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COMPUTER-AIDED OPTIMUM DESIGN
OF A CLASS OF MIXED LUMPED-DISTRIBUTED :
BUTTERWORTH AND 'CHEBYSHEV FILTERS b

L

Syed Aftab Hussain

« . ABSTRACT.

-

Analytical ihyestigation of the behavior of mixed lumped-distributed

Hence a
computer -aided study of mixed lumped- distripd@ed structures is carried out.
in this repiy} ' ‘

The element values are takén f}om thé filter tables (Ref. 3).
Three different cases, in which'the order of lumped elements are different,

®

are considered both in low-pass and high-<pass cases. .

The low-pass and high-pass responses with Butterworth and Chebyshev

eleément values are studied and the possibility of Butterworth and Chebyshev

filter design is investigaged.

While designing Chebyshev filters, 1t was found necessary to

R A}
develop an algorithm which can contain the passband ripple within certain

band. For reasons discussed in this report it was also necessary to

develop an algorithm which should give 'n' parameter values for a transfer

function~having 'n"lumped‘e1ements.

The program 'AFTAB' is developed in this report and this will enable

one to carry out the required desﬁgn.\
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1.1 LUMPED-DISTRIBUTED NEfWORKS

\

CHAPTER 1

INTRODUCTION

'
Filters are ﬁsed for signal proce;sing in communications. They
a}e c]assified by the nature of their response. The most commonly used
are low-pass, bandpass, high-pass, baridstop and all-pass filters.
In practice the design is carried out for a low-pass filter .
and by frequencyvtransformatiop it can be converted to high-pass, band-
bass or bandstop. '

' The filters also differ in frequency classification. They can have
various types of response in the géme frequency rénge, namely, Bufterworth, :
Chebyshev and elliptic. -

In recent years efforts have been made to mix the lumped filter
with uniform lossless gransmission,]ine. The properties of uniform lossless
tranmission are well known. |

We ‘are investigating some of the mixed-lumped structures in this
report. We also design low-pass and high-pass Butterworth and Chebyshev

filters with mixed lumped-distributed structure.

+

The driving point immittance funcfions for netowrks consisting of

only Tumped, linear, finite, passive, bilateral (LLFPB) elements is a

rational function of a complex frequency variable s, and can be written as -

1

1N
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) P(s) aos™ + ays" 4 a4 Ll ta _sta
- I(s) = =
~ m m-1 m=2 .
Q(s) bos” + bys"  + bpsT 4 ...... + bm_l§ *+ b,
This can also be represented as
a (s = z1){s - 22) vvvvvunee (5 - zn)
I(s) = :

b (s - p{)(s = P2) ceevenees (5 - pm) .
\. ' T s : e
Where z's and p's are fhe }eroes and po]e;jof i(s) reSpectively.
The polynomials P(s) and Q(s) have roots only in'ﬁhé left half plane and.
hence they are Hurwitz polynomials. ' '
The coefficients a;'s and b,'s (i = 0, 1,2, .....) for that
matter are positive real constants.

An immittance function is:only rea]iia@]e if it is a positive

real function. !

A function F(s) is positive real if and only if
(a) F(s) is real when s is rea]Avl

¢

(b) Re F(s) > 0 for Re s> 0

If the netwotk consists of iumped distributed'elements then its

immittance functions need not be a ratiohal function in s.

——

Networks contain?qg\]umped reaétances in addition to lossless

uniform transmission lines (Ufag) are of the lumped-distributed type and

. the netwdrk .functions are irrational such.Tumped-distributed networks are

_highly desiréble because of the following advantages.’
AN

-

(1)

...(2)

|
.{ |
?
1
}
i
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1.1.1 ADVANTAGES OF LUMPED-DISTRIBUTED NETWORKS

(4)

(i)

(i)

(iv)

1.2.1 ANALYSIS OF LUMPED-DISTRIBUTED'STRUCTURE FOR n = 4 ' -

filter as shown in Fvg 1 2,1.1. The lumped e]ements are the inductors i }\

and capacitors and the d1str1buted ‘network is the U. E. (transmxssion Jine)

terminated in 1 ohm resistor The numberlng of the 1umped elements are done,

" shown in Fig..

‘A- coventional Quasterwave transformer gives small.or n

- coupling at the input and‘output reduces the‘filter size h&«

K 4

In the case of lumped-distributed networks, allowance

may be maoe for the parasitics in the.terminating 1mﬁedances,

that is, the terminations need not be purely resistivé.

+

e e AR
.

attenuation at the higher harmonies, whereas the Tumped-
distributed impdance transformer can be designed to havl&
the properties of an impedance transformer-and a low-pass filter.

In the case of a comb-line filters, lumped capacitive

eliminating the transmission line matching section. . \

In the case of cascaded U.E. filters, the number of U.E's 2 \.
can be reduced from (2n+1) to n if the cascaoed lines are \\
separated by (n+])*Tumped.cépacitors. \

In this chapter we will consvder the design of a LP

with characteristic impedance z = 1 ohm- /The.entire network is doub]y

in accordance with the filter tables.

To find the overa]l transfer function of the network
1 2:1.1, chain matrix method is used ‘ ‘

The overa]l cha1n matrlx of the network is the product ;

,I
X v . : )

x yrae
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. For the transmissioh line, (U.E.), the chain matrix is

-

of chain mtrix of the individual elemen“ts |
- ﬁe consider thenetworkof Fig. 1.2.1.2. The chain

matrlx for the series element, which is an inductor in low-pass and

capac1tor in high- pass, is

an& for the shunt element, a capacitor 1in low-pass and an inductor in

high-pass, is

[ ¢ 4

<

’ . “— c:cosh(sd) zsinh(sd) T
— sinh(sd)  cosh(sd)
VoL ' J

wherq,

z = characteristic impedance

d = time de1ay'of the transmission line

" The overall chain matrix of the network is the product

of the successive chain mat;%ggs‘ That 1is

N N ' 4




g

A e v s

B

L gt e

- 3

cosh(sd)

1
~ sinh(sd)

1r
zsinh(sd) = 1

cosh(sd) 0

JL

”

Hence the overall chain parameters A, B, C, D are

.
0

o
[}

(@]
L]

o
I

= z,y3cosh(sd) +

1.2.2 ANALYSTS OF LUMPED-DISTRIBUTED STRUCTURE FOR n = 2

\ -

~£2 inh(sd) + yszsinh(sd) + cosh(sd)

—

((1 + y3z4)cosh{sd) +_—%} sinh(sd))z} + (1 + yszy4)zsinh(sd) ...

...+ z,cosh(sd)

«

.7
a1r A
22 1 0
A
1 y1 -1 =
4 L i

((1 + z4y3)cosh(sd) + (%f-zsinh(sd)(l + 22y1) + (({1 + z,y3)zsinh(sd)...
...+ z,cosh(sd))y )

|

(yicosh(sd) +‘€%:sinh($d)(1 + yi122) .+ (y1yszsinh(sd) + y,cosh(sd)

—

The overall chain matrix of the structure of Fig. 2.2 is

/ the product of the cbain matrix of the individual elements. That is

r

3

Z2 1r cosh(sd)

1. ’
1 3 s1nh(sq)

I

eosh(sd) +'*%§-sinh(sd)

L
7 sinh(sd)

zsinh(sd)

cosh sd
N

zs%nh(sd + z,cdsh(sd

cosh(sd)

"ll"]

0 R
b
1
Jd

)'lr 1 dﬁ

y 1
JL d

~ et e sl Amand
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by e L

.
mm—e oy

-

N : . '1: X N ' T N ‘\\\- » - , -‘ ‘
"= cosh(sd) + -—:-1 sinh(sd) + y,zsinh(sd) zsinh(sd) + 2,cosh(sd)

++ y1Zcosh(sd) J

‘-l*-sinh(sd) ¥ y,cosh(sd) - “cosh(sd)

‘Hence the chain parameter A, B, C, D are

N
. 4

A= (1 + yiz;)coshisd) + (z2/z + y125)sinh(sd)

w
L}

zsinh(sd) + z,cosh(sd)"
C-= -—l—- sinh(sd) + 'y cosh{sd) ‘ " o
D = cosh(sd) -~ - | \ ‘ ‘ ¥ -

1, 2 3 ANALYSIS OF LUMPED-DISTRIBUTED STRUCTURE FOR n = =6

For the analysis. of the structure of Fig 'l 2.3'we

use the: same proéedune of mu1t1p1y1ng the successive individual chain

_matrices ’
u N o B I R I
A.B T ze 10 1 - 2z,. cosh(sd)" zsinh(sd) :
€D - 0 1 ys 1 0 1  -sinh(sd) cosh(sd)
L 4 L 4L JL JLo o, ‘

r "ar ar A

Y 1 0 1. Y 1
L 4L JL 4

NP TP RPIRIP R TS S S
- v

et A, T
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The overall chain‘ parameters are,, : A

.
4 "
- - ¢ I

| . A=+ Zs.Ys)CO‘Sh(Sd) + ((1 + Zs_Ys)ZJ."' zs)—— s1nh(sd) + (7 * Zs)’s)ZS‘lnh(sd) 1
j* % ‘, + (1 + zeys)zy + z5)cosh(sd))ys+ (((1 + 2gYs)Zy + Zs)] sinh§sd) - ?
| » . ' + ((1 + zeys)zsinh(sd) + {(1 + zeys)zy + Zs)COSh(Sd).Ya)Zz P .' ;
| L1 F zsys)zsmh(sd) + ((1.t,zsy5)z,. + zs)cosh(sd))y; S L
| : , oA
B -~((1 + zsys)cosh(sd) i ((1 + zsys)z..+zs)——- s1nh(sd) +. ((1 +, Zs)'s)zsinh(sd)... j

. +((1 t Zeys)za * ZG)COSh(Sd)).Ya)zz +(1+ zsys)zsmh(sd)
4 (1 4+ Zs.Ys)Zq * zs)cosh(sd) <
C= yscosHsd) + (1 + yszy) - sinh(sd) * (yszsmh(sd) +(1+ ySZlg)COSh(Sd)y;..

o - +((yscosh(sd) + (1 + ysz..)—- sinh(sd) + (ysZsmh(sd) :

AT+ .VsZ»)COSh(Sd)).Yﬂs)Zz + yszsmh(sd) + (1 + ysZ»)cosw(sd))yl

o~
-

T L. D =(yscosh(sd) + {1 ¥yszi) L s'inh(;'d) +(y\szsinh(sd)... ' S
ot (1 + yszy) cdsh(sdi)ya)iz + yszsinh(sd) + (1 + yszy)cosh(sd) _ .

