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ABSTRACT =~ - N e

'S .
.

- Thfs report considers the'design of a Stepped Quarter wéye

Tran;formef with and without the capacitances formed at the junciions

due to discontinuity.

-

With the help of scattering matrices, the resultant matrix

is derived for n sectjons of transmission lLines in cascade, eachﬂh%

. having the same length but different characteristic impedances. -,
. S .
Power Loss Ratio is obtained from this expression and it is compared

with the Butterworth and Chebyshev polynomials. It is shown that

the resulting equations can be solved by the help of a computer.

Cagaditances formed at the. junctions due to discontinuity are

* then studied, its effects are analyzed and methods are applied to

correct these effects. The Stepped. Quarter Wave Transformer is then

T designed in this case using the computer program.

13

It has been found that any analytical solution-is highly

difficult and therefore computer aided solution has been resorted to

for both the cases. This report includes samp]es of'computer plots

as well as the main program. ' : ' C '
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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

-




e i e

and equal to the flow of power into the receiver. Now if impedances

are matched at one point of the 1ine,‘i£ means the maximum possible
!

power crosses this point and ig‘de1ivered to the 1oad. Furt@gr
matching at other points must lead to tﬁé same condition and hence
must be secured by matching at one point.

‘ This does not mean, however, that the load itself must have
an impedance.that has any fixed relation to the impedance ofﬁ;he
.generator. The Tossless transmission lgne connecting them has the
properties of a,transformer. The 1ine can be’rep1aced by a‘four
terminal network. Thé power is then fed in from the generator at one
voltage and current: or with one impedance and it is fed out from the

other end to the load with another voltage and current, or another

“impedance, since the Tine is 1ossléss, no power is lost in the line

therefore the product of the‘input voltage and. current ‘equals the
product of the output voltage and current which.is the characteristic
of a "loss1éssqtransforme¢*.; Therefore a section of transmissién Tine
to connect a generator and load can be used as a "matching transformer"

in order to satisfy the conditions of maximum power transfer. The

purpase of the matching.section is to transform the load impedance and

present to the main line a terminating impedance equal to its character-

fstic impedance. As a consequence there,ire no standing waves on the
main 1ine and the transmission'1ine losses are thus minimized. This
technique of “inserting a ?atch1ng section to transform the load

impedance to the charackeristic impedance of the main trapsmission line

v

A
[ ]
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is known as transmission-line impedance matching. y- . o

L]

1.2 QUARTER WAVE TRANSFORMER ' . *

The simpie impedance matching device consists only/of a
series section of a transmission line known as a "Quarter-Wave
Tranéformer", which is a,quafte( wave length of 1oss1ess‘1fng wifg ‘
characteristic impedance equal to the geometric mean of two resis-
tances,'aﬁd so designed that‘it matches these resistances to each
otﬁer, so that a genera;or have a real impedance equal to the first
=re§istance will be broper]y matched by the transformer to a load
have a real impedance equal to a second resistance.

Let 4 represent the terminals of allong transﬁission 1fne
‘whose characteristic resistance is R, and let 4B represent a section
pf a series transmission line, one pair of whose terminal is connected

. 'tégthe Toad resistor R and other pair to the terﬁiéa]s of the main

L
1ine as shown in Fig. 1.1. Egnzis the characteristic resistance and

¥

1 is the length of the matching section of the transmission line.’

As the name of this impedance matching device implies, I is choosen
t . .

. - ) .
/; to bes equal to /4 at the frequency for which impedance match is\?

required. Now in order for the equiValent load resistance terminating

2
- »
.

the Tz)n line to be equal to R, the characteristic resistance R b

- . -
of the matching section.should be
Hol‘"= ITL ' >

~
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FIG 1.1
QUARTER WAVE TRANSFORMER
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v

wavelength of a transmission 1ine‘fs inserted having a characteristic
resistance_equa] to the geometric mean of the load resistance and the
charaéteris&ic resistance of main line, tae terminafing resistance of
fhe main iiqe is equal tg its characteristic resistance with the result
that there are no standing ‘waves on the main line.
One thing shoulq be kept in mind here that the impedance
Y match is achieved at only a single frequency for which the length of
the match{ng section is a quérter wave length. At other frequepcies,
thg length of the matching section is différent from a quarter wave-
length. It means'that tHe impedance match’ obtained with the use of
quarter wave tfénsformer is'frequency sensitive i.e., having matched °
at one frequency, a mismatch occurs at other frequencies. l
Therefére Qhat should be done s to achieve perfect
'A(matching over a range of frequencies. -Combinafions of the kind
. circuit eleﬁénts can result in good broadband matching. One way
of obtaining bréﬁdband operation is by the use of several transformer
sgctions that 1ntt9duce a change in impedance gradually. Tﬁus .
several quarfef wave §ections of s]ight]y,differentaimpedances may ﬁ
be employéd which will make the overall device less sensitive ﬁo
fr;quency because more gradual the chahge, the less the reflections
and the less selective is the trans%ormer. |
NoQ\when the %hafacteristic'impedénce change§ in steps, the

v .

transformer dé called Stepped Quartér Wave Transformer as shown in

X

- ’ © Fig. 1.2. This quar€e+ wave transfgrmer consist of three lossless

) ~ 3
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sections each of e]ectficpl length © and physical length which is” 1
equ§1 to A/4 and terminated in a pure resistive load R. The

charhcteristic iqpedances are 21, Z» and 2. These characteristic
i

7
I

1mped3nces are determined for the Stepped Quarter Wave Transformer '
to g1Jé Chebyshev and Butterworth behaviour in the passband.
\Quarter wave transformers have numerous app11cat1ons besides

_being 1mpedance transformers, an understandlng of their behaviour
gives ihs%ght into many other physical situations ngt connected with
impedance transformations.' The deéign equations have been developed
where they can be used for the synthesis of circuits such as reactance-
coupled f11ters, short line low pass filters, branch guide directional

‘cohplers, optical multi-layer filters and transformers and acousticél

transformers.

!
| i

1.3 Capacitances at junctions of Stepped Quarter Wave Transformers

A ]

A discontinGity in a coaxial line cros§-seqtion cannot be
_-represented by?a ch;;ge of impedance only i.e., practical junctions
are non-ideal. Ideal junction is the connectign between two impedances
or tfansmission 1jnes, %henﬁlhe electrical effects of the connecting
‘wires, or the junction di§cont1nuities, can be neglected.
It was assumed be%gre that the discontinuity susceptances B,
in the steppe& transformer are zerd. This would be approximately true .

in a low frequency coax1a1 line, but not in a high frequency coaxial

ljng. The presence of the d1§cont1nu1ty susceptances has two effects.

\ ! ‘
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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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‘polynomial of third degree is taken and chafacteristic impedanﬁes
are calculated with the aid of a computér program using root finding
subrou;ine. In thi;.case passband tolerance is fixed so the character-
istics of Power Lpss Ratio are p1$tted using the plotting subroutihe.r
After this a Chebyshev Polynomial of third de§reé_§§ takeﬁ and .- -

characteristic impedances are calculated with the aid of computer
subroutine for rogf finding. The passband tolerance 4X is calculated

by a computer proéram for different values of scale factor. The =
characteristics of Power Loss Ratio for different values of scale

factor and Passband Tolerance are plotted with the a}ﬂ of a computer

plotting_subroutine.

In Chapter I1I, the Stepped Quarter Wave Transformer with junction 4“

capacitances is considered and the effect- of these capacitances is .
analyzed and a computer ‘program is written which shows the effects
at different frequencies for different capacitance vaiues. With

the help of this computer program the values of susceptance, extra
ﬁhase shift introduced due to this capacitance and the distance moved

in order to-compensate for this capacitance are obtained. In
s

addition with the help of this computer program the ney values of |
Transmission and Refléction coefficients, the new values of character-
istic impedapces are obfained in thjg case to give Butterworth and
ChebysheQ behaviour in the passband. The plot of characteristics for

both Butterworth and Chebyshev are also obtained with the help’of this

computer pfogram.

- 1
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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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Q’:}

“the in  line.

