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and TI¡r modes
Íu1

ymnô=-=tj - V-
cmn

- jtoe
r¡ | - ;-t-al K-cmn

sink xcoskyn xm

cosk xsinkXM XM

y'Yüy) (5' 3)

y'Yüy) (s'¿)

(s.s)

(k cosk xsink vü'xmxmyn-x+J<

(k sink xcosk vü kyn xm yn' x

where

^r2Imn -

k2=
cmn

Similar mode field patterns

kxm

:<l* + t<_'z__ r¡2uaxm yn
k2 +k2xm yn
exist in guide B (1) with

NIT
ynb

,nT
J\.yna

"mïxm a'

mïI=-bt
(5.6)

Since each mode has two independent variables describing it,
m and 11¡ and for each m and n not zero there are trvo resultinq
modes TE and Tlf_. , an orderinq system has to l¡e applied. Themn mn'

system used was to call tU01 the first mode and inerenent each m

and n to a predetermined **u.* and Ðmax ineluding ilre

corresponding TI4 mode if it exists. For exarnple if m*.* = 4 anrl

n = 3 and the junction is compretely svmmetricar, then m ismax

even ancl n is odd. The resurtincr B mocles are To01, TE03, TE2L,

,r'tZ.-, to41r ttt41, T843, tto43 By a suit.able choice of m*r* and.

n the morie tlrpes can be ehosen to cater for more or ress
max

severe dj-scontinuities in either the E-plane or the I{-plane.
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5.2 Inteqral Calculations

The mode types are essentially the same as in Chapter 4 | that
is, they are tiÀ/o dimensional functions. The dou]:le integrations

can again be broken into the product of two one dímensional

integrals thus saving considerable calculations.

5.3 Semi-infinite Svmmetrical Step

The step of Fig. 5 "L is solved for symmetrical eases only

Here the number of modes required tos/ith an incident TtrO t mode.

get a good solution is just less than the square of the number of
modes needed for a one dimensional step. For this step the

number of modes used was IB with \nax = 6 and Ìnax = 5. Since b

= r.5 and br = 0,8, the severity of the step \^ras approxi.matellr

equal in both directions, hence \ra* = t,r*" For f - t3 GtIz. the

resurting input admittance is as indicated in FicÍ. 5"2. This

agrees to v¡ithin 202 of a very approximate method given by

Bandler (19) for the sarne problem. It is interestinq to run the

same problem wíth b = 2.0, br = 0"7 and t = 13 GHz. The

resulting equivalent circuit is shov¿n in Fiq" 5.3. Because the

steps are relatively smaIl, Bandler's (19) approximation metho<1

is more accurate and the results agree to rvithin 22.
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These two exampres show that this type of step can be either
capacitive or inductive depending on the sizes b and l:' and also

the frequency. The step can be made to resonate at any frequency

by the proper choice of parameters. Untier this condition the

capacitive and incluctive components of the step are exactly
equal" This leaves no imaginary component.

5.4 Irises

The symmetricar iris or windov¡ of Fig. 5.4 is studied b1r

using the singre step results of see, 5.4. The resonant

properties of this parti-cular rvindor,v are descri-bed by Ï^Ialker (20)

and the vsldR is plotterl against Ào, the free space wavel_enqth, in
Fig. 5"5, These are experimental results and are thus for a ver)¡

sliqhtly lossy syst,em and hence the VSI{Iì does not go to exactly
oneo For modal analysis results the imaginary parts must exactly
cancel and so small errors in determining eaeh part of the

impedence, ie. capacitance or induetance, lead to larqe
percent.age errors in the resulting resonant freguency"

The resulting input impedance of the rvindo:^¡ is not eonstant

with the number of modes used but jumps arounci rvhen the frequency

is near resonanee. Three VSivR curves eorresÞonding to l.{ = N -
16, 180 and 20 are given in trig" 5.5" The rninirna for the curves

are eentered about the experimental minimum thus inrlicatinq that
modal analysis can give relatively close ansl^¡ers.
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VSIÍR

alter( zO )

lo(cm)