.
~ ' - -~
PR
.

1 o s . ’ T - <.,
| 5_ : 9.3 DERIVATION OF TRANSFER FUNCTION FROM CHAIN MATRIX 5
i ~ The network of Fig. 1. 2.1.1 can be epresented for simplicity by
d i F1g 1.3. The cham matrix of the 1umped d1str1buted network is known N
3 . S ‘ ‘ from previous dem vatwns and are represerf%ed as ‘
V4
3 S e T o ar oA g )
, V.i e “A ‘B -2 Vg '
’\P = . ,
2 . ’ : @&,
r ) 1 Ce D <l /
i T JL d v .
' g

ippb b v b ey o s i . .
4 . * : o M 3
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~ !
13 ¢
. % | i
/ é
Vi = Avp - BI, . b ¢ ...(1') . {
. { . ?
- I; = Cvo - DI, - . -+ (2) %
( * g 4
vS=IiRl+Vj "‘ g / . . 00'-(3) %
. . -1 = vg/Ry s -, ‘ . ' ... (4) i
" Substitution of equation (4) in equation (1) yields
@ -
’ Py = ({\ + B/R2)Vo o ...{58)"
Similarly substitution of equation (4) in equation (2) yields
P . a7 o 11 = (C + D/Rz)vq ' . eeo(6)
- ‘ ‘Substituting. equation (5) and equation (6)‘in equation (3) we get N\
v = (CHDRIVOR (A BRIV L(7)
The téansfer function
. ) f —v° ' ‘ - ] ) ) ‘
, S — = 1/{{C + D/R3)R; + (A + B/R,)} T (8
. .vs , .
‘ The terminatfng resistances’ R, and R, are equal to 1 bhm.- Therefore the B
transferquuction is v
Vo o - 2
——=1/A+B + C'+ D) o ...(9) {
Var u ' . ' !
< " f"—\
where A, B, C, D are obtained earlier. .
S 1.4 SCOPE OF THE REPORT
P . ? ) .
! This report aims at the study of Mixed'Lumped-Distribﬁted network

. . ) F 4 ) ) ,
cascaded, in a mahner that the transmission 1ine is preceeded and followed

; \ by lumped networks of different order. The tiscaded network 1is then'doubly

°




‘terminated in 1 ohm resistors.

Ll v e,
-

/

‘Analytical.investigations of su€h~structures have’been found to.

be complicated, tong and time consuming. _These difficulties necessitated

" the use of computer programs to ianstigate‘the frequency domain behavior,

of sugh structures both in 1ow—pass and high-pass cases.

An effort has\been hade to désign low-pass hnd high-pass
Butterworth and Chebyshev filters from thege strucfures. To design the
Tow-pass and high-pass Chebyshev filter we have developed an a]éorithm
Which minimizes the passband ripp]g. |

The 3 db frequency in this report is termed as W, The Qertica]

. L o
axis in all the computer plots represents the ratio'}fvg-4 which‘is

abbreviated as V. in this report.

o ) _" * . i ‘ . ' .o, - . ’ ) . .]4
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. , This ideal response shows no alternatio

Tortvcem s o -

4

CHAPTER 2
, LOW-PASS FILTERS

2.1° GENERAL LOW-PASS STRUCTURES

The behavior of an ideal Tow-pass filteryis shown in Fig., 2.1.1.

at all from zero frequency
t6 w= 1, but infinite alternation above cutof] frequency. Practical filters
are approximatea to give a response close to/the ideal response. )

j\ For practiga] design procedures, to avoid the use of numbers which

involve'poweré of 10 and 2w, we begin with designs which are normalized

for 1-ohm tgrmin;&igns and for cutoff frequency at one'radian per second.
Such low values of frequency and impedance yield the impractical
element values such as the capacitors in farads rather than more usual
microfarads. But once the normalized network values are obtained, it is
scaled in both impedance and frequency to yield a practical filter.
There are various types of standard Tow-pass responses close to
the ideal response. Fig. 2.1.? shows a Buttérworth type of response.  This.-
type df‘response;giesides being flat nea; zero freqdency and giving high
attenuation athhigh frequency, is not ‘close éhodgh to the ideal response in

>

the vicinity of the cutoff. .

The Chebyshev response of Fig. 2.1.3 gives ripple in the passband
»

which is desired for power transmission.

. The Chebyshev approximation is about equally good throughout‘the

15 ; -

it § AR AT T s e
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Fig. 2.1.1 Ideal low-pass - Fig. 2.1.2 Butterworth approximation %
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entire passband, but it can also Be said to be’about equally poor. . Both
of the;e types have zeroes éf their responses only at infinite frequgnqy.
Given this condition it can be proved that the Chebyshev type gives the
highest rate of attenuation into the stopband. »

Even higheﬁ performances can be obtained if response zeroes are
positioned near the passhband. Fig. 2.1.4 shows elliptic function type of
response having eqda] ripples in the passband and equally high return

tobes in the stopband.

———

is-usua11y required. For that reason elliptic filters are the most

This much attenuation throughout the stopband-

commonly used.

2.2.1 THE MIXED LUMPED-DISTRIBUTED LOW-PASS STRUCTURES WITH
FOUR LUMPED ELEMENTS '

The structure considered is sﬁown in Fig. 2.2.1. As can
~ .

be seen, this is doubly terminated structure, consisting of four lumped

\elemehts and one.distribUted element. The chain parameters are determined

in section 1.2.7 and they are

i

r{(I + y3z,)cosh(sd) + %fsinh(sd) {(\ + yazy)zycoshsd TT
+(1 + ygzu)ylzgcosh(sd) + z4,2,5inhsd/z
r ﬁ, + z,2,y,8inhsd/z + (1 + y3zy)zsinhsd -
A B
K ® 4+ y, (1% ysz,)zsinhsd + z,y;coshsd} + z,coshsd}
¢ D
L - : 1 L . z
{yscoshsd + —Esinhsd + ¥3yi1z2coshsd  {yszcoshsd + ifsinhsd
' + Z¥1/z8inhsd + yaylsinhsd' + yy2sinhsd + éoshéq}_
+ y,coshsd}
L 4
~

JE USRS R e s = s
v
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PROGRAM LPNA 73/474 OPT=1
.

.

¢

t
c
c Al
c
c
¢

11
12
13

Tro14
13
14

33
10

FROGRAN LPN4

19

PROGRAM LFNA(INFUT,OUTPUT)

FIN 4.0+4498

THIS PROGRAM [FLOTS THE LOSS CHARACTERSTICS OF
THE GIVEN TRANSFER FUNCTION USING THE LIBRARY

SUBRQUTINE *lUSFLMH*,

' THE ELEMENT [VALUES ARE TAKEN FROM THE AVAILABLE
FILTER TAPLES FOR NORMALIZED CHEBYSHEV FUNCTION
/WITH 1 DB, RIPPLE AND NORMALIZED BUTTERWORTH FUNCTIONS.

COMPLEX SrHS1sHS29HSIrHSHrHSTv2SsZCr Y122

Y3rZ4

DIMENSION X(201),Y(201+1)9A8140)sINMABA(313Y)

REAL C1+L2,C3:L4;
READX,C1)L2»CIrL4sDr 2

PRINT 11

FORMAT(IH1+3(/))

PkINr 12

FORMAT ¢ 15X s XELEHENT VALUES®)

PRINT 13

FORMATULSX s LACIH=}) -

FRINT 14/C8,L2

PRINT 1%5,C3/L4

FRINT 36/Ds2

FORMAT(LIX +2C1uR4F7, 4-3xvtL"-t-F7.4)
FORMAT(1SXs2C3I=8+F7 4+ 3Xe SLA=NF7,4)
FORHAT(ISXv% q-t.Fs.J.ZXot z-l.rs.l)
PRINT 18

FORMAT (/13X 2 StlHe e /7

PRINT 27

PRINT 22

FORMAT(15Xr 8%y °* FREO(R/B)'vIXv'l'-‘l-'ATTENU‘TION (D.)'

FORMAT (15X e3P (1HR))

FRINTY 27

DO 10 I=1,201+8

W=¢I-1)%0,01

S=*=CMPLX{ 0.0 W)

2S5=CHPLX (0. 0+ SIN(WED))

ZCaCHPLX(COS(WEDN)0.0)

Y1=C1%5 f

Z2=1L2%8
* Y3aC3xS {

Z4=L 4%5 | s

HSl-(((1!24!Y3)¥ZC¥(LI!ZS/Z!)l(l*ZZlYl)Q
S$C(C14ZaxYIINZRZS+Z422C)%YL))

HSI=((C1+2ZAXY3IRICHZARZIS/Z)RT24
$CL1+ZA0YI)INZX2542422C))

HS3= ((CYISZCHZS/210C 142287100+
S$(ZRISHYIAYL4YLRZC))

HSA=(( (Z28Y3IX2ZC+23%25/1) )+
$(Z%xZSY34+2C))
HSS-I/(HSI#NS2§N83+H54)
F1=CARS(HSS5) -
Y{I,1)=20%ALOG10(F1)

X(I)y=y

PRINT 33,WrY(Is1)

FORMAT (15X S 12X rF3.296Xr "R s SXrF14.8r4Xe"%%)

CONTINUE
-ERINT 27
73/174 OPY=1

READ 19+{AlI)rIw1/+140)

FORMAT(BOAL}

CALL USPLH(X»Yr201, lvleOlvAleABQuIER)
sTar .

END s .

ey

FTN 4.84498

s

90/03/03.

£

+

¢ )

RN

80/03/03.
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As shown earlier, it is not-easy to design the'above fﬂ]ter
by analytigal means. Hence, cdmputer—aideq analysis and design appears to be
a method for the solution. Before proceedingwith the design, we should
fﬁrs@ qbtain its frequency response, as this Qil] enable us to formulate
the pfob]em of design. For this purpose we have to obtain the low-pass
frequency responses with the case in which lumped'elements constitute a
Butterworth filter and with the case where lumped elements constitute a

L]

Chebyshev filter with a desired ripple. :’

2.2.1.1 "LP_FILTERS WITH BUTTERWORTH ELEMENT VALUES

T? obtain the low-pass response of the structure of
Fig.'2.2.1 in which the lumped elements constitute a Butterworth ﬁi]té?,
we subs%ituted the Butterworth element values for n =4 and r = 1 from
thg‘fi1ter tables (Réf. 3) where n represents the order of the lumped
network and r is the ratio of the terminating resistance which in our
case is 1 as both the terminating resjstances in our case are 1 ohm.