J . Where shbscriptS” r and i refer to the reflected and
incident waves, respectiveiy. I‘,i is the reflection coefficient of
e sth ' T ‘

'I¥\a generator is connected only at the ifh line and every

]

" other line at the junction is terminated b§7a matched impedance as

‘shown in Fig. 2.3, the outward travelling wave (coming outward from -

the junction) represented by bi can Sé expressed as

bi =-riai

where 3 is the incident travelling wave comifig towards the junction.

If there are some incident wa@es (a1, a2, etc.) coming from 11ines
1, 2, 3,......, the outward travelling wave of the ifh 1ine becomes

v

- bi = Sila, + Siza’ + Sfaaa + RRRREERES S. a ...gz.l)

In equation (2.1) S, represents the contribution of the

th

1333

outward trave1]1ng wave at the i7" 1line due to the incident wave

L3

aJ atithe 1ine J. Similarly, Siaa” Siaaa, etc. represent the
contr1butions of the incident naves':az, as, etc. in lines 2, 3, ....,

to the outward travelling wave at the line 1.

©

SH represents the reflection coefficient of the iEh line

¢

-

The justification of algebraic summation of all the contribu-

tions from different Tines is- direct1y dependent upon the theory of

'11near superpos1tion So equation @Q. 1)can be written as
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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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That is if T, and ,Tz are.‘rfespectiveiy, the traﬁsmission
coefficients of the discontinukity for the waves incident from the lines
1 and 2, and if T, and“T, are the corresponding reflection coefficients

of the discontinuity, the scattering matrix parameter of the junction

may be written as shown above. It can also be written as

bs =(rlal + Taby
a:=rzb1+Tléx"
where
T =Zz‘Zi' . ’
! 21+Zz - ®
and o .
- - oL -1
noeon = g
and '
. . - Zz-z
Ti=1+N =1+35—0s ;
I = 223 T A - A \
-T' L +Z;
ll . ‘ s
- I A ) A - ' .
Tz—'|+f'zs]+m’m )
T2 # T

For the j,unct\ion of t&: transmission line, thereforewe can_

write the equations in the form of a; and b, in terms of éa and by .

!

: Now we have

bi = Tyay + Taby S L e (2.3)

t

-/A

L



a2 =Thiby +Thay

_ From (2.4)

a = %1 - Ty,

or

a = Zl' '4'32162 +Z‘z = thz‘

¢

From (2.3)

3

b, = L - 7 { '212'*' Z;

L + 2z

.and

b,

therefore -

4

_Z1 L
T

L +7;3)b,
. 2k

a 1'.21""2: Lo~ L
b| 2 B Zz"Zn Zx + Zz

2

z
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2‘.2 Scattering Matrix of a Uniform Transmission Line

Considering the scattering matri‘g:wgf a section of uniform‘_
‘1oss1ess transmission line of ler;gth L,';s shown’ in Fig. (2.4)\ this
sect'ion c;an be regarded as a two port j(xr;ction with intident ‘
voltages a, a: and ref]ecieq voltages b;, b, for ports 1 and 2, ¢
*espect*ive]y. The terminal planes 1 and 2 of the 3unction are

gssumed to be as shown in Fig. (2.4). Since

Il

bao= a e 38  and by = aze‘m

In terms of a, and b, equations can be written as

c b,=a‘e"_je}as' B = 0
and a, = b el .

1

In matrix form we can write

b2 ; e-je | 0 a
= s | -
2 0 ed® by
‘-—-V'—__—J
’ TRANSMISSION !
MATRIX (T,) ,
v
a e"je ‘o - bs .
b 0 e'j ,a:
e g . '
e
]

-
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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
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nfsﬂ Comparing this with equation (2.5)

L+ 1 ’ L -1

'l'.l=.l . . "
D L L~-4L ' L+

Now we have inverse transmission matrix of a uniform line
of length 0 and the inverse transmission matrix of discpntinuity SO
resultant inverse transmission  matrix of the discontinuity and o

the transmission line of length © therefore is

N ’
. 1 L+ Y2 Lr -4 eje 0
R -8
ot Pl L= L +1L 0 e
L] * '
8 L + 1 \ -jo L - 4T
e g B
» Q.
je . Zz - Zx ' -je R Zz + Z
Y N 28 T
. g "
~N { ,
1 ) v .
L ‘\‘ *
7 .




=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‘= .

\




R T

- X ‘ where A = | and B =

and R is the load impedance—

If i=1, then we will get input impedance Z of the
" transformer. ’

-

The matrix A~ 1is a2x2 matrix where n s the number of

\ .

sections 'of transmission Tines in cascade.

. ' The matrix An is @ 2 x 2 matrix and can be represented by

+
L4

Au An s, ' o
Pa Az

v Pl
° . N -~

The matrix element Ay 'represents the reciprocal of the.
-amplitude .of the transmission coefficient. Therefore the power absorbed

,by the load through the n section transmission line is

.

>

" (Au A R)™

* . ) . . N
where Ay is the complex conjugate of Ay and R is the load
o h)

impedance of the end of the line and a unit amplitude of incigent wave

is assumed. ' If the Power Loss is defined as»PT, then
R S
“ PT = Au Au R

-~ Jhis is an even polynomial of Cos® of degree 2n.

-

The po]}nomia] representing PT can be written as
3

PT = 1 + (4n(CosO) )gwhere Q2n{Cose) 1is an

even polynomial of degree 2n .in Cos6

26
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¥ L 2.3 Characteristics of Maximally Flat Transformer S e

| r 1

A maximally flat transforme;~resu1ts wheﬁ.thgf n double zeros \\;
. . all koincide at the‘frequépcy £, when Cos0=0. Therefore the Power

Loss\Ratip canube wriytencas
PT =1+ AK C052"®

', When the length of each section approaches 0, Cos@ = 1 }nd

v * I .
the input impedance of the transformer is R, thus the Power Loss ‘

. Ratio is ’ R

L)

v

PT"= (R + 1) /4R, siqce the amplitude transmigsion coefficient

is 2R/(R + 1) when Cos@ = 1 therefore h
.l/ - N > " : ! .
R+1)? (R=1)
~ 1+ AK = <. therefore AK= 2
” . . N . . ) - ‘
therefore ‘ ST .
I oo = R=1)* . .2n
| ' PT']+S._TR_LC°SA,Q
I . "

2.4 Design of Stépped Quarter Wave Trans%ormer for the Case n= 3

, The véﬂug; éor the characteristic %mpedances Z% to give
Maximally F1atfRespoﬁse in the Passband may be obtained by equating the

coefficients of like.powers of Cos® in the two expressions.

3

. B . . av . ‘qzn . ‘ R
' . Pe= Ay Au R . ‘Pe 1'+ AK Cos™ @
' ¥ T=
: and ' _ ]
’ . -l/, v n Z‘i - ] Zn : .
A‘=_YT;'T‘ H(A+T,B) Ao+"§‘3‘0 ‘ i |
Te2h 3= i ! ‘ ' '
® 3 t n
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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 '
An E[(] '*'.T)EDS:'@ {ﬁ-*‘z— Zz+a—T uz—lR-L“'m—}Sin’GCOSG




] I o
. v : ) ‘
, . - | . | -
; N ,‘,'uo . ' .‘ :_’ - ' '
# o L 5 | S . Table 2.{1 o ‘ -
' ! ,
* The reduction formulas whi chz dre used here are obtained bx
’ . matrix multiplication: o ‘
- * A r = (2c0s0)" A o d | |
8" = .zﬂfos@)n']B A SRR | .
, o ‘- A" = (2c0se)"Zp '\ ' ,
% A" = (2c0s0)""pA L - )
v - ASBTAMST = (20050)" (<4510 0)A B o
_ B5ATB"ST & (200s0)"3(-4slin0)e . '
F - P L Sin;:e we are interested in Au f‘on]y therefore the different
r | . . terms which.arise due to matrix pulti lication are as follows: ° . -
. vﬂ-. '” - - o ‘ ' \ N
O M = 2tose) » \ ) |
T s = s, - I , |
o B = 245ine S - ‘ <
| | | W 1 éCose S
| 4jsinetose L o 2
-4Sin'o o ,
Asinte, - . o
43sinecos . ' |
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‘ Puttiné L
- And let .

