


FILTER Ben Chen

NATIONAL

R = (4w>+160) /rw> +16) /‘_Zig

M) = RO fy= & = (-45%+160) /(- s>+ 16)
C(3) = —48> 4160

Plsy & -84 |

1) D(SY=-=8SZ+16 =S+ 4)>(~-¢+4)

R(S) = s+4
Mz (2) = 4
Nz (8) = S

2) A =a.+a,s+a.3*+03S?
Mi(s> = Qo+ Q-82
Ni(S) = a8 +Q358°
3) MM (8) = Ni N2 ()= 400+ 40,82 — A8 a8 % = C(8)
400 + (40 -0,)S* — A38% = —43* +160
Qo =40 , 1z =0 , 4. —Q ) =-4

In this Pmlglem , We ore not able 0 deteyrmine sthe oxfvact yolues eJC

-

&, amdl &= . fHsqume a =4 ., Q=0
F(H= (43+40 )/ (s+ 4) (mowvmun phase  function)
CHECK Rw) = Re § F(‘e)[§=5w§ = (4w1+|60)/cwa+ ,6;
Let Q&,=35.36 , - 734 ,  we opfean
F(e)= ( 7-848>+35.368+40) /(s+4)  (mint-phase,
CHECKs  Fwy= F(S) IS:J-UQ = (- 7847+ 40 +j3536w) /(4 +jo
= (—7.24W2 S *—j?S\%w)@r“jw)/(wZHe)
= [(4w>+160) + ) (14144 0+ 7.84w> =201 /rgz 416y

CHECKED




EE 4468 HW ##1 FILTER. Ben Chen

nAarionAL

X W)= (=3w3—w) /(wb 420w +L0>+36)
N® =jX@) o= = (38%-8) /(-5¢+28*- 8% +36)
C(s) = 3532

Dls) &= —sb4254 _sF436

D) D(S)=—2% +28%—Q%+36 = (-S+2)(2+2)(s¥—2S +3)(S*+28+3

= (=S+2) (§7—28+3) (g+2) (82 +25+ 3)

B(S)= (8+2) (8*+28+3) = 83—\—4—82*—73 +¢
M2(Q)= 4S>+ 6
N2(Q) = S3+73
2) ARR)= &S+ o
Mi(s) = Qo , Nitsr=a8

NI (SIMz) = Nz (DM ()= 4 $?+6a1S —AeS3- 76103

= (4@\“*@0)83-\- (60, —’7@o)§: Ccs)= 333-C
~ 40, — 0o = 3 Gy = |
. 6@\—_7a0=“"l ao = [

3) F(&) = (g+')/(33+48’-+73+6)

CHECK . \:(w)=1=(<;3lg=-.4=(}‘w+’l)/(-)\w%~w’~+j7w+6)
= (JN+|)[—4-UO7‘+6 'i"j(w;-*TbJ)]/(w6+2w4+w2+36)

= [—u* 43w 6 +j(3w3-) ] /(W6 + 204+ W +36)

¥ (w) = (—3w?-w)/(wét2w*+wr+36) /

CHECKED!




FILTER Bew Chen

NATIONAL

Py=—tan™t (=303 -w ) /(—wW* 4302 +6)
¢<e>éq>cw)lw=je_=-mn-' (335—8)/J‘(—8‘—SS‘+6>
d.(sr= 383-g

Po (s)=—8*-38*+6

D PO =Pe(r+ Pe(3)=—84+383- 30%_ 3+ £=(-8+2)C3+1) (8>-28+3)
z) RCG-8)= (-8+2)(S8*—28+3)

B(s) = (s+2) (s>~+zs+3)=§3+4sz+75+6

A(s) = S+

3) Fer= CS-H)/,(93+4-S’-+73+6)

CHECK = Flw)= Fs) | s=jw (See 3—6Ge)

= [t rzurt o) +) (—3w3 ~ )l fws+ 2w 40+36)
P (W) = — Aom™! (—%w3—w)/c_w ++3wz+6)

CHECKED !

?’U”‘/M W'a/%b// — 9




EE 9448

HoW. # 1 FILTER , llovi Chlen

narionAaL

3=-7¢

|H(jw)lz= (W¥-9w=+25) / (Le+3w* - 3wz +4)

C()
Do T IHgP

A
J

= (3%*+98*+25) / (~sé+35%+33%+4)

()= S*+0s*+25= ($*+ S+5)(S*-g +5)

Ats)y= §*4+8+5

D(S) = —S6 +30% 438244 = (=S+2)(3+2) (s +S+ 1) (S*=L+ 1)
= (S+2)(sF—3s+ 1) (S+2)(SZ+3+ )

B(s) = 83+ 3S* +32 +2

H(S) = ($*+ 34+5)/(S3+33>4+33+2)

CHSCK = H(jw)= (~—w’-+j:aw-\—E)/(—)‘w3~3wz+jsud+z)

COPHB A Je) (CWIE -y

[HGes[* =
(-3 42 )50 —jw3) (3w —j3w+jw?)

B (w‘*~yw>+25)/cw6+sw4—-sw?-+ a) /

CHeekeD !




TLTER. Eon o

[HGw)|* = (w14 j200) (W + 1 —j200) Tz tes® 300 e jD @t tsw
= ( w4+zwz+\ )/ (w? —5ca6 +!lw4"|!mlf4)

CHeeckseD |

wwfaW o

EE448 H.W. #1 Nl
3~Fe
— |HGe) | F= (e r2we+1) /Ceo?-5wé 4 ws—jjw=+ 4)
C(S) - { N ?_l - 4_ > 9 6 4 >
1 e s lHEel w=% = (s%*-25+1) /(s% 4586+ 18t 1S +4)
CesYy= g4 292+
g2 D)= SP+5C¢+usS* +1182+ 4
[elcie]
EE 2) C(D =S —282 4| = (S-1)(8+1)* = (8> =22 +1) (S>+28+1)
ééé A(S) =S¥+23 +|
g ) PO = S8+pefHIs* + ST+ 4 = (8% +282+ 1) (8% +33%+4)
~z(g
==+ =) s+ (S—0\5+J\.323)(3'—051-)1\323)(s+o‘5+)‘4-323)-
(S+0.5 —j13p3)
BC®) = (s% [ ) (+ 0.5+ j1:323)(S+0:5-§1.323)
a = (s> +D(S*+e+2)=8%+ g3+ et
4 H() = (8*+28+1) /(% +32+ 3287 +35+2)
S H Gy = Hts) 'S=)‘u~\ = (mw=+ 1+ jew) /( 2+ WA= 3wt ~ jui)

F—jod tju®)




EE 448§ HW. 32

FILTER Benmel Chen

j— p
N
NATIONAL

(d  Pp&I=38*+283+38*+28 +3

g
\m

e

MCe>=38%4 36>+ 3
NCsy= 283+ 23

s
287428/ 35% 438> +3
e 4§ L S

S0, pes> ie mekher Hurwity wor vaoﬁtjiaeoﬁ vty pclgwmcajL

s MU NS -
x I pc's) iS a Hmrwat—k Ps(gnomsa.l , TCSY = NS Y Mo cowled Beo wrikea

i
T L R
5 .
=
fas

wyiben o Ahas §-€Yw1 5 1 DO PCS>‘ i€ o oo H,wrwue‘k g W\eoibjy‘e& pc‘ym)w
(e P(S)'—“— S*+28%+38% +485+2

M) = B + 38244 o
N = 283+48

.Lg '
>4
28*H8/ S*438%42
gt+28 28
SL+2 /Z§g+4-§
‘ 7 283448
0
besy= s> +2
A @7‘+2 i
Tesy = - =4+

|
ze T
SO, ‘P(S) 'S ‘e *moa&fitrx \-Lwrwiit&- P;)]cdnowvto-l g /

63 P(s)= S*+b5c3 g+l + 4

M(8)= 8% +118>+4 , NEI=583 48

58
5848 /s4 g4 4
Rk G-t
“*sl FER /5‘8”+u§
B e .
7S /44 2y g

-

=

S EF

O\bmw

30, P g a H/WYWL*/’ P“’"X“Qmiﬂel N

s



EE448 HW. 3#2 FILTER Borme:. Chen

fs0 —> ReiF®I= 650w >0

(d

5.
(i) ch)=35+s¢+3gs+zsl+zs+2
2 N(8>=385+38*+28
M(8) = 8%+28*+2
S
S*+26™+2/ g5 353 +238
_S4+2s* 428 2
g3 / 8% +28r42
ot i BNEE - iTEN
e 28*+2 /o3 7
= ES s
/ SRS
gs2 SO, pesd> ig  weskher’ Hurwitz  wer modifiedd Huwrwity siical _28*%
=, ]7 v f oy ):Ol«}fnm«u . >
: “P) Pr= SO 42844843
~z(; .
g MCs)=8€4 28% 1 g>4 3
N = 0.
besy= 8642844924 2 ( ))cs) T net e }l{wrwi% )
ERNE =
— ‘ 6554882428
%S
¢8°+88* 428 / s64o8%+gr43 ,
S e oot
= s%+Es5™3 [635+pgi4a2s
6874683 +278 . 38
— o A
‘[_ 2¢ 258 /%§4+§$"+3
4 25
: _ 243 5 5 a el s
. 683 8 Bl g :_
3 S = - /233'253
- 6297, < /_EZ s+ 3 —mlngé%?‘
g s* -
3 T
So, pes> is mox amcoﬂzf—mo{ Hovrwe dy /an/ynovm:a/( . l/
4-;/2 ]
) Fey= /
F(s> e PR, !
. bl b b i 0 )
Lex SESH jw Fo=-+t= ) = eiary (Fm )
k wWw=0 —> F(i)':‘gz%,,‘; veal .




