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- ‘This report considers a mixed lumped-distributed filter
L - conainting of two unit elements’and three Iumped'reactivé'elemehta.
Sy It has been found that any analytical solutionqis’highly difficult RN
3 f . i; and therefore computer-aided deaign has to be resorted to. Both -

lowbpass and high-paas filtera are de;igned.
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1,1 Genefal . o . -

Filters are generally clasified by their. frequency response.

» -

The most commonly ° encountered ones are low-pass, band-pase, band-
elimination and all-pass filters. % However, depending upon th?»ﬁfﬁ’.
quenq§ range at which these filters are useglﬁtheir constructional

features differ. ‘We shall briefly.discuss. the different types of
" filters that are commonly constructed in practice. %@?

// . - . . ’ . N/d
1,2. .- Lumped. Passive Filters [1] . . -
| o
< There are four types of p%?sive filters namely Rc RL 'LC and

:,’ RLC type filters, All these can give low-pass, band-pass, h}gh-pass

N
and\band-eﬂimination filters; however RC and RL filter;type transfer
- - l ?-

function have sfMQ;g\gol;: on negntive nealeaxis only -and hence their
resporise }s,less selective, 'Similarly,,the response of the LC filter .

is restricted:as poles of the transfer function can he on the imagi- )
d nary axis only. The RLC filters, on the other hand, can give their ¥
poles anywhere in the left half of the S plane (excluding the imagi-

' nary axis) and hence the response ‘cen be made more selective,

) A

f” We can now cgjpare RC .and LC types of filters:» )
(£) RC can be put in integPated circuit»form, thus reducing its

size considerably, LC nhormally, has.a larger size because of the

f

1nductance,/particularly at 1ow frequencies. 0

*‘ (11) Ifductance is not an ideal element as there will always be a

resxstance associated with ity - h ~ \A

s

(1ii) Inductance requires shielding to prevent intetference,

T

»

N
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T

o e
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"(iii) Inductance requires shielding to prevent radiation of magﬁetic
’ ! €

1.3

&

fields and interference:

Active Filters ]q2l

»

t On the contrary, the ihductance cari be avoided to simulate RLC

. . C e . 4 s a4 ) . T e '
filter ‘action by using active elements like operational amplifiers.,

. » [ 3 . » ) . ﬁ‘ ’/{‘
Active Rd'technlques for filter synthesis was considered an important

]

techniqué. With the advent of integrated circuits, i{ has assumed

-~

C—wideﬁ importance. Some of the aspects of active RC fﬁlters is that

it can not' be used at freqyencies higher than one MH7 npproximately.

However at low frequencies, this 1s highly useful

.
v

. We can compare the following charactgristlcs for discrete

elements against integrated circuits as used in active filtering:

-Accuracy‘—' __]

(1)

(ii)

In discrete elements, accuracy is générally high beéduse
of the preselectlon of components, on thg cJontrary, 1ntegrate~%‘
circuits do not have absolute accunacy of d;s;rete cbrcults
because of the nature of productxon. However tbey can be‘highly
matched thus improving the accuvacy con;iderably. .

Thermal Track;gg

+(4ii) Parasitics

VA
Compensatlon of temperature effects is one of the primary

problems in monollth1c structurea, since a change in temperature

- /

1eada to a unlform change 1n resistanee values, and the frquency

' . response is highly affected. In iﬁtegrated,circuits, special
I g‘#\)

techniques result in'obtaining low or zero sensitivity for chanp-

ges due to temperatures. i * ;
o . ‘

Integrated circuits have rej:?eq'geometb9'anq high packing

densities, compared to discrete

DRI

o 3

elements. This has the effect




of reducing the parasitics considerably. - ‘ .

(iv) Economy

o

‘§. ,f B?cause of mass-production tqéhniquesk integr;ted circuits .
" costxless than disérete structures. . ‘
) (v)?'Adjustmenté . ) ’ . - " \
J o Discrece//gtryctures are easier to adjust for a precise S
.} ' / - transfer function because of the availability of the indivigualh
‘i ‘ . éomponsnts, ’ o /// . -, -
) Digit§1>>ilters Y
, . P
C f " The availabiligy offfaét, low cost digital integrated circuits
: ~ has cpeat;d a new interest in using digital filteriﬁg,tgchnidues in
’ 1“the design of signal processing systéﬁs. Digitai\ iiters can provi- .
? - de an outétanding degree of accuracy and stabilityﬁlspecia;ly at low
fréquencies where thbyacén:be miniaturised'thus‘reducing size con-
,$’ ) sidérably with improved reliability. These filters are'geﬂérally

‘

used: ' ) -
¢ a— .

(i) , in biomedical applications, and he

(ii) in frequencies of sub-audio range. N ,

At high frequencies neither active norwdigital filters can be |

a

used .and hgnnc\giifributed elements will be used.

o

4 : 4 -
1.5 Filters using Distributed Elements 13)

A lossless transmission line or a wave guide is an example of

‘ * A Y .
.a filter using distribut lements. ' The equivalent circuit is for-

:‘l

L

med of an infinite number of sections as shown in figure 1.1 .

- _Each section is acting™hNke a filteb, thé cut of f frequency of this

v '

*RC distributed structures do mot come in this cétegory
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line give the same effect of adding a lumpey elementiin the-eircuit,

lumped elements may be approximated by using structures which are
. . 4

'ﬁape from a few hundred MHZ up to around ten MHZ.

‘(1) Wave guide filters are larger and more expensive.

b . .
n the physical dimensions of the element.

filter'erenda o

¢

A sudden change in the physical dimensions of t transmission

therefore creating a mixed lumped-distributed structure. In ‘addition,

e

built for microwave applications, A series inductance may be simula- -~

AN S C . . . ; '
te%’by short sections of high impedance line (relative thin rod
surrouded by air dielectric). A shunt capacitance can be simulated

by short sections of very low. impedance line (coﬁsisting of a metal

- disc with a rim of dielectﬁic); A typical low-pass filter can ope-

~

The diffeffent ways of constructing them will be as follows:
!

(i) Mixed lumped-distributed structures may be constructed of al-

‘ternate sectioris of high impedance (Z,= 150 ohms) and low impedance

(Zo= rﬂ‘ohms) coaxial lines. The length of the high ihbedance section
would be approximatély oneqeight wave'leggth. The length of the low
impedance section is far shorter than one eight wave length.

(ii) Agother method is to use a corrugated wave guide with uniform

‘

corrugations which can simulate the effect of low-pass filter, but

due to the cut off freqdency of the wave guide (9\c-= 2 a, where a

18 the width bf the guide) the filter operétes only at frequencies

highér than f,. A longitudinal slot through the corrugations help
suppress the pfopagation of. higher 6rdeg modes.
We can now comparé wave guide and coaxial Line types of low-

pass filters:

b e AT vy D

(i1) The sthp'bénds in wave guides can not readily be made to be free

— e s
1

of spurious responses-to as high a frequency even for novmal'TElo

[}

N




N
¥

mode of propagation, .t ' .

(111) There will be numerous spurious responses in the. stop-bend

'region for higher order modes, which are easily excited at frequen-

cies above the normaf’TEIO operatinglrange of the wave guide.

. -
1.6 Lumped-Distribute& Networksm.:J ’

As Ulscussed earlier, at higher frequencies filters can be
built of sections of transmission lines<of different length, cross
sections and lumped elements. This gives rise to mixeq lumped-
distributed structures. Also trensmissiOn lines or wave guides,
can be used between stages of ecircuits containing transistors or

4
semiconductors. Also transmission lines may inevitebly have lum-

ped discontinuities. All these can be modelled by lumped-distributed

structures. In addition the following may be claimed as advantages

of  such mixed lpmped-distributed°structures.~

v
¢ »

(1) Terminations in general are not”purely resistive. A mixed

3

‘lumped-dlstributed filter structure takes into account the presence

-

of the parasitic elements. - ‘ . ’
(ii) Whenever combined filtering and impedence transformation is

desireble.such structures can be used. A mixed 1umped-distributed

’structure using a quarter weve ‘transformer is a common example.