Ll L .
2 R o A

] P therefore N

v

AL = %[{(B—E-l)[:os’e ~ a(sin’6Cos6)} +-j{bSineCos?e - cSin’e}]

%* - ' ﬁ
— Au = Complex Conjugate of Ag'

°

-

A::"'= %—li[ (R—H)Cos’e - aSin? eCose)'— j(bSineCos? 0 - cSin’G)) }
p : i

o . .
therefore \i , ' | . -
Ak Ay = % {(%—UCOS:G - aSin’eCose}’ + {bSineCos’6 ~ cSin’ o]

Simplifying this expression,

o L , n ‘ ' oo
. Au"“u’l— {(S—%l) - -b o+ M.RT‘—P—Q +a’ -Zbc}Cos‘Q e

)

.{-

~ 30

)




Pr=1+AK Cos? R -
where ..
L T
Since Rf=. 5 :
| : therefgr:K =%—8— —oa - | | \
| therefore - o . "
‘ Py = 1+ 0.8Cos‘e ‘ . .:v.(2.8)

‘ s
WL + {3¢? + B - gﬁ(%—l - 22’ +4dbclCos*e ...
e +{-3¢ + & - 2bcjCos’e +c? |,
!. o
Now PT = Ay Ay R .
W ¥ 1) ]
B | L) R TP
S . ’ |
.- -%-{ -3¢ - b? +MRR_+U_ + 22 - 4bcjCos*o - ...
' +§- { -3¢ + & - 2bc}cos’o ~
. R 2 ,
, '+TC L G {2.7)

. 3
Now PTis also equal to -

v -

" A computer prégram (Tab]e 2.2) ié written using pIotting subroutine to

. plot the characteristics (Fig. c2.1) of P; versus 0. Comparing the

Sk
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. Table 2.2

PROGRAM FLAT(INPUT,OUTPUT)
THIS PROGRAM FLOTS THE POWER LOSS RATIO PT FOR
THE THIRD ORDER BUTTERWORTH AGAINST
ELECTRICAL LENGTH THETA WHICH IS NORMALIZED TO
TH1 WHERE TH1=TH/1.4», AND THETA IS A FUNCTION OF
FREQUENCY. -
DIMENSION x<161>,Y<161;1>,A<1ao>.1nne4(5151)
PRINT 5
5 FORMAT (1H1;/////v21Xv*TH1*; 23X s XPTX)
DO 15 I=1,161
TH=(I~1,0)%0.01 . " :
R=5.0 _ '
AK=(R~1)%X%X2/(4.,0%R)
@=(COS(TH) ) %x&
PT=1.0+AKXQ
TH1=TH/1.6 -
X(I)=TH1 ) '
Y(IF1)=PT ]
- INT 10sTH1,PT
10 FORMAT (//»15XsE15.8,10X,E15.8) .
15 CONTINUE .
. +READ 20y (A(I)»I=1,160) e
20 ' FORMAT (80A1l)
CALL USPLH(X:Y;iél:l 151461545 IMAG4YIER)
STOP
END

32
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coefficients of equations (2.7) and (2.8)~for’eqya1 powers'of‘Cosé.

Comparing constant terms '

R 2 2 _ 4 . 2
cc=1 orc =% or ¢c= —
1 R /R
therefore
ZIZ‘i + Zz =__2__ . .' .(29)
Now for matching the impedances with load, we use the
following symmetry relation - : -
Zizn"']-i:R Y . V!

sincé n= 3
A

therefore .
itZs = R

If we put this relation in equation (2.9)
&,

+——.=_2_
LR "R ¢ *

therefore

L=vyR o Z=R

ZIL"’R
_.ad 73 =R

Comparing the coefficients of Cos‘o

%{LR_E,_LE - ¢ - b + 2a_(_R_;__'l.l_ +a’> - 2bc}=10.8

34



theréfore : S
RD (RED) bap+ Bar - 12 - 2be} = 1.8

[ I

Now ZiZs =R ~ and 'ZZ =R  where R=35 . C
- T ‘/

(0.2Z¢ + 0.89442727F '+ 0.89442727, + 1)/23

a
b= (2 +0.43 + 0.89442721, )/ 1 )
S0 putting the values of a and (a’ - b® = 2bc) in the above equation
we get ‘
n+ 8.9442777 '+ 28I + 26.832822Z5 - 507% - 80 4984487; .. | ‘A
e - 2022 +44,72136Z; + 25 =0 . ‘. .. (2. 10)
- Comparing the coefficiénts of Cos*®

I{—3c -y s ZBRET) 28 - dhe} = 0

\

Putt1ng the va]ues of a, b, ¢ and a*, b*, s1mp11fy1ng we get

2

. I+ 8.9442770 + 2478 + 8. 9442752, - 507 - 62. 50990423 '
' + 022 + 44.72136Z, + 25 = 0 : . (2 n) N

§. -

Comparing the coefficient of o3>0

%—{-3::’ + a* - 2bc} =0

\

Putting the values of .a, b, ¢ and R and simplifying
7} '+ 8.944277] + 207% - 8.94427Z% - SOZ‘ - 44 7213677 ...
+ 20273 '+ 44.72136Z, + 25 = 0 ﬁ “...(2.12)

Now we have three simﬂltanegbs equations (2.10), (2.11) and
. (2,12}, These three equations are of order eight and the solution of

thg;e 8..h order equations is not poss1ble in ordinary way. we'want

)

. ' one real root common,in Zl] these equations. So to .find the roots
hY
" of these equations a &oo finding computer subroutine is used which

gives the zeros of these eguations.
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After looking at the solution of these equations from a -

computer program Table (2.3) it is seén that there is one real root

which satisfies all the equations so selecting this root as value of

L. '
.o ' .S L= 1.225239656 , ) -
L, = VB = 2.2360679
and Z, = R/Z, = 4.0808344 ‘
Z = 1.225239656 . ' ; ..
Z, = 2.2360679 " BUTTERWORTH CASE .
1, = 4.0808344
-o ‘ H é:«
"

Now to show the plot with these values of characteristic
impedances we use the Power Loss Equ§tion (2.7) in a p]otting'fubroutine«
which plots the Butterworfh characteristics using the above values of

o éﬁaracteriStfc impedances, (Tap]e 2.4, Fig. ¢c2.2). This cha;acteristic
is exaét]y the same as compared to phe‘one plotted usiné equation (2:8)
without using the values of characteristic. impedances,(Fig. c2.1). .

Now the values of these characteristic impedances are changed

slightly and the effect is obsérved. It is seen that it does not make

any changes in the behaviour of the curve,,(T;b1e 2.5, Fig. c2.3). L
§'2.5 Characterist1c§ of Chebyshev Transformer ~
- - Power Lo§s Ratio is K , , 5 \
| Py = Ay Ay R _which is an even po]ynoﬁjalkaf CosO of degrée
- L/ .

4
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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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Table 2.5

i

PROGRAM CHAR (INPUT,QUTPUT) ’

THIS PROGRAM PLOTS THE POWER LQSS RATIU PT FOR THE THIRD ORDER
BUTTERWORTH AGAINST ELECTRICAL LENGTH THETA WHICH IS NORMALIZED

TO TH1,

IN THIS PROGRAM THE CHARACTERISTIC IMPEDANCES WHICH ARE DETERMINED

FOR BUTTERWORTH CASE ARE CHANGED SLIGHTLY AND USED IN- POWER *

LOSS RATID PT.

