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1 14 GENERAL '

CHAPTER I~

COINTRODUCTION , - - - A

. . ) .
R . ' S . ,

A transmiss1on line 1s usual]y used Sfor de11ver1ng powér
from a generator to'a receiver wh1ch may be an 1mpedance, a term1ﬁa1
1mpe¢ance IR. We genena11y w1sh to de§1gn the Tine so as to transmyt .
the.maximum possible power from. generator to receiver?salt meaﬁs there
must be-some conditions~whtchomust be satisfied by the liné s0 as to
transmit the mgximdm power.

It is clear that if the line has attenuation, “there will be -

power lost along the, 1ine Therefore. the first condition for max1mum

‘power transfer is to have a line w1thout attenuat1on Theoret1ca11y

1t is possible but practically not since resistance cannot be avo1ded,
but in a well designedhmicrowéve'tran§mission line the atfenuation is
small and it;éan'be assumed that the?e is no attenuation as an appﬁoii:
mation. ,Now it is nbf necessary thaﬁ a line without attenuation will.

¢

transmit the max imum possib1e power from the generator to the receiver.

;For\max1mum power transfer the impedance.. of th enefﬁtor must -be

\

;"matched to that of "the load. If the Tine has no lossés, it mears that

the only power dissipatioh must be in/thé/generator and the réceiver,
the ¢omﬁﬁete power outpui of the geheratbr, excgbt for what is‘absorbédA

in fts own internal resistance, is delivered to the receiver. The flow

And // ' . Q - - "'
of power through any cross section of the line must then be the same

-
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The lesser effect is- the small increase in the magnitudes of-the . P
individual step reflections. The,greater‘éffect is the 1ntroductibn
.of phase ang}qs in the reflection and transmission coefficients of
the steps. ‘ —
These capacitive effects are analyzed and methods are applied
‘to correct these effects. Then the tharacteristic impedancegiére
determined to give Chebyshev and Butterworth behaviour in thé

passband.

L4

1.4 SCQPE OF'THE REPORT

This report examines the Stepped Quar?er,wave Trans fiermer
and determines the characteristic impedances for three sections so
that the load is perfectly matched and the maximum misﬁatch betweéﬁ
tﬁe zeros in the passband is constant. The characteristic impedances '
are so obtained tp give Butterworth and Chebyshev behawviour in the
passband. The characteristic impedances are then determined for both
Butterworth and Chebyshev cases taking.into consideration tM effect
of'discontihuity'capacitances.

Chapter wise the report is as follows: "
In Chapter II, the overall matrix for n sections of transmission lines .
in cascadeﬁ each having the same length but different characteristic
impedance is obtained and the Power Loss Ratio is defined invo]ving'
this matrix. Since in.th;; report three sections are consjdered so

a Power. Loss Ratio for three sections is obtained. Now a Butterworth
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 CHAPTER 11 - :

ANALYSIS OF STEPPED QUARTER = .. - 4
- WAVE TRAMSFORMER

»

;. The .Stepped Quarter Wave Transformer 15 shown in Fig 2.1.
"It consists of three sections each of e]ectr1ca1 1ength ® and
‘physical length which is equal to A/4 and terminated in a pure
resistive load =. Thé eharacteristic impedances are %4, Z»and

Zy which are determined for the Stepped Quarter wave Transformer to

_give Butterworth and Chebyshev “behaviour in the passband

-

{

2.1 Discontinuous Non-Uniform Lines

Since between two unequal 1mpedances % and Z: there is a
Junct1on d1scont1nu1ty, 50 cons1dering the- genera1 discontinuity

,prob1em.

¢ i/
Since reflection and transmission coefficients will be
. expressed in'scattering matrix representation so first looking at the '

Scattering matrix of Microwave Junctions.
A microwave system consists of.several componehts'which are

connected in some sequence to dptafn the desired transmission or

3

receiving'chéracteristics. The interconpection of two or more

microwave components or transmission lines may be regarded as a - -

microwave junction,

o

The relation between the reflected and the incident wave is

given by

ryi

r
Yy

12
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FIG 2.2
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by = Snas + Snas + Spds * ...iee... S
inn

b = Shar + Smas + teereee.. S @
aAn

# s ssE UL IIIETIEIFOIETIIORIIRIAEEIIEOISEIETIOEETOTNS

= + +S @ Feuerrnnn.
bn Smal J Snza: Sn333 . Snnan

In matrix notation

some form or-other

Recalling figure (2.2) and seeing equation (2.2) we have

b Su Sia A
b, ‘Sn Sm| | ar

But here b,,=.a=

tﬁerefore

N T ai, .

T . Iy b

...(2.2)

where both b and a. are column matrices. The n and n matrix
S is called the/scattering.maf}ix, and the coefficients Su, Su ,...etc

are called the scattering coefficient$. Scattering means reflection in
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Therefore the 1n've_rse transmissibn matrix of a uniform line
of length & is
. . . eje .

& T = .
’ ¥ 0 e

Now at the port 2 of Fig. (2.4) we have incident voltage a,
-and reflected voltage b;, so this will form the input at the junction

discoﬁtinuity as shown in Fig. 2.5.