(iii) In the case of comb line filters, lumped cepacitive coupling
at ‘the input end output reduces the size of the filter by elimine-
ting the transmission line ‘matched section. ' ‘ /

(iv) In the case of cascaced'u E;'s filters, the number of ﬁ E.'s
can be reduced from (2n+1) to n by separeting them by (n+l) lumped

capscitors. ; - .

_It.is xnown that the realization téchniques available in the .

)
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T lumped network theory ;:; not be directly spplied to realize mixed
lumped-distributed structures due to the transcendental nature of the
_network functions. It is known that .the driving point immlttance of
a network consisting of lumped, linear,. finite and passivevelements

A

can be expressed as rational functions of the éompiex frequency -

- ggviablels as:

z(S)= P(S) " -~ | C A
) ‘ Lot i

Where both P(S) and Q(S) are Hurwitz‘polynomislsq That is, they

have their zeroes only in the left half of the S plane. It is also

noted that only posltlve real functions can be realized as the input

. immittance of a~1uwped, linear, finiteﬁhnd passive network.

*]

The,rationallfunction is pogitive real iff
(i) F(S) is real? when S is real, and
(ii) Re F(S) 7 o for Re S 0.,
| However, when a network consists of distributed elements also like S
1wtransmlsslon llnes,.wave guides etc. » the input immittance of that’
mixed network need not be a rational function of'é,ﬁtut can be no-'
dified to become a two-vqri&ble or a multivariable rational funotion

as-shown by the following examplecu] o e .

Figure 1. 2 shows a network consisting of five sections. three lumped

i

elements and two sectlons of transmlssion lines, This network ig fre-. .

t e

quently used in super-high frequency ranges. Looking at X-X and ‘using

the chain matrii, we find that:

a

Tttt 1R AR | ey oo

A ‘ . ‘ :
z(s) = —5* e ~ : : , , . (1.2)
t Ca " « o i .. " .. . ¢

‘Where A; and C, sre'the.quéall chain matriix parameters. The chain
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matrix of the ‘transmission line is: ’

i
‘\‘ .t
|

v

4

L .. Where Z_ is the nd T is th; t:}me delay of B
t_; the transmission)line. . | ‘ ;

, } ' | Defining: ! ’ X ‘
5 :, S '= S | 5 3 , :
[ Sinh § . 2’ B L

'
2
N

* ! Nl'P - ) ' \‘

: ' 9 i

i O We express the ion 1line as: - H
: ' 5 * X i 3
' ‘ i

i B o ;
3 . r | - \ ) L "

- { B Zon ) :

N
o~
[
*
o
A °
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Xz 1¢P P

1 2

Z
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network consisting of finite number of lumped resistors, transfor-

LI
for a resistively terminated cascade of commensurate U.E.'s as a

: (i) F(Pl, P2),is real, when P and P2 are’ real.
(ii) Re F(P;, P,) D 0, whenever Re P, 0, Re P,7 0

We note thét cquation (1.7) ic a rational functi?n of the two-varia-’

bles namely Pl and P, , but is not a rational function of S. Many

2
more examples can be quoted. o -

There exist basically two approacﬁes to re#lizebmixed lumped-'
distributed structures, namely the-sing}e variab}e and the mJltiva-'
riable. The sigle variable approach Qeali directly with transcen-
dental functions. In the multivariable approach., the transcenden-
tal function of S i3 ;onverted into peQeral variables S and Pi .
;I'his has been discussed eaxflier'.‘ {iowever in the. gsingle variable
approach, the nefwork functions for a certain class of distributed
structures can.b;,traneformed into rational functions of the trans-
formed variéble by using suitable tragéformation;. One transforma-

tiop is to introduce P=tanh ST (wherer is the time delay of the.

transmission line as seen earlier). Then the input immittance of a

mers and U.E.'s of commensurate lengths is a positive real function
in P. Another approach consists in expressing the input impedance

)

ratio of sums of exponentlals; the coefficient of the exponentials ,

being real constants. Another approach is the multlvariable one.

Some accepted de nitions of multivariable functions are given below:

A rational funétion F(Pl, P2) is called a two-bariablc positive

Defipition 1.1

real function (T.P.R.F.) when the following conditions are satisfied'

ek e e e e e
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L} - ) a

Definition 1.2 . .

ﬂ rat;bnql‘function -F(Pl" P2) is calied a two-variable geagta'n-
. ' 3 . -
ce function (T.R.F.) when the following conditions are satisfied:

(1) F(Py, P,) ig a P.R.F.__

R
&

‘i@
\

(ii) F(Py, P)) =-F(.-P1 -P

‘Definition 1.3

e

ot

A polynomial D(P;, P,) is called a two-variable hurwitz polyno-

mial in the narrow ‘sense (T.H.P.N.), if it 'has no zeroes in the re-

gions: - a * ’ 7

) (1) ' Re P, % 0, Re P,=0, . . ‘
(ii) Re P1=0, ReP,>, 0 and R e
(iii) Re P1> 0, Re P2> 0 .

/ - ‘ D R |

Definitiorx 1.4

A polynomial D(Ffi, P2)' is a two-variabl’e hurwitz polynom'ial‘ in

-

the b'road sehse (T.H.P,B.), if it has no zeroes in-the open polydo—

main Re P. > 0,. 1-1 2 and those zeroes for the Re. Pl-o must be 51mp1e.

1 . ! . )
i It can be seen that these definitions can be considered as logi- -

cal extensions of those in the single-variable case,

l. 6 1 Multlvarlable Aru in Ladder’ Networks

Any smgle-varlable reac‘cance functlon can be always synthesi-'
¥

zed as a low-pass ladder networ_k by a continued fraction expansion.

However every single-variable: polsitivé-r'eal function can not be re-
.alised by a contmued fraction expansion. Similarly, since‘a) two-
- vamable reactance funct:.on can be considered as a generahzatmn of

N < f S ~
.

) e s et e e b

-
i
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of sigle-variable positive-reel fuhction‘ » We contlude that not all v

two-variable reactance functions are vealizable by continued fraction

" expansion as ladder networks. Ranachandran and Rag[ ]heve derijived

- ) .
- ladder networks are obtainable. Specifically; 1have shown that from -

which it can be found when a‘given M.R.F. is realizable as a low-pans'

‘the capacltors can. respectively, be repleced by nOn commensurate short

'c1rcu1ted and open-circuited stubs.

"variable low-pass ladder network and a cascade connection of lossless

-shown,,m figure 1.3 . ‘ ) % )

. & B
conditions under which a multivarjiable reactance function (M.R.F.)

can be expanded into continued fractions. thereby realizing it as a
low=-pass ladder network. - By means of transformations, several other

o

the’ gzven (M.R.F.) a multlvariable array can be - constructed from -

'

]

ladder ﬁefwciz. The applications of such low-pass ladder's are also
discussed an

they are: ' ) -
(i) Networks"with stubs and lumped elements where‘the inductors and

(ii) Cascade of U.E.'s and lumped elements. /

It has been shown that there exists an equivalence between a two-

uniform transmission lines (U.E.'s) separated.by series lumped.induce’

tors on one side and shunt lumped cepacitors\on ‘the other side es <;\

v , .. . \) o - e

1.7 Scope of tﬁe report

Lof physical realizability have been establighed, such structures have

» .

~To the best of the author's knowiedge} even though tﬁ!<£§£gitions

not been used to design low-pass and hlgh-pass filters. Thts report

discusses a computer-aided approacéﬂ;o acheive the above aim, when

ments connected as shown in:.figure 1.4 . - - . . .