EE 448 H.W. %2

|
4
;
i
|

ﬁclesr’ -

.G

F(s)

Gupis = | e eas).
S+568 7 S+oub -jo.'s%& b

'S vwok oo FYQ -E—uc-tbm

vs also mt‘ PR

, JREOFC-EJo. 200
<o Qj Q28R

f

e

= _ S*4
) F®= i eris
el ) s=¢ > F(§>=F€6)=“§:;‘5J;q§ ‘s vea]
@ B =8*+8+15 ‘s Hurwaty polynomiod .
® Foym St — _O0S-jost 05 +jodte 7 /‘5
STHSHIE (S40.5 -j3 ) CS+05 +)‘g‘gq,) / \
S0 £ PR 7 oﬁﬂd)‘ RC)W) )
5. FCs> IS N Q F © Neei *o
333 e S isa. 4 A0
o P FO= Tsras
Eé;;; o) Fis) =(e>+7 >/(8‘3 +¢L3)! s=5 = (€L+9)/(55+¢s) veod
5 P 2 - @ Lo B 3L ( IS
52(5 @) R(s) s>+43 S (S'\"J z)(s )Z) MJAfLe.oL )"ufwut& )
5 5 5
g N -% -5 : .
€} F(s) = _S’L =+ S‘+jzn + S—-jz ‘r\e&o&tv\}e Yes-a@u,esé/
SO, TF(s> it mox PR . /
, S*+ 68% 425 + |
[’L g) Ko g T e et S SR, SRt A DR -
o  H (s+1)*
) F s veal when 5 32 veodl
(2) BCs) = (s+1)* R Y
= > 7
(3 A(S) =S7+€s¥+25+| = (S+5.68)(s+ 0.6 ~)‘o\ag@)(g+o\te+jo,gg@
Al ie H/wrwuﬁ“g -
) 2
= | — = CSl) g "
Qi = /F(S) = B(SVACS) ( ;/(S +5.68) (s+o.16 -jo3ee)(Sto.k tjol 322)



EE 448 H.W. #2 EIEFeR. Bosprnnant  Chana,

ETS 5 SQUARE
TS 5 SQUARE
TS 5 SQUARE

E
E
EE

42.381 50 SH
42.382 100 SHE
42.389 200 SH
M

&
.‘\.

NaATIONAL

P A= (34622 +23+1) /(s34 3g+1)
Bts)= 83+3s+1
Ne () =8%+38

Me (s) = |

9

| /g%+38
So, BCSY Te neither ity mer M&ﬁe& Ylumoity )aatgncvml@{_

F(&Y) jewk PR ‘

(1) Fs) = (s*+83+28>+5)/(48%+28 +1)

L

Fs> ient PR, Becounse Ahe HLitterverce j IT— o@egmes A avdd BC2 3

()  F)=(108*+83>+1) / (485+08%+4%)
(N T 1t veak when < s real
@ Be)=4s%+108%*+4s
Ne(s)=48%+103> +48 , Mu(s)=0

kce> =425 1053 +48

A 4385 +1083+42%
Tes)y =

2084430844

| S
2084 4+308*+4  / 485+1083 4 48
48% +6g3 53
483 + 48 /2034‘+30§1+¢
20 84 42087 Zs

108+ 4 j483+4g

12

?8J1031+¢

i Iz
B> ig hvoo?/jcan )‘{A«erb‘tk . / * 55

LO)



EE 448 HW.®2 ‘ EILTER j Reomne %%v ,

B Fs) = (10s*+85>+1) /(455 +i09>+4as)

I

(105* 485413 45-(5- %) (s+)F) (s+)48) (s-)0T)

_ 25 25/24 25/q iz e
e T s=jdi= T e T s A T e

@ FGu) =(jow% ~ ?wz+|)/(j4ws“j‘°ws+j4’w)

- ‘j (W= QW™+ 1D /(4055 10wy >+ 400>

S Re$ F(ju))} =0

So, F(» is PR. /




EE 448 HW#3 FILTER I BEN MEI CHEN

5=1 . DervermiNe which oF #he Sollowimg  F(8) ave vealizable ae [ossless DP

Funchiong . th‘&g youy omswers %

720

@ K= (S*+552+6) /(5% + 352+ 2) /\,\ -U—Q a/M, {
0 4

Answer + F(8) s unveelizoble
Because he diflevence Between Ao cQQ%YQQ,Q & 5 (S*+5S+6)

andl  (S*+38%4+2) is zero. Thie doeswt gax;sfg Pr&o‘sewk\d B_E/

(©) F(= (s*+5s) /(s4+382+2)
= SCS+jNBI(S=jJ5) /Ie-j> (s+)> (s— i) Cer )]
; —
Answer <= FCsy I8 wnrealizable . y /_5
Becanse .,  T(8) Loes mor satisfy Poper 6. The poles amol

e
%ems/\ ceicm? *he Cvnqav%&md— axie Qibe «

oo Czero) , )‘JE (zerod, jJz (poled, jepoled, D (zevo), -

©  F® = (§2+1:58)/ (s2+1) /
Fts) e vealizable | |

Answer s

Ix e easy fo cllech  that 5;303) satis§ies (Pwpevt% 15253:%
ond 6.  Ardk

chw’/j = C*J“$$+J“5°0>4(—wl+l)= (-oo3+|\5-w)/(_wz+|>

ol FCjwd /5
.?;LFQLMQ = [E3w*+15) (Cw D) = (-2w): (e 15w ] Simwry

= (wahEW= +15) / (1—w=)?

=[(w>- 0-75Y*+ 093751 /Ci— 2>

= 8 (e‘xwfk the poles oF H®))D . /




EE 448 HW. 33

FILTER | BENMEI  cHaN

..l‘.
~N
NAaTIGNAL

C?)

W

5

(b)

F(s) = (S®+38%+28) / (S*+558%+6)

= S(S+jrts—j (SH)AZ) (S-ja2) /\[(g/—jhas)(s+j|‘2zg) (S"jz)CS"jZ)j

Answer + T e unrealizable .

Becwuse  #he potes aol gevos oF FCs) Aot altemate with eack / i

othey cv@ezy e ;majmm axie .

oo (Fble) r J‘z (Po\e) b j|.225 (Pale,),jﬁ (3evo) ,j Czev0), 0 (gefo),‘j (ev0), -~+

Fey= (S%+38%+2) /(S5+55534+¢)
/47130“9&: F(2) s wnrecdizable .

§ membecd F(-)= (s%+38*+2) /(~ S¥ —558%+€) F ~ () .

Roalize #he Following DP admittance funetins By Awo Tosfer’s® forms smel two

Cauner’s Joms . IJC x giwen Y(S) s wekx vyealizable Q;@aﬁew Yea gon g .

Y(s)= (8*+3)/re(s*+4))

FIRST FOSTER’S FORM *

ZS) =S(s*+4) /(s +3)

= sr=p = (P+4) /cprad>= I+ “P:I._S

N & " =2 bl
zZs) = S+ Seis = S A e
%es
NORQER L
VH ) /
Z(]) ”:J;" é%H
=Ldse e I
CHECKK = Z(SI= S+ Z 8 =5 g+_§_ﬁﬁ__ S (S +4-)

TeaL s+ 3 ‘*“?z—:g*“‘//

chscksd !




EE 44%

H. W, ¥3 FILTSR BsNmgl CHEN

e
A
NATIONAL

E~ 7 (b) CONT.

SECOND TOSTER’S TORM :

Y(sy= (s243) /[scs>+4>7

_ s Lvas L o i)
Y s Vo4 T 2is 4s +—~/‘

AR A
44 L

|

CHREcK ¢

cHegckeD !