DIMENSION X(1612sY(141» 1)15(160)!1"‘64(5151)
PRINT S

FORMAT (1“1r/////'ZIX!*TH113L3XI*PT*D//)

DO 15 I={r141
JH=(I~-1.0)%0.01 ¢
R=5.0 .
21=1,325239456 v

Z2=2, 3360679

23.4 1808344 '
92'21/23+2”/z3+21/2"+2°/(ZIIR)+Z3/(Zl*R)+23/(Z”‘R)
BsZ3/R+1/ZI+2Z2/R+Z21/R+17Z1+1/22

Co(Z1xZ35/(Z2XR) $22/(21823)

0s(COS(TH} Y6
, P=(COZ(TH) ) xx4 > *
Gw(COS(TH) ) xx2 '

PT=(R/4%XL ( (R+1)XX2/(RXKD) ) ~CXRI-BRAD+(2XAZXC(R+1)Y)/
1R+ﬁ”l‘2‘2’31C))tU-(R/“(—3*0**”-9**“*(”*&23(R+1))/
1R4+2BAXR2~4XBXC) ) XP
$+(R/AR(-IACXXD2+A2222-2XB2C) ) 2Q
$+(R/4)XCx%x2

THi=TH/1.4,

XCI)=THY

Y(Is1)mpT N !
PRINT 10,TH1FT -
FORMAT (18XsE15.8/10X,E15.8) °
CONTINUE :

READ ”Ov(A(I)rI’11160) B

FORMAT (80A1)

CALL - USPLH (Xer161:1vl:1611h11"ﬁ04rIER)
sSTOP

END
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max imum be%Ween zeros in the passband.

' 'fhe'input 1mpedance of the transfonner is R » thus the Power Loss

2n. PT can a]so be wr1tten as .

Pf =1+ QZn(CosG) where Q2 (Cos@) is &n even polynomia1 of

degree 2n in Cose 2, o

By looking at the‘above polynomial it 1s seen that optimum per-
formance can be’ obta1ned if the polynomia] Q2n has n double zeros
in the passband and is such that power loss ratio ‘reaches the same

If Chebyshev Polynomial. is selected it will give an optimum
performance beeause Power Loss ratio will reach the same maximum
between'zeros due to the:ripples of Chebyshev polynomial. Therefore
syhthesis of‘PT can be carried so that the desired bandwidth and the
passband tolerance needed for the transformer can be achieved.

A synthesis of PT can be ach1eved by choosing a Chebyshev

Polynomial, of suitable degree

) Loepe 1 a0 - -
where : ) . a
T (995—9 is the Chebyshevepolynomial Q&@Qﬁgree n o . )
pnd,“ AK ‘and p are arbitrary scale factors which will determine the

e .,

bandwidth of passband tolerance of PT

‘When the length of each section approaches 0 Cose = 1 and

Ratio is Lo t " ’

-

1 ; ’ . .
L » Since tRe amplitude transmission coefficient

1 o - . . f
is k—z-ﬁ—; ® when Cosg = 1

= 1+ AKT(1/p)

Yoo (R#
Pr

_ (R+1)
b=




3 S (R+1)?
(‘Zﬁ")

)

= 1+ AKT(1/p) (2.13)
- ) \

\

* The bandwidth and passband tolerance of 3 negection transformer

are determined by the properties of the Chebyshev| polynomial of degree -

4 ‘ n and the Toad impedance R ‘Without the knowledde of impedances Z,.
The zeros of Tn(c%—se) occur when |
’ Cos® = px = Cosos  and. S =1,2, ..ounrrnnn. \n, where x_ are
zeros of T (x). e 0 B / |
| The scale factor p° is given by | /
p= _(h_;@_ ;uhere s - corresponds to‘anyone' articular
zero of T (x). : : \\

o . Ak in equation (2.13) is the Passband Tplerancey; so solving

, equation (2.13) for Ak

| R+1)

. R 1y ' ,
{ AK:
. n P

Now if scale factor p fis chosen, 'the passband tolerance \ Ak
is fixed and vice versa so we have to choose either one of them. If
: P were taken equal to unity then passband would cover a 200 percent
frequency band and the tolerance in the passband would be’ (R‘- 1)% /4R

which would give a Power Loss Ratio equal to that existing when there

»
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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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Table g .6 \.\

-

PROGRAM PB(INPUT,OQUTPUT) .

THIS PROGRAM CALCULATES THE VALUE OF
PASSBAND TOLERANCE AK FOR DIFFERENT VALUES
OF SCALE FACTOR P FROM:-0.85 TO 1.00 "

REAL AK»T3,P,Q

Pm(,.84

PRINT S
I=}
PeP+(I%X0.01)

a=1/P "
T3=(4XQXX3-3%Q) kX2

AK=0.8/T3 * . ° .
PRINT 6P /AK L
FORMATC1H11///// ¥ 25X s KPX 25X s XAKX)
FORMAT(/»23X,F4.2,15X,E20:14)

IF (P,LE,0.99) GO TO 4 \

END

-

D
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Table 2.7

PROGRAM PLOT(INPUT,OUTFUT) )

THIS PROGRAM PLOTS THE POWER LOSS RATIO PT FOR
THE THIRD ORDER CHEBYSHEV POLYNOMIAL AGAINST
ELECTRICAL BENGTH THETA WHICH IS NORMALIZED TO
TH1. WHERE TH1=TH/1.4» AND THETA IS A FUNCTION OF
FREQUENCY .,

THE FOWER LOSS RATIO IS PLOTTED FOR DIFFERENT
VALUES OF SCALE FACTOR P AND PASSBAND
TOLERANCE AK.

DIMENSION X(161)1Y(161 1)Y7A(140),IMAGA(5151)
‘READX P s AK

PRINT SsPyAK . i

FORMAT (31H1,/////+,10X»%SCALE FACTOR P=X%,E15.8,
$10X»XPASSBAND TOLERANCE AK=X,E15.8)
PRINT 10
FORHAT(///;16X7*TH1*722X’*PT*7//)

DO 30 I=1,141

TH=(I-1.0)%0,01

@=CO0S(TH) /P )
T1=(4,0%xQxQxQ-3.0%Q)

T3aT1%kT1 ‘

PT=1,0+AKXT3 ~ ,
TH1=TH/1.4

X{I)=TH1

Y(Is1)=PT

PRINT 20sTH1,PT

FORMAT (?X,E15.8510X,E15.8)

CONTINUE

READ 40, (A(I)vl’lriéO)

FORMAT (80A1)

oCALL USPLH(XsYr1b1s1s1s161,A2IMAG4s IER)
STOP e
END

~J -

g =

NN
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ORI S tart = 2

' qj
L 1“ =
,‘,\\ 3. No other Polynomial with the same passband tolerance can,
3 o

have a greater bandwidth, since if it did, it would imply
that the Chebyshev transformer of the same bandwidth-would
have { greater tolerance in the passband and this is not
possible because if it :was possible then it would have

cross the Chebyshev Polynomial. Therefore a transformer
designed to give‘Chebyshev behaviour in the passband is an

optimum design as far as maximum bandwidth and minimum

I'é -
. passband tolerance are concerned.

2.6- Design of Stepped Quartd* Wave Transformer for the Ca;e n =3

The }alues for the chara;tefistic impedances Zi to give
Chebyshey behaviouf in the passband may be obtained by equating the -
coefficients of like powers of Cos@ 1in the two expression which cr

are as follows: 1

*
| PT = Au Au R:

" and

o 5
Pr=1+AKT  Coso/P

v

L4

a3 -+ 2RED) g2 - gbelcoste

{-3c* + a® - 2bc}Cos’e -

+ +
- Po D B

A
py
B )
J—
-3
—

4 |

‘This equation has been derived for Butterworth case.

. 2, y , 3
Now Py = A A R - BBV o -y v BRED o - 2ncjcoste

Ck® o .

‘.
Ot




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 ,

-
-~
-




| AR
Putqj\g the values of a, b, c, &, b*, ¢, R and using the matching
relationship 2% = R and 27 = R, we get

*

7+ 8.904277 + 2678 + 26.832822%8 - 145.432067 - '80.498448Z) * ...
ceo = 0B+ 44.72136%, + 25= 0 ...(2.17)i.
Comparing the co'efﬂciénts of Cos'g '

\ : | 5
ﬂ(ﬁkﬂl + 28" - 4bc) = 6.920826

Putting the-values of ] b, ¢ s bc and R the equation becomes,

T '+ 8.944277] + 24Z% '+ 8.944276Z - 119.208267} - 62.6099042 ...