-

{\
i
i
i
the filter sections consist of threes lumped elements and two unit ele~ j %
- :g»

¢ 0
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¢  CHAPTER II ey " | -
. ' A N \
S N . . - . C
A_LOW-PASS MIXED LUMPED-DISTRIBUTED FILTER - ~~

P ‘ - -

¢ . / ' . . - ! N | Y
. 2.1 I;bxoduction . | ' ‘ ' : '

In ?Ris chapter, we uha%i consider the design of a low~pass fil-o

ter .obtained from the configur§¥igh shpwn;in figure 1.4 . The ‘lumped

. eleménts,ape Ll’ C and L2 , the q}sfributed network consisfsmof two- 4

unit elements with characteristic % mpedance Z,%1 ohm. The entire net- -

work is terminated in a one ohm resistance., Before any attempt is
; : .

made to design’the fiter, it is essential to find its transfer function.
2.2 Analysis of the Network o

4

The considered filter is shown ‘in figure 2.1 .. In order to find

.the transfer function, the chain matrix method is‘uned£7]. We have, \

fdf the lumped elements : '},*' ‘ i}’
. fe . B 1 1 - SL 10 ' ':. ‘ :
(/’ 11} o RN S .
N = | B P t P
S ‘ ﬂ\ ' .
Lcl DlJ hE Lo 1\ o ! )
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“ f' , and for the distribuited elements : - . ’ -
P N ' . . ‘ '
b - . °
Iy a
¥ .

L r oY ¢ C( pnam x; N
: A B {A - B) . [ cosh 81 Sinh ¢ 1
;; Y 2 2 ‘ . l. ” ) N '
X . . ] ] o ’ o (20“)
b " le b c bl | ,
. L 2 2 L& y _Sinh g1 ~'Cosh 1 1

. > D 2 : ’ { .

. , o . \
Wher‘e, ¥ is the propagation constant of the U.E.

I _ is the electrical length of the U.E. .

"The Overall chain m-ét‘rﬁz' is obtaihqd ‘by\ multiplyiqg thof: five successi-

3 . ot . R ’ v
ve matrices. The transfer function of the network is the inverse of
- .

. the overall,‘ A parameter. Therefore : -
st ’ " ? & ) = ; ) \:“b-
A A A A AA ¥A B C A A

" overall 1.2 3.4 5 1 2 3 4 S .

- KX E o
%% A.A B C +A B C B C-
1.2 3 %5 1.2 3 4.5 ' -
. - +A A B CAGSABDC A . B
12 3 % 5 .1 2 3 b §° . T
y ‘ , : .




g
s S o o

JAABDA-PABDDC .j‘

12 3 5 172 3 w5 ] o
. +B.C A.B,C +B, D C A A . i o
. 2 3 W's -1 2 3 4 s ' -
’ ' +'n c AJA' A + B D~C c .
: 12 3 uw's 1 2/3—&‘{:5' — : :
. +B C B C A +B D D CIA -
102 3:4 5 1.2 3 8§ . o
' . ,/+B CBDCS+BDDODC -_ ~ ‘
. 1 2,3 4 5. 1 2 3 4 § - (2.5)
) . ' ‘ ~— 2 . XY ‘

b3

Substituting each parameter in equation (2.4) and conuidering u-st ’

\ whe’re T is.the t1me delay, we get' '

v 2 2 3’ ' D
A "Cosh s‘t( (1«81, )#S L T+S L L. C+SL ) ’
overall - 2 1 12 1 ‘ :
2
+ Sinh ST (1+4SC+SL +SL ) * Sinh ST Cosh ST (2+S(2L +L +c>
2 1 _ .12 .5 p
) ‘Jd 2 ., . rd
. #S*L C+#2L L ) ) %(2.6)
' 1012 0 o\
- Knowing that:
, 2 101 S ,
Cosh ST= — + — .Cos (2 wr), and , &
2" 2
| : : . o .
. Sinh ST =z == + COs (2 w'c). and coL - s Wy
o )
Sinh ST Cosh ST = sin Cwg). > - . (2.1
Therefore: T S TR
» s ' .
A = F¥5¢ s T T (2.8)
" overall . _ For T v
and ' ‘ ) ' L Ty
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4
Modulus T = a

v]7 7
A F +6

Where: .

‘ : 1 a2
P--.....wLC#--—Coe(?wt)(&vaC)
~ 2 . R

.= = sin (2wg ) (W2L 4L +C) ) - -
. 2. - S

ard

1 1 3

6% e —wwl-—wLLEC

2: 2 .12~ o

1 o S '
*-*—Coa('m‘c)(w(n +2L+C) - LLC‘) L
a2 . l1 "2 1 2 )

.
. 1

o+

1 12 T

» . -

— Sin T 2w ) (2-w(L € +2L L) ) S
2' . ‘ .

(2.9)

(2.11)

Subhtitugiqg %n'equitidn (2.9), we get:
' 2 25 2 1 3 1 2
P I =31/SQRT(14w(L?—-—L+——LL+—-Lc+——C)
Ty 18 2 2 12 4 1 8
o7 w122 32 1 . 2 .
. C W (L Ty ¢ ".'.. c- LLT}:--—-—LLC)
° St 12w 2 w12
L \‘65'222_“"'., ,
; *w (— L L C ) R 0 ‘
* N 8— 1 2" . ", ' - -
R | 1 -2
b .+.Cos (2w ) (-w- (2L C¢L C¢ — C ) .
, 1. 2 2 ‘
. 1 212
- . (LLC*LLC-—'—LC)
: . - .12 12 .2 1 .
-, L. . 1 ' v _
o < 8 1 222
DS .7 tw o ——L L c))
c T . . a 2 1 2 -
A . , L "
" 2 - \ﬁ Ny U "‘a
> - p . * \ .
£ K S g BT IR~ st £ TR O TS S ST B

¥




e N
-

T ura AW e < @ e
®

Vg

5

~

+ Sin (2w ) ( -ue,

3 2
éw (.—L C

] ’ 3
.. s, 1 2

LG+ —L C )

4w ( —L LC+LL C)

’ .2 2 7
.4 Cos (WwT ) (w ( L +

4 1 22

-w(—LL+’—LLc+—-LLc+LLC)

y -
N ‘ 2 1 2

2 ‘ ] l1 222
+w(-——LLC))

8 1 2

s w2
4+ Sin (T ) (w( —L )
- ’ 2-2
- 3 B

“-w(-——LLC¢—-—LL+'—-—LL))

\ W12

I.n,ot'der'to have a 16w-pass filter, the following condition™ must

be fulfilled: .
'Tvl 0( 1 . ’ ‘ “ ',‘\' f

or

rg e

~w(=C Sin (2w )+ ----L'2 Sin (sw )
: 2

2 2 5 2,1 2 1 3

ERS TR L A

4w ( (L 4 —L ¢ —C + L’-—LC)

1’ 8.2 6. 2 12 4
) <

Y
o8



3 S -
.= Cos (2wT )_ (2L C+L C+ L C) . ’ '
< 1 2 Y 1 T

L '3 '2. 1 3
+:Cos (bwtT ) (--—L*—-L C¢ —L L)) -
f L B2 % 2z 2.1z [ -
3 3 2 1 2 — .
wu(Sin(Zw‘c)(—LC+-—'-LLC*-—.LC)
2.1 2712 2 1

¥ 5 - 1 2 .1 2
-‘Sin(kw‘C)(—-LLC*——LL*——LvL))
. ¥ 12 2 12 2 12
% 122 3 22 \1 2+ 3 .- 2 /7 - :
+w (( —LL+~—~—LC=-—LLC~-—LLC) . . -
o 2-12 "4 1 2 12 412 . .
: (O 2 2 .1 22
T - Cos (2w ) (L LC+L L C- —L C)
o . 12 12 21
, 1 221 2 1 -2 2 . )
‘ , - (—LL+—LLC#+#—LLCHLC) Cos (4wg ) ) . -
O 2 12 % 12 -2 12 12 .
@ ) - 4 B
, ~ 5 ' 1 2 2 22 o .
- +w ( Sin (2w ) ( —L LC+L L C)) :
- , 2?2 12 12 _ -t .
6 5 222 1 2272 ‘ 1 222 i
‘.*w(—LLC*Coa*(sz)(———LLC)*COB(MH'C)(-—-—LLC)) :
. '8 12 ] 2 12 8 1 2. i

T
G

Lo , (2.14) .