FIRST CAUSR’S FORM :

Zes)= 5(s2+4) /cs2+3) = (5*+as) /52 +3D

S
S2+3 /3448
8* 4 38 €
s Js*+3
g2 %S

3 / S

8

0

|
Sl

t —_— i
YSS)' 31=P= (P+3)/EP(P+4—)3'— p * Tp+a

R T /

| \
e R i )
T=28> Heg — © /Tecs>+4]

v

|
g~ =
CHeckz Z€S)= &+ 'T/S/—E;TS'= (S3+48) /cs*3) CHECKEDI
s
SECOND CAUER’S ToRM =
Yoy = (s*+3)/cs3+49) vy
48 +¢3 3+ g2
i 16
3+dsr  #
Ya S 4 +g*
4 +0 y43
sJ /&
\/4,




vAaTiaNAL

EE 442 HW.#3 Ficlter * Aeumsr CHEN | 4
S-TCB) CONT.
VieF
il E
: l /
crHeeks V(S = g+ S T C8*+32 )/( s34+ 4% CH ec(<e DI
'S
cc) Ys)= (8> +1)(s*+3) /Tgcst 425 ]

FIRST FOsTER/S FORIM

Zes)y= S S24+2) /C8341) (52 +35]

zes - S 0.5
_ 058 0.58 I I
zeey = + = &
] $2+3 S =
23"\'0‘5.s 28+ V6$
O !
5H Y H 7
ke { 2|F| | z:g ] /
—
1 1
CHeek = Z((H = EY %— + >c + % =S8 1"2’/[\(3"-}»\ )(SZ+-§)] CHecKED

SEcOND TOSTER’S FORM

Y(e) = (s> +1)¢s>+3) /TS Cs2420]
]

3
(49 o T =35 =
B sop = P+ P+3) /Lp cpiay] = I+ 5

: . | |
T = S+~ T S -

A

| 5 2H /
Y(s) T IR % 2/ H

el /W =

H 3 ! ~ ok > s

CcHECKED I,




EE 448 H.W.#3 FILT2R BSumsN CHER

e
A
nationar

’)_‘TCC) CONT.
FIRST CAUsR/'S FoRM
Y($) = (81 (s*+3) /reez+2)] = (S*+482+3) /(s34 29)
=
§*+2s foa 45143
g* 4z s
28 43 /}*3+ZS
92 +3-S 4Ss
%% /231+3
23> ¥ s
3 J Ys
or 3
YoM YH B
CL 11 ey e 1 1177 2 s
(<
( () = i = 4F /
\ _ I _ _(SF+D(E+3)
<HEck + T(s)=g+ 058+ —'  —  sC8T+12) i
43+-2
SECOND CAUER/'S FORM
Y(s)= (S*+43*+3) /(s3+22)
-y
. ZE
228+ S J% 4+ 48% g4
352 __‘}__
3 + 58 5S
ISR
is +<® /2 + S* =
2
- 2 +€8* 2
1
55 S kst
2F 5 5 s
T e IR
Y (s o 2 =
FH = H ’
T—é 3 5 ‘
I
CHESK s Y(§) = o5 + = ‘
53 25 4 o
Zst B8
s T 253(28+6) 3 g SI2BEY
28 5082 +{0© - z3 28>4+4
st t+4asi+3

e cHsckeD !

DI




FILTER

BENMEI CHER]

EE 44%. HW.#3 P
5~7 ) Y(S) = 8(8*+2)(s* "‘4‘)/(81+l)(8‘+%)
, FOSTER’S FIRST FORM «
Z(S)= (s 1) (8*+3) fe(er+2) (8™ + 4
) s
ZS ‘QL:P = (P+\)(P"€“%)/P(P+25(F+4)
i 3
b s s 3
P p+2 p+4
= Z) = : ' s l
i T B Ao+ L Bied 1
2 Vg H ¥5oH
R, —wn
. LT
YsF e I— i
~z g 4F %F
o8 z(S) ’
:
| } |
CHESE 3 | Z(8) = gk B Y TELno+ 82
/3 4S + S /53 <
% 05S 3/g S
o Al N Ty g+ 4
3 (STHDCTH) 4 0258 (87 4+4) + S SE(ST2)
ST +2)8-+4)
i Bt 48 +3 (S + 1) (8>3 b
= T S(srt2)(sixa) S (S (s4 4) _Ci’i‘if‘_cs’_y
FOBTER/S SECOND TORmM :
Y(3)= S(8™2)(5>+4&) /(s> +1)(6>+3)
_}ﬁgg&l_. ’QL:F = CP+Z)CP+4)/CP,+') (p+3)
2. ks
..___F.:{d_\——m S . P-Sg e |
! !
\T(ﬁ) = i3 | + + 5
e ‘
5 B 2Bt s
L H /
g 24
e |
= )}y
N L —T<T /
I _ | ‘ __Sk* +63748) ,
SRR ST e T R, T TernEy SRR




www

P
V]
o I

EE 303 H.W.#3 FLLTER | Bewmel cHen 7
5‘-7cd) CONT. CAUER'S FIRST FORM :
Y(S)= s (8> +2)(*+4) /(82 41) (s2+3)
= (S® +68%+83) /(s%+4S*+3)
o
S¥+4s*+3 / ST4653+88
S° 4483438 =S
28* +58 / 34448 +3 N
§* +% 3" 38
- 2 o243 /zg?rss H
E 253448 £3
—— SNV [ e X4 7
MCsH J_ ® SIS
S -3 ZL .
ZhR \/ L
T \ 3/8
- 0
. I
crugeK x  Y(8) = s+ ‘ — i
i Ll \
23
SR T
= < l — ‘
= ‘ g e , €T |
058+ —p——5— 0S3* sy L
o 35746
= (8%163%+382) /(54 +48*+3) CHscked !
CAUER’S _SEcOND FORM -
Z(s) = (S%+4acr+3) /(e5r¢se +83)
3
BS
$S+653+3% /344874 g4
T 3 32
3 +xs*+gst =
v +~8§/8 +68%+8%
Q34 2ok ..;4_3_
' ERS.
Loost [T+ fe
2% i gg g _Hch
3F 47 3 F _éé_s 24‘8:'
It [ I R
=

3o 7—%,;3%1 / Ts'
AL -3

Bl

R g

o



EE 448 HW.#3 FILTeR BENMEL  PHEN

oo
A
nvNAaTrIonNAaL

5’-7 ce)
Y(S)= (87 +2)(S*+4) /scs2+i)(s2+3)
Y2 is ot yealizable , hecause Ahe sevos amd! peles oF T(3) :
Ao not albernate with cacl other aﬁ@? Ale ‘rmaf;n@yy axig . \//
oo cxevo),)‘zt (yerod
E=Q

(SZ41) Cs T+ 4)

Z(s)=
S(8*+3)(8%+5)

(@) START WITH CAUSR’'S FIRST TORmM (PR Two Elements ), anNDd comPleTe THE
ReallZATION WITH CApsR/s SECOND FORWL.

FIRST Fopms Y(SY = (8%+88*+163) / (84 +58%+4)

g
S¥458%+4/ 57rged 4158
g%+5s¥+ 48 =S

38 + 118 [ o*a 58

ghd-Lige
“%“Z"’E?-ifi
!
Y(s)= s+ '
=S+ Zs)
| ] 48% +12
SECOND FORM: Z/(8) = ———— — 38§ =
Y-8 o 9% + 333
.1
. 238 F
2Q o 4.¢2
338 7SJ,2+3687, 263
12 + TS gL
—%—s / 3’>+78Z 2
3 99¢
g
]S Vi
8
1
j0]
+H B F

TR ’ B
l I R /
\‘"(S) = ”_-_ ! Z/(S) g_&
|




E
|
i | i
EE 448 H.W.#3 | FILTER | Benmsi  cHek/ o
E—8 (a) CONT.
' . T 1
CHECK: ZA(S)> = —3z¢ F G, w
gg T g3
. o AN g3 4% 12 )
338 33 (3sE+11) 73‘ +238 /
| S5 4+88%>+ 158
Y(s)= g+ S itz T oy = cHecIKED!
3%4‘7&,5_{.3& (S*¥+ Es>1+4)
(b) START WITH cauer/S secoNDd FoRM ( FOR 3 clements ) 5 conmpleTe THe
REALIZATION WITH CcAUSR/’S TFIRST FORm .
e 8¥ +538* +4
Cawer’s seP. Z(S) = g5 1983 —+ 52
g o~
S 155
: 153 +88%4+8% /4 + b5z + g4
44 2
4 + BT+ S e
Afcgie L3 /|5‘+ ge=4g¢
15 15 65 1849
15+ =2gt e
42 26858
179 3 43 =
L S bl i) w0
13 S+ / G + 5
B4
.4% ;2P st 22bal
- 3448
24" ,7? 2
§ l E? k Tgﬁ{-g 24
28) = s T+ B . 1 2L T
33 1849 [ 24
26855 T Z7CS) J 57
" x4
r 3443 .
’ — = (0]
Z' = T3z0a40 5378 76?7s’~+ 3204
344 24
£975%4 35
Cawerrs Tst = Y/(S) == 7 9734_:_;?204/
179
“$-3 ]
3445/ 16975 >4 32041 244
7€97s™ __3204]
32041 / 344S
3445
O




EE 448 H.W.#3 FILTER BENnmE!  cHEN

~NAaTIGNAL

/0
3 (5 oon Jasperta, ot
‘ zF i9ag b 3z0a M L L
i & T
= 4 7
r__->2(s> %H = 2Lk
319118 ~)‘4.46‘i X0 > ‘

IN ORDER TO CHeck THE REALIZATION WITH A EASY WAY . W& LET

S=)b~3 g AND OJ = 1900 'v‘moq/s

E’c)‘moo) = —)0.00|006003 (2

A. A % 52
— 5 x1000° + 4 =
[e00" — B x1600 = —jo.0e[00000 314

Z (8 ,S=jlwo ==
) (1600 —gx1600% 4+ 15x1000)

