O*Je

i

0.658% K, =0.0%0)

C3=0.2759  (C,=0.5124 C\= 03062 (4=~0.0493

wf’mceedi;hﬂ as
we have 4

Pg(z) = 4
Ay@)= Aole) + k2 Ay ()

—

= |+0.0%0]| 2~}

N Py
N The Cxawele on pa

92 8-49,

= al’z 6,020

A, ()= A@E)+kZ2Z A ()

= (+o.0%127) + (0.6525)22 (1+0.0%012 )
= |+0.05002 " +0.4505 272

)
— q(z‘}: 0.0500 6{{'%
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N ()= A (@) + Ks2 A, (27)
= (\+0.050027 +0.6585 27)

+ (-0 gﬂg) 273 (H‘ 0.0500% + 0.6535 %?)

- \-0. 0o\0 2" 4+ 9. 6621 R~ 2 @.‘@’?“’?3’%“3
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Srror tn +hig
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= a o 0 a_'= 06623 ag: —0.0715
— Now) ;33:_ c:,3 = 0.2759
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Z» cy ::,: = Cp o+ CuA
1:&’3 h

"-’—Qﬁf‘@%&r Q‘Z‘?QS‘\{-—Q@Q&W} - Q‘%‘Ezi

3 (;)

~ - (2) {3}
‘b;: C\“’ZCJQJ"‘ B CI+C’1Q% Ty

= 0.3042 + (6.5124) (0.0500) + 0.27159(p.6673)
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