~A“r'ia1yt1cal solution of this equation is difficult and no direct method

kal

. can be applied to find its roots.

-3

In ot'derl to simplify equation (2 lll).and since we are working

at low frequencies,: we can substa.tute Coo (2w ) by 1, and Sin (2wt )

. a “
N R T ~ T NPT IIE 5.
' N R AR
- - , .a
1 .
-

by 2w€ in equations ¢2.10) and (2.11). Therefore:
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~ . 2 . .)
lT \ = 1/ -SQRT ( (l-w (L C+2LT +L T +CT) ) . 2
v 1,1 2
3 2
_ , +('2wt+wL 4wl -w (L L C+L CT +2L L'C)) )
L : 1 2 12 1 \ -
\,- “,l. ¢ . . ““ (2 15)
or ,‘ : RN \ S
2. 2 2 4 22 2 2 2 2 -
w(2'C+L +L +uL'c_+uL‘c, +2LL)+w(Lcht +L T +c‘C¢2Lc '
1 2 2 . 12 1 2 - .
S 2 2 2 2- 2 - 2 . 2 . L
-2’ L C #2L C . -uL L'C +2L C -2L L C-4L L T -2L.L C) ’
12 1 - 1 2 12 12 12@
6 222 222 222 2 2 - .22 2 '
W (LLc+Lcc+uLL‘c+2LLctmLLctmLLc’c) S 0
12 1 12+ 12 12 12 ,
T 1 . L - (2.16)

This expression is complicated in view of the fact that there are
" four variables to adjust. We ca;t consider some cases like letting

L==2L =KC in which the lumped section is aconstant K filter, equation
12 ~ X :
(2.16) becomes: : ; : _ ” e

2 2 22 .2 22 L 3 - 23 ' (

2
,ut,wc,x +8CKT +w C. { (T +3TK )+C(2TK-B8TK )=-4C K )

/ —

uuzu 2 2 24 3 y 3

4w C'(C K +TK +§TK +2CTK +4CTK w‘Cx ) o . (2.17)
| | 2 L R
Eguation (2 17 is quadratic in v ; 'its descr:lminitov
b -lac ) 0 and: : ‘ " A T
ao. - k e -+ (2.18)

) [N . L ‘. ’ ' ’ ’
Where: . o : . L oo

-

A o Db B Kn v ambe B e <




5 0 ' . .
B W, W2 2 W24 5 3.5 4 4 23:;
a® CK+CT 'K +4C T K+2€¢ K #4C TK +4C TK , and "

o ‘2 2. 22 3 3 43
P b= C (T.+3TK )4C (2TK-8TK )-4C X ) , and |
2 2 2 : ' ) @ ) . - ‘
c = 4T +uC K +8CTK . : L T (2.19)
' O!' . Vol —
oy 223 % .6 5 3 3.. 4 5.
C T (1422K +K +73K +64K )+ c T (4K+60K +192K 480K )
£ ,
. 62 3 4 5 7 3 5 & i
; - 4C T(-8K +96K +168K ) + € T (32K -15x +32K ~84K ) D 0 . (2,20)

Since C # 0, equation (2.20) can be aimplified'to:"'

i DR, 2 3 % 8 30 3 b5

— ¥ T (1422K ¢K +73K +64K ) + CT (4K+60K +192K +80K )
i 292 3w 5 i 3 & 5 & - ‘
: +C T (-BK +96K +168K ) + C T (32K -16K +32K -64K ) > 0 . (2,21)

The analytical solution of equation(2 21) is still fifficult, althQngh

we have approximated the harmonfc terms -and conaidered a apecial case

-~

) of filters. , ~
_ As the number of variables even for this network with small num-
.ber of sections .will become quite large, analytical aolution becomes
very difficult." Hence a computer-aided design seema to be well suited
to determine the values of - different elements.

Now we can coneider some specinl ‘cases as uell as the general case.

& .
2.2.1 The Lumped Sectibﬁ form i'Conltant X Filter

For this caée. we have the relationship L zL .=KC. Hence the ’
.1 2

1y
B e+ e < o v Ay 1




.

"transfer function | T | becomes: )
v «

" The computer program for this case is given-in Table 2.1 . We see o
.. that there are three variables to adjust namély K,C and T . This -

. yields- families of. curves- which are shown in figures 2.4.1 to 2.4.15 .

U

- transmission line, reflections appear.

" As T is inéreased the magnetude of the reflections bécomes higher ‘and

‘of the‘constant K. For C=1 and T =0.8 a very high peak occurs at -

: off occurs with increased C.

|T |. = 1/SQRT(1+Sin (2wT )+0.5 WC(-1+(4Kk+1) Cos (2wT ) -
‘ v - N ) a v’,!‘

. =(3K+1) Sin (2wT ) )
: N . 2 2.
- . -0.5wC K(1+ Cos (2w T )+(2k+i) Sin (2wT ) )

: 332 . : _ ,
’ -0.5 w C K (1+ Cos (2w ) ) (2.22)

- ¢ 1

) v i
-

v

3 -

-

Figure 2.2'.v‘1' gives the response for small K (0.1) ‘and small C
(0.1), we notice that oscillations occur ;t fnequencien depending on

T . This shows the effect of the time delay of ‘the ditributed sec-

v

[ ' . . -
tion. Since a mismatch can occur at the input and output of..the’

higher oscillations take place. Also the frequency at whtich the os-

\ ! ° [4

cillations occur inc;uses with T .

» Figure 2.2. 2 shdws the ef’fect of increasing C for t)g\ sampe value

B , . r
uﬂa 78, in eddition to other scillations.' It is noticed that the

peaks “tend to move to the left aa C is increaaed keeping T fixed. Y ~

i
This is due to the property of, low-pass filtering since a faster cut- 1

“

Figure 2.2.3 shows tn‘e'reluponserw'hen K is Aincreased (K.=0’.S‘)”.
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e ot 8
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two graphs for K=0.5,.C=0.2 ,

' decreased with the 1ncrease of t

"for c=23.5

+ C varying. .

_ value of T decreases the cut-off frequency.

. K=“|"C “100 . ..

Figure 2.2.4 shows the effect of increasing the value of the

~conclude that cutzoff decrea es as C increases, E .

Gappeers at w=l.7. . : .

R 3

An increase in the value of K decreases the magnitude of oscillations

,
g
b . . ®
~

Oscitlations continue to appear and the maximum shoots to 28.

. k)
4

cepecitanEe (C=1)k For the value of K=0.5 and 'C=lo'.5. the cut-off

tions move to the left.

frequency-is decredsed and dscil

Figure.2.2'.5_ shows a typical low-pass filter. Comparing the

=0.1 and K=0.5, C=0.4, T =0.1 we

<

‘Figure 2.2.6 shows the'effect of increasing for fixed values

of C and K (C=0.5, K=0.5).
'-

It is noticed that cut-off is slightly

A very sharp cutvoff appears .

F1gure 2.2.7 gives a family of curves for K=0.6 and T =1, the
_same pr0perty discussed earlier :ls shown., *

L -

Fipure 2.2.8 shows.. the response for higher K (K=1. 5) , &° peak :

' Figure 2.2.9 shows the effect of increasing T ( T=0.2 to 1).

P

Cut-off is displaced to the left.

Figure i.g.lo givee a fax;ily. of cux'"ve'e for K=1.5, T=0.2 and
Cut-off moves to the 1eft as C is, increased".r

.Figure 2.2.11 glves another family of curves for K=1.5 and C =

' In general an 1nc;ease in the

1.5, Different values of T are shown.
F:Lgure 2.2.12 shows the effect of increasing the value of \Qe
constant K (K=1.0 to 1.5) for the same valuea of C end T (d‘=1 ‘C\t\’l)

in addition to the d'ecree.se of the cut-off frequency.
Figuree 2.2.13 and-2. 2, 1u -are a family of curves for’ K=2 and

Increaaing C decreases the cut-off frequency as seen

50 X e SO LR 0y o S aall 1 i 2w
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.PROGRAM FARQUK (INPUT, OUTPUT)' ’
STUDY OF A L.P.F. OF MIXED LLUMPED OISTRIBUTED sTRucnUREs

31

C.