%0 ¥ EHECKED( —Z

E-8 () Cd&g‘r’& fl'v‘sﬁ Form %w— | olement . Carenss %cm'xap ]%’rm Fore / eles “"3“;6‘
@amjaﬁ’/te #he vealizalier witsh Fagfer ‘e et fc'mn

_ __8°+g88%+158
Camers 1o s ()= &t + 58+ 4

Y(%3é S_ + -Yid$)

¢54gs>+i5g . 3s®+us

€8)= Y-S = —aois+ra 5= Siresita

st Opds '+ 20 182 V0 Ganl= (4 BR*+ 4) /(32> +us)

s 4
e RSP
g oLy 4
Z (D= Z(S) — jg = SETANE 1S
o~ Lg% 4se
33¢% +i2
Foster’s lot o 2
Z. (%) S ook TR IR - A
- o P —_— [+ _z
= z=sp 23p + 121 3 33p+12)
8
et el z=
EEL I 33S* + 1zl
A |
R 77 |




| |
- |
| |

|

FE 448 HW.#3 |  FiLTeR GeNmel cHen

ra
N
NationaL

=8 (o) CONT. .
5 T :})0‘03636 52.3333 ;
AL T T R e
| E 4_F I -§|—H 363’H J0\2204‘
} : | FEEAE BN AT L X
6}, F1F OB | ey e llp
; r‘;_> Z: (2 : -j0.00808
[
i |
| % J
CHECK = s4Amg AS /aayvt we cfeck Ahe answer

T3 = ] 1660 ET

m ecesy waﬁ :

8:\-/770

Y [g_\‘)\1 = (5107 =8 xi0>+ ) 150) /( 0% X107+ 4)
=) 767592

90 Yo CHECKED !
7

— |




Homewerk # 4 FILTER l FBerme:  Chen

narronAaL e u.sA

©—1. DETERMINE WHICH OF THE FORLOWING Z(S) ARE REAKIZABLE A=

BC P MpspANCE FUNCTIONS: ?
Pl

[na
b Ze= g A
S gce+5)
(S+1) (s+2)
S=0 (Zev0); S=-1 (pOkE) ; S=~2 (pokE); S=-5 (Zero) L
S0, Z(S> 1S NOT REALIZABKE . /
() Z( =(S+1.5) /(e2+28 + 1)
= (S+15)/ (S+IICs+1D
8= —1- js notl & s;mfle pole
SO, Z(S) IS NOoT REARNIZARLE .
) Z(3)=CSZ+7S+l2)/(85+387—+38+\)
= (8+3)(S+4) /(s+1)(E+1D(S+1)
8==1 I8 NOT A simpLe PoLs “/
SO, Z(s) 1S NOT REALIZARLE /
W ch)=(s3+Qs=~+:7s+|o)/(95+nﬁssz—i-é?s +36)

= (s+5)(S+1)(S+2) / (846) (S+1.5)(S+4)

Z() Does not satiSFy PROPERTY ZRC 4 /

s > | SO, Z(s) IS NOoT ReALIZABWE . U]

>

(J) Zcey) = (S3+68%2 +8‘7sg+3)/(sz+eg+2) = ACS)/BCS)
Recousge on%veej‘ACQ) =2 > er?reefB(&‘) = 4/

S0, Z(s> IS NOT ReAkIzABLE /




}(enre wm“k fid 4‘ { FIL«TER j 7@’/)1772& 6,4:?/”0

srTay
ol
naTionaL

6-2 . DETERMINE WHICH OF THE FOLLOWING Y(sD ARE REARIZABLE AR

RC DP ADMITTANCE TUNCTIONS :

@ Ys)= (8>+7s+|2>/692+3g+2)
= (S+3)(st4)/(sS+iD(s+2)
S=—1 Cpole) 5 S=-2 (polg > ; S=-3 (Ze0) | Z=-4 (zeV0)

2

S0, Y(s) 1S NOT REAKIZABLE

(©) Y(S)= (S*+33+2) /ce+5) = (S+1)(2+2) fo+5)
8=-| (zero) ; §=-2(zeY0) ; S= -5 (pole)

SO, Y6 IS NOT ReALIZABRE . /

©® Y= (s+15)/(s2+2s+1) & A /pees

Because @(’77@67‘/}(3) =1 < odigree fBC3> =
SO, (S IS NOT  KEALIZABLE .
P Y= (83+65* 11s+6 ) /(e? + 48 +3.75)
= (S+3)E+1DCs+2) /(S+1.5)(8+2.5)
"Y(2) saxisfies AIL PROPERTIES FOR | —FK .
Yesy=[(s*+4as? = ok (2t 7~Z‘3S+6)]/f(sﬂ\5)(s+2\5)]

= 84 (23;4‘7‘233+6>/EC3+N5)(S+2~3)1

=8+ [(28%+8S +7»5—)~ <o-758+»~‘3>3 /T84 15)(3+2.5)>]

0376 0.3T5
Sins S+2.5

=s+2 -

SATISFY  PROPERTY YRC 6.

Y(S> DDES/NT HAVE A PoLE AT S=0 . PpRO. YRC r[ HOLDS|

0.375% 0.375
ALYy = & 2 — “?-_ghs‘ Sk ?1‘3.?;

Da e i) >0 PRO . YRC & HoOLDS,

Ao To+152 T (525 P
<o, Y(s> IS RepLIZARLE . /




Mg ouh, 2 FILTER ‘ Bermei Chen

e
Wi

narionAaL ™

G—-2 CONT.

(i) Y(S)=(s*+3s+2)/(s3+65>+ 875 +3) = A /gee>

A i 04;;% 7{ ACs)=2 « aé’efye ffﬁmr—a
S0,  Y(3> IS NOT ReALIZARBLE.




FLLTER

EE 448 . HW. #5

'\'b
N
NarionaL

e -
6—8. Mze the ]Gléowhy RC P/D admi Hance /anfwrzs % Jfosler’s tweo /ng i

Cauere  Afwo ]Qrms
©  Y(O=(SH(s+5) /(s+ad(s+6)
= (S‘+6S+B‘)/(sz+|os+24~)
FOSTER’S FIRST TFORM =

Z(S)= (S% +10%+ 24-)/(gl+eg+q) =[(s>+63+5)> + (4s +‘?)1/(gz+ (S+5)

. =B
= |+ 4s+19) e+ (se5) = oL Y

S& | S+ 5
= |+ ' '
= i i
TS+ 42 + 20 5 \
15 15 FL 36 L& 2
10 » }2 et
Y . R 4T
15/4 Ya-
CHECK = I+ S(‘ 5 S/+5 = 1(8¥+6815 + ‘-S+ 7;:+4 47/(s:+»)(g+5

=(82+10s +24) / (s+ve+s> = Z(SD  CHECkeD!

TOSTER’S SECOND FORMR

(8 = (S+(s+5)/ (stars+6)

5/24 3 5
Y /5= (s+D(+6) /gcetarts+¢) = —Sé—-\— ' S{i‘_ It

S+ 6
| I
Yts> = T24 + il s =
7 ++ @/._'1‘@“ 2 ~\»(752_ St
|
2n i1
~ gl
(Yo Fo g
- i —

CHecK » %44 t ¥ost4) T 2(s+6)

= [ 5E+4xs+6) H98(s+6) +jos(s+4) ] /24 (s+a7(s+€)

= (S24+6S +5) /s +4)(s+6) = (o> CrecKeD It




EE 448 HW. #5 FILTER /ﬁmﬂ% Qe/rz,

e
A
NATIONAL

CAUER’S FIRST FORM :
Y(e)= (2468 + T A(S* +i05+24)
Z(3D) = (S*+I105t24-) /(s>-+6§ +5)

[

s*6s+5 /92108 24

S +68+5 Z4
48 +19  /S>+68 +5 ,
8%+ %s -
54945 / 43 41
4.
2 28 + {6 2 e
2
5
2 ¢S = 3
13 £S 5
e = 2 o 5. J 3
T A AN T T AN MAANNA 3

"
sl
i1
i
N
=)
o

CHECK X T/T’S MORE DIFFICANT TO CHECK THE ReswlT THAN TO RE-DO IT .
IN ORDER TO CHECIK [N €AY WAY . W2 LET S=jw. CHooSE
w=1 vad/s , Zauwen O =2.923 - j 1885 0

Z venniz, = 2- 7220% — ) L¥8462 2

Now ., I vars 7o 30y 5% CHECKSD !