“

Therefore by = a, and a; = by, so putting these values

"in expression (2.5) °

(>4
.

bz .' Z| + Z; Zz - Zl bl

da 221_ 2 - 2y ' L + }: aa
or

.
N 1 L +7 L -4 a
b, 2L L - L L +1 b1
m -y ’
| Tu i
therefore
, &
T 9 a )
= T ¥
by D1 s




=z [+ _Z.xaj

R E
—— eJG + eJe * Z‘ .
2 T T 7L
eJe _4 eje
2 T ?hL
L
4
- _
R R L
1/ +3.
= . . 2
7 o0 e-go
‘_;/—\‘—VJ
A i .

A

4

7 .
e ;e
7 3L
;-
e'J@ + ‘Zx e'Je'
2 27,
- T
eJe < _e-JG
L , AL
e ~ J —
‘ B

Now if there are n sections of tkansmissfoﬁﬂlinsf in cascade,

each havipg the same length but different characteristic iﬁbedancet the

resultant matrix can be written as

i

,, ,A‘= .

\
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b
~ Since in-our case n = 3, therefore = "7 ;
e z Z Yo
A= g (A+z—é)(A+ ‘ﬁ)(A+Z:B) ho +2Bol’
, . . a

r .

S A ; z., .
A m[ Zs—Ae+ ABA+Z;—AB BA +Z—Z-BAB

.IZO'Z ZO 3 ZS".
‘:'2;-3 A"':-E-B] [A‘; +B—-Bo]

Putting th; Ya]ue§'jfr;m-Tab1'e Z:1Qar;dn simp]dfyir}g o
% f&= 115[4005 o(Ak *‘R‘ ABo + 2;— BA + - Z" BBo),‘*' 2005®(£’—+ %—)
..‘:L - (ABA, - + Z’ ABB, ) - 4S1n’ e(Zl Ao + Z‘Z‘ ABo +2Zl%’—BAo
S S 2C059F%-+ 2)(omke + 2 s;\so) ]

Finding the- values of Ay from table by using this expression

[

of A and simplifying we get,

[
3

0
-

L]

SR il L b gl_
T 1IC RS E k3 +%9-)SineCose...

R o I

- Zo \ il 2 L% . Ll '
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Table 2.4 s

PROGRAM CHAR (INPUT,QUTPUT)

THIS PROGRAM PLAOTS THE POWER LOSS RATIO PT- FOR THE THIRD ORDER
BUTTERWORTH AGAINST ELECTRICAL LENGTH THETA WHICH IS NORMALIZED

TO THL

IN THIS PROGRAM THE CHARACTERISTIC IMPEDANCES WHICH ARE DETERMINED
FOR BUTTERWORTH CASE ARE USED IN POWER LOSS RATIQ PT, .

DIMENSION X(161)rY(161s1),A(140) IHﬂG4(5151)
PRINT S

FORMAT (L1H1,///77 921X+ RTHIX 23X, RPTXy//)

DO 1S I=1,141 -
TH=(1-1.0)%0.01?

R=%$,0 - : . , '

Z1=1,225239656 “ - ’

22u2,2360479

Z3=4.0808344 .
A2=Z1/Z34Z2/734Z1/22422/(Z1RRI+23/CZ1 IR +23/CZ2%R)
B=Z3/R41/Z3+Z2/R4Z1/R41/Z141/22

C=(Z1%23)/(Z2XR) +22/(Z1%2Z3)

0=(COS(TH) ) 2%4

P=(COS(TH) )XX4,

Q=(COS (TH) ) xx2

PT=(R/4%RC (R¥1IAED/ (RARD) ) ~CEXD-BAMT+ (2NA2K(RE1) )/
LR+A2RR2~2XBXC) ) K0~ (R/4%( - 3ac3:~-ng:2+(~xaza(n+1>)/ ‘
1R+2XA2NRI-4XBXC) ) AP , o
$4(R/4X(-TRCXX2IA2XR2-2KBXC) ) XQ

$+(R/4)XCRX2

TH1sTH/1.6

XCI)mTHL

Y(Ir1)mpPT : _

PRINT 10sTHL,PT i -
FORMAT (15X/E15.8510X+€15.8)

CONTINUE ,

READ “20» CA(I? 1 I=15160) (
FORMAT (80AL)

CALL USPLH (X1Y21612191+1612A»IMAGA» IER) . ¢
sSTOP - e
END . *
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is no matching transforper. For any practical case, therefore p

will always be lgss than unity.

Choosing a Chebyshev Polynomial of third order «

&

Ts(Z) = 42° - 37 ,
T (1p) = B (1/p) = "a1/p) ~301/p) T
n‘'’* L o

Selecting R=5

AK = 16 0.8

ST (/)

Since scale factof'shou]d be less than unity so for diffeqent
values of p from 0.85 to 1.0 the Passband To]erénce AK 1s calculated
by writing a computer program (Table 2.6).