The computer'p1ots of Fig; pl.1 to Fig. pl.6 give the
low-pass frequency responses of the structure of Fig. 2.2.1 with Butterworth
element values. The responses are plotted against inckeasihg value of
the Transmission Liﬁe .time delay'D'starting from zero. \

As can be seen from Fig. pl.ll which is the Tow-pass
frequency respohse of the structure of'Fig. 2.2.1 when 'D' is zero, the
3 db frequepcy w,, is 1 r/s and the magnitude of attenuation is about 30 dbs.

o " We dncrement the value of - time delay 'D' by 0.2 in every

step and observe its effect on mr-énd the attenuation.

© e s e o
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For D = (0.2 the . is 0.92 r/§ and the .magnitude of attenuation fs 32 dbs.

,
T

For D= 0.4 the w_ s 0.84 r/s and thé magnitude of atfenuation is 32 dbs.
For D = 0.6 the w, is 0.80 r/s and thé magnitude of‘qtténuation {Q 30 dbs.
For D = 058hthe W, is' 0.76 r/s and the magnitude of attcnuation is 26 dbsw
For D = 10 ‘che W, is 6.74 r/s and the nagnifhde of attenuation is 16 dbs.

These resu]ts'are derived from the computer plots of Fig. pl.1 to Fig. pl.6.
As we can see in Fig. pl.5 and Fig. p1.6 the frequency response is not

maximally flat.

2.2.1.2 LP FILTERS WITH CHEBYSHEV “BEMENT VALUES

+ As in the case of Butterworth filters where we substI;uted
- ' ‘ Butterworth element values for the Tumped elements, here also we have to
‘. ‘subst1tute Chebyshev element va]ues for the lumped e1ements in the
' ‘? scructure of Fig. 2.2.1. But the filter table does not give Chebysheyv
| elemnt value for n = 4 and-r s 1, that is the number and lumped elements
is even and the ratio of terminating resistance is un%ty. The fi]tgr table
'only gives odd order Chebyshev element values when r = 1. For that reason
we chose the e]ement values corresponding ton = 3 and the passband rlpple
//’/td\ : - as 1 db. Here ‘we had to suppose that one of the element values in our case,
-T’\k . the inductance L. is zero. This supposition of L, to zero reduces the
/ f order of the network. But later a program 'AFTAB' is devgloped to take care
; of . this brob]eM\Qnd also to give the user a control over the pas;band ripple.
. . This algorithm and its results are discussed later.
:

The computer plots of- F1g p2 1+to F1g p2 6 are the low- -

pass response of the structure under discussion.
I

@ e e eh e st e ca e
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"filter for that particular value of D.

o

.As seen in the computer plots of Fig. p2.1 and p2.2,

©

~ which are frequency response with Chebyshev element values for D = 0.0

and D = 0.2, there is no,.passband ripple. Therefore it is not possible to
DA .

' design a Mixed LHTﬁﬁgiﬁ§stributed Chebysﬁev filter.

For D = 0.4 w, is 1.67 r/s,®the magnitude of attenuation is 21 dbs

and passband ripple r = 5.5 dbs.

For D = 0.6 w, is 1.40 r/s, the magnitude of attenuation is 27 dbs

and r = 3.7 dbs.
For D = 0.8 W, is 1.24 r/s, the magnitude of aftenuation 15\30 dbs
and r = 2;6 dbs. ‘
For D = 1.0 w, is 1,12 r/s, the magnitﬁde of attenuation'is 31 dbs
and r = 2 dbs. '

2.2.2.1 BUTTERWORTH FILTER DESIGN

-

As we know the cutoff frequency in Butterworth case has

: . ' I
always to be 1. For D = O we get this value. Thus the structure of
Fig. 2.2.1 wilth Butterworth element values and zero group delay is a

Mixed Lumped-Distributed fi1t$r for n = 4 and zero time delay of the -
14 -

gtransmission Tine. In the cases where D is 0.8 and 1.0, it is not

possible to design the, Butterworth filter, as tpe resboﬁsé shown in Fig. pl.5 |

ahd pl.6 is not maximally flat. For the cases where D is 0.2, 0.4 and 0.6
we ‘can design a Mixed Lumped-Distributed Butterworth filter by normalizing
the cutoff. frequency to ™ r/s. The éorresponding scaling of the elements

will then be carried out and those element will contribute a Butt&gworth
’ N

0
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2.2.2.2 CHEBYSHEV FILTER DESIGN

For the frequency response plots of Fig. p2.3 to Fig. p2.6,

which are the response with Chebyshev element values we observe that the.

* - passband rippie has' & value of 5.5 dbs for D =0.4and decreases to 2 dbs

for D= 1.0. The Cheb'yshev element vg]ues'were chosen for a ripple of

1 db but in the Frequency response-we are getting a ripple of over 2 dbs
because of the preSence of Transmission Line. Furthermore we have assumed
_one of thelelement values as zero for reasons discussed in section 2.2.1.2.

—

Now we have to design an algorithm which will reduce the passband ripple

and also give the values for all the four elements. Such an algorithm

is discussed in next section.

2.2.3 RIPPLE MINIMIZATION AND CHEBYSHEV FILTER DESIGN

“ ._ﬁAs‘\d\fscussed in the section 2.2.1.2 and section 2.2.2.2,
we éssumed that thg value of one of the elements of the structure of \
Fig. 2.2.1 is zero. The value of passband ripple obtained from the low-
pass response of the structure under discussion with Chebyshev element —
values, is above 5 dps for D = 0.4 and has a minimum value of 2 dbs at

\
D = 1.0. ) . - \

It was therefore n:acessar'_y to develop an algoﬁt;u;\" whit?h
could minimize ‘the_pgxssband ripple and 'al'so give the values for all the
four elements. |

., The program 'AFTAB' which employs the libra;-y subroutinex
'ZXMIN'achieves this purpose. |
; The subroutine ZXMIN minimizes any specific error. We |

Q
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PROGRAN AFTAB

T0PT=0 ) -

73/174  0PT=y

L3

PROGRAMN AFTABCINPUT»QUTPUT)

THIS ALGORITHM IS DEVELGPED TO REDUCE THE PASS-BAND
RIFPLE AND GIVE ALL THE.PARAMETER VALUES OF THE
NETWORK.THE INFUT TO THIS ALGORITHM IS A SET OF
FARAMETER VALUES WHICH YIELD A PASS-BAND RIPPLE OF .
AEBOUT 4 DBS.

THIS ALGORITHM IN GENERAL MINIMIZES THE PASS-BAND
RIFFLE IN EVERY 1TERATION AND PRINTS THE CORRESPONDINB
VALUZS OF THE FARAMETERS.

THIS ALBORITHM USES THE LIBRARY SUBROUTINE *IXMIN®
WHICH MININIZES ANY SPECIFIED ERRGR,WHICH IN OUR CASE
IS THE FASS-EAND RIBPLE. ° g

]

ﬂIHKNSIDN XC6)5008) P HI21) oW C1B) ; " !
EXTERNAL FUNCT.. ‘
READ!:\X(I);I'I!G)
PRINT 11
FORMAT(LHE»S(7 ) . -

PRINT 12 -
FORHRT("OK-'INIY[AQ VALUES OF PQRGHETERS')

PRINT 14 R -
FORMAT(20X,30( L1H%) ),

FRINT 313+X{4)

FORMAT(R0XsXCi=0,F8,4)

PRINT 14,x(2) \
FORHAT("OX-!LZ“:FB &)

FRINT 17+%(3)

FORHAT("OXV!C]'IUFB.&)*

PRINT 18,X{1) . ’ - . N
FORNAT(Z0X v L 4aRsFD. ) v '
PRINT 19,X(5) . . . .
FORMAT(20X 4Dw&»F8,6) - . o Y

PRINT 20,X(8) * ~ »
FORMAT{20X,8Z=8,F8. 6)‘ S e,

N=§ | - L. T y
HAXFN=350 . ) . Lo wk’
NSIG=4 .

FRINT 7

PRINT &

FORHAT(QOXil"RAHETER VRLUES'AFTER EVERY X7ER“TX°NI)
PRINT 7 .., - .
FORMATC/»20Xr40(LH=) +/)

. CALL IXHIN(FUNCTvNoNBlOoNAXFHvIOPT.X!NDO»F'HiIER)

870
END

FIN 4.0+490

™
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SUBROUTINE FUNCT

30

23

40 .

43

24

24

PR [ -

5 o
B . : 38 .
R ? - . ’ -
. . ] )
‘ L S v :
. . ..
[ " ‘
. <
. ¢
. .
M n’ LS -
' ’ v -
s i N 3
1 -
o 1
. ¢ _
73/174 OPT=i FTN 4.8+4499 80/03/08.
SUBROUTINE FUNCT(N¢XoF) : ' ' o

COMPLEX SrHS1/HS21HEZrHBA1HES1Z8¢ZCoY1sZ25Y3224
DIMENSION X(&) '
REAL FrL1elL2:C1+C24D02

N=é
Li=X(1)
L2=X(2) : .
C1ax(3) .
CR=x(4) ¢
D=x(S) . i . R o
TaX(6) . - . .
FHAX=~6.5 . g
FMIN®-64.8 ) ot
DO S0 141,100 -

AN®({1-1)20,01

YmakaD

S=CHPLX(0.01AW) .
ZS=CHFLX(0.0,SINCY)) °
ZC=CHPLX(C0S(Y)+0.,0) 1

« .
NSI-(((1+LIICIIS!I2)!ZCQ(S'LlllS/Zi);?Y7L28C2!S$l2)0
SOCCIHLINCLRSAR)RIBTZS LIRS KZICIRC248) )
HS2=(((1+L1XCL12SRRT) SICLLLIASHZS/Z) S8+
SO{I+LIRCINSHRD) RZX2S+L1SRIC) du . . ' N N
HS3I= (((C1ESRZCHIS/ZINCLIL2BC2680E2) )¢
$(Z¥258C1RCXSAR24C2RSKZC)) )
C HBA=(((L28CLATCRSRR24L 28E828/2) )+ "
S(IRISKCINSHIC)) -

HES*1/ (HS1+HSTHHSIHHEA) . . . oot
FFsCARS (HSS) ’ :
FA=20%aL0DGLIO0(FF)

IF(FALTFHIN) FMIN®FA , . ' >

IF(FA.OT.FNAX) FHAX=FA - N , :
CONTINUE o .
FaFMAX-FMIN ' . ’ . \
PRINT 23sF | . .
FORMAT(20X+® RIPPLE=®,F1%5.,12) . .
EPRINT 24sX(4)9X(2) - . . ¢
S PRINT Q259 X(3)eX(1) . - ' :
" PRINT 26»X(S)eX(6)
PORMAT(20Xs 8CLuk¢F15,.12+4Xs 3028 ,F15.12)
FORMATC20Xs $C3=R+F15. 129 4% SLAREIF1S.12)
FORMAT (20X 8D=%»F15,12,4%,3D=8,F35.12)
PRINT 7 ’ .
FORMAT (/> 20X 40(1Hm) » /) ) ) .
'RETURN

. "

~END  © . .