Cauews gecond Form: (oY= (S*+63+5) /(er 4108+ 24)

Zi(sy = (¥4 1084 24) /(8> +68+5)
5

24
24 4105+ 5 + 63 + 7

5 +32S+2s% —f%@
-;"—2134.%31 24 +i0g + §*
24 + 285 2200/, 04
7%2(2 TS J&y s
A teoo. =t Y g0e® 166-130/5
] 1 S f?g({: s
' 3 2908 1452 ‘A = A8,
[ 7 Zn g %a i / 7 — =
‘/ 1452




FILTER | Bones o

EEME . HW. #5

5 SQUARE
TS 5 SQUARE
5 SQUARE

NATIONAL

d) Y= S(S+4—)C§+6)/(§+|)(s+—5)
FOSTER’S  FIRST TFORM :

Z(H =S+ (s+5) /s(e4+4)(s+6)

5/24 ¥/ b—/?— et i ol i

= T ueat Ts+e

;
¥r
> 2Z(s>

FOSTER'S QECOND FORM :

S/q
YO fs = YO+ [lerpsts) T H 5+ L
\ I
() = S+=m o7 ¥ oo
i { B+ i 4 -k-_lzag
¥ e 4L l/
Y |
T fu .\
T T o H
7
CALER’S FIRST FORWM =
Yy = ( S¥+I108% +248) /(s2+62+5)
S
S*46S+ S/ S* +10S% + 24
S+ 6S% + 68 x
ast +178 ) SP+6s+5
8> + 2= s
Z7S+5 J4stti9g
4Q‘+1é3 B
33 J-Eg-«-r;
3
ZzS S
5 Jas
39
3 [2}
FQ =

YY) —

:'l‘
"
_.‘...._—-——”'.—._—
alx
] g
e —
JT|w
=




7
£€448 HW. #5 FILTER &L i
6-8 o) Ccoent.)
N Caginss. oot ﬁwm v =) = (S2H6S+5)/(S2+ 1082 4245)
5
24¢
z4g+1082‘+875+68+§1
5+Est st zzL
¥ +4s /24—+103+ g2
2'4+ 7 2209/2:‘704-@
242 a7 19
ey 73"'3)‘/‘3“'&3 ,
B '4157. _21___7_1 +S
555 242 as
25 2 af O = | A B s
LA N Yos ¥ e
RESH ' —-&s—wg"éi
3 > s ST 5 1600
&z(g (“ 268 %37&7_
N
g ,
R
6-' ©) Ty = (§+i)(3+5)(%+to)/(s+2)(g+ 6)Y(s+12)
- Zs) = (s+2)(st+6) (3+|2)/($+\)(s+.‘;>63+10)
TOSTER/'S  FIRST TFORM *
152 1.06 1.4.222
Z(S) =1+ g-!? sy - Y ©Fio
=1 < 6| . s; il ‘ _—
5458 + —— |§7~7@ Q~‘T 4@“"‘6—:{'— O‘?Ogl S+ mﬁ
1527802 o2\
e G P
e
TN AN
CiE T | e ‘za
v 0
[ T PSS JERHE
FOSTER'S CSScoND FORM:
Yoy /o = ('5*“)<9+‘3)(3+‘°)/g(s+2)(3+6)(S+\>—)
_ o2 0.3 0-1389 0. 2139
=g = fL s¥¢~ Y Tevw
_ 88' ) . ! N | |
B802 33 + _ 9 1] e
- 9 5 T 3338 - 17994 & -—l——oZgz 4.67:|§+ - e
‘ 3‘33311 7;!?94«@ 4-67§|Q
2.9%02 (L ¥
To.usﬁ e -]L. .01 78F i




S=44¢% H. 5 &rrmed (0_/@/'1/

5
6-8 e) CcoNT.) Cauer’s ]p.‘fsw? FORM *
- TSy = (S+DHES+% )cs+‘o)/(3+z) (S+6)(st+12)
= (S*+165*+653+50)/ (S *+209% +io8S + 142 )
ZCs> = (S*+20S7 4108 °H42) /s34 16ST+ ets +50)
!
EES 3D O 42057+ (08R + 142
S 4 lsT+ere 50 S
sg 432 1 43¢ +92 S 1682+655+50 "
e s3+Fs> 4238 El
e 2Ly azcHso [asi4q3seqe y
géé 4874+ e+ E” 7S
REL NS+ 132 22, qag450
i 2l ¢ -LZ.;.“g Jz!
& 3 léﬂ IZIQ 4 T 179
| = 77 0.4021.2 bTcwso fus+ ot
: AANPR WA VAN l AN S+33799 o.78IS
' 20.106 | /3.582 +50
Aobit oo 2 . .
ey > T & B TaxF P '78' B 0.402( LS
zou06 \ 60
20:(06
N— g
Caver’s seceﬁaz FORM < &LZ Z
0.3521
42+ 1088 £2054<%/ 50 +658 + 168+ S 3
B+ QWS + 70482y 0. 8AUS®  £,26€ /€
26978 + 8.965% 4 0641963 Jia2+10BS +208 %+ S 3
142 +47\¢88 43,4 ¢ 0.44-34-
BOB2+ 16575+ | 26.97+8.768+ 0648 ™
2697 +1.3%8 1944308 38,01 /5
1.6S + 0.2058% [ 15 92+ reszﬁsl
6082+ 7. 19s 0.182
88 +S Jleroqg
- A -“ N
o194, L10NE
e 2 42
28 o023
I /0,023
ORI 0.0763F 2.63 m 6.028)
I - it q
A4S
2.8401 2 2550 K 43"7Q ,/




|
|
A
| |
| | er

4
ARG
N
NAaTIoONAL

¥
N——

‘ L 6.
—{0 (b Z(2r= (5+23(8+ 40/ (s+1D(S+3)(s+5)
=(s*+63+8)/ (8*+98 23 +15)
Closwedt?iE | cogevdl  EORW = (FOR TWO CAPACITORS )
5
. 8

2+6S+S /;5+23§+7s’~+32

48 16 2 2
5+ 22 8 +es 23{7?
f:_fls-'-%zg’-ﬂ—gs g+6S+S*
%+%}38+28L 2209
216
7 _l+703§
i€ 0297C/g
o S ST e
T8 = 7876 + —eome . 71 ¢
_(ﬁw+o\‘?78 18.76
_ 0.8216 + 178.768 — 46.3S + 0.0056 0.0216 J3l36+ S
3.86 ; o026 3%
00216 \_
0.0216
Causprs FiIRsE  Ferm = CcompleTion ) ©
: _
Yils)= 46.3% +0.0056 = 46.3S+ 55w EesHy= 5 g_:

(-—> Z(S)

Cc) 1. Caner’s FIRST FORMm TFOR One COPASITOR =

Y(S):(S +?§ -\—232‘\‘”;)/(5 “("6(;""8)
=&+ (3s% +"58+"3>/(g%+ b3+ 8)

2. @w,m/; gecenc‘i Form R ene QA‘QA SITDR =

($>+6S%4 88 + 3¢* +153 +\E%Sz

'
Z+ES +S%/15 1158 1+ 302 J

5+ svter 2=

5s \F
N NN (
g +i2c
....._;E__,_,._.__m
%45 ‘
2
15 l = (3S2+I5S+15)
g + T T Tfsg"si = (s%4+68+8)
40S + 144 4
" Z\(g)_ 4_5‘3.‘,.'570 '*-‘F‘
y =g o ) =
FOSTSR'S S2eoND FORM FoR compleTioN = Ti(8)= ot _6‘»~+—»«/

13
e

H635+g)




<

6-12 d) zZes>= (S¥2)(s+4) fora 43y + (g1+§)(sl+6)/gcgz+4_)

Z () =(s+2)(s+4) facs+3)

e L
_ 3 EN—
“’+<:. +Q+3"

!
‘*%@*?@;

Z.(8)= (8543).(%*+6 )/s estid)

e !
Z29 | = (p+3) (Pt =+ —= + ==
= s =p = (PP /F(pm) ‘ P +4-
| \
= D= + T
RLC RepLIZATION 2 N
qQ i,
10 2F e IH <R
—-—-—-—vwv—-?\-'—°" T 2E L1722 i}
bty
{-—>Zf37

6= £) YCS)=(334-\-783-{—249”—\—28@)/(9-%|)(g+z)(g>+4.)
F ol Bt 1 4
b Ship Y SEeE T TETRT
‘ |
sy = 73 — t +
T F1e | ms+ s
g
(\e Y(R) + ¥4 X 3 H
25 iR F IF
2
) 1 _ _S*+4 _4S
CGHesek s S+ g = 45 > > 4d
2. o SR = S
'+ 5 = T =3 S+2
- S+ N 23
++5L =35 o <+
=] < _4s
YO =237 + =% Sy

= [zs s+ 4) + S (DO HAS(s+)(SH Z)j/(g-(.])(g—l—z) (4

A2
= (3s%+gst +24S*+288 D/CS+\)C§+2) s4ay

;4_>

CHeolceD!



EE 442 FILTER HOMEWORIK # 6

gg/)ﬂ"»’n e e{f‘?/fi/ )

.\t.
A
nNAaTIONAL

PROBLEM 1. oM Ti=a*%,+2ab % +b*. 255 20

SOLUTION = $, =% +2abtit+ b &

IF ab >0 . we @ET

b
é‘r%gu"_wfzzj +-§l2 >/O

I ab<o ., TueN 2 <o

a

LET %=~ % B0 .owe

™=
=S

%+ Té‘?a] - €

FROM @ AWUD (b)) . We ORTAIN

-‘2: E% ‘2“-}*—}} fzz] t -Z‘Z >0

WHERE o = % ,
_,a -_q:_

=20

ool

1

= E-lan -3 20 30

(&>

= <O

GET

(b)

)

a I‘F e >0
ab <0

INSQuUalTIoN cc) Is )‘ust Qame ag #he megaualTion 21D

on PAGE zeé1 IN nores .