Fig. 5.5 Stancling \,Jave rat,io of resonant rvíndor.v
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6. FIELD ST.]GULARTTTES

The results of the previous chapters have inclicated that
convergence is rather slow for all configurations rvhen aceuracy

is desired. The outstanding aspect about the fielri plots of
Chapter 3 is that the il-field goes to infinity near the edge of
the discont.inuity, A great, many modes must be taken into aecount

to accurately reproduce the fieldo In this chapter a term is
introduced t,o help create the field singularity.

l,lumerical Treatment of the Sincrularit

Fox and Sankar (22) solved a screv,r propellor problem usinc¡

finite dj-fferences by first iqnoring a singularity rvhich i.¡as

kno-'vn to occur at a point. The solution shor¿ed considerable

disturl:ances at the singularity point and so an alternative
method ',{as. sought. They composed a special analytic function
which was valid only in the neighl:orhood of the singularitl' and

was completely knot^¡n in f orrn except for three magnitucle

coeff icients" This function sat,isfies the differential equat-i-on

and ):oundary conditions in the neighborhood of the singularity



49.

point 
"

The finite difference techniquê r¡zâs applíed to the problem

again; this time leaving out. a small region surroundinq the

singularity" Then the constants of the speciat expression r{ere

solved using three finite difference points. The special
function was then used to define the field in the neigl-rÌ:orhood of

the sÍngrrlarity" This technique provides accurate ans,,.Jers to the

problem since they $/ere able to make a comparison with a knoivn

analytic solution.

A modification of this technique will ]¡e attemptecl to helrr

the modal analysis rnet,hod converg.e to a solution.

6 " 2 E-i{av.e_on irredçle in Free Spgqg

A wedge in free space is considered next since it will be

used in the treatment of -,vaveguide st,eps. rf the right-anqled
wedge in Fiq. 6.1 is in the path of a plane ll-wave traveltj-ng in
the -y direction then the magnetic fieIcl near the eclge goes to
in f in itlz . ¡\n E-rvave is a polarized plane wave rvith erectric
field in the z-direction. There is an eclqe condition that
requir:ies tire energy density to be inteqral:Ie at the edge. I,thil.e

the magnetic field goes to infinity at the edqe,
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Fig" 6.1 Right, angled wedge in free spaee.

l<

B(1)

o(r )

a-yb a

2.286 cm"

J
Fig" 6"2 I{-plane step end and top view
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tire electric field remains finite in tlie vj-cinì-t1'of the:r1qe anC

vanishes riqht at the edge. If r-i¡ are the polar eo-ordinates

centered on the -,vedge eclqeu L\e fiel-ds in the vicinity of thr-:

edge are qiven brz Van B1atlel (21) as

E_ = A r2/3 sin], rl.r

z
(6"1)

and

Hr = -. 3 # +r (ü* cos \þ/3 + oo sin \þ/3)

These exrfressions are valirl onlir in free space ancl are aceurat-e

onl1z near tire wedge, l:ut theT can ]:e usecl in a ste::rperl vavec¡uirle

to describe fielcls very near the ec1ge.

6. 3 SpcrciaL -focìe,':'orlnqlation

of the semi-infinite II-pIa:re step of Cir. 3 is
t1o Tire stel: of i.i-q. 6"2 has t.,¡o cor:telrs i-n the

as tirat of Ìriq. 6.1 v-ith ú = 0 or ìl = 1800"

tire electric f iel<l ;rart of (5 .I ) and c'ra:rgino t:re

ein to that of tite ;¡aveguicle j-n t icT (6.:) , the

he i:rlge in qu-i-de l(1) is rer)lr?senterl l:;t¡ a s-;ecì-al

A(y

A(a

The soluticn

idered agai

orientation

re-writ incJ

rdj-natr: syst

elcl ne ar t

ti-,)n il-I\XS

lt/z
I= 13/2
I

L6

cons

S AINE

lly

co-o

lJ-fi

func

'/3j ou

r'Jl t)U

Y,)'/'
Y5 Y) 213

Yb<Y'Yb+ô

ay,_6<y<a-

Elseivhere

yb
(6"3)