DIMENSTON x<1011.rt101) . 3
. A 0 1 " . " . , N d,"”\
€=0,1 . . S
'Y=0.0' At ¢ i
X(1)=0,0 . . . A L.
. D0. 100 I=14100
RED  AX (1) #Y

TR=2COS (R) - : : -
DZESIN(R) - e L '
Zm0 59X (1) #a20CHu2 " s o o
F--0.5¢X(I)*C ’ \ , T
GE=(,58X (1) #n30CH83 ‘
REAL=EDA +B+EHABB+F DS (I,00A+1,) '

RIMA=Z Fe+G%A##2m ~F#B® (4,9A41, )gGGB&Agga : / c T .

1 +DeERDR (A2, 8ANR2) " , :o " o :
S=REAL#%2. + RIMA##2 R i —
T(I)=1e0/SQRT(S) - o ‘

IF { X(I1).6Te104) GO fn ‘70 S
X(141)=X(1)+0.1 ' :

91

-100

90

CONTINUE -
PRINT 90 »Ae¢CoY L L
FORMAT (/910XsFb, 2,1ox.rs.2.1ox,r4 2/ 4 i

‘DO 20 1=1,10 - o

. PRINT 91, T(I)cT(I*lO).T(ItZO)oT(I*SO)cT(i*ko)vT(I*SO)n g

1 T(1460)4T(1¢70)9T(1+80)sT(130) )

2n
70

TFORMAT (10XeFhobsBXsFbhebsSXsF6eb15KsF6, 4,5x.F6 4.5x.¢%.4.
1 SXyF6.445XyFby 4,5x.rs «695X1F6.4) . ;
CONTINUE | .

YsyY«D,2 ' . ’

IF (Y.LT,3,) GO TO 33 . S . S
¥=0,0 o .

Table 2.1

c;g;g.&*’ L
(CelLT+5¢) GO TO 33

c=0,0- L s
“sTOP . o e
END o ‘ K “ B, . , .. -

» [
— s .

- R . 7

Computer program of a Mited Lumped-Digtributed

. Constant K Law-pass Filter ' S

13
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K«0.1, C=0.1,and T=0

Figure 2.2.1 Response of Constant K Low-Pass Fliter.
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K=0.6, C=0.2 to 0.5 and T =0.1 to 0.3
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. : ; '4',.‘ . Figure 2.2.15 ‘shows the general .tendency of thehdeereaee of the .
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AY
Ay

AR . .2.2.2 The Butterworth Case . ' i , v,
* - L 4 - ' .
) L The lumped &;ections form & Butteworth low-pass f;llter. for
k ,which L =0.5 , L =0.75 and Csl. S 7 Hence the transfer funetion .
- " i e ‘ - —/’r‘ \\ &2 " - . v - v ; - “
L ]T\ becomes: S T . S 3
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| The ‘computer program is given in Table 2.3

Figure 2.2.,17,\shows the response for L =0.5, L 20.1 and C=0.1 ,
T b S 2 o, .
)n"d T=0.2 ‘to 1.6. It is noticed that the response’ is smoother -

with C =®2, the effect of increas;ng T is a decrease in the eut-off . o

frequency g'nd the appearance of. osczllations. ¥

+

Flgure 2.2.18 shows the effect of 1ncreasing L and C while l.
2

. <> 1
and T are kept constant. . (L -0.5,\&;1.5, C=1.25 and T=0.4). The
N IR 4 1 .
ﬁoaclllatxons mcrease. .

Figure 2. “19 givea the effect of increasingc cdnd:tder'ably :
( C =21.5). A very' smooth response is obtained with a fas(‘cu'&‘-off.
Figure 2. 2.20 gives a family of curves for L : 0;5 L 0(,5 ‘C =0, S
1 2

md C ranging from 21 to 49.5 . We’,deduc,e that we gan design a low-
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- B ocnng FAROUK (INPUTLOUTPUT) = - ‘
FA LePeFe OF MIXED CUMPED otsraxsurtqgsraucrunes

e
DIMENSION X(101)+7(101) .
i ‘ A=0,5 . .o *l - ?
! B=145 - : »
C=0,75 ~° . R
‘ Y=0,0 . T,
.33 Xx(1)=0.1 , - .
no,_100 1=1,100 ‘-
REA==(0 52X (1) #820A8C . ”
Y1 +0.,5%(2,=X(I)@02#40C) ©COS(2.%X(T30Y) ,
s ] w0,GRSIN(2,#X(I)sY)RX (1) R (2,2A+84C) .
- RIMA==0,5%(X(I)#C-X(T-jon3spAeBeC) s

1 +0,52C0S(2. *X(I)‘“‘Y)“(X(I)“(Zc“A*Z.'BﬁC)-X(I)““WG*CI
1 +0. S“SIN(Z.*X(I)*Y)“(2.-X(L)“”Z’(A“C*?.*A’B))

e o= QEAﬁkzq-QIMA#%z
o . T =1,0/SQRT(S)
- . IF (T(1).6T.1.) GOTO 70 : \\ J -

' . IF ( XtI).6T.104) GO TO 70 .

- CX(IeD)=X(T)40.1 . ‘ .

s '-.100 CONTINUE"
- PRINT 90, AoBiCoY
90 FQRMAT (/910X9F4,29s10X9F4e2910X9E&,2910Xy F¢.2/>,
) DO 20 I=1410
PRINT 91.T(!)oT(I+10).T(I¢20)cT(1¢30!-T(I*40)oT(I*SO)o
1 T(I460) ¢T(I¢70)sT({1480)+T(1+90) -
91 FORMAT (10X sF6eB95X9F6etsSXsF6e495X1F6.,495XeF6, 4.5on6.4.

"

1 5X9F64495X4Fb.445X9F6, 495X¢F6 4)
,20 CONTINUE -
710 Y=Y+0,2 . U L
IF (Y.LTa3. ) GO TO 33 . . I
v=0,0 o : ' " a8

-Coo £l

s “ ..«'IF (CILT.SQ’ GO T0_33 N - o
’, R C=0.0 : ’ :

: i . s%OP . . ot e e P AT o [y .'
Lo END O e

N ,

s - A ctepes e e 2 -

Table 2. 2 AComputer program of a Mixed Lumped¢Distr1buted
Butteerrth Lowbpasa Filtar o . .
N a ' :
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'2.3 " Discussions .

ran

pass filter having a smooth response with fast cut-off it T is kept

’

low, below 0.5, and C is high, over 21.

Figure2.2.21 d£ives the response Por highér'L1 and L, (L1-5.

q

LZ-O.S). with incﬁiased c énd T . We note that a low-pass filter

'is‘oﬁtained with any value of L2’ C and T because of the high in-

ductive reactance at the input of the filter.

' Figure 2.2.22 givea the respofise for Lﬁ-1,'L2-0.1. C=0.1
and T 0.2 to 3. As T is increaaed, .the number of opcillations
increase due to mismatch. . .

Figure 2.2.23 gives th; response for L1-Q.5, L2-0.1, C=0.1
and T =0.2 to 1.6_. As T increases, tﬁe number of oac#}latipns
increase. , , ‘ ‘

Figure 2.2.24 gives‘the response for L4=0.5, Ly=1.5, C=0.1
and T =0.2 to 1.6 . At T =0,2, oacillationq are less important
than at ”C'-1.6,'hoyevor at T =0.6 a high oscillation occur around
w=30 . ? | |
T Figure 2;2.25 shows the ;;tect of increased C (C=1.5 to 2.5).

4

An acceptable low-pass filter is obtained. R

.