3
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CINITIAL VALUES OF FARAMETERS- e
KA KK 1K AR KKK RROK KK AR KK

-

022 2

. C3= 2,0234600000000
= 800000000000

122,02 3400
L3=0,00Q000
C3=0,0254600
L4= 994100
= 800000
Z=1,000000

.
T E S N S e e e e e e e T e e e s = =
P L e T S L T T T T T T ¥ T T v p P o N S
- : "

PARAMETER VALUES AFTER EVERY ITERATION

—iwe

R T e T o P S e T T

RIPFLE= 3.377141905018 -
L2= 0.000000000000

Ll= 2.023600000000
£3=.2.023600000000

= ,800000000000

L=

924100000000

Z= 1,000000000000

S e emr e e e ey i g e mey v e g i e e U PO e e el S e S e S05¢ ot S
EESoooossoImIoonDEonnn D mmmammeamnz:

’

RIFFLE= 3.377142578720
Cl= 2.0234600170577

023400000000
00000000000

-

L2=-0,000000000000

La=

9294100000000

Z= 1,000000000000

RIPFLE= 3,377142093010
Cl= 2.0234600000000

&

============,’==========.==============
RIFFLE= 3.377143181197 ~ :

Cl= 2.023600000000 L2= 0.000000000000
C3= 2.023600170577 L4= ,994100000000
p='  .800000000000 Z= 1,000000000000

L2=

L4=

. 000000008429
.994100000000

Z= 1,000000000000

o o e o e i e e e i i e T A i £ i A i A e i o o e 2
e L e e P TP T o o

RIPPLE= 3.377142171044 °

Ci= 2,023600000000
C3= 2.023600000000

ln=

+ 800000000000

1

L3=

La=

+ 974100083796

Z= 1,000000000000

RN IR NS TN TSI SENRN SNSRI SR
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D e e e
) i 3 :
( . 40
3 ‘ ( ' :
. S:::::::::::.“:-‘..':.'.:.".'::::::=?‘-’=;====:‘.=======22.‘.‘===:—1 \
. RIFFLE= 2,3044607440540 o
’ Cl= 1,924126645606  L2= ,023043969015
C3= 1.9235921484293 L4=  ,B818%90204871
» D= ,710480722183 °  Z=~ 1,031039690539 .
N ! |
e - S I T - i ‘
RIFFLE= 1.,760445075149 o i
p Ci= 1.029%90235462 L2= 075565424649 ) .
C3= 1.833594913457 La= .647041826878 i
D= 669775886907 Z¥ 1.004942600758 - B
T RIFFLE= 1.108432083193 ' //<
. Cl= 1,64051/415612 1L2= 179000334377 .
. C3= 1.,6H2941772085 La= 305585990891
N . D= 570366216353 Z= 1,192748421196
e ) ‘/
. ~ PoEDEmmaDOInODDERDIIDENDOIDNZRaEESnITZOTSR
. RIFFLE= 1.108432162678 ‘
- Cl= 1,640517553897 L2Z  ,179000334377 ‘ .
- C3= 1.452941772085 L= ,3055%65990891 ‘
‘ D= ,572366216353 Z= 1.,192748421196
| ‘
=================’::=========.,".'.2=======
RIPFLE= 1.108432048457 '
- Cl= 1,640517415612 L2= .175008349447 -
C3= 1.652941772085 L4= 305565990891 R
. S = ,572366216353 Z= 1.192748421196 o .
T . 'RIPFLE= 1.108432142813
Cl= 1.640517415612 L2=  ,179009334377
. C3= 1,652v41911418 L4= ,3055465990891
D= 572366216353 2= 1.192748421196
) =========.‘===========.====='_;========== l
T - RIFPLE= 1,198432084485
o, . <Cl= 1.440517415612 L2= ,179008334377
g , . C3= 1.,4652941772085 La= 3055466014649
A , D= 572366214353 2= 1.,192748421196
i . - - ==========;.-’4================é==é=====‘
' : \
3 . L . .' +
4 . Q o »
L v . - =
L ¢ L e
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o

e s
H

:::a::n:::::::::r.:::z.:"L::::::::::::mwm::n:::m

RIFFLEE=  2926L04396593

Cl= 792104051156 L.2= 0524684079304
C3= 6210946044130 La= 2946274900329
[i= 644603000440 = 1.,095133622000
EorssosmooossEosoossoohoosSooomoszSs

o

RIFFLE= 296504497531
Cl=  ,79210%)31156 L2=  ,559404879356

C3= .621094044130 La= 2986274930355
L= 646605054965 Z= 1.0¥51335622005

RIFFLE= 296004560365

Ci= 792105031154 L2= L45940848793546 °

C3= ' ,621096044130 La= 4294274930350

D= ,6466050004460 Z= 1,0905133714317

RIFFLE= 1.639551582825 '
Cl= -,851173000071 L2=  ,614032221238
C3= .,008385431745 L4= .717bb96&9343
D= 210691354472 Z= 1.087465667953

==t P fd g o P ome e R he R G f e o

RIPFLE= ,246923998540
Ci= ~,029533984457 L2=. 586858550294

C3= 314740737938 La= 506927294849
D= 7786481774646 Z= 1.,091297644979
e e L e S '

RIPFLE= " ,244923908237
Cl= -.029533926028  L2= 506050550294
C3= 31474073793 L4= 2504927294849
, D= .778648177466ié% Z= 1,091299644979

) %
RYPPLEE  .246924057729 ; .

Ci= -,029533984457 L2= .586858599765'

C3=- .314740737938 L4=  506Y27294849
D= 778648177466 = 1.091297644979

it - -t £ 3 3 2 23 32 3 3 F 1 1 F 44 3332 1 2242 1 2 4 % 1 §
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RIPFLE= 246924027803

"Cls -, 0095359044507 2= L EN6BLBLLOZ94

C3= ",314/40760468 L.4= W LO&6927294849
L= 770640177464 Z= 1,091299644979
T T T R T N TN S I N S S e s S e

\

RIFFLE= .246923945816

CCl= -,0295339084457 o L2= 0586858550226

C3= . 3474073/938 La= 5058927337579
= .778648177466 T 2= 1.,091299644979

S e e a oy e fm ey A G o T et S A S s M St sy S e e et S st e e Som tar some eote e
PP R P e R e ]

RIFPLE= ,246924014035

= =, 029533904457 1.2= 5846058550296
C3= 314740737930 L4 W L0&Y2/294849
D= 778640243101 Z= 1.091299644979

900 Sam et e et vt it o S i it s sem M ey Eot e e i e et Ear mm Y Sm S sk S ma e e O mer Sem e gm
e S e e R

'RIPFLE= ,246924027524 .
Ci= -.,029533984457 L2= 586858550296

3= + 314740737938 La= 3506927294849

D= 778648177466 Z= 1.,091299736969

-
e o L Y ]

.
RIFPLE= ,285737902729

Cl= ~.,044420740559 L2= .563825096578

C3= .264030646244 L= ,4434665681900
D= 795987361864 = 1.,113020413317

Sl o B S A aes T SuE S e e 4mO Sm St M MDY gk S SO TN SRt gmit S SO s Tt SR o s met
S S N N T NN SR NI o NSRS SN NRRRS RO E=

RIFFLE= .2050162851970

Ci1= ~ 036977366508 L2= 575341823437
C3= ,2089385693091 L4= 525296488374
= ,787317769665 Z= 1.,1021460029148

e o e o v — —— o — " G Yy T Tt e £t S o A p Y e S
T T s T N T I T T NN NN oSSR ERES=ET

RIPFLE= .242010519736 ‘

Cl= -,0302783226863 L2= .5857068774610
C3= 312205233453 L4= L,50B764214201
D= 779515136486 Z= 1,092385683396

===2===ﬂﬂﬂ=============H====k=======
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- e
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43
_— N
l:=a=:=='====:::=::::.".:::t::::::::::::::’:::n”—::::::
RIFFLE= 242010509551 ,
Clm -, 030270314043 L= 505706877610 -
Ca= . 312205233453 La= 508764214201
I W7795159134606 Z= 1.0923085603396
) e L e e L e
’ RIPFLE= ,D42010578047 .
Cl= =.,030278302663 L2?= (505706926982
C3=  .31020.233453 La= 508764214201 ¢
D= 779515136686 Z= 1.092385683396
Ky 1 11 - - 5 3+ - F ¥ 55
RIFPPLE= .242010548064 o~ ,
Cl= -,030278322663 L2= 505706877610
: C3= 312205259770 L= 5008764714201
P D= 779515136606 Z= 1,092305683396
- / ‘ 1
P RIFPLE= ,242010447219
. Cl= -.,030278322663 L2=  ,S85706877610
‘ C3=  ,312205233453 L4=  .S5008764257087
= 7795151346606 Z= 1.,0923855603396
-"_"'_'==================ﬂ===============
RIFFLE= ,242010536159
\ Cl= =,0302/8322663 L2=  .S057058877610
C3= 312205243453 La= 508764214201
; N D= .779515202394  Z= 1.092385683396
: RIFFLE= ,242010549794 , u . v
: Cl= -,030278322663 L2=  ,S85706877610
5 C3=  ,312205233453 L4= 508764214201
| D= 779515136686 . Zz 1.092385775477
; © "~ - TERMINATED (IER = 131) FROM IMSL ROUTINE ZXMIN -
;‘ “ \ i t . .
)
] s :
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have defined the passband ripple as the error function.

The é]gorithm minimizes the ripple in every iteration and
prints- the values of the ripple and all the four elements. ’

6 The ripple in this algorithm has been defined as the
difference between the‘ maximum of the maximas and the minimum of the
minimas within the passband, ‘

The element values given by this program are in 12 digits
but for our use for plotting the response we have rounded it to 4 digits.
This explains thé little disparity between the value of the ripple given
by fhis program and the ripple obtained b;' plotting the frequency response.