E-
.¿\xs



51"

The field in this function is defined to be zero if it is not
within an arbitrary clistance ô of the edcJe and rvhen it is
tangential to the metal, rn this study ô rvas chosen to be 0"I
crn. for the ){-band guide of 2"23 cno The eorresponclinq il-fieltl
special function definition is then

crJå Yb-'Y-<Yb+ô

noo= = Ttvb-vtr
A

Ty-y;fl yb ô

A
Tv-"ryil-f a-Yb.<Y \<a-yb+ô

¡ì

A
\< Ys'a-yb

yb
2

/3

2

YJ

(6"4)
\<y

There is a component of the magnetic

conductor rvall for p = 0o, These

wíll l:e treated as one special mode to
nornal lvaveguide modes.

f j-elcl tangenti aI to the

ttvo funetions tl and IIAxs Ays
i:e us ec1 rvi th the other

Àny function that is used in tl-re moclal analys'i-s technique

must i:e linearly independent of the other funct.ions to be fitted.
Tiris is necessary to ensure that the integrat-ion of (A.2.I) goes

to zero. tror this probl-em the function= E=* and IIOs \^/ere made

orthoqonal to the 
"oo' 

normal ',vavequicle modes by using the
Gram-Schmidt proceclure to eliminate tlre morle components j-n the
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special function" This ensures that all functions useC are

linearly independent since orthogonalitl' guarantees linear
independenceo If ì'l normal rvaveguide noc.les in g¡icle A(1) are

used, then the ri€ir' orthogonalized s¡recial functions are

"å*= = EA*=

and

*oo" = noy=

-za

f"
^MZr

)a .ù-
a=-L

M

I sink vl=inL vE- dv,u- al_ al- - A'xs ¿
I=-L J A

(6.s)

sink vaa sink vH- dvar- * l\ys (6"6)

6.4 Ì'fet,hgds of Integrating rJlLJr Singularities

The integrations in (6.5) and (6.6) are not given in inteqral
ta-bles and thus must be evaluatetl numerically as rlescribed in iee

3.2" Àn added comprication is that the inteqrand in (6"a) g,oes

t'o infinity at trvo places at the edge along the y-ax-ì-s r^¡hile the
integration along the axi ; is finite o A di::ect numerical-

technigue fails since the derivitive also gioes to i;rfinity at
these trvo places and a finite number of evaluations of ilre
integrand near the edge do not give the resultinq inteqral.. The

contribution to the inteqral very near the sinqurarity goes to
zero and thus this point may be opritted" The reqion omitte<t was

arl:itrarily chosen as the smallest <listance that the word lenqth



-)dv=-'/3
rY¡

J"o-u

Y=t3

2

/3
l" sin k¿1 (yn-y) .r*,lT*'J"1
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of. tire computer used r,¡ould allow. The region omitted :,¡as 10-5

cm. wide and using tÌre Simpsonrs ::u1e integration technique,

results were obtained"

There are however other numerical methods v¡hich remove the

singularities from the domain of the inteqrand" Of t,he four

metlrods sugqested by lrroberg (23) , the sul:st.itut-ion method is

ap¡:lical:Ie here, The integrations are carried out only in the

vicinity of the edqe and so part of the inteqral of (6"5) beco¡nes

Let

The i

the

techn

Table

¡¡( 1) ,

for

al:e cJ

EB*=

ntegra

derivi

irlue 'ø

6,1.

Speci a

but Ìt

rJj=

ive¡r a

ß
E

=)

þ

I'

sin kri y
(v-vo) å

in (6.7) and i^¡e have

,lljou A yzls

Ãj ru A(b-y¡43

(6"7)

(6. B)

has none and

I integration

results of

juncti.on in ctuide

field exist only

Tire special fields

(6. B)

eri ea

t the

-1 ¡o

ã | 
sin lkri (vo-t') l t ¿t

'ri
nd of (6"7) has a singuJ-arity vhile

tives are regular also. The num

as then applietl to (6"8) to arrive a

I functions are defined for the

ere l;oth the electric and macfnetic

1B0o in the plane of the junction.