; a
In this chapter, we have considlered a particular type of mixed

1UMped-distr1buted-1owbpaas'filtera. ﬁIt is found that only certain

valuea of elemental values and time delayi give rise to low-pass

filters.

- v
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_DIMENSION %€101),7¢101)

 4@@__ CONTINVE

’

—

'

, PROGRAH FAROUK (INPUT,OUTPUT) ' '
C STUDY OF A L,PsF, OF MIXED LUHPED D!STRIBUT!D STRUCYURED

. A=y .0
- : Bthg
C=9,1 .
) . Y=0,0 o - -
33 X(1)80,1 :

e PU 100 I®i,108 : .

* REAB=B,5¢X(1)a020AsC
1 40,50(2y=X(I)aw20AnC) oCOS(2y0X(I)ey) ‘ '
1 «B/9#3IN(2,eX(I)oY)aX(I)e(2,0A0HeC)

\. RIMAs=( 5-(x 1)¢ESX(I)-o3-AtB*C)
N .5-co (2, X (1)ed)a(X(I)e(2,¥A02,0BeC)mX !)o-JoA-BQC) i

. ] +9,5¢31IN(2, x(jjtxl_jzlnxgl)t'Zt(A *Sw2,4A0B)) b

S*REA+s24RIAG2 ‘ -

. T(1)®»1,0/30RT(S) , ' s
IF (T(1),6T,4,) GOTO 78~ . -
CIF ¢ X(1),GT,13,) GO 10 70 e - L LN
xtloiJ-xcl)0u | ) S

PRINT 90,A,8,C,Y N
90 : FORMAT(/,10X, F‘.?ol'!p" 2,llx,?4.2,10x514.2/)

« DO 20 Is=s1,10
PRINT 91,TCI),T(141@),7(1420),1(1430),T(1440),T(1e82),

1 T(1+60),7(1+79), r:x‘aa) T(1e98)

- M—MLUEMLMM

} SX,F6,4,5X,F6 4,5X,F6,4,5X,F6¢d)
. 29 CONTINUE i .
70 Yeyed,2 . ;
IF (Y,LT,3, ) 60 TO 33 .
Yud,o
C'c_ﬂ.ﬁ Z
IF (CyLT,8,) 60 TO 33
Ceig 0 - . e ek e e e
3TUP - \ T

END C e e et e o et o o emenae— e oo e e

¢
‘ —_— v .

-

Table 2.3  Computer program of -a Mixed Lumped-Distributed
‘Indopondont'Elemopxs LoﬁePa-:,Filtor
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- tance .. The distrlbuted units’ consist of two U E.'s. "The entire -

' network is terminated in a one ohm resistance,

/

ot D A AT T AT B S Y S R e M fop e - - ' ‘-
. % 1. CHAPTER'III - ( . -
n ‘ . - ’ \ ' ‘
- 'A HIGH-PASS MIXED LUMPED-DISTRIBUTED FILTER . eAb
3.1 ' Intyoduction . . ~ '
-y p . ) Y

In thfs chaptép, we,;shall consider’ the desigp of a ﬁigthasd

filter. The lumped units ‘eonsist of two capacifanceskand an, induc~

- . . L }

funotion is found using the chain matrix method as follows:

3.2 Analysis of the Network

- The con51dered network ia ‘shown in figure 3.1 . The transfer

3

U . . 2 - -

(A B | 1 -
1 1 s¢’ ‘ :
\. o 1 X : . ; .
°= . _‘ e ' (301)
lc  »] |0 ) Z;
1 .-——L—--l‘ } \ Mr ! - ?
. N ) , i
(A B A ™ B (Cosh 3 1 ~ Sinhy 1 {
2 2 B g | . e -
A r. }‘ . - i - § 1 (3:2) 5
Tlce c D Sinh¥ 1 : Cosh {
e, B e, B ) [stvi o com S
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end two unit 3lements. The network is termi~ >
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nated in a one ohm reg;atance. : e
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WhereX = th;ipzjopag\ation constané of the line, and
w§1 = the electrical length of the iine‘, and -
41 = 8T . _ «
The _over:all chgi’ne matrix is the succ‘essive multiplication of the five

matriceé._ The overall A parameter is the invérée of the transfer ¢

*function. Sub,stitufin'g equations (3.1, 3.2, 3.3 and 3.4) in equation

(2.5) we get: .

. 2 1 E 1 1

A = Cosh (S 3 (1+- + ” + 3‘
OVERALL : SC s‘Lc s’Lc ¢ sc 4
’ 2 1l 12 "1 - -
2 - . 1 1l 2 1
+ Sinh (ST ) (1+ + + — + - ).
' .’ 8L s c s ¢ S c
- : - 2 1 .1 2
T . 1. 1 3 1l
+ Sinh (ST-) Cosh - (ST ) (34 — +___ + + =
' SL SC- SC S*LC
Y 1 2
A \\\ ' L]
| N ' 1 2
\» _.,/ + + ) V(3.5)
; s?Lc, slcc
.- : X 1% . 1 2\. -
Substituting : 7 . . . . ‘ ’ “
- 8T Jw i,and : A , .
Cosh” (ST ) 8 e ¢ Cos (2wZ ), and . i .
2 23,2 ' »
Sinh® (ST ) == -+ (Rw T ), and ‘ ¢
2 2 ‘ L >
.S‘i,nh (ST ) Cosh (ST ) = —i—j Sin (2w T ). (3.6)
We get: — o
A- =F+36 ; § (3.7)
OVERALL & i o .
and ' -
: ) ! ‘
- . - ; o
IT l » ES } €3.8)
v ‘ T ~ + G é . ° ’ ¢
i v
. 'Q

o

S S A L -*(’

T
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‘ Where: . 1 T
: x 3 ‘

F = S SR ) + Cos (2w€ ) (2~ (% ) )
! ’ :

. . 1 '. - oo - ) ' ' .

*+-—8in (2w ) (. ( + . A ) (3.9) ..

’ 2 g ) . .
’ -

and o e !

- Cos 1 3., 2 1 :
: : FOB\(QPC) (- (— ¢ + ) - —)
A _ 2w c - c L " wlLc¢C

P

| h) ‘ .
‘ » S - .2 1 -1 1 2 . .
. } \§f 4t Sin (W) (o= Ty ( b § ) ) (3.10)

. ‘ 2 w LC LC C C
Y . ' v T 2 1 2

le, . ) . . B

Therefore:

A R B
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f
i, aath b AP s B~

<
¥

2 1 11 8 1 1 1 -ii | :
1 Pt e (gt g b b — b —) .
.2 w' 8L 8C - 8C . uLC . WLE 4c C . ‘

3 Tl o2 U1 2 12

.

s
@

1 s B 1. ~
*—T( + . - ) \:“ ‘ .t ‘ .
L& ) 7 2 2 C s
w 8CC BLC MCC ., 4 g .
.1 2 RO B 12 - 1 T '
AR UL S TR A (O S
+ Cos (2w ) ( 2”‘( - =)t — i) )
- w .¢cC LC - w -2l
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; + Sir ) (e - S -
: in (wT) (— (T —) _ | ‘
k! | w CC 'LC _
) : 12 1 | ,
Eoo . o .o .
’ . 1 1 1 1 1 1 1 ¢ 9
"~ , #Cos (4w T) ( —— = (—5) (—t + 4y bt ——)
3 ‘ 2 . w HLC 4C'C 4C 8L B8C 8C
. o 1 12 2 .2 1
? ‘ .
g ’ : 1 1 1 2 ‘
4 g — )
f - w 8L2c? c%? Lcc - -
o 1 1 2 <172 -
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s | 1 1 3 1
; +8in (MWW ) ( e ( PR ) e
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? 1 - 5 - 13 1 a .3 1. ¢ -
G 3 -—7 .(——2 + —7 +* -7 + " - *;'_ - L ) I y + ——8- v’ ) . -
. w 8L , 8C 2¢ 2C C MLC - 2LC | -
1 2 12 1 ‘2 .
— 1 1 1 T Js N
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Analytical.solution of equation (3.14) is difficult because it is
a B'i?(th order equation with four variables. - A si;nplification' can be )

considered by letting C =C =JL/K. Therefore equation (3,14) becomes:
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"t 67

1~ 1 R
Cos (2w ).+ — Cos (4w ) ) S 0 (3.15)

2 : 2. - -

K S 8K

.