+ 0% '+ 44.72136%, +'25 = 0 ,,x\ ...(2.18)

' Comparing the coefficients .of Cos’e ( ‘

R [3e -

R{-3¢ +a" - 2bc} = 2.149174

" Putting the vaW&s of L, ¢*, bec, and R the equation becoms
7 '+ 8.9482770 + 20Z% - 8.94427Z% - 92 983487¢ - 44 7213622 +202 ..,
ses +44721362| +25 0 o . ’ .00(2 19)

* e have three s‘lmultaneous equations (é 17), (2 18), (2. 19).
* These are the Sth order equations and they cannot be so‘lved in an
ordinary way. We want one coumon real root from these, equations. .
' To do.so0 a oot finding computer subroutine {s usedwhich gives the
FeE ’ - ot \

Looking at the solut1on of these equatiqns it fs seen that therq

 zeros of these equations (Tab"le 2. 8).

© 1is one coqmn real rdot which satisﬁes m the equations $0 selecting

'} »
3 s e - v, . )
Ve . e » 4 o
e

this root as value of .7.,

. R
v -
p :
. .
. -~ N
.

?
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Tl e -

I AR

S L ='1.737240
Z, = /R = 2.2360679
Z = R/L = 2.8781285

S L= 1.737260
Z, = 2.2360679 , CHEBYSHEV CASE ’
"1, = 2.8781285

To show ‘the plot with these values of .characteristic impedances

we use the Power Loss Equation (2.14) in a computer p1otting subroutine

which plots the Chebyshev characteristics using the above values of
characteristic impedances (Table 2.9, Fig c2. 10) This characteristic

is exact]y the same as compared to one plotted using equation (2.15)

“without using the values of characteristic impedancee (Fig. c2.9) ~

Now the values of these characteristic 1mpedance§ are changed
slightly and it 1s seen that tMere is no effect of the change,in the
behaviour of the character1stics (Table 2.10, Fig c2.11).

2.7 Discussion
In this chapter, Step Quarter Wave Transformer was designed for

the case n= 3 to g1ve Butterworth and, Chebyshev response with the
help of a computer The characteristics of Butterworth and Chebyshev .

po1yncmials were discussed and using the scatter1ng matrices the- ﬁ;J'



00000

10
15

20

‘grop

- e Mo e e ea waa

Table 2.9

-

PROGRAH CHAR (INPUT,OQUTPUT) .,
THIS PROGRAM PLOTS THE POWER LOSS RATIO PT FOR THME THIRD ORDER
CSEBYSHEV AGAINST ELECTRICAL LENGTH THETA.WHICH IS NORMALIZED
THL.
IN THIS PROBRAH THE CHARACTERISTIC IMPEDANCES WHICH ARE DETERMINED
FOR CHEBYSHEV CASE ARE USED IN POWER LOSS RATIO PT. . ’
DIMENSION X(iél)vY(lél 13rA€160),IMAG4 5151) . .
PRINT 5
FORMAT (1H1v/////v21X:tTHl!v.3XrtPT#v//)
DO 1S5 I=1,161
TH=(I-1.0)%0.01

\

., Rm%,0 .

21%1,737240
22%2,2360679 | « "
Z3=2,878128S -
A2R21/234224T34LL /7224227 (ZIRRI+23/ (TIKRI+TI/ (Z2%R )
BwZ3/R+1/23+22/R+Z1/R+1/21+1/22
Cu(Z18Z3) /(Z23RI+22/(2142%) ;
O=(CO8(TH) )%x4 \

- Pu(COS(TH) ) xx4A —~

Q=(COS{TH) Y xx2
PTS(R/AX( ((R+1)XK2/ (R¥X2) ) =CAR2-BAL2 4 (2RA2X(R+1)) /
1RFARE2-2XBXAC) ) KO- (R/ AR { ~IRCEX2-BXA2+ ( 2XA2X(R+1) )/
IR+2%A2XX2-4%BXC) ) XP ; .
$+CR/AR(~-3RCRR2+A2NR2-28BAC) ) 2Q ‘
SH(R/7AIACER2 7 v

THi=sTH/1.4

XtI)=TH

Y¢I,1)=pPT

PRINT 10sTH1,PT

FORMAT (15X:E15.8510%X,E15.8)
CONTINUE

READ 20,<A(I)»I=1,1540)
FORMAT (80A1)

CALL USPLH (Xvatélvlrirlél,AvIHAG4rIER>

—— N

END

.
[
. A p— Xl
.
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Table 2,10 » <

, ~ PROGRAM CHAR (INPUT,OUTPUT)
THIS PROGRAM PLOTS THE POWER L0SS RATIO PT FOR THE THIRD ORDER
- CHERYSHEV AGAINST ELECTRICAL LENGTH THETA WHICH IS NORMALIZED
TO TH1. '
IN THIS PROGRAM THE CHARACTERISTIC IMPEDANCES WHICH ARE DETERMINEL
», = FOR CHEBYSHEV CASE ARE CHANGED SLIGHTLY AND USED IN POWER .
Loss rRaTIO PT. .
) B DIMENSTION X(1461),Y¢18111)9A(140)»IMAGA(S151?
) : PRINT S
| FORMAT (1H1r////7r21XliTHl*;ZBX;!PT!r//)
. . DO 1S I=1,161
N Kl ‘ TH=s(I~1.0)%0,01
v - " R=35.0
Z1=1,837240 ° . ¢
12=2,33460479
' 13=2.9781285
| ' 2-21123+Z°/23+21/Z”+Z"/(ZI*R)+ZJ/(21¥R)+Z3/(Z“IR) ‘
L . BeZ3/R+1/23+22/R+2Z1/R+1/Z141/22
. Cu(Z1%Z3)/(Z2XR) +22/(Z1xZ3)> . .
O={COS(TH))xxé -~
Pu(CO8(TH) kx4 . -
Q= (COS(TH? ) x%2 *
’ o PTa(R/4X{ ((R+1)XX2/(RXXY) ) =CXA2-BAE2+ (2XA2X(R+1) )/
.[ 1RVA2XRD~2XBXC) ) X0~ (R/4%(-IRCAX2-BXX2+ (2XA2X(R+1))/
4 1R+2BA2XX2-4%BXC) ) XP .
$+(R/4X(~IRCAX2+A2XR2-2%BXC) ) XQ . N
o $+(R/4)XCXX2 .
TH1=TH/1.4
X{I)=THL °*
Y{I,1)=PT
PRINT 10»TH1»PT . .
. FORMAT (15X,E15.8,;10X»E135,8) . - , .
| . 18 CONTINUE
ot READ 20, (A1) I=1r}340) ¢
: 20 FORMAT (80A1) .
\ CALL USPLH (XsYr141s1s12161+AsIMAGAs IER)
| ' - STOP . : - .
1 . : ) . END. .

l
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v \ ‘,, .

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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: - . 'CHAPTER 11 L ,

"ANALYSIS OF STEPPED QUARTER WAVE TRANSFORMERS -
WITH CAPACITORS ‘AT JUNCTIONS !

In the previous problem of Chapter {}. discontinuity
capacitances were not cons1dergd and their susceptindb was assumed -

to be zero. This would be approximately true in a low frequency

- coaxial -1ine, but not in a high frequency coaxial line or waveguide.

The presence of discontinuity susceptances has two effects.
" .
~—— '

3.1 Effects of Discontinuity Susceptances

1. The lesser effect is a small increase in the magnitudes of
the 1nd1v1dua1 step ref]ections.
2. The greater effect is the introduction of phase anges in

* the reflection and transmission coeff1c1ents of the steps.

7

3.2 Methods of Correction for these Effects

After the addition of capacitances, the voltage reflection and

~~transmission cbefficiehts of the step are given, respectively, as

P = Yo~ Yo =38y
n Yn * Yﬁ+1 + jﬁ;

' N

o A LR LA

'n=

Yo/Vni +‘1 PRLIVASNY

64
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© WITH CAPACITANCES AT JUNCTIONS ' !

'
. ' t

'

- ' A
-
.
!
» 4
Af ¢ . 13
. . ;
. . . . - .
.ot . . [ <,
J . - . R !
-‘ i M A 3
1
4 ¢
. - .
. -
» K
.
. .
" .