The final expression for the Power Loss Ratio is

Pr= 1.+ AK T (Cose/p)

So a cﬂmputer program using plotting subrout{ne is written tg
plot the characteristics of Pr versus © for different values of p
and AK fo; third order Chebyshev Polynomial i.e., n = 3 (Table 2:7.
Figs. c2.4, c2.5, c2.6, c2.7, ¢2.8, c2.9). The Power Loss Ratio
Polynomial has the following properties; '
1. It is equal to unity at n values of @ g%ven by -

Cos® = (Cosés)xi/xs; d=1,2, ......... n where xi f

1: a zero of Tn(x). At thése,points all the 1n51dent

power {s transmitted to the Toad.

2. Between the zeros Py. has a maﬁjmuﬁ value of

T mmam) SR
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Now Pr 1is also equal to

s Fas .
PT 1 + Ak T:] LCOSG/P__l

3
4

o since m=3 . TH(Z) =(4Z - 32) = 167 + 9z - 247

r 7 _ 16 Cose _ 24 Cos*o , 9 Cos’e
T Coso/p) = Sgo Y
s \ : . '
“Now AK = Pé‘ssb?nd Tolerance and P = Scale Factor.

Selecting P = 0.91, corresponding Passband Tolerance AK = 0.]977;479_°¢¢=~, Y

»
Y

2

-1 16 Cos*e® _ 24 Cos*® _ 9 Cos’@ 1
PT =T+ 9']977479'1. = D + .l

Py = 5.5716483 Cos®® ~ 6.920826 Cos‘'s + 2.149174 Cos’g +1 ...
. ' . : C e 8 ‘

. ...(2.15)

Comparing the coefficients of eqﬁ:{tions (2,14)and (2.15) for equall

powers of Cose. r '
Comparing qgnstal;t‘ terms. ’

‘ O RoaL g 1 _ 4 L2
,z-c’ 1 or ¢ R O c=m

L, L | _ 2 ...{2.16)
-4 -4 |

<

Comparing the coefficients of Costo . "

bR R;"’ 3 2 '2a§+"1'v =3 ; | | ' 1
: L-F'L - - b + +a" - 2b¢} = 5.5716483 o
C e e | 1

o ,

-
-~
-
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resultant matrix was derived for n sections of transmission lines in

cascade, each having the same length but different characteristic

v ©
.

impedances. : .

—— N

The ratio of characteristic impedances L/Z; " in Case of
Butterworth came ou‘{: gto be 'Zs/Z; = 3.33306419, while in Chebyshev
Case 17s/Z = 1.6567247. .

.
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| STEPPED QUARTER WAVE TRANSFORMER
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; Tt should give good results over a wide range in 4.

o
!

and the transformer. ~fow the phase ang] es of the reflection and -4
transmission coefficients cause phase shifts in these returning
waves in addi tion to those due to. the distance travélled. .

These extra phase shifts are given by _ ‘

¢n =~/__I'n'- 2[_T1 - wz secsercsssecerene s ZZ_Tn_-I

These extra phase shifts may be eliminated at the center of
the band where ¢ = 90° by moving each step towards the generator

/by an electrical length equal to one-ra/H;of the extra phase shift.’

The distance by which each si:ep is moved is therefore,— -« .
\ B e o
" .
L met .
- r , . ‘
where B = 360 degrees ’
. l ‘
A T
Now we have 7 7 degrees
b . A= 2n “ b B
. B
S 8= %—T’{z 1 §
A ¢n

./ﬁ )
Although this correction is made only at center of the band

The physica1
resu]t of this correction is in most cases to decrease the spacings

DS 4 . 5

between steps to somewhat less than A/4..

ﬂ‘@’p - ¢ o Y ’ . ' '
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of Chebyshev case using piotting subroutine (Figs c3.13, ci.14,
c3 15, ¢3.16, ¢3.17, c3 18, c3.19, c3,20, c3. 21, c3.22, ¢3.23, ¢3 24)

Now our original & becomes as

d =0~-x" as x = s /2 ‘ ) o
o =2 ’

* L4

- I ]
PT 1+ AK T% L_Cose' /PJ

'This c’:omputér program aiso gives the new values of character-

r i

.

" {stic impedances 2, Z~ and Zs which will be changed slightly

depending on shunt capacitance and frequency. The new values are . N

calculated from new reﬂected coefficient rn. " o
' . L — |
3.5 Discussiom . L R o e

A In this Chapter, the effect of capacitances at junctions dusﬁ
to discontinuity

re discussed and methpds were applied for cprrection

’

‘of these effects an f-finding fhe new values of charactéristi c impedances

puter. Three different cab;cftance vali;eé were

- WO . “
F different frequencies f“or\\h{oh . ‘

;ch the help 'hf ac
taken aﬁd they were test

-~

Butterworth and Chebyshev ses with-the atd of a computer rogham t"

It was found that as the frequency incr\‘ases the effect of capacitance

due to discontinui’ty increases? the values of Transmissiog and '
Reﬂectiop coefﬁciehts charactgristic 1mpedances and on the phase
shift. It,yar‘shown that the change in the characteristi o 1mpedances
due to/t;:se capacitance effe}ts was not high PO SR
by i‘ N o .