Equation (3.15) is complicated and analytical solu\ton is difficult.
" The numerical solﬁ;ﬂjﬁn is considered and a computer pro‘graxﬁ is written

to solve it,

L4

Now we can consider some special cases as well as the general case.

-~
-

3

3,2.) The Lumped Section form a Constant K Filter
' . ' L] .
For this case, we have the relationship C =C =C, and L®KC.
12 L
This case has been considered in equation (3.15). The computer prog-

ram is .giv,eln in Table 3.1 . 'I,'her:eba e three variables to adjust, na-
mely K, C and € . This yields felmé\iss of curves which are: shown in
‘figure 3.3.1 to 3 3:5 - ' -,
Pigure 3 2 1 shows the response for small K. e notice that

the rise irt the response is very slow and a far cut-off-sgpesrs.
. Figure 332'2 gives the response for medium K. (K=z1) ana dif rent
va}ues“gf cspacitsnce.‘At. C=0.1 , we notice that risa in' response is
=~ vex;y slow even for diffsrent values: of C. In creasiné the value of

C makes the ris; faster and oscillstio?' appear \depending on the value

of T. At T1sl.1 oscillutions hsppen more frequently. _This is exp:-'

lained by the reflections in the transm'ssion line. \
Figure-3.2.3 gives the response for K=1, Cs0.5 and T,

,'We, notice that.oscillations ‘take place wit&: large difﬁrepse betwaen

; maxima sr:d minima. ; . | : ,‘ . T N
Figure 3.2.4 gives a family gf curvss for K=l and diffsvent

'vslues of C and ‘C We' coclude that the 1ncreau 1n the value of ‘the

capacitance lesd,s to fsstsr' rise :Ln the response.
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PROGRAM F’AROUK ( !N'UT.OUTPU”
STUDY OF A HePoF o US!NG MIXED LUMPED=DISTRIBUTED STRU€TUR!S
D!MENSION X(lOl’oT(lol) .
Am], . . . '
c=0,1 . , o SN »
X(1) %041 e S
00 100 Islsloo ¢ , . _ \
M=) o /A . ‘ T . ’ R
Re2 eX ()oY . o
ASCOS(R) ) : o
NaSIN(R) - oL R ‘ - N
Fel,0/(X(1)eC) | . - . :
GuFee? . p e A ,
paFues ‘ ' Y - ’ .
REAL=0,50G@ (],oH) - : ) ‘ ~
+0,5NBF (20=G4(1,0H)) . ~ ‘
¢0,5%D (F® (4,0H)) Cot e \
RIMARO,58F 8 (1.¢H) _+0,8ePoH " o
=0, S#B*(F®(5,4H) =POH) o ; c :
40,5908 (340,549 (144H) )" - E £
_ . SEREAL®#2eRIMARS2 . . g
Tll)-l /SORPAS) . - ‘ - L
IF(T(11.6GT.1s) GO TO 70 S ]
IF  X(1)aGT.104) GO TO 70 . .
XtIel) o XCI) ¢ 001 o e T )
CONTINUE ’ - ¥
___PRINT 90sAeCrY
FORMAT (IZOXv"A-"oFQ.2v208!”6‘”0'12.‘020!O"V'"o'h!/)
- DO 20 1'1‘10 Lo
PRINT 910T(!)07(1010’OT(!02 )07(!030)07(!0§0)071!’50’0 .
1 T(It6o}vT(IOTD)oT(!080’QT( +90) v
FORMAT (10XoF6,405XyF6, Q05XQF6.‘55!O'Qo‘.’!"b.‘osl"ﬁo‘o
XoeFG 445X F6, 605X'F6 9S5XeF6,é4)

———

- 8

LI

T et e e g -

CONTINUE - .
Y.Y;o'lf ; ‘ . . b
IF (Yel ¢) 80 YO 33 - o s - e
Y-o o . ?"’{/ ¢ ! . C e * - rl . ) \ y
CaCe0el . ; T S
IF(Cel,T43s) B0 YO’ 33 R v e e N
T cw0,0. “e ! .tf‘ ’ . '
AuAOO.l ! j ' . . . _ .
IF .t Ao LTe 5.’ ¢0 TO s | : - '
STOP ' o | l ‘.," - - ) JJ
- END <o ' i , o . ' s
' o' . A . < ‘\ T e, ' ) - «O“ ' i
R e n e fﬂ““g“"“*“"‘ -~

. Table. 3.1 COaputor Program of a Mixed meod-mltributod
‘ Constant K m;n-p.u Filter o
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Figure 3.2.5 gives different responses with véi‘yi"ngt'b/. For

KII. cz0.2"and T =0.2 , the response rises slowly. 'Incréﬁsi‘ﬁg

[y

to 0.5 gives oscillations in the response. Aifurther increase in,

the value of T leads to more oséillations . '

’

3.2.2 The Butxerwovth Case . : ' S

‘The lumped sectiqns ‘form a Butterworth highepass filter for

“which C =2, C =1.33 and'L=0.66 . Hence the transfer, function, ° -

1 2

‘e

w( 286" \':zs'é“7

- ‘13, .5
T 21/ SQRT (—— = — Cos (W T )
v h , L
8\ - 8 ' ’n I -
' ¥ ! ~— ) )
o 1 17 i .:'\n‘"-q
. e ( 3 8in (2w ) + = Sin (W€ ) )
é , v o _ v “'_ e .
o ™ - .1 315
, 4--—;(._09\%3(2w‘C)+--Cos('W‘C))’
e T e | 128. LW
. . | 1 67 ST w23 |
T ) v bomme (= e SIN(20 ) = — Sin (4w T ) )
) ) . ,
, v w 32, 128 .
N S . 3 i
‘ 1 39 207 171 ’
j*—-—( ——-*-@—Cos (2w't' )= =~ Cos (lmt))
Ly
w 512 128, " " 256 o

A Y




I—:”h"’. ) o ﬂ“ T ]
L - L 4 - - ” “ Kby -ten
¢ ' ) R ¢
! | . 75- .
N I N
: 177 s 81 : 1
§ + ( - Cos (2wl ) + Cos (bwr ) )
‘o 6 , S A .
P ‘w2048 128 S+ lo2w ¢
- il - - . o O (3.17)

%]
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¢

b
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' response for different <'s.

The computer program ie giVen in Table 3.2 . Figure 3. 2 6 givee the
At T =0, or no time delay, the. response
is a'butternprtn high-pass filter, at T =0. l'the effect of reflectione
in: the U.E.'s gives oscillations> At T =10 the frequency of oscilla-

tibns is much greater than for lower C:

, Y ' . .
We can.conclude that by increasing T° the cuyt-off frequency moves to .
. ., .o 1

the rigntiwnich means‘that it occurs at nigher frequencies. .

3.2.3 The Lumped Elements are’ Independent

1

"The Iumped sections are formed of 1ndependent elements. Thé

transfeé function is given in equation (3. 12) and the computer .pro--
gram for this case is given in Table 3.3 ¥
o .
Figure 3 2 7 gives the veeponse for very low values of C Iy . c

1 2 '

and L (" =0.1, C 0 1 and Ls0. 1).

We notice that the response is -

1

?

p

%
; 1 .
.\
¥ »
' 3 \l
3
-4
i

>

.

the right uith incresed;oscillations,, }‘_ k' Sy .

rising slowly which means a far cut-off.

Increase of

does :not in-

troduce oscillations Ain the rang;Sof frequency under study (w=0 to 10).