B T TRk =~ i drail 0

o

R T T

B a
VSN b A AR e ey W Mg

L3
e TR AR s et - b

, zyn . ] .
—and T = . ' .
. n ',Yn + Yn+1 + ij 1 .

or oY, /v

T

n~ Y /Y + 1 + ij/Yn+1

Circuit of a Sing1e Sfeﬁzqg as shown in Fig. 3.2.

The magnitudes of‘I‘n and Tn are-as follows:

‘lr . g = D+ (B /Y o)
n *
N /Yy + 17+ (B /Y )
and [ @y 7
Tl = °

1 ]

(V/Vpuq + 1+ @B/¥yy)
It can be seen-that T = 1is not very much effected by B,
f (Bm/yn;15:‘< (Yo /Yopq = VP This wou'ld beljn the case of Tow

4

frequency coaxia1l11ne.
A .
The effect of Bm on Tn s very less and can be neglected in

all cases.

The Phase angXes of rn and Tn are as follows:

e
Y

SN

= ‘ - - [
Lfn Tan L B /Yn+l /(Yn/Yn+l )J aLt.B /Yn+1/(Yn/Yn+1 + ],J
' y|
a, = Ta; L B Ypa/ (Y /Yoy + 1)

e

Consiaering the individual waves reflected from the steps

arriving at some particular reference point between the generator
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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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= 3.3 BUTTERWORTH: CASE -

Without the shunt capacitance, the‘ cnaracterisftic impedances
- in case of Butterworth are ' _
' Z = 1.225239656 S .
i f A 2.2360679 '
| 5 = 4.0808344 .o ’

IR ’ Terminating impedance R = 5

d ~ 1 . [ ——

N Ya= 0.8161668

Y, = 0.4472136

| - o " Yy = 0.2450479 -
Yo = 0.2 [1/R}

) ’ ' : The.equation in this case for Powei Loss Ratio is

%

.
- LN Pr=1+ A Cos*d>

P.= 1+ AK Cos2"e oL B

v _ , where R- 1)

- o o Ak = Tt = 0.8 . o ‘

o . . 4% and g=0-~ ¢3/2 ‘

| In this case to observe the effect of shunt capacitance a
computer program (Tabie 3.1, 3.2, 3.3) is written which test the

: effect of Shunt capacitance for different frequency. Three va1ues of
capacitance are tested in this computer. program which calculates ngl .

values of Transmission and Reflection s;oefficients, new values of

' Z;,' Z; , and’ L which will be changed by discontinuity capacitance.
This program also shows the extra phase shift intr:qduced by ¢s and

L. o

~

v
o A
- . ‘ K4 Lt
o B
(7




T ‘ ‘ To observe the ef’fe}t of Shunt capac'lﬂnce. thrqe\different

. 4 : 3 s t
. . N , . EN N ’

the distance moved xs.to compensa’te for‘th'ls extra phase shift and

‘Finally the characteristics m p1otted. (Fi\gg c3. 1 c3. 2, c3 3

c3. 4,c3 5, c3 6, c3. 7,4:3 8, c3 9, c3. 10. c3 'H c3 12)

. <

. Lo ,
' \ . ; ‘ ' R '
3.4 CHEBY§@V CASE -~ ' 1
/ \ Now coming to our prneviou,s' proolem without the shunt

4

capacitances, we_ had the/‘characteristic impedances for Chebyshév

Case as ' N _/.- SN —

(? \, "z a3r2e0. -, S
| —y N 4
L w 2.2360679 o
Z, = 2.8781285 -, .

. » .

. Ter;minatiﬁg 1mpedanoe R=5

® . o . ’ a !

Therefore N . A e
T S /1, = 0.5766257 \ S
- - - " ' :B ) -
~ 7Y, = 0.4472136 . o~

“ Y, =0.347448 :

ST e u=02 {m} ( . .
“ . ' NN P T

. capac:ltance va‘lues aré taken and they are tested ‘for diffe gnt

1
s

*frequency va\ues. This 3 a'l'l done by a computer program (Tab'le 3.4,
3. 5 ]3 6) uttch cal lates the susceptance 8 , the new va'lue of / “a
Transmission and Re ection ::oefﬁcient. it aiso shows the extra .

phase shift 1ntroduced due to the Shunt capacit ce and the dtstam:e o

-‘ﬂ ‘/?‘

moved to- correct this extra phase shift It also piots the Characterist'lt !
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|

1K
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©

4

!

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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;&:A‘ ‘ _PRINT 10sT1,RYL -

Table 3.1 - Do
4 ’ : - ) » R ) ’
' PROBRAM EFFECT (INPUT!DUTPUT) : Y
" THIS PROGRAM OBSERVES THE EFFECT OF SHUNT .
. CAPQCITﬁNCE*UN TRﬂNSNISSIﬂN AND REFLECTION
‘COEFFICIE”TS.
IT CALCULATES THE. NEU VALUES OF TRANSHISSIQN
AND REFLECTION CDEFF;CIENTS.
IT CALCULATES THE ‘EXTRA PHASE SHIFTS INTRODUCED
. DUE .TO CAPACITANCE.’
IT PLOTS THE POWER LOSS RATYO PT FOR THE THIRD
. ORDER BUTTERWORTH ﬁGﬁINSﬁ,ZEgCTRICAL LENGTH
THETA. WHICH IS NORMALIZED. TO TH1 WHERE .
* TH1=THA/THN»> AND THETA IS A FUNCTION OF FREQo
- THE PASSBAND TOLERGNCE(EN CASE_OF BUTTERUORTH
" I8 AK.OOBO
- B IS THE SUSCEPTANCE OF THE CAP“CITUR-

IT GIVES THE NEW VALUES OF CHARACTERISTIC ° .
INPEDANCES EFFECTED BY DISCONTINUITY CAPQCITﬁNCE-
) DIMENSION X(iél)!Y(Iéisi)’ﬁ(iéO)'IHAG4(3151)
| . Y1=0.8161468 . y L
e ‘Y220 44721346 } ) ) ‘
. Y320 .2450479 :
e - Y4=0,2
A) o AK=0.8 kR : i
.7 Cm10.0E-12 | :
. READ%,W A e
B=UxC - . Coe . .

000000000000 0Na000

‘ g@ﬂ d PRINT SiWsC rB g

! 'S FORMAT{1HLy///7/y10XsXUsX,E1S, e.sx.tc-:,51s:a.sx.
T ..+ 7 $AB=RsE15.8)
S TL=GORT(((2.0RY1) /Y2) K2/ (Y1/Y241)! X2+(B/Y2)¥%2)
S nz-saartfcvx/vz-x>xtz+(a/vz)*ﬁ~>/<e 1/YZHLIRN2.
cT $+(B/Y2IRE2)) . 0t ‘ N

10. “FORMAT(/// 10X XTL=RYELS, a,sx,xnz-*,axs.a>

Y4=1/R/)WHERE R IS THE TERMINATING RESISTANCEsR=S, -

-

YN=¢ ¢ +R1>*Yzzf<1-k1) N , SR

. zegxs.o>nxo.s ‘1'~ EE P L P

: . PRINT 124 ZleZnZ3 g T :
et 120 FBRNAJ(///:&OKJ*NEH 21-x,szs.apsxstuau zzk;--__
- €15, 85X, ¥NEW -Z3mE¥E15.8) . L
ATIm=ATANCIB/Y2) /(Y 12Y2H1)) |,
AT2==ATAN((B/Y3)/(¥2/Y341))

Aﬂﬁﬁrhf (B, fsvzzii :

"t

L 238,021 BV SR S :;a,~ﬂ T

Zim1/¥y MY e e




- S THN=¢1,4-X3) °° C
. . 4. +PRINT-20. o .
. 23 rORMAT(16x-*ru1*.22x,*PT* 77y v - ‘
| DO 30 I=1,181 . B o |
TH.(I 1‘00)*0001 : b . ’ , : , .
g " 'THA=ABS ( TH=-X3) . 1 o ’ .