S

Y-<ô

Y>¿ b 6

Elsewhere

(6.10)
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Y( ô

Y >7b 6

tne A(1)

ortìrogonal

by

rI sin k.
J5 þr-

_quicle , thes e

to tho 'r(1) guide

(6"r1)

speci al

normal

(6 " L2)

(6.13)

(6.14)

(6"15)

(6.16)

(6.r7)

methocl since

A

'T

E;

H;

2
XS IJXS b

2
ys "Bys b

This is done

N
I sin l<. v. &- -r)a -a:l.
Nt
Ï sink. v I sink. vH. dv.'. þl- - l. þl- - bysl_=J- ¿ b

E-- sin k_. yl\r_ al-

H-. sin k vAr- ar -

E^. sin k vTJI AI

H-. sin k v
IJ l_ ar_

e rnodal analysig

vE. dv- .bXS

where iI is the numJ:er of normal mocles usetl in wavequide B(1) .

If the numl:er of normal modes is nine, ancl one special mocle

is used, then the nine coef ficients of the sin (ku1y) .ancl

sin(k-,Y) terms are given in Tairte 6.I for the special functions.DI-

in the form
E: = E-AXS AXS

H: =fl-Ays Ays

',t 
tr

!* !_
TJ XS }J XS

Ht = !r"Bys '^Bys

can be usecì in

[{
i

i--1
M

Ii=I
N

I
i=1

N

I
i=1

thThese functions
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1

2

3

4

5

6

7

ô
O

9

,oLT29

. ot1 32

-.02088

-"oo3gg

.o2Lr2

-. 00 341

-.oLg?3

, oog68

.or457

, B65r

,8525

-,7944

-"787 4

.6802

.67t4

-.5308

-"5237

" 3697

"077r5

.ozLB4

,0 3231

.o3754

.o3699

"o3L27

.o2192

,01109

.00099

"12373

.35454

" 53853

" 65443

.69359

" 
66103

.57 363

.45599

"33487

Tab1e 6.1 Coef ficient,s to
f rom (6.L4 ) to

orthogonalize special functions
( 6 . 17 ). For rvedge .
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they are nov¿ linea::112 independent of tÌre normal waveguicle modes.

6.5 llodified Solution of il-Plane Ster:

The H-plane step is solved using nine regrrlar rvave-guirle

rnodes and the functions (6.14)-(6.15) and (6.16)-(6.17) as one

rnode each. The first step is to calculate the inteqrals of (1.7)

Èo (1.9) which involve these special funetions. The ¡nethod of

calculation v¡as essentially Lhe same as descr.il:ed in See. 6.4.

Ilsing these values plus the regular integ'rals, a solution to the

st,ep is obtained by the modal analysis method. The results are

compared rvith the results for 14 = Ii = 10 ancl 15 for f = 10 GLIZ.

us ing normal vraveguide modes . T\.Jo results f rom Table 3 . 1 are

sununarized here along r¿ith the special function solution.
Y - -f2"323 l,l = li = 10

Y - -j2.330 irf = l{ = 15

Y = -j2.328 special Ì,{ = Itr = 9

The rnagnitudes of the Il-fie1d at the junction are plotterl

for this solution in rig. 6 . 3 n tror comparison purposes t'tre
corresponding plot of the magnetic field match from Fig. 3.4 for
i'd - j'j = 15 is sho"vn above it. z\s can ]re seen the fieL<l rnatch

near the metal edge is ver)¡ close as comparecl to the normal morle

rnethod. There is hot¡eve:: a rnismatch i-n field values rvhere the

special function starts on each side of the metal eclqe. The

effect of the special function on the eLectric fie1cl is small anrl
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there is no clifference in the already near perfect electric fietd
matcl'r and for this reason it, is not plotted"

Assurning that the normal solution for i1 = ltr = 15 is more

accurate than the normal solution for i4 = ll = 10, one can see a

slight improvement using the special mode formuration, The

result does not, however, appear as accurate as the ì{ = Ì{ = 15

case. To clarify the potential of the special mode metho,C to
give improved results, tests r^rere run on the semi-infiníte
syrnrnetrical ]:ifurcation for rvhich an exact solution is Ìinor"/n.