,,( | .. { . , — ) :\\— .
Vo / - AR S
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v ‘Table 3.2
! ‘ PROGRAM EFFECT CINPUT,OUTRUT) » . e
' THIS PROGRAM DBSERVES THE EFFECT QF SHUNT
CAPACITANCE ON TRANSMISSION AND REFLECTION -
COEFFICIENTS &, .
IT CALCULATES THE NEW vaLuss OF TRANSMISSION - ’
AND REFLECTION COEFFICIENTS. L.
' IT CALCULATES THE EXTRA PHASE SHIFTS INTRODUCED X 4
¢ DUE TO CAPACITANCE./ \
IT PLOTS THE POWER LOSS RATIO'PT FOR THE THLBD
ORDER BUTTERWORTH AGAINST ELECTRICAL LENGTH
THETA WHICH IS NORMALIZED TO TH1 WHERE '
TH1=THA/THNs AND THETA IS A FUNCTION OP FRER.. “~ -
THE PASSBAND TOLERANCE IN CASE OF BUTTERUORTH T
IS AK=0.8, ‘
B IS THE SUSCEPTANCE OF THE CAPACITOR. .
Y4=1/R,WAERE R IS THE TERMINATING RESISTANCEsR=S, . t
IT GIVES THE NEW VALUES OF CHARACTERISTIC
IMPEDANCES EFFECTED BY DISCONTINUITY CAPACITANCE.
DIMENSION x<161).v(161,1>,A(160).1MAG4<5151> B
Y1=0.8144 448 ,
Y2=20.4472136 . ) ) -
Y3=20.2450479 . ’ :
Y4n(Q .2 N - . ' -
QK’OQQ . i
C=1%,0E-12 , .
READX W ‘ -
B=WxC o
PRINT SsWsCrB , ‘
s FORHAT(IHI://///;10Xr*U=*:ElS 8rSXsXCaXsE15.8»5Xr .
$XB=X%,E15.8)
TISSGRT(((2.0*Y1)IY2)**2/(Y1/Y°+1)**”+(B/Y°)**2)
RI-SORT(((Y1/Y2-1)**2+(B/Y2)**°)/((Y1/Y2+1)#*"
$+(B/Y2)%X%X2)} _ o
PRINT 10,T1,R1 : )
10 - FORMAT(///:IOX;*Tis*»ELS 8r5X»XR12%,E15,8)
. YN=((1+R1)%XY2)/(1-R1)
Zi=1/YN
Z2=(5,0)%%0.5 .. . . to
23=5,0/21" T . _ R Beons
CPRINT, 12521522523 )
12 FORMAT(///+10XsXNEW Z1i=X,E15. a.sx-xueu zzux. / _ -
SE15.8/5XsANEW Z3=%x,E1%.8) . v . . .
- AT1=-ATANC(B/Y2)/7(XY1/Y2+41)) " ’ R ,
" AT2=-ATANC(B/YZ)/(Y2/Y341)) ; .
AR3=~ATANC(B/Y4) /(Y3/Y4=1))F - . | -
‘4= ATANC(B/YA)Z(Y3/Y441)) - . \
PHI3=(-AR3 ~”*AT1 -2%AT2) : ) .
X3=PHI3/2 ‘ . R o .
PRINT IS:PHI3;X3 . N
15 FORMAT(// /110X XEXTRA. PH&SE SHIFT Puzzaxvsxs.e,, ,
, §5XvRDISTANCE MOVED xzam.a15 a.///> T ‘

OO0O0O0000O000000O00000
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Table 3.3

FROGRAM EFFECT (IﬁPUTrOUTPUT) ,
THIS PROGRAM ORSERVES THE EFFECT OF -SHUNT
CAPACITANCE ON TRANSMISSION ANB REFLECfTON“
COEFFICIENTS.
IT CALCULATES THE NEW VALUES OF TRANSHISSIDN
AND REFLECTION COEFFICIENTS.
IT CALCULATES THE EXTRA FHASE SHIFTS INTRODUCED
DUE TO CAPACITANCE.
IT PLOTS THE POWER LOSS RATIO PT FDR THE THIRD
ORDER BUTTERWORTH AGAINST ELECTRICAL- LENGTH .
THETA WHICH IS NORMALIZED TO TH1 WHERE ©
TH1=THA/THNs AND THETA IS A FUNCTION OF FREQ. ,
THE PASSBAND TOLERANCE IN CASE OF HBUTTERWORTH '
IS AK=0.8, -
B IS THE SUSCEPTANCE OF THE CAPACITOR.,
Y4=1/RyWHERE R IS THE TERMINATING RESISTANCE;Z=5.
IT GIVES THE "NEW VALUES' OF CHARACTERISTIC .
IMPEDANCES EFFECTED BY DISCONTINUITY CAPACITANCE .,
DIMENSION X(Iél)rY(lQl!l)vﬁ(léO)vIHﬂG4(5151)
Y1=0,8161668 - | .oep
Y¥2=20,4472134 ’ ) /
Y3=0,2450479 ‘ ‘ |
Y4=20.2 ' . |
AK=0.8 oL,
C=20.,0E-12 : -
READX W U
B=WxC .
PRINT SsWsCHE
FORMAT(1H1+/////731 10X XU=XsEL1S5.8y5Xy *C=*1E14.8y5X1
$XB=%x,E15.8)
T1=SQRT(((2 O*Yl)/Y")*#”/(YI/Y°+1)**”+(B/Y°)**°)
R1=SQRT(((Y1/Y° 1)**°+(B/Y”)**2)/((YI/Y“+1)**°
5+(B/Y°)**°))
PRINT 10sT1sR1
FORMAT(///510X»XT1= *1E15 8s3Xs»kR1=%,E15.8) .
YNa( (1+R1)XY2)/(1-R1)
Z1=1/YN
Z2=2(5,0)%%0,5
23=5.,0/21 .
PRINT 12+Z1+22+23 -
FORMAT(///»10X s XNEW Z1=X, E14.8!5X7*NEU Z2=Xy
SE15.8ySXsXNEW Z3=%X,E15.8)
ATis-ATANC(B/Y2)/CY1/Y241))
AT2=-ATANC((B/Y3) /(Y2/Y3+1)) ,
ARI==ATAN{(B/Y4) /(Y3/Y4-1))
$- ATAN((B/Y4)/(Y$/Y4+1))
PHI3=(~AR3 -2%AT1 -2%AT2) .
X3=PHI3/2, oo . _ . ¢
FPRINT 1S,PHI3¥X3 '
FORMAT(///7110X s XEXTRA FHASE SHIFT FHI3=X,E15.89
$SX,XDISTANCE MOVED X3=%,E15.8,///)
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THN=(1,6-X3)