. O={COBCTHAY)IYXXS N

3} PT=1,0+0K%Q , S | ‘
) TH1=THA/THN - _ . % . .
o X¢I)mTHL L SR -
. .. Y(I11)=PT ° - CIE « .

| )
1 PRINT 25sTH1,PT _ ) - A
NOY ., FORMAT(10X,EI1S.8,{0X,E15.8) : l ‘ . S )
! CONTINUE . . \ N
C% .gsan 4q,<A(I),I-1,160) T
, i - FORMAT “(80A1) ' 1 ‘ ‘ 7} - '
' R "CALL USPLH (X»Ys161s1s1, 16174, IMAG4) IER) - :

* )

STOP - . o \::‘ - . -
- . ! END ‘ { ;
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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




a

25

30

40

v

4

THN=(1,4-X3) :

. PRINT 20 Ce v

FORMAT(léX-*THi*; 22X APTX/ /)

DO 30 I=1,1411 " ) ¢ ' /
THR(I-1.0)%0,01 i S .-
THA=ABS { TH-X3) . 3 ‘ .

@= (COS(THA).) XXé - ",
PT=1,0+AKX%Q o ) e

TH1=THA/THN " S A ,
X(1)=TH1 ' ' .
Y(Is1)=PT o __— .

PRINT 2%5sTH1,PT SR ‘ .

"FORMAT(10X,E15.8,10X,E15.8) . . o

CONTINUE = . » . o

READ 40y (A(I)»I=1,14Q) . oo T

FORMAT (80A1) "

CALL.USPLH (XaY 1615201, 161:A11HAG4!IER)‘ ,
STOP

{

END . . = B
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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,///)




' 20

25

30

40

o

THN=(1,6~-X3)
PRINT 20 -

FORMAT (18X s XTH1X 22

&\ o 30 1,161
(I>1.,0)%0,.01

THA=ABSY-FH-X3)
Q=(COS(THQ))**6
PT=1,0+AKXQ ,
TH1=THA/THN

T X(I)=TH1.
Y(I+1)=PT
PRINT 25,TH1,PT

XsXPT%kr//)

*

<,

FORMAT(10X,E15.8,10X,E15.8)

CONTINUE

READ 40, (A(I)»sI=1,1580)

FORMAT (80A1)

CALL USPLH (XgYs141s1, 1, 161747 IHAGA s TER)

" STOP
END . -
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Table 3.4

PROGRAM EFFECT (INPUT,OQUTFUT) -
THIS PROGRAM OBSERVES THE EFFECT OF SHUNT

_CAPACITANCE ON-TRANSMISSION AND REFLECTION

COEFFICIENTS.,

IT CALCULATES THE NEW VALUES OF TRANSMISSION:

AND REFLECTION COEFFICIENTS.,

IT CALCULATES THE EXTRA FHASE SHIFTS INTRODUCED

DUE TO CAPACITANCE. ‘

IT PLOTS THE FPOWER LOSS RATIO PT FOR THE THIRD

ORDER CHEBYSHEV POLYNOMIAL AGAINST ELECTRICAL LENGTH

THETA WHICH IS NORMALIZED TO TH1i WHERE

TH1=THA/THN» AND THETA IS A FUNCTION OF FRER.

THE POWER LOSS RATIO PT IS PLOTTED FOR

ONE FIXED VALUE OF SCALE FACTOR P AND

PASSEAND TOLERANCE AK.,

‘B IS THE SUSCEPTANCE OF THE CAPACITOR.

Y4=1/RyWHERE R IS THE TERMINATING RESISTANCEsR=5.

IT GIVES THE NEW VALUES OF CHARACTERISTIC

IMPEDANCES EFFECTED BY DISCONTINUITY CAFACITANCE."

DIMENSION X(161),Y(16151)5A(160)rIMAG4(S1S1)

Y120,5756257 '

Y220,4472136 ’

Y3=0.347448

Y4=0,2 . ' i

P=0.91" =

AK=0,19774788157131

C=10.,0E-12

READXsW

B=WXC

PRINT 5,W,CrB . '

FORMAT(1H19/////110X s XWSXE15.85Xs XC=%XsE15.8s5X»

$XB=X,E}15.8) '

T1=SART(((2,0KY1)/Y2)XX2/ (Y1/Y2+1) X¥2+ (B/Y2)X%2) .
1=SGRT(((Yl/Y”-i)**”+(B/Y°)**°)/((Yi/Y°+1)**° '

$+(B/Y2)%%X2)) )

PRINT 105T1sR1 T

FORMAT(///»10XsXT1=X,E15.8,5XskR12X,E15.8)

YN=((1+R1)*Y2)/(1-R1)

Zi=1/YN

Z2=(5,0)%X%X0,.5

» 2335.0/21

PRINT 12,Z1,22,23

FORMAT (/77 »10X s XNEW 21=*vE14.BvuXr*NEw I2=Xy
$E15.8,5XsXNEW Z3=%,E15.8)
AT1=-ATANC(R/Y2)/(Y1/Y2+1))

AT2=-ATANC(B/Y3) /(Y2/Y3+1)) :
AR3=-ATAN( CB/Y4)/(Y3/Y4=-1)) o )

$- ATANC(B/Y4)/(Y3/Y4+1)) )
PHIZ3=a(-AR3 ~2%AT1 -“*QT") »
X3=PHI3/2. ' v
PRINT 151?HI3:X3

FORMAT(///»10X,XEXTRA PHASE SHIFT PHI3=%,E135.8»
$5Xs XDISTANCE MOVED X3=XsE15.8+///)--
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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 -
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‘Table 3.5

PROGRAM EFFECT (INPUT»QUTFUT)

THIS PROGRAM ORSERVES THE EFFECT OF SHUNT

"CAPACITANCE ON TRANSMISSION AND REFLECTION .
COEFFICIENTS.

IT CALCULATES THE NEW VALUES OF TRANSMISSION

AND REFLECTION COEFFICIENTS.

IT CALCULATES THE EXTRA PHASE SHIFTS INTRODUCED

DUE TO CAPACITANCE, '

IT PLOTS THE FOMER LOSS RATIO PT FOR THE THIRD

ORDER CHEBYSHEV FOLYNOMIAL AGAINST ELECTRICAL LENGTH
THETA WHICH IS NORMALIZED TO TH1 WHERE

TH1=THA/THNs AND THETA IS A FUNCTION OF FREQ.

THE POWER LOSS RATIO PT IS FLOTTED FOR

ONE FIXED VALUE OF SCALE FACTOR P AND

FASSRAND TOLERANCE AK.

B IS THE SUSCEFTANCE OF THE CAPACITOR.

Y4=1/RyWHERE R IS THE TERMINATING RESISTANCE,R=5S,

IT GIVES THE NEW VALUES OF CHARACTERISTIC .

IMPEDANCES EFFECTED BY DISCONTINUITY CAFACITANCE.
DIMENSION X(161)vY(lélvl)-A(léO)vIMAG4(51u1)

- Y170,5756257 .

Y220,4472136.

Y3=0.347448

Y4=°;2

P=0091

AK=0,19774788157131_

C=15,0E-12 , ,
READX»W - o, . -
. B=WXC «
PRINT S+WsCrB : '
FORMAT(1H1+/////10Xs XW=%XsE15,8 55X s kC= *rE1S, a.dx.
$XB=%,£15.8)

T1=SARTC ¢ (2,0%Y1) /Y2)XkX2/(Y1/Y2+1 ) X%2+ (R/Y2) X%2)
R1=SORTT((Y1/Y2-1)XK2+(B/Y2)XX2)/ ((Y1/Y2+1)KX2
$4+(B/Y2)%X2))

PRINT 10,T1sR1
FORMAT(///310XsXT1=%sE15.8s5XsXR1=%,E15.8) °
YN=((1+R1)XY2)/(1-R1) ‘ =
Z1=1/YN e
Z22=(5,0)X%X0.5 .

23=5,0/21 - ' . .