Figure 3.2.8 shows the response for c =0.1,.C =0.1 and L=2 . Q
Lo 1 2
Theifepgpnse ises very slowly which means that- th‘Linductance value

-

. has noxgreat effect on the characterietics.‘

Pigure 3. 2.‘9 gives the response for cluo .5, 02-0 .5 and L-o 5 .

. Small de;hya give far ocut-off, but at T=0.2 cut-off moves right (w -"i

¥

~77) but oscillations ane important. At T =0 3 cut-off moves more to
!l

\J

—. Pigure 3 2.10 showl the responee fov bfpl. c =1 nd L=0, a to 0 2 .'f

He notice'that by increasing L the rise in response is f&stcr fbr a,

woa
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certain 'Cl . An increase in T produces more osoillat}ions therefore mo~-

-

ving the cut-off to the left.

Figure 3.2.12 showg the reponse for C =1, C =2.5 and L=0.1 . :
1 -2 : '
T 1is choosen 0.2 . This gives. an oscillation free response but .

12 S

" cut-off dis far. ' . .

' . . . b i
Figure %.2.13eéhows the effect of increasing'L to 0.5 . The

rise in‘fespoﬁse is faster. An increase in the delay moves the cut-

off to the 1 t. _ ‘ v

’

Fi iv 8 the respons fo C =0.5, .C =0.75 and L=1.5.
| gure Z\Q\J} give e re p e » €7 (3
We notlce that at T=0.2 tbe response is smd’%her than at T =0.5 -

. ~
T e et b e BAE e e pon

n 1 - 1

) o . v « r

3.3 _Discussions . - - . a » : ’ @l
n ‘ '1'

In this cpapter, we have considered a partieular type of mixed
lumpe -diatributed highwpass filter. It is found ‘that only certh\.n

values of elemental valuea and time delay give rise to high-pasa

w

filteya. L . ) . ' , 4
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PROGRAM FAROUK ( INPUT,»OUTPUT)

I”Eﬁilﬂ_lelﬂlelllnll

»n

v

t

" n(1)=0,1 : , : S

] 0 Q“G‘(?O-E"(lo/A.B‘lo/A.C’&
1 ¢0,50HAN® (/A +]1,/8e1,/C) i R

)| op.5~F~1.7unauc " - |
1 =0,5%040%(3,/A¢2,/841,/C) - ° : ST f/“>

— ) =0,59GeF ] ZAARC . —
1 0 S~H-(3.-E~(1s/A~Co1./a~Coz./AOB)) T

i
’W«I)-l./snnT(S) e R g
|

Am?,

A=],33

C=0,66

Ya0,0 4 o !

STUDY OF A HeP,Fe USING MIXED LUMPED=~DISTRIBUTED STRUCTURES .z

00 100_Isi,100 -
N=1./X(T)
FeneDd

; F.:D“D'D - ‘ Y .
" RECOS(2.0X(1)#Y) ‘ '

H3GIN{2,#X (1) ®Y) C : : o '
RFAsQ,SaF® (], /AAB‘lllA.C)

RIMARQ.5%De(1,/7A*1,./C)

canrA~~PoQ1MA~~2 . »

-~ IF(T(11.GTsls) GO TO 70 . .
IF ( X{1)s6Tel10.,) GO YO 70 . L |

L XA1el) = X(1) s 04l - S

100

90

91.

20

70 .
- Y=0,0. _ i a

CONTINUF - y A ,
PRINT QOQAQAFCQ Iy
- FORMAT (7410% 6.Z|IOXvFQ.2010!;'&.20!0%0".2/)

DO 20 Imlelo
PRINT 91e¢T(T)eTH( 010)1T(l‘20)07(1030)oT(l*QO)oT(I’So)o

Y

1 TUL+60)9T(I+70) a7 (1+R0)¢T (1e90) __ —— !

FORNMAT (10XsF6,4¥5X9F6ebeSXoFb, 4,sx.fa.n.sx.ro.~.sx.r5.do _ ©h

1 SXsF6.4+5XyF6, 405K|F604'5X’F60§) C -

-

CONTINUE , » o L
Y=Yesl,ol ' ' o - ’ B
IF (YeLTeSe) GO TO 33 :

CxCel,l ) , : o
IF(CeLT43s) GO TO 33 . - , .

"C=0,0 _ S D : o f
"STOP N : o =

END , :
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. PROGRAM rAnoux ( !NPUT-OUTPUT)
c STUDY OF A H.PeF, USING MIXED LUMPED-Q:STR!BUT!D STRUCTURES
DIMENSION X({101)T(101) -

As0 5.
RA=0,5
C=0,5
Y=0,0 ‘
31 X(1)=0e) | . -
DO_100 Iwl,l00 )

7 END

D=1,/X(1) ! .
E=D#D '

FanuD#D

GECOS(2,.#X{])wy)
_HASIN(2,8X(I)0Y)

‘REA=O, 5~='(1./AOB-I./A“Ci

1, +0.,5%G* (2,=E* (1o /A®Be1,/A%C)) .
{ 1’ ¢0,5%H*D®(3,/A +1,/Bel,/C) - B
o RIMAZ( S#N®(]1,/A],/C) !
1 +0,5%F#) ,/A®ARC - . .
1°=0,54G00% (3./042,/B¢1,/7C) .. ; . e
— 1 =0,5%GeFu]l, /A%BeC ; s

1 +0 SGH*(?--E'tl./AOColo/BGCoZ./A'B)) ; a
SEREA#S2sRIMANSD ‘ U k\
T(I)=l,/SQRT(S) S ' . ‘ e

IF(T(1)146T41,) GO TO 70 . :
IF ( X(I)eBTel0.) GO TO 70, . v .o
X(]el) = X(1) ¢ Qal: ' .

190 CONTINUE - =
@ PRINT 004A¢BsCoy & o - \\NN*
90 FORMAT(/ulOXoF602|lOX;F#.ZolOXoF‘HQoXOXoF‘oII’

R DO 20 I=1410

: PRINT 914 r(x).r(xoxo».r¢x¢20).r(xoao:.rtxo‘oi.rctoSO)-'
‘ 1 T(1+60) 4T (1470) »T(1680)+T(1490)."

“@1  FORMAT (10XsFGohoSXeF6,4¢5XsF6, QOSXOFG.&05XOF6.‘05XOF6.‘0
1 SXoF6e4eS5XeF6,405XsF6ebesSXeF6as).
20 CONTINUE N
T0 Y-Y&U.l '
' IF (Y«LT+5e¢) GO TO 33 A
___t__.__Y ..'.Q.lg

CuCe0,l . ’ ~ C ; A o

!F(CoLT 3,) 00 T0 33 :
CI0.0
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. _ . CHAPTER. IV
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R . SUMMARY AND DISCUSSIONS

[} . .
~

In this report, ‘we have eonaideréd a mixed lumped-distributed
filter as shown in figure 2.1, tHe network consistlng of two unit '

»elements (ch racterlstlc 1mpedance equ%& to unlty) and three lumped

r;pctlve elements, termlnated by a one ohm resistor. Both low-pass

and hlgh-pass filters are "discussed. It 13 found that in both cases} .

analytxcal methods to obtain characteristics prove to bé hlghly d1ff1-
A - cult. Therefore, computer-aldednana1y81s is to be employed The
\\\\." cases when the lumped portion corresponds to a constant K filter and
a butt:tworth filter have been discussed in detail. It 1s shown that
“for only part1cu1ar combinations of valuep of elements and time delay

of the unit element give rise to the required chanacteristlcs. The

i general case where all the.elements are arbitrary has also been dis-

.*' cussed and the compdter is so programmed to select these values for
:t;j ’ which the magnetude of the transfer function is always less than upity.
E ’ Therefore, it can be concluded that thls type of mixed lumped -ditri~
:?/ 7, n buted filters can be designed w1th the aid of the computer,-as analy-

, L AN " tical solution is indeed very dlffﬁcult.

) t is suggested that similar studies can be conducted for higher order
? "‘~//1:otuorka where the lumpeg_gJ::1ons could constitute any type of filters

[N
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