IN THS NoTeS . WS HAYS

iu ~R32 __S‘zz

\

HeNcE |

WITH TTHE Soumm€  moTHED

w4

fage 1



&vme{ %rg

E
EE 448  FILTER | HOMEWORK. #68

fope 2.

NATIONAL

PROBIEM 2 * 'Deve(op residug and  veal r:xwt condibion € moR  Ahe Y- poraeterd

5F z—-fmnt RLC  medword .

B oAy " BT, 11 _Te
+ 2 + + E =
Y S Y\ %11 \fz i g‘y

Yia ]

CaII: l&n\/| + Y Vz OQ \/|= V/&

BIy= Hubs + Yl va=V/,

T=T+Ta= Vit Yo V2 ) + + (Vi t faa Vo)
=(Gs In+ 25 Yot TE Y )V
ST (= 3 Yt F Yoot e
Suppese  Tin () Aas o pole at  s= Py
272y, (s=p)]c=p,
£ 2 4 (s-py[sep

a5}

Zen ‘%%zz (3*?;)‘3?—’?%

I (&Y
~+ "b‘i‘ =2

w

- gctA - —o‘tf §“cb)+a2; £

FOR AN RC NSTWORK , WE KNow THAT THE PoLE OoF Yre ARE <imple,

AWD HAVE  NggaTive Residuss AT mNTY POLes , Also HAUE A posifve
; L) " ;

kesidue AT INFINTY poLs . SO, €70 SO p.ts RINITY.

T 20 Piic mEmITY.

FOR AN Le NeTtwork, THE POLES OF Tic ARE SImpLE  AND HAVE /

]

positive Residdues . so, I o
”OW ., how can ‘ ap,e‘rwe, Qfﬂ@ﬁ:«l)‘ﬁ«& Libe 26> PN | cz;;) 55

Ahe gwbes’ Zw,é 2




EE 44‘8 Tl KTER }( é H* 6 ] %%mn@ %»ﬂ/

HEETS 5 SQUARE
HEETS 5 SQUARE
HEETS 5 SQUARE

wnn

e
oy
NATIONAL

PROBLEM

g T USE T AND T NETwerkl TO VERITY (30) AND (21D

SOIUTION: FoR  NETWOERK =

T
12 [ =]
Tz
%22

EBUMALE TO : (T NetrwoeRk )

ﬂ, n—bn I 822" B0 _E;F

:-‘> ——>I—|~—~—-« B ;ﬁ‘-!‘*-%rz
o @J Vo

% Vi= T+ o=t )+ (B4 ) 22

Ve= Teltate-3)+ (Tt ) 22

R 1 %l\/:ZI_‘. g‘l
9 g -Il (EI""% )+ IL B 2 ____> % , owon 3‘{ __:2,‘2
Vo= Tiv%e B 0 (Bt F) (22 = ket Tz

FOR NSTWORK_ =
- - T, - a2
{—Ye| Faan mas e -
D] Dl D] ] =y [yl s A

g = VitVit %t Y )+ (Vi =V (-Y,,)

IL=VI(yz_+YZl+>'D,)+ (Vo= V) (=Y.2) 7
L

anol ‘él;_:‘dn.

~T|=V:‘(y|‘\"yll) + Vi Ve Ll]“/:%"byll
S % 2 %

To=Vi (ia + Vo (Yot Yoz) ot =4t Yoa




. We #7 EE 448 FLRTER A, (B

P
V]
NATIONAL

HOMEWORK_ PROBLEM 32.28 ON PAGE 280 IN VOTES - 3/

=

A LATTICE NETWORK -

—> T, < 1‘L
+ -
vV, Ye
LET 5 V,: g“ L b5 Z!?,IZ
V2= %e T+ Zoa T,
V) 1
B :_:E'l T.=0 — = (Zat* Z)
%le-szllYl:O:,‘?L (Za + 2 )
B2 = ’\‘_/Ez\ ‘I},"‘O = 5 (Zu-— Za )
(Q) SHUNT = TYPE Cauer eg,wivo«le«nt :
. T —— <1y o O
T+ VT LZ_Z.«_J , T+
Yi ‘&Iz 3
o ‘-.-- 2 X
.L v §
= h = :V.
I s | .?.Zx,} =

Te=0: 2V, = Il/‘(22a+22b): zru/ (Zat+Zp) =T, (2@*’25)

— V' —
= =5 [r,=0 =3 (Za+ 2>

I

Va

= Vo= T/ (Zv = Za)

- Y= = U
751'2 = —‘IE;L;o >1/ 5 (e ~2Z4 )
T,=0: Vo= 2Za T/ +Vi=2Z T/ -vi = v= (@-z20OT

Ve = (24 =205 T

B8 1 Vz lsmo =% (2ot Z0 CHECKeD |

I/ 2Z, V= ~T02Za + Vi D V= (Za+Ze) T

O




i

it el | Hormei Chen

!

HW. #7 EE448

o
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E-E 448 FILTER DESIGN
R. A. Birgenheier FIRST THUR. NexT wesk
November 20, 1986

Homework

Design a normalized Butterworth LPF of minimum order to meet the following
specs.

Filter Passband Attenuation Stopband Attenuation Output Load
EY <.5dB for w<.8 rps >40dB for .>2 rps .250
B <.8dB for w<.85 rps >30dB for w>l.6 rps 0.50
C <.1dB for w<.75 rps >20dB for w>1.25 rps 0.5
D <.4dB for w<.85 rps »>30dB for w>l.4 rps 28
E <.1dB for w<.75 rps >30dB for w>1.5 rps 28

a) Determine and plot pole locations.
b) Determine H(s)
¢) Obtain a Realization (schematic)

d) Determine the frequency response from a SPICE run for (i) 8 significant figures

and (ii) 3 significant figures for compoment values.

(A) (B) (c) (p ) ()
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SOLJTION 2 A \)éma.@;zeo? Butterworth,  *  [HGuw|® = _l_]:‘l,jJin—
[RGW]de = 104y —ﬁJW = —10 g (i+0>")
FOR FILTER A = *lo%g T{(&@—ﬁ <05 =
—0ky —o=w > 40 =
SO, FILTER 'A'1S A [th—ORDER_ .
R FILTER. B: 10 Log [+ 08)™] <08 =
(oléeg [+ 6] >30 =
SO, FILTER 'R IS A Qth— ORDER
R FILTER C* 10 %g T 1+ 5™ 1 <o =
Ioﬁeﬂ[ + 25" ] > 20 =
S0, FILTER C' 18 A M-th— ORDER

R ALTER D =

18 Log (14 (025)*" ) <eod

toﬁag Cit (nd) ) *> 20

<5

=

80, FLTER 'D' 18 1 th— BRDER  TOO .
FOR FILTER E» 10 J?,egf I+ 5" ] < o =>
10 &g 1+ K5 T > 30 >
S0, FILTER 'E' IS A (th- ORDER .
FILTER A( C D
ORDER. T 11 11
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(b) Determing
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He) .
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HLETER €
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¢

| Buttepuepth Flteg Design Lenmec her/ 3.
WE CAN FIND H) N TABLE AR-1 ON PAGE2 201 WITH mnis9 )
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ST+ 4~~475‘?69 +10.09 78385+ |4\59"]984'+ ‘4"5?'7?33‘*'0-0?7'?39"4—4-.4‘]3?63-H

= 1

(8%+0.445048 +1) (8% 124698 3 + 1) (S+1.801945+1) (s + 1)
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~ 1
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E-E 448 PASSIVE AND ACTIVE FILTER DESIGN
Homework
November 25, 1986

Design a normalized L~P chebyshev filter that satisfies the following
specifications:

Filter Max. Passband Ripple Stopband Attenuation Load Resistance
A .15 dB >40 dB for >1.5 rps (a) .59
(b) 1.50
B .25 dB >50 dB for w>l.8 rps (a) .75Q
(b) 1.2Q
& .4 dB >80 dB for w>2.0 rps (a) .259
(b) 1.25%
D 1.2 dB >80 dB for w>1.8 rps (a) .75Q
(b) 2.0
E 0.8 dB >40 dB for w>1.3 rps (a) .50
(b) 1.29

a) Determine and plot pole locations.
b) Determine the transfer function (you may leave it in factored form).

c) Use SPICE to determine the frequency response, and thereby verify the
specifications.