PRINT 12+Z1+2Z2,23 '
FORMAT(/// 10Xy XNEW 21=*,E14.a,sx,*usu Z2=%, - .
$E15.8,5X s XNEW Z3=%,E15.8) ] \
AT1=-ATAN((B/Y2)/7(Y1/Y2+1)) . '
AT2==-ATANC(B/Y3) / (Y2/Y3+1))

AR3=-ATAN( (B/Y4) /(Y3/Y4-1))" : ‘ .
" 8= ATANC(B/Y4)/(YZ/Y4+1)) . . . C
PHI3=(~AR3 -2%AT1 -2XAT2) : ~

X3I=FHI3/2 ' . - -

PRINT 15:PH13yX3 .
FORMAT(///» 10Xy XEXTRA PHASE SHIFT FHI3=%,E15.8/
$5X s XDISTANCE HOUED x3=*,anq.s,///)

.
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THN=(1,6-X3)
FRINT 20
FORMAT(16Xr*TH1*r“2X:#PT*9//)
DO 30 I=1,141.

e

. TH=(I-1.0)%0.,01

THA=ARBRS (TH~X3}
Q=COS(THA) /P
TSCH1=(4,0XQ%Q%Q-3, O*Q)v

" TSCH3=TSCH1XTSCH1

PT=1,0+AKXTSCH3

- TH1=THA/THN

X(I)=TH1
Y(Is1)=PT

PRINT 95, TH1,PT
FORMAT (10X rE15.8710X,E15.8)
CONTINUE

READ 40r(ACI)rI=17s140)
FORMAT (B0A1)

L}

CALL - USPLH (XsYr141s1y 1;161;ArIMAG4;IER)

STOP
END
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. 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+///)




25

“30

40

- FORMAT(16Xy XTH1X 922X XP.TXy//)

THN=(1.6-X3)
PRINT 20

DO 30 I=1,161
TH=(¢I-1,0)%0,01
THA=ABS (TH-X3) . _
Q=COS(THAJ /P S
TSCH1=(4,0XQAXQAXQ-3, 0%Q)- '
TSCH3=TSCH1XTSCH1
PT=1,0+AKXTSCH3

TH1=THA/THN

X(I)=TH1"

Y(Is1)=PT ..

PRINT 25¢/TH1,FT \ |
FORMAT(10X+E15.8,10XsE15.8)
CONTINUE

READ 405 (A(I)»I=15140)
FORMAT (80A1) ,
CALL USPLM (XsYs181s1s1s1415Ar IMAG4s IER)
STOP
END
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.20009000€-92

~N§:ﬂ}}-__.ZZJbOedOEOOE'_ __kEﬂ l3s 223782151201

OISTANCE n0OvED (3= ,13080614E=-)1
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*
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(130390725400 T T T T TTUIS050404840T
+13869224E+00 LL33781628501
RLTLELEYA T T I370T5 75+ UL
+14929%27€+00 .15521108E+2%
JL55596T35.00 7T 7T TLISIITAZTELSL
+1613333Q2+00 131504106431

)
q \ '
}‘

. e —— - —

o e o A et o e skt



.
]
M v
kl . . o
. . - THY < - ~--032 17T VHEAIN Vv IIHI ~e ’
w L = et — B s et o e mmean T - =
N L x
— the (7001 B TIERLY T uus Juoa9"" 00s 312104 ° 00s391072° ' AR A1 R .
I TN A0es8 26062 0Co0840 804008083900 87 0008090080 0605 000000 TTHTTT 004000040 000400004°0044000800030 0004000 TDsUNOTS N
: . 1irt ) ) m n ' . *
. 3] - [ R) 1R < . ~ - L .
SRR YU B S VRN § § S, SN JRUSPUL S *
. |5 I u . . w . . .
K 1t L ) ; 1 * 10vI0nOT .
‘ T 'y : " 1 . . . . h
- ) . 1B LI 1 ’ . -
L s - (RE . 1 LN - . i - .
_ 2 - G 3 4 . | & & B  { . Py e e e e e e h
. - g . Tero - . 11 . . 1 ° ¢ IDeO9TT -1.
- ° 1 R Tl ) ] ) . .
T s e . (RARRREA N1 R . . : ) . ' ‘ v i
) - 1 ¢
\ A . . LIS : .
T e M e P — EVSE B I B T L AEUL T A
| M\/ ) . o N ..- ' L ” . . ’ I
H - . " a
o . 12°€2 914 ‘ 1 -
mV i N f ’ 3 ' . 1 ' *
[ N . . 1 - ¢ 104402¢ " .
' ~ . 28 - p—— R ,u ESRPI § - | S lqiu.”Ay
.w * L d A . . [ . > - * - A-
[ a4 © T ’ . M £l - . * * ‘ .
4 - -8 N .. o . i X ) 1 - N “ . B
L > = . 1. . 2 104300%0 n ro
$ 2 S - ® e 1 ¢ a ! °
U S - ) —— . 1 r I SU - *
i R Tos . - . . - . - vy -
T .. v -
. . , ' [ . 1. ’ N ) Yy ;
; T . ) * oo LI *+ 10+308yV°
! o N ' . B 1 4 / L] ’ S
N ¢ . i . 0 1 . -8 - . .
. S M R e I . s e L R T . R I
. ’ - e ° . - N . ’ . . ° T L.
T ) . > . 1 10 WG et - .7
° ° . . 1 B ' ¢~ - ) .
2 -, & N , ' i} 1 L b}
. 4 - oo T . 1 . [
e e B X by . - X . X T SO
¢ e . N * ' L . | . [ [ RRT L) B 4 " .
[} Yo . * . - 1 . -
i i .. LA B . . i 1 B » .
‘ - . . / ] ' .1 . .
: b - ' . .. / -t - <. A
. A _ M. e - s : ' : 1 » 10030721° J
w L e . * - - 'R A L )
. 'y . * R . - - R [}
I . 3 4 \] . N
: N < ) . ot v o v '
- - ..»q»a:oo;o::ooo...:oooo....:.ooo.o.ooooo::..o::o...o:.o¢..c.o:o...:.oo‘.ooooo.o:..».o:_ 10+« J100HT " - . ',
. 100 w13Ing SOSAIA 04 NILys SSOI Nannd : . J
: 0
| ' . ) . -
. . .
. i i .
w i ¢ * b v N B et " -
* i i a : . . - = . i W
i tw?&azii_&ls:‘, U . S, e e e - . e < i
A e N - ‘2 - R N - b
N .




U |

——

126

. [
A

, @
as .«oooooog!—oz

A= .200000002+09 C=  .20000000§-10
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- - - o, - —
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NE

W Zle JL73702856+0L _ NEW Z2= .22140680+0L-

I3 -
.- - —— - - - .

EXTIA PHASS SHIFT PHIl= ,5231b647%5E-01

MEA 13s 29734730201

DISTANCE NQVEQ 43= ,261532378~01
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e . i dE R - ————
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" CHAPTER 1V

SUMMARY AND DISCUSSIONS = ‘ ‘

.. In this report the étepped Quarter Wavé Transformer is‘
copsidered and characteristic impedances are determined for three
sections to give Butterworth and Chebyshev response in the passband. o
h . ' Botg Stepped Quarter Wave Transformer with and without hiscontinuity
cap?citances ‘are discussed. It is found tﬁat in both cases;
1 analytical methods to determine the characteristic impedances is
hiéh]y difficult so a computer.aided analysis is ta be employed.
The ch;racteristics are then plotted with.the4aid of a computer suE-
rout1ne for both Chebyshev and Butterworth cases. " The values of -
' character1st1c 1mpedances which are determined are then USed to plot
the characterist1c curves for both the cases and it is shown that the

curves are exactly same as compared to the one plotted without using

“these values of character1st1c 1mpedances thus verifying that the »

values of character15t1c 1mpedances are determined correctly. The
values of characteristic impedances are varied slightly and the effect - -
is observed, it is seen that it does not make any changes in the

behaviour of the curves.

Stepped Quarter Transfornn;! with cgpaciténce at junctions
are discussed and their effects are observed., It is shown that there -
is a Smalllincrease jn\the magnitudes of individual step reflect%oné
aqd extra phase sh%ftsgpre created in the reflection and transmission

S
coefficients of the step due to this junction discontinuity. Methods’

R
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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.
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