- The program 'AFTAB' prints the parameter values land the
corresponding ripple value after every.iteration. The program in general
minimizes the ripple in every iteration as can be seen in Fig. p3. We can
choose the set of element ;"a]ues which has ripple close to our requirement
but we have to neglect the set of values with negative element values.

After selecting a set of values we plot the frequency
response with these element values. If the ripple is more than our
requirement then we can try the next set of elemn&yalueQ and if it is

\
less than our requirement we can try the previous set of values.

/
>

As can be seen from the computer plots of Fig. p3.1 to
Fig.P3.4 we were able to obtain the low-pass response with ripples of
2.1 db in Fig.p3.1, 1.7 db ‘in Fig.p3.2, 1.1 db in Fig.P3.3 and almost a
flat response in Fig.p3.4. ’
The ripple values obtained from the response are‘almost

equal’ to the corresponding. ripple given by the /prog'ram 'AFTAB"'.
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2.3.1 MIXED LUMPED-DISTRIBUTED STRUCTURES WITH TWO LUMPEb ELEMENTS

{In the preceeding sections we have discussed a Mixed
Lumped-DistriButed structure with four Tumped g)ements. In this section
we will digcuss a Wﬁxbg Lumped-Distrjbuted structure with two lumped
elements, a series inductor and a shunt capacitor as shown in ?ig. 2.3.1.
The overall chain parameters of this structure is derived

LY

in section 1.2.2 and are,

ro T L

A -B cosh(sd) + %f sinh(sd) + y;zsinh(sd) ‘ zsinh(éd)
=+ ¥122c05h(sd) ' . + z,cosh(sd)

C D %sinh(sd) + yicosh(sd) . * cosh(sd)
L gL 4

For reasons described in.section 2.2.1 we had to resor} to
computer-aided plot of the low-pass frequency response of the structure of
Fig. 2.3 to investigate its behavior.

v

we\obtained\two frequency responses, one corrédspnding

to the Butterworth element values and the second corresponding to Chebyshev

element values,

2.3.1.1 LP FILTERS WITH BUTTERWORTH ELEMENT VALUES

The low-pass response of the structure of Fig. 2.3.1 was
obtained by substituting Butterworth element:-values for n = 2 and r = 1,

for lumped elements. _ ‘ | o -

. ——— Y~




PROGRAM LPN2

10
w\h | 19

20

23

30

40

nooon

11

22
27

33
10

13

, ; 50
- v . . 3
—_—
-4
"
737174 OPT=1 C FTN 4.8+499 80/03/05 .

PROGRAM LPN2(INPUT:QUTPUT) P T

THIS PROGRAM GIVES THE LP FREDUENCY PLOT OF
A TRANSMISSION LINE WITH SERIES INDUCTOR

AT ONE END AND SHUNT CAPACITOR AT THE

OTHER END»DOUBLY TERMINATED IN 1 OHM
RESISTANCE .

COMFPLEX SeHS+ZS+ZCrHEBLsY1,22 .
DIMENSION X(201)rY(201»1)9A(160)+IMAGA(S151)

REAL L2 4

REANKC1,L2/Dr2Z -

PRINT 11

FURMAT(LHL1+3¢/))

PRINTS,°® ELEMENT VALUES *

FRINF&,* emmrmccmarannm.

PRINT®,* Cie *yC1+* L2= *yL2¢* D= *4Ds* Iw *,2
PRINTE®,* .
PRINT®y* —~mme - d
PRINT 27

FRINT 22 -

FORMAT(13X»*8'»* FREQUENCY® ¢ 3Xv "8+ 4X¢ “ATTENUATION (DB)*»° 8°)
FRINT 27

FORMAT (15X»40(1H2))

DO 10 I=1,201,5 ~ . N

W=(1-1)%0,01 (A “

E=CHPLX(0.Qr W) |

ZS=CHFLX(0.0¢+SIN(WED)) .
ZC=CHPLX(COS(WXD) +10.0) ‘

Yi=C1%xS . .,
2= 2%S .

HS=Z2WY18ZC+((Z2/Z+Y18Z) 8284 Z24Y1)82C) +28ZCH(Z+1/2) 828
HSi={/HS "

F1=CABS (H51) .
Y{I+1)=208ALOG1O(F1) . < o
X(I)=W

PRINT 3&sWeY({Ir1)

FORMAT (15Xs *X* 12X, F4.2,8Xe "8 s 7XoF12,804X s *%*) .
CONTINUE )

PRINT 27 ’

READ 15+ (ACI)sIul,140)
FORMAT (80A1) .
CALL USPLN(X/Yr201v1+3+201sA¢ IMAGA+IER)
§TOP

END

L)
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These responses are shown in Fig.~p4;1 to Fig.lp4.6
againsf increasing value of the time delay 'D' starting from ;ero and
1ncremen€ed by 0.2 in each step. ‘

The Fig. p4.1, which is the Tow-pass frequency response

of the structure of Fig. 2.3.1, with 'D’' as zero, gives a 3 db frequency

e of 1 r/s. The magnitude of attenuation is about 18 db.

In Fig. p4.2 with D as 0.2 the 3 db. frequency w,. drops

to 0.89 r/s and the magnitude of attenuation rises to 20 dbs. e
For D =\0.4,1ﬁhe w, is 0.83 r/s and the magnitude of attenuation
« s 20 dbs. | |
For D = 0.6, the w, is 0.76‘r/s and the magnitude of attenuation
is 18.5 dbs. ‘
) For D = 0.8, the w,, is 0.73 r/s and the magnitude of attenuation
is 16 dbs. ) |
For D = 1.0, the W, is 0.70 r/s and the magnitude of attenuation
is 14 dbs.

2.3.1.2 LP ?ILTERS WITH CHEBYSHEV ELEMENT VALUES

lThe low-pass frequency respanse 6f the structure of
Fig. 2.3.1 was obtained using Chebyshev element values for n = 3. For '
Jreasons discussed in section 2.2.1.2 we had to choose this set of Chebyshev
element values. In our case we have two lumped elements in the structure
of Fig. 2.3.1. We chose one value for the series inductor and one for
the shunt capacitor.

The response of the structure with Chebyshev element i

a

i
\

> 8
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values is shown in Fig. p5.%1 to Fig. p5.6 which are plotted against

“increasing value of D starting from zero. ’ ] .
As we can see the'éésponses are flat that is they do not

have any passband ripple for any value of D. ] '

| Thus it is not possible'to design adphebyshev filter

for this case.

"

2.3.2 BUTTERWORTH FILTER DESIGN

The design procedure described in section 2.2.2.1 is '
the procedure‘required to desﬁg@ a Butterworth filter in this ca;e. In ‘.
Butterworth filters the cutoff ?requency has to be 1 r/s irrespective
of the number of eﬁenmnts in the network. So we can choose the:time

deléy D of our requ%rement and norma1izelthe cutoff frequency to 1 r/s_

" for that response.

A

2.4.1 THE MIXED LUMPED-DISTRIBUTED LOW-PASS STRUCTURES WITH

'SIX LUMPED ELEMENTS

The structure is-shown in Fig. 2.4.1. The chain
parametets of this'structure is derived in section 1.2.3 and from equatioh
1.2.3 they are 4 ,

A= (1% zgys)eoshilsd) + (1 + zeys)zut 26) Lsinn(sd) + (1 + zays)zsinh(sq)...
voot ((1 + zgys)zu + z¢)cosh(sd))ys + (((1 + zeys)zy + zs)%r sinh(sd)...
...+'((i + zgys)zsinh(sd) + ((1 + zgys)zy + ze)cosh(sd))ya)zz;..

:..+ (1 + zeys)zsinh(sd) + ((1 + zgys)zy + zg)cosh(sd))y,

3

e

P SEUTRE 3 SN
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((1 + zeys)cosh(sd) + ((1 + zeys)za + 26)-;—sinh(sd) e
...+ ((1 + zgys)zsinh(sd) + ((1"4 ZeYs)2Zy + 2¢)cosh(sd))93)z,..

ot (1 + zgys)zsinh(sd) + ((1 + zeys)z, * zs)cosh(sd)

(g ]
]

sinh{sd) + {yszsinh(sd)...

Nl-*—'

= yscosh(sd) + (1 + yszu)
.t {1+ yszy)cosh(sd))ys + ((yscosh(sd) + (1 + yézh).%.sinh(sd)...

...+ (yszsinh(sd) + (1 + ysz,)cosh{(sd))y;)z, + yszsinh(sd)...

vt {1+ yozi)cosh(sd))y,

(yscosh(sd) + (1 + yszu)—%»sinh(sd) + (yszsinh{sd) ...

o
1}

.ot (1 + ys2i)cosh(sd))ys)zs + yszsinh(sd) + (1 + ysz,)cosh(sd)

f . o . .
Here alsg we will proceed in"the manner described in

/
section 2.2.1 and section 2.3.1. .We will plot the 1ow-pass frequency

respoﬁse for the structure of Fig. 2.4.1 w?thaButterworth and Chebyshev

‘

element values. Then observing the response we will formulate the design

procedure fpr Butterworth and Chebyshev filteérs,

a

i

2.4.1.1 .LP FILTERS WITH BUTTERWORTH ELEMENT VALUES

; Butterworth.element valués corresponding to n = 6 and

3

r = 1 were substituted for lumped elements of structure of Fig.v2.4:1 to

“obtain the low-pass response.

‘ " These responses'are plotted agaihst.increasing value of
time delay 'D’ and are shown in Fig. p6.1 to Fig. p6.7:

‘For D =0, the.3 db frequency . is 1.r/s and the magnitude:of

»

attenuation is about 42 dbs as seen in Fig. p5.1.

o

- For D = 0.2, the w_ is 0.93 r/s and.the magnitude of attenuation

. ! 1
. »
°
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A

- attenuation is 64 dbs. ' ) \

-

For D = 0.6, w_ is 0.83 rjs,lr; s 0.9 db and the magnitude of

attenuation is’ 63 dbs. i , .(
For D = 0.8, w,. is 0.29 r/s, r is é.B db and the magnitude of
attenuation is 60 ébs. ) :
For D = 1'.0, {»r is 0.69 r/s, r i5. 0.75'db and the magnitude of
attenuation is 52 dbs. |
T e
/,2.432.1 BUTTERWORTH FILTER DESIGN

-

- In sections -2.2.1.2 and 2.3.1.2 we have discussed the

Butterworth filter design procedure with four and two Tumped elements
. j hd . . ]
respectively. Similar proceduyre will be carried out here with six [umped

[

elements. We choosé a value for the time delay according to the

requirement and normalize tﬁe corresponding cutoff frequency to 1 r/s.