PRINT 20

FORMAT (16X s XTH1X1 22X, XPTX, //)

DQ. 30 I=15161 Y .
TH=(I-1.0)%0.01

* THA=ABS(TH-X3)

Q=CO0S (THA) /P
TSCH1=(4,0%XQXQ%0~-3, 0XQ) . ‘
TSCH3=TSCH1XTSCH1 . . .
PT=1.0+AKXTSCH3 ' .

TH1=THA/THN

X(I)=TH1 ' ’ J
Y(Is1)=PT : )
PRINT 25,»TH1,FT :

FORMAT (10X+E15.810X,E15,8) / o

CONTINUE. . _
READ 40, (A(I)»I=1,160) B
FORMAT (B80A1) ' -
CALL USPLH (X,Y;161o1,1,161vA;IHABAvIER).
STOP -

END
. - *
\
¢
!
-
3
\ LT
4
s
o
4
]
4 I
o
i
t
3
i ' . o




" : .

o Wa 20000900 E~99 C®  ,1JJ00000€-10 3= _,20000000E~02 4

\ A
. . Tle  .11255336E+91 ALs 125359738400 /
N ' ] |
NEW Ils LL7371371E+91 NEe Z2% 223608308401 NEW 23= L23732Ll5ige0L
I} t
EXTAA PHASE SHIFT Prils: ,26100827E=01" DUSTANCE qOVED «3= .133804L4é-0)
. e e e e e e o — — |-
LT PT . 1
s e e e e o e e e e e e o =
dehihealE=02 LL179914L0EFIL ;
«194112775-02 179995 23E+0L
43803334E-02 T TTTLLTe1s9sEwal T T 7T - = 77
.10661L9052~01 LL798363LE+0) .
AL53814226=01 - LL7363604Ee0l T TS Tt T
423254933601 LL7931754E801 .
230654532 =01 “17339908 TE *01 . .
.1536797LE=0L . LL7H318430E+01 .
«h2169434€ =01 ’ S EFESRAN-ENN - - Tttt T
53471004201 - +L7706829E+01 < ’
J5ATI292LE=0L T T TTTTTLe2TQe 580 T T -
5H1076033E=01L L 17538236891 ,
W5 7375536z =01 TL1440B4068 *I1
736770712 ~01 ) _ _.17334338€s01
.79978547€=01" Torr2202008%00 T - - .
«36230104E=01 ,1709794 LE+0L
«925415298-31 T .169680928s01” 77 T T T T -
.938331178~-01 L 164310028491
w 193134632 *30 : 1853701 IE 01 g
‘ .111838173+00 «1585383539E+91
» 11773763800 T TTTTL18330053E %08 T T e e
| #.12404920&+00 L 102178488001 ’ )
J13019072€6400 TTTT TlLo0%50404E¥0L T T
«136692242+00 LL5373152E+01
v 123733758 +00 S ISTII5The wI T
149299273400 S15321103€ 01 . -
L #13559579E+ 00 .5337227€%01 T 77 T T ST
__ .161393308+30 W L51504 LOE»Q L
t
t
v - ’
i v ot
1]
. .
-, B 4 * . e - N +