6"6 l,{odified Solution of the II-plano Bifurcation

The semi-infinite Ii-PIane l:ifurcatíon shown in Fig. 6.4 v/as

solved by l{exler(24) , using modal anallzsis. The solution for a

large nurnber of modes compared favo::abI]r r¿ith the exact soluti on

given by ì.larcuvit,z (25'l .

To derive a special function needed for this solution,
consider an incident E-v¡ave on the thin edcfe with electric fielci
parallel to the edge in trig. 6.5. The solutions for tl:e fíelds
near the edge are again given by Van Bladel (26) as

Frt-,rz - ¡r r-2s in'þ/Z

II* = - A (u-cos þ/2 * u., sínþ/2) 
(6'18)

Ë ----î /¿ I2i uv¡ \
These equations are quite sir:ilar to (6.1), si-nce ilere al-so the



H
v

3"2

r.6

3.2

1.6

I.-içÏ" 6"3 ilacyn.iturie of

niorial lrethocl al:ovc ¿lncJ

tro
J(Jc

edge 1.14cm

ma<r'netic f-iclr1 sÌrovri.ng match vritll

surtc-ial. frrnction ncthcil Ì>e1ol..'

H
v

vb

Ivl=l{=1o
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1"143 cm 2"286 cm

s (1)

A(t)

bifurcation, end and top vier+.
is in cutoffo

B (1)

c

1,"0,

Fig" 6"4 H-Plane
Guide B

Fig. 6.5 Thin ecl-qe r^¡ith coordinate syst,em.
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H-fierd must go to infinity at the edge and ilre lr-field goes

zero at the edge.

By re-arranging (6.I8) and changing the co-orclinai-e system

to that of Fíg.6.4¡ the funct,ions used in the wavequide l-¡eeome

to

and

2jru À(c - yl,
0

(c - Y)r¿

o

c -ô<y< c

EIser,¡here

c -ô<y< c

elsewhere

(6"19)

(6 "20)

A

These correspond to the speci-al functions for the '.vetlqe
t^¡hich were given in (6. 3) and (6 

" 4) . The anç¡Ie 1ü r.¡as taken as

-901 ancl since the guide is completely symmetrical about gre

center c, the function is shown only for the left half of the
guide. Similar expressions exist for the right hand side but are

not used since all- calculations are done on the left side only
and tiren multiplied by trvo"

The correspondinq functions used in guicle B(1) are exactel.y

the same as (6.19) and (6.2C) sínce the bifurcation has zero
rvidth "
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The functions in (6"19) ancl (6.20 ) are orthogonalized t,o the

normal waveguide modes in exactely the same wa]¡ as (G. 3) anrl.

(6.4) were done by using (6.5) ancl (6.6). The procetlure tor n(1)

guide is done by using (6"L2) and (6.13), but substitute Eo*= for

%*" o and thy= tot th'= as defined in (6.19) and (6.20) 
"

Table 6.2 gives the resulting coefficients as define<l in
(6.14) to (6"17) " rt v¡as pointed out lty lrTexler (27) , that for
TEO' exectati-ono the normal modes in guide zr(1) are odd r.vhile the

modes in '(1) are both odd and even r,vith the same mode form

defined over both B(1) sectionso

The functions (6.l-4) to (6"17) are used as one mode in each

guide r^¡ith the summation tak-en over the number of normal mocl.es

used in each guide. Results \^/ere obtaineti for four and nine

normal r.'/aveguide mocles, to give a total- of f ive and ten terrns

respectively 
"