2.4.2.2. CHEBYSHEV FILTER DESIGN
N \ .
. The passband ripple was abové 2 dbs when there were

four Tumped elements (section 2.2.f.2). That fact necessitated the

A »
-development of ripple minimizing program. In the present case the

&
passband ripple varies between 0.75 db to 1.2 dbs. Therefore no

. .
‘design procedures are necessary and we can choose the required ripple and

the corresponding 'D' value will be obtained. -Our choice of ritpple in

"this case is limited and we can have the ripple values between 0.75 db

“and 1.2 dbs. ' . Yoo : ) "

81
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2.5 RESULTS AND DISCUSSION | /

2.5.1 RESPONSE WITH BUTTERWORTHhELEMENT VALUES

- : The low-pass respoﬁse with Butterworth element values

“Tfor W= 4 as shown in fhe figures of p1.1 to pl.6 gives a value of\wr
of 1 r/s when the group delay is zero. The magnitude of attenua%ion at
this point is abput 30 dbs. As we increase thé'value of 'D', Ehe time

dg]ay the magnitude of attenaution drops to about 16 dbs for D = 1.

The value of w_ also drops and is 0.74 r/s at D = 1.
¢ The response with Butterworth element vs]hes for n=2

as shown in figures of p4.1:to p4.6 again gives a value of W, of 1 r/s

for D‘= 6. As in the earlier case the value of'mr drops with the increase

in D and reaches 0.70 r/s for D = 1. The magnitude of attenuation however
does not vary much. It remains almost constant for values of 'D' from

O'to 0.6. For values of p! higher than 0.6, the mégnitude of attenuation
drops to 13 dbs for value of D = 1. As we increase the value of 'D' from
0.6 the magnitude of attenuatioﬁ st;rts dropbing at the fréquency of’1.75 r/s
- for D = 0.8 and at 1.45 r/s foh D=1.

Lol

. The value of w, as shown is again 1 r/s for n = 6 when
o N )
= ' D = 0. As shown in figures p5.1 to p5.6 for n = 6,the magnitude of ' i

attenuation remains almost constant at 40 dbs till the value of 'D' is
. /
* increased to 0.6. There is a sudden drop in the magnitude of attenuation t

when 'D' is increased from 0.6 to 0.8. The attenuation at D = 0.8 is

20 dbs. The §w?nitude of attenuation.at D = 1 rises to 30 dbs.

e e




' drbps to almost 1 r/S as the value of D is increased to 1. The passband

\\\

~ ‘ N
3
83
! ¥
2.5.2 RESPONSE WITH CHEBYSHEV ELEMENT VALUES .- .
P \ -
The response with Chebyshev element values for n = § is

optained for values of D higher than 0.2. At D = 0.4 the value’of w,, is
1.56 r/s and the passband ripple is 5.5 dbs. ' .

. As shown in figures p2.1 to p2.6, the cutoff frequency
ripple decreases with the increase in D and reaches 2 dbs for D =1.
The response obtained "in this case is not equi-ripple. * | .
; We were not able to obtain Qhebyshev type response

for n = 2 as shown in Figures p5.1 to p5.6. It is due to the fact that

we have only two Tumped element in this case as shown in Fig. 2.3.1.

The Chebyshev filter table does not give element values for evén orders
&

for r =1,

e

However we were able to obtain Chebyshev type response - |

t

6 as can be seen in figures p7.1 to 7.6. There is not much ;

for n
change in the ripple. When we increase the value of D from 0 to 1,

thg ripple reduces gradually from 1.2 dbs to 0.75 db. The cutoff frequency

“also drops from 0.97 r/s to 0.74 r/s.

~>

o

2.5.3 RESPONSES WITH MINIMIZE RIPPLE

"/The results shown in the Fig. of p3 gives the various

As discussed before the actual frequency response

»

set of parameter 'values.
from these parameters slightly differ in the sense that the passband ripple .
is not exactly the same for the reasons given in section 2.2.3. In some

cases the difference was negligibde. From the plots of figure p3.1 to
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p3.4 we can see that the ripple in Fig. p3.1 is about 2.1 dbs where the

minimam ripple in the original plot was 4.2 dbs. In figures p3.2 and in
i ,

3.3 the ripple is less than 2 db.and it is'1 db in Fig. p3.3. The

figure of p3.4 shows that we were even. able to obtain a max1?a11y

flat response with the use of parameters given by the ripple minimization

program.
This ripple minimization program can be improved to

control the cutoff frequency. That is to keep the cutoff frequency within

.certain level. From these.results it can be seen that lower. the cutof

frequency the higher' is the magnitude of attenuation.
. A\

[

.




" response curves can be read as*high-pass rﬁ;fonse curves merely by reading

CHAPTER 3 .

HIGH-PASS NETWORKS

_3.1° GENERAL HIGH-PASS NETWORKS

High-pass filters are designed by invérting the response requ%re-
ments, so that they become requirements on a ]ow paSS'fi]%er Low:pass
filter meet1ng this new requirement can be read11y transformed into a
high-pass f11ter which meets the original requ1rement ‘
Alternatively, we can consider that our catalog of low-pass - ’;/i

[
the attenuation as recorded and taking the feciprocal of the frequencies.
‘ Ne/here used the(@requency transformation of replacing w by 1/w.
Then,, whégever attenuation was given by the 1ow—paés filter at w, is now
given by‘the high-pass filter at 1/w.
For the plot of high-paﬁs response the program for the frequency

plot in low-pass can be used witﬁQpbove substitution.

Sigce.we are not dealing with purely lumped structures we may *

» not be able to obtain high-pass response by merely inverting the resfionse

requirementé due to the presence of Transmission Line.
The Tow-pass structures of Fig. 2.2.1, Fig: 2 3.1 and Fig. 2.4.1
can be converted into high-pass structuﬁés by replacing the series

5

indugtances by capacitances and shunt capacitances by inductances.
Design procedures similar to those in low-pass can be followed '
to obtain the high-pass Butterworth and Chebyshev filters.
« e © g5 '
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3.2 RESULTS AND DISCUSSION .

¢

v

3.2.1 HIGH-PASS RESPONSE WITH BUTTERWORTH ELEMENT VALUES

The h1gh pass Butterworth response for n=2gives a
T value of éﬁf 1 r/s for D =0, as in the case of Tow-pass. With the
¢ ‘ increase in 'D' the value of Wy, 1qcreases. It reaches 1.4 r/s for the
value of‘D = 1. The magnituae of attenuation as shown in figures p8.1
\ - to 8.6 f]uctuaées in the neighborhooq of 80 dbs.
' | The vaTue of W, is again 1 r/s for n = 4 with Q.=-O.
v * The value of W, increases with the increase in 'D' and réaches 1.35 r/s
for D'i 1. The. response with‘fD' greater than 0.4 gives kinks (overshoot)
e near the 3 db frequency region. The magnitude of attenuation remains
little above 105 dbs with some variations as shown in figures’p9.1 to p9.6.

v i .
For n = 6 the value of w,, is.close to 1 r/s for D= Q.

nd

, It is 0.98 r/s. For 'D' greater than 0.2 we again have kinks (overshoot)

o

>~

. as in the previous case.iggpe magnitude of attenuation is above 230 dbs

in these cases as can be seen in figures p10.71 to pl10.6.

«

3.2.2 HIGH-PASS RESPONSE WITH CHEBYSHEV ELEMENT VALUES

\ The high-pass response with Chebyshev e]ément values

does not give passband ripple for n = 2 as shown in figures p11.1 to

p];;B. It gives Butterwdrth type of response and the value of W, increases

frgm 1.05 r/s when D = 0 to 1.51 r/s for D = 1. The magnitude of attenua-
\p>€/f \
tion remains around*85 dbs.

The value of Wy, for n = 4 is higher and it is 1.6 r/s.

T
~ T
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‘PRODRAN HPN2  ~ 737174 QPT=) . FTN 4.84498° 20/03/03.
. PROGRAM HFN2CINPUT,OUTPUT) . 0
\Z

N .
- THIS PROGRAM GIVES THE HP FREQUENCY PLOT OF : ~
A TRANSMISSION LINE WITH SERIES INDUCIO

aoooan

AT ONE END AND SHUNT CAPACITOR AT TH *
OTHER ENDsDOUBLY ' TERMINATED IN 1 OHM
RESISTANCE. *

COMPLEX SeHS¢2S,2CrHS1,YL,22
DIMENSION X(201),Y(201+1)+A(380) 9 IHAGA(S1SL)
+  REAL L2
REALIXCL1/L2/De2
FRINT 11
11 FORMAT(1H1 93¢/ ))

- FRINT®/* ELEMENT VALUES *
FRINTS)® emmcmcccece—a — °
FRINTS,,* Cle *»C1s® L2= *¢L2+° (D= *yD°* 2= *,2
FRINIW) *cmcecaen P -- -
FRINT#, cmvncnn N e — “ .

PRINT 27 .
PRINT 22 . '
. 22 FORMAT(1SX»°8°y* FREQUENCY*»3Xs 8¢ 4Xe *ATTENUATION (DD)*s* 8°)
FRINT 27

v - 27 FORMAT (15X 140 (1HS)) ‘

0o 10 x-n.iox.s . »

Wi=(1)20.0] < 5 -~ o ]

Wel/Wl ,~f"’4

§=CHFLX(0.0/W) /o ) .

SECMPLX(0.DsSIN(UEDY) ~ | . -
. FCCHPLX (COS(WRD) 10.Q) . \ .
YieCins . .-

! , T2 298 [ T

HSWZ2UYLSZCHC(Z2/ZHVINZ)IBZBH(Z24Y1)I8ZCI420ZCHIT+1/T) 028 o -
- HS 1@ 1 7HS .

Fi=CABSINST) . !
P(141>208AL0G10(F} 3
T X(I)wWl ' N

FRINT 33,01,Y(I0 1)

33 _FORMAT(LEX, "8 e 2XeFS. 2, 8Xr 37 1 SAiF14, 804X °8°*)

10 CONTINVE
PRINT 27 . ‘ M
READ 151 (A(1))I=1,340) :

18 FORMAT (80A1) . . »
CALL USPLH(XeYr20121+17208sArINACS.IER)

d STOP . ‘ S T '

END ’ N

.