e s S1n

vy N

, ~ B 108
e
» ‘*«4
" N
!
We ,4000000)E+9) Cs . 19040000E~1D 3= L40000G005-A2
' Tlx L112553036+01 = L 12560463E+20 ¢ L .
. ] - -
) NEW Zl= JL7370288E+01 .« NE4_I2e .223606808+01 NEm Z3s ,23734770E+01
EXTRA PHASE SHIFT PHY[3s .5231La4752~01L OISTANCE <0YED A3a  ,251532375-01
——— ——— = %—-.———‘ — B v . ———— ———— - —— ——————— -
BRAL N L AU — e
< 156208275-01 < 1790%6837E+01
2102656743E=01 . e 17986893801 U
‘ 191234938 -G2 T T.1799309%E-a0l ) et s e T T
’ 244100948=02 +17999253€+01
«379.43834E-02 Tt L L739038LlE+0L T . -
«18143752E-01 «17971438E+01
+C1502666E-01 e L7 94 2530E+01
«27856529E-01 179038888 +01
TN 34210404E~0L T TS5 I8 IEs oL Tt Tm T
- 240564233E-91 J17797192€ +0L
TA69L3L828-0L T TT T TTULT729532 .01 - -
.$32720418=01 L 17652573631
w396859208~91 v 1750651 7E *JL
63973799€=91 W 17471603E+91
LT2333673E=-GL T T T TUir364086g~0L T T T T
73687%35E6-01 JL7295247€+01 i
850416358 =01 LL7136396E%0L 7 T T TTT T -
LIL3953160E~Q L 170083458001 ,
Y RALEI% IS0 v160739450+9L p
+10410307E+00 +15732053E+91L
«L1045695E+00 T . 105833028 0L T T -
«116410813€+00 < 2164238548401
T TIl23184712e30 TOTTTT ule2s3350Fe0LT T T T T T T T
12351359500 151026472891 -
w1358 72472+00 e 157310538 *01 .
% L157583612 0L

(142225358990
«143%3022E+C0
JL9SITRLTEC00 N\

+13577033€+9L
+15394157€ +0L




L !
. ' 1Tl -~-=--01317217%TYHdHYON vy 13I3ul !
10+ 10001 ° 00+ §500Q " - 00+30109° 00+ 3IGT0N° T 00.30202° - 20-314%42" . - ¢
: m TUT I T 00a8as 000000 0e0t00dtddttatetdttatestaadetsstt®eatslTTlTNT000000080000000000¢4000000408%0000400004 104+430001° .
— ¢ et - ' 1t 11 2 . B -
. » 1t - ) "t 1 «
. Iy 11 - 11 11 i .
: N n 1 A . \ :
, T n LR B 1 ; . + 1ps30001° .
H 3 A 1 N 1 11 . L .
. ' " ) had 11 1 . : e -
. 1 K ny . 1 . .
i e 3 4 1 | 11 1 S e
. . 1" 1n . 1 + 10+J0911° -
‘a i T t LT e
[ ) . |RARARRRREE] ’ ~ i 1 . ¢
. ¢ : * - 1 .
. b v 1 e :
) . . . 1 * 10+30%21° o
[ ‘ - 4 - L)
* . B ) - 1 N 1)
o ! SL°€I 914 ) . | ! , :
, . ~ | 4 .
) _ . . - + 10+302€1° .
! — ) 1 ) e
’ ¥ 1 . 1
w \\\.\ Y - . e N | . * d
e - » - . 1 . !
. e . 1 : ¢ 10+300%1° L] ;
’ -, : . 1
- _ ] I | B S | S
" - - 1 ® o v
. ‘. . ] ¢ ¥
. . . 1 + 10+308%1° B,
: 2 B 1 . L9
] -~ i —— . S
¢ . [ A | | *_ _ o . N
N . ) 1 -¢ h]
: . : .. 1 . ¢+ 10+30951° —
- 0 - 1 . ¥
¢ 7 1 e 3 T
. - f v 1 * n
% - i | —— . ____.. 0
. : - \ 1 + 10+ 10591° 4
° : "1 *
e . - [ 1 * 3
. - . - ) ] ; 1 . ’ .
* . 7 1 . ¥
. ) ~ - : 1 + 10030221 § :
N - . 7 ~ P \\ ] . ) :
'S - LY - 1 . -
» - ) -~ Y . -
- . LI B ] N
' P e AT P AN aI RNt I A a0 ARt et 00t0t 000000000 0000000004t 040000000000080000000040¢0004040040441T1 10030081°
.l > > 180 YI1IHA SOSHIA 14 DILIYH SSDT NINODL J
- &
i v\/(\ll A B
- . -
- . LY : Y e~ -