The exact solution for the distance d of the shift of a

short circuit equivalent circuit, from the plane of the

discontinuity, is given by ì.'Iarcuvítz(25) and is computecl b'y

2¡d = Za (f + Inl¿) s, (2a¡ I, 0)

^g^g-Àg
r^¡here

+ 2S1 (a; Lr, 0)
À g

(6.2r)

x
n

Ôo

n=N
1,¡ ("Í a,0) . -'tS]-N I

(6 "22)
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Er!n.:¡\I FIai Esi Heí

I

2

3

4

5

6

7

B

9

Table

"03674

-.03556

"03325

- "02992

.0257 4

-"02089

"01561

-"01012

.00468

1. 10 46

-1.08 B0

1.C555

-1" 0085

"9 489?.

-.87912

" 80192

- "72030

" 63736

.01208

- "02366

"03426

-.04344

.05087

- "05627

"05948

- "06044

.05923

.20170

-.39691

.579 45

- .7 4376

.89511

-.99992

1.08568

-1.14I33

1. 16718

6.2 Coefficients

using (6. 14)

to orthoqonalize special function

to (6"17) for thin edge.
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and

À_g-

hthere À is the free space wavelength.

For a frequency eorresponding to å, =

input admit,tance at the junction r,,/as carculatecl from (6.2r) to
be y = 2"4175. This value differs by 0.002 from the value given

by I¡trexler(28). The infinite sunnnation in (6.22) r^ras terminated

when the terms made no difference to the ansv¡ero

The solutions using the modal analysi5 method lvith ilre
special function are summarized in Table 6 " 3 along with the

solution using modal analysis with normal modes only.
The improvement using the special function for five terms

is strbstantial but the improvement using ten terrns is onry a

littIe better than using ten normal modes "

one would expect nearry perfect results l:y using the
special function along with normal mocles, since the function
space spanned by the set used should l:e nearly complete as far
as representing the f ields, One im.orovernent may be realizerl b1z

using a function that represents the sinqularity across gte

çhole guide lviclth, rather than in the neighborhoo<1. of the
singularit'¿ only. This would require using a porver series rather
than the first term r.¡hich dominat.es near the discontinuity.

o7 the nor¡rali ze<l
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fro. of normal modes with special
terms only function

5

10

20

40

Exact

-j2 "363

-j2 .3e6

-j2.4r0
-j2 " 4L5

-j 2. 389

-j2.4or

-j2 . 4L7 5

Tal¡le 6.3 iilormalized arlmittance at the bifurcation"

Frequency corresponds to ê = .7 and guide

v¡idth a = 2.286 cfiì. 
r"\
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This lvoul-d horvever Ì:ring up tlre complication that the electric

fiel-d at the guicle rvall- rvoulcl not be zero as is requirecl by the

bounclary conclitions. Iiov¡ever the nor:nal- rnocles nay cornbine to

approxirlate a zero fiel-d" i'his r^.'oulcl aclci corrìputations j:ut in fact

rrlay save tirre in the encl since it lnay pernitt f er.¡er r.1ocles.

These exarlples denonstrate that using non-orthoqonal

functions is possibl-e ancl can give improvecl results. perhaps

soìì1e other f unctions coulcl be useci to give bette:: resul-ts.
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7. DÏSETJSSION AND CISNCLUSIONS

The modal analysis formulation presented by I{exl-er

apparentLiz converqes for any reasonable l'I,/lf ratio" The method

converqed for all step sizes attempted as opoosecl to the other
modal formulation of Clarricoates and Slinn (2), rvhich eonverge

for only one ratio for a given geometry,

The use of a scatterinq matrix here allows for the solution
of multi-junction problerns while other formulations given r1o not

allow complicated back scatterinq from discontinuities on the

load side of the junction being solverl.

The more accurate Simpsonrs I/3 rule (23) could be used for
all the integrations if the nurnìrer of strips requirerl for the

desired accuracy were known beforehand. This is not usually the

case but when a configuration is used over acrain many times r,¡ith
only minor changes in parameters, the L/3 rule rvourd c¡ive

slightly faster integr:a1 calculations "

Transverse field plots generally shov ho-.v a solution has

converged but it is not possible to assess how aecurate the

resulting reflection coeffieient is. UsualIy a good indication
can be obtained by running tests on a junction, varyinq the

number of modes used and noting the chanqe in the reflection
coefficent p' The error is likely to be less than the <{ifference
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of the tv¡o cases with t,he hiqhest modes.