5
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T
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0

43

30

40

I3

PROARAN HPN4 737474 OPTe! FIN 4.Dt+a90°

OoOOoOoDoOnNno

11
12
13

14

16

10

22
27%

f

3
: 10
PROGRANM HPN4

19

PROGRAM HFNA(INPUT,QUTPUT)

TH1S PROGRAM FLOTS THE MNIGH-PASS FREQUENCY RESPONSE v
OF MIXED LUMPED-DISTRIBUTED STRUCTURE WITH FOUR

LUMFED ELEMENTS USING THE FLOTTING SUBROUTINE °USPLH®,
THE ' ELENENT VALUES ARE TAKEN FRON THE AVAILABLE

FILTER TAKLES FOR NORMALIZED CHEBYSHEV FUNCTION 3
WITH L DB, RIFFLE AND NORMALIZED BUTTERUORTH FUNCTIONS.

COMPLEX S+HS1+HS2+/HSIoHBAIHESsZ8rZCrY1:2Z21Y3e24
DINENSION X(201)+Y(201e1)4A(160)sINADB4(3151)
REAL C1leL2eC3eL 4 ©

READI-C!-L:.CJnL‘vDrZh

FRINT 11

FORMAT(1HLs3(/))

PRINT 12 ©

FORMAT(15Xs» SELEMENT VALUESY®)

PRINT 13 | . .

FORMAT(1SXs14C1H~))

PRINT 14,C1sL2

FRINT 1%/C3oL 4

FRINT 14402 e .
FORMAT(15SX»BC1u8,F?,4,8L2=8,F7,4)
FORMAT(1Z5X+8C3=8,F7,4,8L4a0,F7,4) -

FORMAT(1SXs8 Dt )FS,3¢0 Zu8,F5.3)

PRINT 18

FORMAT(/ s 15X+ 25(C1H=)¢//) .
PRINT 27 .
PRINT 22 °§“
FORMAT(1SXs*8°s* FREQ(R/B)"+3%¢°87,6Xs *ATTENUATION (DB)*s* 8*)
FORMAT (19X e IO (1M}

PRINT 27 )

DO 10 125,201,535

Wiv(I)40.01

Uni/Wy

GeCHPLX(O0.0r W) * . . ~ [

ZSaCHPLX{0.0,SIN(NSD) ) -
ZC=CAFLX(COS(WED) 0,0}

Y1=C189

2= 288 .-

Y3sCJ25 .

LAw_ A4S L
HE1e(((1+Z40Y3)82C4+(24828/2))8(14228Y1)+
SC{(14Z48YI)IN2ZN2S4+2482CH8Y1)) s

HS2u(((1+248Y3)82C+2482S/2) 812+
S({14Z48YI)8ZR2542402C))
HSJIa(((Y34ICH+ZS/2)8(14228Y1)) ¢
$(28258v3IY1¢YIRIC))

HS4» ({(228Y382C+22828/2))4
S(ZSISHYIHIL))

HES»1/(HS1+HES2+HEBI+HEA)

F1sCABB(HES)?

Y(1s1)=208ALO010(F1) \

X{Irewy

PRINT 33,MieY(Ir}) .
FORMATILOX ¢ 8 o 2XsFS. 204X r ¥ e3XsF14.8,4X0°2")
CONTINUE !

737174 OPTs=} FTN 4.84498

PRINT 27

READ, 19/ (A(I)+1Im)1,340)

FORN; )

CALLYUSPLH(XYY¢201¢1¢1¢2010A¢ IMAGA ¢ IER) | .

sTOP .

END . ‘ ,

. f

\ _ \

90703705,

80/03/05.
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PROGRAN NPN4 737174 OPTwy - FTN 4.80498 80/03/05
1 PROORAN HEN&( INPUTOUTFUT) ) . '
THIS PRUGRAM GIVES THE MP FREQUENCY RESPONSE OF L
MIXED LUMFED-BLSTRIBUTED STRUCTURE WITH SIX LUNPED ,
ELENENTS . THE CASCADED NETWUOKK IS DOUBLY TERMINATED
IN 1| ONM RESISTOR. an

- L]
THE TRANSFER FUNCTION OF THE NETWORK IS FOUND TO
BE/TRFN21/(A+RICHD)  THEREFURE HS1+HS2+HSIsHSA
REPRESENT THE CHAIN FARAMETERS AvWeCol OF THE :
NETWORK IN THAT ORDER.

OO0 OO0

10

COMPLEX SsMS1 HE2IHSIrHEANSS1Z81ZCrY10Z2¢Y30Z40YSeZé .
DIMENSION X(201)sY(2CLlvel)rAC240)+INAGA(SLIE])
15 REAL C1¢L27C3+LACSsL6+Dr2
READE,C1oL27C3rL4¢CSeLb6eDeZ
PRINT 11
PRINT&s* ELEMENT VALUES °
PRINTRy *~=r—mmmwmcm—me e .
20 . 11 FORMATLLIHLS(/ )
. FRINTE¢® Llw *3Cle* L2® *9LlL2¢e* C3m *»CIe* La= *sLe .
. PRINTS,* C3= *yC% " Lé= °elée* D= *¢Dy* I» *,2
PRINT 17
. 1?7 FORMAT(IX, 4D(IN ¢ /)
28 FRINT 27 ; .
FRINT 22 . \
22 FDRS&T(ISXO'I'I‘ FREQ(K/8)® »IXe "N 46X "ATTENUATION (DD)%9°8°)
PRINT 27 - .
a7 FORMAT(1SXs3@(1H8)) - ¢ F

30 @ DO 10 1s1,201:3

Wim(1)80,01 " .op ,
Wel/ul .o
BeCHFLX(0.0/W) | ..
ZS=CAPLX(0.0sSIN(NED)) .
33 ZC=CHPLX(COB(NED)«0.,0)

Yi=C125 -

Z2=L2¥8 . w ) .

¥3=C395 '

Za=L4xg .
40 YS=CSE5 - ; : \
Zé=L635

e HEL=(1+248YS)0204( (14248 Y5)824+424)828/2+
s SU(L4248YS)NTRISH((14248Y5)824426)82C)0Y3
43 SHOC(I+ZEBYS)IBZCH((14268Y5)8Z4426)825/24 ®
SC(L4Z6MYS)ISZHZSH((I4260YS)IEZA442a)020)8Y]
SIBZIH(L4Z68YSIAINZEH((142Z68YS)IRZA+Z4)8IC)IBYL . »

HE2u( (34268 YS)N2CH((14Z68YS)BZA426)828/14 .
30 (14 268YSISZNLSH((14Z48YS)IR2ZA425)82CIAYT) . .
SRIDH(14268YS)IBZRZSH((14248YS)8ZA4248)82C .

HE3nYSRZC+ (L +YSET4)8TS5/24(VYS8ZRTS+(14YT8Z4)
SEZCIBYIHCCYSRZCHC(14YIRZANE2B/TH(YIBISISH
a3 $C14YSHZA)RIC)IBYIISIHYERTHIS+(14YSEZ4)82CH8Y)

NSO-(YSlZéW(ltYSlZQ)!ZS/ZO(YSlZ‘ZS*(1075124)l ."6/
PROCGRAN HPNS 737174 OPTs} FTN A.8+490 03/¢

SZC)BYIIHZ24YI8Z8Z8+(14VYS8Z4)82C : '

60 ' HESw1/(HBL+HE2+HEBI+HE4A) -
F1eCAPS(NES)
Y(Is1)=Q08AL0GL0(FY) ' . .
X¢1)muWi . ) &)
PRINT 33.W1l0Y(I,1) *
43 33 FORMAT (1SXo "B 1 2XoFS.276X0 8" e SXeFL4.004X»"%8°%) o
10 CONTINUE
' PRINT 2?7
READ 12+ (ACI)vIm3,1460) .
13 FORMAT(Q0AL) .
70 ) CALL USPLH(!.V:.OI![.Iv?OlvoINﬁG4pllR) '
' - sTOF . ! -
,END

B , . , A I -
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to 0.2 and higher makes the magnitude of attenuation to mové into 80's.

—

" normalize. the cutoff fregeuncy to 1 r/s, a procedure similar to the Tow- o

7

\

The magnitude of attenuation is 64 dfs. The increasg in the value of'D' ’

V4

R

i,

For values of 'D' greater than 0.4 we have some variations in the

L

-

magnitude of attenuation near the 3 db frequency which can be termed as

-the passband ripple.

LR PR VY

As seen\in the figures p13.1 to 13.4, which is . : ;
high-pass response for n = 6 With Chebyshev element values, we were
unable to obtain a Chebyshev response in this case. The magnitude of
attenuation is very high for all values of 'D' and it is above 250 dbs.

This response can not be termed as a flat response as we do have some

’1n&h§ase and decrease in attenuation in the passband but at the same

time we can not say that a passband ripple exists.

3.3.1 HIGH-PASS BUTTERWORTH FILTER DESIGN

The cutoff frequency for Butterworth filters has to be
1 r/s. In high-pass responses we get this 3 db frequency Wy, when the
time delay is zero for all the three cases of two; four and six Tumped
elements with transmission line. Since the cutoff frequency is 1 r/s

we can use these as Butterworth filters for different orﬁers.

If we require some specific value qf the time delay for .

[3

: ¢
any order of the network we can choose the corresponding response and

pass Butterworth filter design procedures discussed in chapter 2.
- ~ ) )

We can not design a Butterworth filter, for the cases
where there is kinks (overshoot) in the response. Butterworth design is

only possible if the response is A;ximally flat.

et o o e . Pret——— e v



e e

oy

!

3.3.2 HIGH-PASS CHEBYSHEV FILTER DESIGN

As evident from the responses of figures pll.1 to p11.3,
B . :

it is not possible to design a Chebyshev filter with two lumped elements
as there is no péssband ripple in the responses of figﬁres p11.1 to p11.3,

' which is response for n‘= 2°with different values of time delay D.

!

For n = 4, we could not get passband ripple for any'
value of D as apparent from figure pl12.1 to figure p12.5. Thus it is
not bossib]e to design a Chebyshev filter in this case.

For n =6, we do get some variations in the‘pgssband

.

attenuation, -but they can ndt be termed as'ripple. Thus it is not

h)

possib]é to design Chebyshev filter with six lumped elements.