A B g D E
G.A. R.H. F.H. K.P. T.W.
LA A.H. T.M. M.R. D.Y.
C.C. B.K. S.d. H.R. M.P.
B.C B.M. TR
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SOMTION 2 4 nompalized ~—P CAe,éysﬁw Filter =
L 2 i
| HGw|" = 1+ e W)
coS (ncosTIw) lwl =< |
WHERE T (W)= %
cosh (n eoSh™w) Jwl > 1
[HGelde= =10 Rog (I+ € Twrtw))
ggg TOR FIKTER A : € =4J10°°% -1 =0-1375
éég 1o Leg (14 0.1875% T, *(1.5) ) > 40 = Tn(15)>533.3067 = n3g
<o R FILTER B € = ,/10%°%2%5 —1 = 0.2434
3
e
‘:‘? (Ofef [+ 02634 2D >50 > T, G8)>1299.2037 > N> 7
A
&
TOR FILTER Cx e=J10"% — 1 = 0306
lOECﬂ O+ 0.3106% T:(z.o)] > Q0 = Twl2) >31645 5695 = TN 3?
\\_/,
FOR FLTER D= €=/ n>* 1 = 05641
|OQ0%E I+ 03183 T (L8] >80 = Tuip) > 177248137 = n=9
FOR FILTER Es ez Jp™R—y | TO4gT
10 Loy T1 +0.2023 T*(13)] 40 => Ta(13)>272.3200 = %9
RILTER A R £ D E
ORDER 8 3 9 7 i
€ 01875 0.243¢ | 0.3106 05641 0.4297
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i @{eﬁdagggf zrirse  Degat) | -
(k)
FILTER A € =087 n=g¢g
6k = —smh [ Swh™ £ ] am -?%—,;l AY = —0.3014> sim[(2k- DX 11.:25°]
Wi = eosh [ simh™ 4 Teos 5L or = 10444« cos[ k-1 x11.25°]
& 1 2 3 2 g | e | 7 L #
Ok |-0.0588 ~QIET4 | -0.2506 | —0.2766 | - 02956 | —0-2506| —0-1674. | —0.0588
ok | 1.0243 | 0.8684 | 05802 | ©.2038 |-0.2038 |-0.5802 | - 0.86%4|- 1.0243
HES)y= 1
(S$+0-0588 —j1-0243)(S+0-0582+1.0243 ) (S + 0,674 ~j02634) (Sto.e74 +j0.8684)
i 1
( S+0.2506-)0.5802)(€+0.25061)0.5802 ) (Sfo\zfse -)0.2038) (St 02956~ ] 0.203¢)
_ 1
(54 0,176 S +1.0626) (52 + 0-3348 S+ o~7921)(§z+0‘50128 +03994) (S%+057128 + 0.1289)
FILTER B: ¢= behst ; mEy
6k = —smh[ Jn—@wh'ugls?m ~32‘%iq~,« =-0.3076 sin[k-1)x12.85°]
wk= GDSP\ E‘nL 8;»\8\"'8{'] col rz%:"' ’h’ == |\0462 <« COS YCZP{*‘)X'Z‘QSO]
£ 1 3 3 4 5 € 7
0 -0.0684 | —0.1917 | ~0.27714 =0.3076 | ~o0.2771 | -OuF17 | —0.0684
Wk 1\0200 08182 0.4545 0 = 0.45—4;5 08182 - 0zc0
! | ; [
HSY = 1
(8+0.0684.-1.0200)(® +0.0684+)1.0200) (S + 0.1917-]0.282)
o 1 e
(St ougi7+jo.8182) (S+0.3076) (5+0.2771-joas4 ) (S4+02771+j04%45)
d A
(8> + 04368S +1.0451 ) (84038343 + O.'(oez) (S™0.65425+0.2834) (S+ 93076 )
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HLTER s € = 0.3106 ; =g

Sk = -sioh ThemhE Jowm = v = — 0211 s T k-pxi0°]
L Yy L ST g
= ech [Henh '] es 2= | 0220 ess [R-Hxioe]
% f > 3 £ | 5 e 1 7 | & | ¢
’ | !
Wk | 10065 | 0.8851 | 06567 | 03495 o ~0-%47f.§ —o.&ep -0t/ | —r.006¢
HE)= 1 ‘
(8+ 0.0367 - 1.0065) (S+0.0367+ J1.0065) (S + 0.1056-)0.8851) (S+0.10561 ) 08851) (S+0.2111)
(s+ 0.6l \50\6557)(8-*'().!6!7 ﬁjo‘esé?)( S+ 0.1 99¢—jo.§¢‘?5)(.§+0\1?94—|j 0:3495 )
" {
(S*+0.07348 + 10I44) (§%40:21123+0.7946) (S2+ 0.3234-S H04577 )(S2+03768S +0615) (S+0:31)
FILTER D= €= 0.564-1 5 n= ?
6k = — 0:49] ol cz%~|)xt6°]
W= 1our oS [(k-Dx10°]
& 1 2 3 4 5 é 7 & 7

6 | ~0.0259| ~0.0746) ~0.1142 | —oa40t| ~014F1 | ~ Og01| ~0.142 | ~0.0746| - Q0257

Wk | 0.9957 | 08756 | 0.6497 | 0-345% 0] 03468 | -0.6497| -QB7LE| ~0.995)

{

(3+0.0259-0.9957)(S+06.0259 + ©9957) (=+ 0.0746-) 0.2756)(3 +007a+30.87¢6) (SFOM 147 1)

H(S)=

1
X
(S +0:1142-50.6499 Y ( S+0:142+) 0.6497) (S+ 014017 0.3452)(S +0.1401+ 0.3458)

o 1
(3>+0.05185+ 09921 )(S +0.14928 407722 ) (S2+0.2284S + 0.4354)(S*+0.28028 +0.1372) [s+0.14915
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FWTER E:. <€ =04497 | n=9
Ow=—0.1719 s Teek-1)x10°]

Wk= ].0307 eceo8 Cczk-» x ID""J

K / a 3 g L=y & 7 & 9

—0.0297| —0.0860| ~0.1317 | ~O.6/5 | —0.17/9| —0:1615 | — 0317 —0.0860 = 00297

L0160 | 0.8926| 0.6625 | 0.3525 & ~0.3520] —0. 620 —0.8926| —1.0/0

1
($+0.0299 —j1.0150) (S +0.6299 +1.0150) (S + 00860~ J0.£926 ) (S+0.0860+) 0.8726 )(C +0.

H& =

1
(S+ 031 7-)0.6625)(s+ 0~13;7+50\662c;) (st+o.usis =5 0.3¢2E) (s +oulel5+ 03820

X

1

/7/7)

P

1l (324 0.0578S +1.0311) (S 2+ 07205 + 08041 )(S74 0.2634-S +0:4563)(5%+0.32305+ 0503

x% Cirewit Realizofion =

FILTER A ‘ i

Re= 0650 ) g

i

(sﬂ-\;u']l?)

2.5849F = 36321 F =2 .48%6F : 2.9215F RQ; =05

NAAA AR TTEETT EE LAk LR R R R et
Rs:\SLJ' 09523 H 0-9906 0.9335 H 043I8H

|

!

t
|
i
{
I

Re= 1B (b)

————— AW DTSSR DV TTIT Alad 1 Cakda
Rs=I1L 1~2148H 1< 4R TH 1 37I6H 0\737TEH
15602 F = 2.0536F = 248%F —2.894F Ri=isn
FILTER B s @ s " -l
Re =li2 1\ 576H 2184 H 10865 H
Re=o0g5Q
13 T = 28426F = 2.7842F = 53R p{:gzovlrgSZ
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FIUTER B (b))

VAN AR R RS L AR ke AR
Rs = IS 1\2408 H W26 H M%‘a'pf
Re=1z
T 17425 T 2-62few T 2.5742§ ha84zfi ¢ s=ilzn
| - ‘}V
FILTER C = ANV WA e AR b > VI
Re=I2 0.4316H 044534 O43E5H | bk it
(€N =253 d
) Re 6. 43?0"? o ‘3~2257F =gzt 5‘37 F et 7‘7 Ba3 i = 3\7 S\ | :-;O R&ay
ANV SAZ B AN TS DE T
Rss1LL 1 g6t H 12424 Y vz 355H 1 1206 H
b =1.25% 4 q
) Re = z.0iQof = 2-PAlTR T 29864 F  — 2 -BI7RF T 24 R -
FILTER P »
ANNANF IETHD SR T A S REEE fol I 3 2o
Ry=10n 0-q1qq ©.9639H 0961 H O~§790H
@ = 0.5 Q . 3
Re= o T2ER  TImE  TE93F TSSO Tzeilry Lonen
AN\ “IVETG “TECGE -TEEE T
) Re=202 Ra= o 0-6905 v 0~7mn o4y ©.6585H
T40038F T B2cef T 038R T 5U208F T220M3F R f-zo
HL L VAT R YD L AR Yy
Re=15L O~7’485‘H 0‘7804H 077341 o«/ou H
@) Re= o5 . b 3
T363RF T AR T 4. Q133F T 4 6620F =2 il J=osn
VWV AR 1B FX VY - il
(b Re=1252 Rt |- OE8H 1. 1328H 1298 hodG3n
P
=7 .3220F = 37_74_6ﬁ = §~Z7_2?F -,‘t 3-2812F T 2. 146IF é = o
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F-E 448 Passive and Active Filter Design

' Homework BEVNE | CHEN

Compare the magnitude and phase responses of 4-th order Bessel, Butterworth
and transitional filters. For each of the three filters, determine the
following:

a) H(s), b) pole lbcations, c) realization (schematic), and d) from SPICE
IH(jw)iZ (dB) and @(w) (degrees) for Q:rom<lo rad.