M d ’ ) r - - .
- L
- - N
M [ . . - N .
b - . -
. . THE- - - -0 17 17Y M 0N Y tu] .o -
} B T e U . . . .
! P : -
i o jonpone - Vo EQUN” 00+ 32009° 00+3010%° on:3v102° 20-3102¢21° “
, 111009000 200080000000000800004000040000 4442000000040 00TTTTTTT 00000008424 400200044000000000%200 000003 10030001° )
_ ¢ 11 o m Sm - o ¢
! . N " . 1M1 e « . A .
B C- t —— A 11 1 e e e .
Y LA 1§ . 1 . . » b
- ¢ . 1 183 1 . + 10+30801°
. A " N | L i
-1 . [} N [ . - 1 1 . X«
. Tt 2 ] - N 1 ) R -
- } . SN § S 11 - : 1 o T
. 11 t . 1 ) . + T0+30911° ; . )
e - " ne’ ! *
- . K : ) R AR RORARAA] a 1 . . N * o
. . - 1 )
- R ) . . 1 .
- * : . 2 _102d0%20%___ . — ,
, - . ~ - ¢ N 1 .
! N 9L"€2 914 - ) - . ! . .
| . 1 *
A ‘. . : : . :
: n . ' » . R 1 + 10+302¢€1°
! _ a N 1 —— L S L
» . = . N ] B A
“ . . e ’ ’ . 1 ) * r _
.- N . . .- - 1 7z
, . ¢ 1 .- * 10020091 " 0
N . R . : y 1 . ) LI 1 a
! . R . 1 ] N Y D .
! s - . v . v .
i ° T M - 1 K ]
; . - . - 1 F ¢ 1007089 -~
" i 3 - | S . \$
“ Y . ' e . . 1 * S
P S _— ) 4 ¥ o — e 0. ... -
~ ° - - 1 * - b .
. ¢ . . . v 10030961° : g
] ) 3 - . 3 1 * k] - '
: ‘. r . . . 1 . . 3
N . ) - I | . ] u
IR A 1 e U | B S -
. T ¢ 10¢30%91" 4
L \ . 1 . ¢ AR
“ ) . N } 1 . ] : ,”Wm
‘ . . - . . | L4 . N IR
- » - ~ \ 1 [ ] > M.ﬂ
' ) S * » . - 1 ¢ 10ed0221° . y L3
N it LI v . . 2
: ' . . 1 N ~3
_ Fy - v i * =
. N - LI I -
P AL ACONAE P EIONNIAA I IGO0 AGI0000000000 000000000 0000NRRP 00000000t RNCNER00NIEOIGIIRIAINOITYORIMIOITIesollT 100 ]00RTL" :
. . - 14 ¥iae SASMAA 14 ATIYH SSOT H3INND : e J ;
” CO . : - ‘ N . . ’ '
e ! . - -
- - .
H - . . -
t : ) N N E
i ' - : * ¢
? ! T - .. . < e . Tty o AP . e e e e e
. m.am,.%fmp._ B , R - * ~ » N A X










, . 114
. Y vy N
. .
’ .
\« 2 * -
ds < 10000093€+33 C=  .150J0000£-10 8s .150000008-02
-~ . 4 — - - e e i - \\\‘.
Ti=  .11255497€+01 <125%3313€%20

+
'

Rl"

NEW Zl= L17372L23E-01

—

EXTRA PHASE SHIFT PH[]s

NEA l2=

. 22100889€+ 01

___NE4 Z3e 2373177480,

s L96205904E~0 L

DISTANCE MQVED «J=

)

133410451 48=92

e e e - . -

™ML _ PT _ ,
. .
.616936015-02 . 1799516 7E+01
L1919844E-02 L +17999994E~-01 L
H4077583E~02 T 179947876401 T T T T
(12996315:-01 S17379547E«01L
+189863748=01 T T IL7934320€e01 0 T T T v o
.2327342328-01 S 17919178E+01
SIL56199 Lz=01 .Lld742ldc01L
_ +17850549E=0L’ +17319%46801 .
44L39LQ8ES0LTTTTT TS 3NINEY DL - -
.504276658=01 «L768L746E0L ,
S5TLH22980L 7T T T T1759394d6E 0L VT e T
.630047332-91 - 1750727901
. 69293 342E~01 174063738~ 0L o
795d1900E~0L 217298040801 i
81370439601 TTTTTLaArtBLorEROY T T T T T 6?—
3815301 7E-01 «170%54299E¢0L y \ b
9444787 HE=0L TTTL1B926Q43Ee0L T - - -
) 1007361300 «16784684E+01
<107024ASE+3N <15633577E+51
J11331328E+00 .16446052€+01
«119601312+00 TOTTTLL6328laEFOL T T T T
+1253903 7€ +00 «151510%0E+91
T T L132173938500 T TTTTTTULS 9945346901 T -
11846 T6IE00 «153208758+01
YT TR L 156427haE%H1L
(151064608400 +15441332E8+01 )
* 215733315800 e 15276434E+91 T .
(1036210728200 _ 1300887636231

-













<
. T THL-=-=-=-0G3211TY uwdaQN v13Iwig
Ve _ - el
Lol .
— 1Ny 00OE" 00+ 1T00R" 00032009 00+ IC00N “00s3%002° " (0-3926%"
VTR Aeene 0000000000 000000000t0000000000000000000+000TTTT TTT100000000000008¢00000000040004%0000080000¢ T0¢1000T" ’
. i1t m mr +
) . 1o - A " " . H )
ARSI WU ) S 1 1_ - ——— e e e
L) 1y mn 1 .
v’ 1 ] 1 ¢ 10¢30v01"
. . 1] " 1 .
. . (B2 mne 1 . -
- L} 11 " 1 . - *
2 e 1 11 1 e
. " 1t 1 ¢+ 1O+ 70911 k
. "t m 1 ) .
. Jurrrnren M | *
[} | [ | *
. . 1 .
U S —— —_ & e b QOS2 .
3 - 1 . * -
| . 6L°¢2 914 . ! ” '
3 . 1 ¢
_ . . ) - 1 ¢ T0+02¢1"
e .. 1 —— e e e Nl -
- e , d e 1 * 1
w N R : ’ 1 . d
- Py s . . » -
[} . 1 ¢ 10¢300%T" (1]
. ) 1 .. 1 : |
__ A . 1 L] 1 P
. 1 L] v R
. . .. . 1 ) B
. . ¢ 10700817
a - 1 . < -
) < i . 1 ° ] S ~
S R — . . @ - .0 ..
e 1 . 3
. ] ¥ 10430951°
’ . . . [ b ]
. L) 3 ;
) . - * LY
e R 1 L e . -
. . - 1 s 10+30%91° d ;
s 1 e - -
» ) 1 .
» , 1 ¢ -
» | ]
L . . ) 1 s 10e3024%" )
s > < )
" 11 *
) -~ - ) 1 * . - -
‘ . . - : LI SR
N . 11 . ’
$ELL OBV 0030000 4000400040002 000000030°008000000°4008 8000000000808 0400000000000000000000% 0040004111 1D 10DRT"
\ ; 100 Yy SOSHIA_Ld DYLYH SSNY MG y
T - o< . ‘ .
. T~ . . - ;