\
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CHAPTER 4

R

- - : SUMMARY AND CONCLUSION

4.1 SUMMARY |
* In this report we have investigated the behavior of the mixed
Tumped-distributed filters. A uniform Tossless transmission line is
introduced between the lumped structures of order 1, 2 and‘3 as shown
_in Fig. 1.2.1.2, 1.2.2 and 1.2.3. For these structures we have
investigated the Butterworth and Chebyshev type fesponses both in low-
pass and high—pass.’ |

Firstly, the properties of the structure shown in Fig. 1.2.3 are

studied. The low-pass response for the Butterworth case was found to
: have a 3 db reiybnse point'mr of 1 r/s. The value oﬁ the frequency o
. tepds td drop as the time delay is increased. For the time,'delay of
unity w, is found to be 0.7 r/s. No Chebyshev typg response is available
for this case. ;

However Chebyshev type response has been achieved for higher order
;tructures Sf'Fig. f.2.1.2 and 1.2.2.‘ For the structuremof Fig. 1.2.1.2,
Chebyshev type response has been obtained for values of timé- &e]ay ’
higher than or equal to 0.4. The ﬁassband ripple varied between 2.0 and)
5 dbs, whereas the wé varied between 1.8 r/s to 1.57 r/§._ The pas§band

_ ripple and the w,. gradually decreased by increasing the value of time delay. .

s e nes

For Butterworth case of this structure, the w,. Was found to belr/s for

128
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. time delay of zero. The value of W, dropped to 0.74 r/s for time dela&

‘of unify.

/

For the minimization of passband rippte in Chebysh;Q case, the
computér program 'AFTAB' has been developed. For:the desired value of
the ripple,, the corresponding pwrameter values are obtained by this
program. This program, as we hgve shown, has reduced the ripple of
ébove 4 dbs to, less than 1 db, but not necessarily equi-ripple. We are
éven aB]e to obtain ‘maximally flat response as shown in Fig. p3.4.

In addition, the elemental values of the lumped portion of the filter
is also 6btained'from this'programf l

In éenera] we are able to design a mixed lumped-distributed low-
pass Butterworth and Chebyshev filters. This kind of filter is better
than the Tumped filters because of the advantages af transmission line.
We are also able to design some high-pass Butterworth filters; however
the design of Chebyshev higﬁ-pass filters is more difficult than the

low-pass case.

Y

4.2 FURTHER POSSIBLE INVESTIGATIONS

The study of the behavior of mixed lumped-distributed structure

’ ——

in high-pass leads to the inference that design of bandpass filters Havin§‘

129

the structures discussed appears to be more difficult and needs coﬁsiderab]e

effort and study. This could form one of the projects of future
investigation. . ‘ _ N
,Vih ‘The program AFTAB which gives us the value of all the network

para

\

ter and the passband ripple, does not give us control over the

¥
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s it

‘'with the passband ripple. : A

S 130

frequency Wp.- - . °
. However further investigation is possible over this problem and ot

it is possibie that the user can have a control over this frequency along

!nvestjgations can be carried oqt to QBtain equi-rippte passband.
This may be high1y involved, the reason being that we are trying to obtain

three things at a time, the .equi-ripple passband within required Timits,

the desired w_and the element values. ‘ ’
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. S N _ APPENDIX
| .o
;. IMSL ROUTINE NAME - ZXMIN '
. - \ : , . . , '
| . PURPOSE ~*MINIMUM OF A FUNCTION OF N VARIABLES USING
- ' . A QUASI-NEWTON METHOD
: . USAGE - CALL ZXMIN (FoCT: N, NSIG, MAXEN, IOPT,X,H,G,F,
. . W, IER)
/

ARGUMENTS FUNCT =~ A USER SUPPLIED SUBRGUTINE WHICH CALCUIATES

THE FUNCTION F FOR GIVEN PARAMETER VALUES
XL}, %(2),...,X(N).

THE CALLING SEQUENCE HAS THE FOLLOWING FORM
‘ CALL FUNCT (N, X,F)

WHERE ¥ IS A VECTOR OF LENGTH N.
FUNCT MUST APPEAR IN AN EXTFRNAL STATEMENT

"IN THE CALLING PROGRAM. FUNCT MUST NOT
. . : . ©  ALTER THE VALUES OF X(I),I=l,...,N OR N.
C . . N - THE NUMBER OF PARAMETERS (I.E., THE LENGTH
OF X) (INPUTY
: s C NSIG - CONVERGENCE CRITERION. (INPUT). THE NUMBER
o

) . . OF DIGITS OF-ACCURACY REQUIRED IN THE
o - PARAMETER ESTIMATES.
: . THIS CONVERGENCE CONDITION IS SATISIFIEZD IF
) : ON TWO SUCCESSIVE ITERATIONS, THE PARAMETER
ESTIMATES (I.Z.,X(I),'I=l,...,N) AGREE,
COMPONENT BY COMPONENT, TO NSIG DIGITS.
MAXFN - MAXIMUM NUMBER OF FUNCTION EVALUATIONS (I.E., B
CALLS TO SURRCUTINE FUNCT) ALLOWED. !INPUGT)
I0PT - OPTIONS SELECTOR.. (INPUT) ,
. - ICPT = Q CAUSES ZXMIN TO INITTALIZE THE
;- - - HESSIAN MATRIX H TO TEE IDENTITY MATRIX. '
1OPT = 1 INDICATES THAT H HAS 2ESN INITIALIZED
BY THE USER TO A POSITIVE DEFINITE MATRIX.
X -~ VECTOR OF LENGTH N CONTAINING PARAMETER
. VALUES.
: ON INPUT, X MUST CONTAIN THE INTTIAL
: ~ . PARAMETER ESTIMATES.
. . ON OUTPUT, X CONTAINS THE FINAL PARAMETER
ESTIMATES AS DETERMINED 3Y ZXMIN.
. H ~ YVECTOR OF LENCTH N*(N+1)/2 CONTAINING AN
C L ESTIMATE OF THE HESSIAN MATRIX
8 ‘ T D**2F/(DX(I)DX(J)), I,J=1,...,N.
Cov } 4 IS STORED IN SYMMETRIC STORAGE MODE. .
‘ ' ON INPUT, IF IOPT = 0, 2ZXMIN INITIALIZES H \
- ' ' ' . ,TO THE IDENTITY MATRIX. AN INITIAL SETTING '\ °
; ' ‘ . . OF H BY THE USER IS INDICATED 8Y IOPT=l. :
—~ : ‘ H MUST BE POSITIVE DEFINITE. IF IT IS NOT,
: . C A TERMINAL ERROR OCCURS.
e ON OUTPUT, H CONTAINS AN ESTIMATE CF THE '
o - L ' “  HESSIAN AT THE PINAL PARAMETEP ESTIMATES (o
] (I.BE., AT X(L),X(2),...,X(N))
Lo ’ .G - A VECTOR OF LENGTH N CONTAINING AN SSTIMATE
' L OF THE GRADIENT DF/DX(I),I=l,...,N AT THE -
. FINAL PARAMETER ESTIMATES. -(CUTPUT)
F , =~ A SCALAR CONTAINTNG THE VALUE OF THE FUNCTION
AT THE PINAL PARAMETEP. ESTIMATES. (OUTRUT)

»

. ’ IXMIN-1

.
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W - A VECTOR OF LENGTH 3*N USED AS WORKING SPACE.
: ON OUT2UT, WORK(IL), CONTAINS FOR . L e

I

:‘1'

! IER

PRECISICN/HARDWARE

RTQD. INSL ROUTINES

THE NORM OF THE GRADIENT (I.E.,
SQRT(G(I)"2+G(2)"2+.é,+G(N)"2))

I = 2, THE NUMBER OF FUNCTION EVALUATIONS
PERFORMED.
I =3, AN ESTTMATE OF THE NUMBER OF

© SIGNIFICANT DIGITS IN THE FINAL
PARAMETER ESTIMATES.
ERROR PARAMETER (QUTPUT) " .
IZR = 0 IMPLIES THAT CONVERGENCE WAS
ACHIEVED AND NO ERRORS OCCURRED.
TERMINAL ERROR
IER = 129 IMPLIES THAT THE INITIAI, HESSIAN
MATRIX IS NOT POSITIVE DEFINITE. THIS
CAN OCCUR ONLY FOR IOPT = 1. ’
IER = 130 IMPLIES THAT THE ITERATION WAS
TERMINATED DUE TO ROUNDING ERRORS
BECOMING DOMINANT. THE PARAMETER
ESTIMATES HAVE NOT BEEN DETERMINED TO
NSIG DIGITS. '
IER = 131 IMPLIES THAT THE ITERATION WAS
TERMINATED BECAUSE MAXFN WAS EXCEEDED.

SINGLE AND DCUBLE/H32
SINGLZ/H36, H48,H60

UZRTST,UGETTO, 2XMIN

INFORMATION ON SPECIAL NOTATION PNb

. JJOTATION -
| o CONVENTIONS IS AVAILABLE IN THZ MANUAL
/ INTRODUCTION OR THROUGH IMSL ROUTINE UHEL? ~
‘ Algorithm
a ZXMIN is based on the Harwall library routine VAl0A. It uses a guasi-

. Newton metiod to find
x=(41,x2,...,xN).

the minimum ¢of a function £ (x)

LY

of N variables

PUTER————

See relarence: . |

Fletcher, R., "Fortran subroutines for winimizateon by quasi-Newten ';
mechods",’ Report R7125 AERE, Harwell, Ergland, June, 1972.

an pProgramzning Notes i 4

. . A8 If . 3f
. t ;L. t 1s assumed that the gradient vector a(x) = (3% ,57—,...,57—) g
' 2 - S By N .

. ) 3‘e iy . .
and the Hessian matrix R-(§§:§;;) exist, but the user is not
required to supply Zormulas fcr their evaluation.
’ 2. Accuracy in avaluating the function £ 1s critical when highly *

accurate parameter values, x_, are required (i.e., when NSIG 1s

In these cases, 1t 1s
L0 preclslion greater than working pre-

greater than J for single prec:isicn).

advisable to avaluace £

cision (e.g., for s:ngle precision ZXMIN, double pracision can .
be used). .
ZXMIN-2 ! .
. P
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. 3. In reference to -significant digit tests for the x-vector, leading
' zeroes to thg right of the decimal point are;counted. For examples,
both 123.45 and 0.00123 have five significanc digits. Scaling
: the x vector may be required if sgveral of the parameters x
are much less than 1.0 to obtain the same nurber of siqnificant“ '
- digits for each of the x._.
v ’ J
4. TQe user can place a limit on the amount of computer time used by
. ZXMIN by secrting MAXFN appropriately. In general, MAXFN=500 1s
' satisfactory with NSIG=3.,
5. The accuracy of the final Hessian matrix, H, is not always satis-
factory. For example, when a minimum is located in a very few
. steps, the estimate may be inaccurate. H 13 calculated by up-
. dating the initial Hessian as steps occur. ~
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