Make a statement about the relative merits of the three filters.

The group delays (for Bessel filters) and the load resistances are given

. below:
Group Delay,t(0) Load Resistance
Filter (sec.) (ohms)
A 2 .5
B 2 1.5
c 25 2.0
D 245 93
5 3 .80
F 3 2.0
A c D E F
G.A. B.C. F.H. ToM, K.P. H.R.
Lol R.H. B.K. S.N. T.R. T.W.
c.C. A.H. B.M. M«P. M.R. D.Y.
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C;m/sa«re Ahe m?maﬁ/e andd /»éuse res/fﬁne?se: 7[ Z-th orcler [lessel, Bittercorth
cand  stvencitional Filgers. [JFor eash 7{ HAhese £hree folters, oletermine ‘ff‘e
a) R |
RESSEL. : B 3 TS = 2
B> = (x4 —D B, +8> B, (8> = ESEERNE
=1 (8*+ 652+ H15)+ S5 (S2+ 235+ 3)
= Tgs 4+ 425% +105 34105 + 4 43334382

= 2%+ 108 4585+ 1058+ 105

£

[EHES)

He) =
k= |/8\¢(o) ={0k
Q — 4 3 =
Ba (23)= 16874+ Q0S4+ 1803%+ 210 + 1065

105
16 3% + 808> 4 R0S* +210S + (05

Hig) =

1
8% + 2.€131257883 + 3.4142135682+ 2.61312593¢8 + 1

Butterwoth = HEe)=

TRANYITIONAL POLES OF BESELFLTER = S, , = —1.448105302 £]0.433617062
83,4 = - 1.05|894677 1 1328707021

POLES OF Rumswow FLTER:  S,,» =-0.32268343 * j0.92387953

Sz@ = - 0923879531 5 0.38268343

POLES FOR TRAN. ALTER

S\=

—1.051894699 — 0.38268343 . - _h3Z870902[4-092387953
= =7 53

= ~.'(1728<7065 *ji126294276

_ _—1.443105302 - 092387953 - _ 0.433617662 +0.38268343
85)4-'“ 2. = )" 2

= —1.1859924 (6 T j 0.40815024.6

£

R = (8%+ 1. 4345781303+ IN[B3042399) X (5™ 423717348325+ 15

2.30501924-3
S* +3.806562962 82 +6\Tg'°{904—‘$?83’+ 6.486177104S + 2.805019243

73 ledeza)
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b) pote LOCATIONS :

S—PLANE =
A - o -
| >
~
! ~
b
~
T
@\
1 N
! S
i ~N
S S em—_
N e
>
B il
/ 4
&
{ | ’/ k
| // A\
4
J/
1 \///
A= = = “f g P
- i K ) S A / y
T P
/ B -2
/ Tl
| / S
/
(6
{
. ] i
‘ 1_‘1 ) g1e
| 4
Nl
= X
| \__\‘
\\\
\\\
o i N -1
P
2
P
o
h -
7
b £
: ) P / ]
B

X = poEs OF RUTTERWORTH FILTER

A POLES OF RESSEL FIKTER

-y

® POKES OF TRANSITIONA FIN

NJ



TS 5 SQUARE
TS 5 SQUARE
TS 5 SQUARE

42.381 50 SHEE
42.382 100 SHEE
42.389 200 SHEE
M

2
2.

.\'..
A
vaTioNAL

C)  REALIZATION CSCHEMATIC) 3

L. FILTER 2 &Y= £
RESSEL. F b 168% +80S2 +1g0S> +210S + (05
o _ NS s
RO)= o5~ TT+15 = k=63
4 2969
(@D > — Y me
, (O Ce ID ¢ "5 (16S*+80S>HEOS +2108 + 108) ( 16SH-R0S 21808 *—2108HET )

256Q% - 64086 +21608% _G3008* + 444

(6ST 4808 3+ 1R0L™ +208 + 106 ) (1634 — BOS 2 +1ROS —2108 416 T

6 (S*+4.29924S3+ 79917582 +6 .4€I858+ 1131251 ) X 16 (5% 42993

]

4S3e e

 (ERMQS> +IR0ST 42108 +105) ( 694 —80¥3 4+ |20s2 — 2108+ 108

e S*+ 4.29924%° +7.9917682 4 6. TEIR5S + .31 2€ |
(O 8+ 5.83 + .25 S*+13.263 4 ¢5625

4+ P 234+ 9.29924 $3 419.24 17582 +20.00185 2 + T.81

col

Lm® = T oey T T oioo7ess + 3 25825574 6373155 +5. 24499

Zm (0)= 1.5 = Ry

_ 2.85404-S
0.TOOTEI > +3 25%25&‘%.573153 +5.249%99 / 8%y 7\29?24—85%17\24.l7§87'+ 20,00 858 +7.87501
28% + 429919 0¥ L Rug0 238>+ 14,98 268 S 0665798

WO5252 3345, oIS *'TSKM /O.T:o 768343 URSTH e
0- 700763343 3UDEQZ 1524

BI2S

09314 8
[, 130038 41524999 f ] o%2g2 S+ cogys +7-%'7§°1
1.08252 8% { 4 8g970S 0.14350°¢

Ts‘TSM /Msooss + 624999

1 30038 , (NS
£.24999 J 7.%7&0\
S iel

2. ¢5404- H 0 93141 H

OB HOET Y DUVCTTETE

VAAMAANAA 7
Re=1

1.

20.66577 ¥ = 0.1435C ¥ Re= 52

BUTTERWORTH FILTER

VINANAY GG DO T ¥ 0oV oTTO

Re=\0> o\a\;%eSH ‘ (.236088 H
——.28854.

i

=~ 54033 F Re=+5&

S + (24999
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TRANSITICNAL FIKTER <

Hie)== R
S*+ 3.80563 83+ 6.75700S* +6 486IR S + 2-80502
[
H(O) = 2%0‘507,2 S = {’Q: 168301
= A= 2.83253
(OCQ)(OC»S)-» s e

<% _o. 96482 86+ 1.9273¢4 8% _ 4 15227¢* +0.31472

(s%+3.905638%+ 657608* 46 486I] S+ 21 8O502)(S%-32 Ro563e 6 75% e ¢ Ag L2 S +2.90m)

(s¢+ 3.9056 3. 7g<;eog>+e AB6RIF2.80802) (k3 goke3g3LE: /@&z,é AT vecor)

T
o

(ST +3.80863%° +€.67003% | £.REIR T+ 2-R0602)( SH 38056383 46.769008

ocsy = S% 431408083+ 44499 (%3 .02414S+0£403
P 84' -+ ;?0';6383 =k 67§‘?OOSSZ+ 648612 +2.80802

Zo(sy= —LHCD _ 28%+£.946438%111. 2089152 4 1510328 336608
it 0.66483 33 4+2.30904Q*4-3.46204-S + 224399
Z o (0) = ILBOOO 3 = I.© Q= QQ
3.0089S

0664838 % +2.20907 5743862005 422037/ 554, 6.946438 3+ 11,2081 S7H9BI0ZZ S + 3.3.6608

I
~—

o508 1 2 QIR S

0.64 3733‘\'21031?

28%+ 69464 $3+ 10.414818% ¢ 750673 0\8572' S
OTIHO S* 4276165 +3360 [ aagzod 2. so?wsua«emg 22459
0.66A8383 +2.3
1.233208
0.6437138+2.24399 /0.794108%+ 2. 759752 +3 36608
07741084 > 76930 0.19130S
3.36608 ] 0. 64—3’7‘5& + 224299
O. 643?53 [ Coo03
2.24399 3.3660C
2. 36605
O
3.0082FH 123320 H
SAANAAN AT T TEE -
. RS;-\Q

£ hemiso




e
A
P

d) TROM THE GRAPHACIS WE GOT, IT IS ®ASY TO SEE THAT

THE FREQUENCY RESpPONE OF BESSEL FLTER PECREACE MORE SLowly  THAN

THE OTHER TWO FlLTERs . AT §=1H=
BESSEL.  ~  |Hwhlds =-53 olB
TRANSITIONAK. = JHen [de = -59 d B

RUTTERWERTH = [H)| dn = ~€4 ol B
BUT ., IN PHASE RESPONE ; BESSEL FILTER HAS A MOST —WIDE - LINEAR —PHASE-BAND) |

LINEAR PHASE BAND =

RESE L = 1§1 < 0.225 H=
TRANSITIONAL® 1§ < ©.200 Hz
BUTTERWORTH * 1§11 <0.179 Hz

SO, IN MAGNITUDE cASE ,  BUTTERWORTH FILTER S THE REST .
RESSE I FILTER 18 T™E WOoRST,
TRANSITIONAL. FIRTER. IS BETWEEW “THOSE TWO .

IN PHASE CASE , THEY ARE opposite.
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