CO0000O00O0000000000

<

-

~

=

10

12

. SE15.8s5X,XNEW 23=%,E15.8)

Table 3.6
L]

W? PROGRAM EFFECT C(INFUTsQUTPUT) .

THIS FROGRAM OHSERVES THE EFREET OF SHUNT
CAPACITANCE ON' TRANSMISSION AND REFLECTION
COEFFICIENTS,

IT CALCULATES THE NEW VALUES OF TRANSMISSION

AND REFLECTION CQEFFICIENTS,

IT CALCULATES THE EXTRA PHASE SHIFTS INTRODUCET

DUE TO CAFACITANCE.

IT PLOTS THE POWER LOSS RATIO PT FOR THE THIRD

ORDER CHEBYSHEV POLYNOMIAL AGAINST ELECTRICAL LENGTH.
THETA WHICH IS NORMALIZED TO TH1 WHERE
TH1=THA/THN, AND THETA IS A FUNCTION OF FREQ.

THE POWER LOSS RATIO PT IS PLOTTER FOR

ONE FIXED VALUE OF SCALE FACTOR P AND -

PASSBAND TOLERANCE AK.

B IS THE SUSCEPTANCE OF THE CAPACITOR.
Y4=1/RsWHERE R.IS THE TERMINATING RESISTANCE,R=5.
IT GIVES THE NEW VALUES OF CHARACTERISTIC
IMPEDANCES EFFECTED BY DISCONTINUITY CAFACITANCE.
DIMENSION X(161)5Y(16151)rA(160)»IMAGA(S151)
Y1=0.5756257

Y220.4472136

Y3=0.347448 - ' .

Y4=0.2 , .

P=0,91 ‘

AK=0,19774788157131

C=20.0E-12

READX s W

B=WXC

PRINT 5,usCyB

FORMAT (1H1,/////210X s XUW=X1E15.8,5X, XC=X,E15.855X, -
$XB=X,E15,8) :
T14SARTCC(2.0KY1)/Y2)KK2/(Y1/Y2+1) kK24 (B/Y2) KX2D)
R1=SART(((Y1/Y2~1)XX2+(B/Y2)XX2)/ ((Y1/Y2+1) k%2
$+(B/Y2)%X2))

PRINT 10,T1rR1

FORMAT(///»10XyXT1=X,E15.855X) kR1=X, E15.8)
YN=((1+R1)¥Y2)/(1-~R1)
Z1=1/YN .
222(5,0)%%0.5
23=5.0/21

PRINT 12,71,22,23
FORMAT(///510XsXNEW Z1=X,E15,8,5XsXNEW Z2=X,

i

e

s

AT1=-ATAN((B/Y2)/(¥1/Y2+1))
AT2=-ATANC((B/Y3)/(Y2/Y3+1))
AR3I==~ATAN((B/Y4)/(Y3/Y4~1))
$= ATAN((B/YA4)/(Y3/YA+1))
PHI3=2(~AR3 -2XAT1 -2XAT2)
X3=PHI3/2

PRINT 151PHI31X3
FORMAT(///+»10X»XEXTRA FHASE SHIFT PHI3=*:E15 8,
$3Xs XDISTANCE MOVED X3=%sE15.8+///)
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of correction are applied for these effects and a computer program

«

is written for both Butterworth and Chebysh_ev cases which determines
\ the values of Transm1ss1on and Reflection coefficients, susceptance-
| and the new values of characteristic impedances along with the extra :
‘phase shift introduced arpd the distance moved in order to compensate
these effects. These éffects are tested in thif pr]ogram for different
frequencies aﬁd capacitance values and it is shown that as the frequency
increases the effect of discontinuity capacitance increases on the ®
value of Transmission apd Reflection coefficients, characteristic
impedances and the ext(:z phase shift also. increases. Finally in this
program response is p1o’tted using computer subroutine showing the
effeéts of discontinuity capacitance. |

Therefore it can be concluded that this type of Stepped .
Q'uartertwave Transfonners can be designed with the aid of a computer,
as ana]yt1ca1 solution is very difficult.

It is suggested that similar studies can be conducted for half

wave filters by the use of computers and the same work can be continued

{!

in the digital domain.