The same applies to irises providing they are not too thin"
To determine the number of modes required for a relatively thin
iris is much harder, since the sequence formed by increasing the

numÌ¡er of modes used converges very slowly. There seems to be no

v¡ay to determine the aeeurac)¡ of the results obtained rvithout

comparison t,o a knor,vn solution.
For confiqurations which have excited modes that are two

dimensional functions u the test for converc¡enee must inelude
jumps in modes used that include modes from the next group along

an axis, For example if TE' r'ras the hiqhest morie for a trial
run then the next highest mode number to use must include the
Ttrgg mode,

. The formulation g_iven foi: the field sinqularity appearsj

to give improvet{ results for the same numJ:er of modes" The

method used 
"vas 

quite cuml:ersome ancl it was not eas\z to run test
cases varyinq the numl>er of modes used. A real test, of its worth

would be in the tt¡o dimensional step where eonvergenee was a real
problem" This rvould necessitate the inclusion of a Lerm for the
electric field since for the E-plane sten the electric field has

a singularitv at the eci.qe.
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APPENDTX

A" I Program DescrÍption

The program consists of a main calling program which calls
nine subroutines which in turn use eleven function subprograms.

The carling sequence is given in Fig A" L and a description of
each subprogram follows.

The main program declares many of the variabres used

throughout the program and are thus stored in coÍrmon. The

paramet,ers of the first junct,ion to be solved are read in"
Waveguide parameters are calculated lvhich are necessary for the
placement of short and open circuit, terminat,ions, and then the

scattering matrix for the first junction to be solved is
assembled' Subroutine CIJTRL is then caIled ancl data for the next
junction is read. Then t,he reflection coefficient is printed for
the previous junction and these last three steps are repeated

until all junctions are solved.

Subroutine Cl'rTRL is simply a sequence of calling sùatements

which call ì'ars¡ srl.fcoi'f , sLVEe¡ and BASC in that order"
subroutine I'{ATS is a routine which computes all the

integrars and scattering matrices required by the program. rt
also calls GAl"l to get rnode types and characteristics. I'{À,TS also
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MAI N

reads
no

yes

no

CNTRL

ca [ [s

MAT S

assernI es

GAM
mokes
modes

SI MCOM
Iinear
eqn s

SLVEQ
sotves

ter ing
FIELDC

ptots

pri n t
resuI t s

yes

Fig. ¡\1 Flow chart of modal analysis proqram
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calls routines TF for field plots, and INTID to

int,egrations.

carry out the

Subroutine GAì'f generates the necessary modes and their

propagation constants for particular junction geometrys.

Tf is used, when desired, to produce a map of the field

vaLue cont,ributions of each mode used" It, is used in conjunction

with subroutine FIELDC to sum up the actual fields aft,er the

coeffieients are known" Both these subroutines are used only for
plotting purposes and are not necessary for the junction

solution 
"

Subroutine IÌ'ITID is a routine lvhich breaks two dimensional
integrations into one dimensional integrations. It calls the
routine ri{TEGR to perform the actual integrations of the
functions FI, î2, F3, oøøî FB.

SIMCO.vI takes the results of the int,egrations from MATS and

produces a set of comprex linear equat,ions according to (r.5

1" L2) " These equations are solved by subroutine SOLVEQ which

uses complex elimination rvith partial pivoting. The solution
vector is printed out and next subroutine IIASC is call-ed. This

routine calculates the back scaLterings coefficients according to
(I"13) " If field plots are desire'd then FIELDC is called next"



00 0l
0002
c0 c3
oo04
oo05

oo 0ó
c0 07
00c8
00 09

c0 lc
oo 1t

00 12

co l3

00 14

0015
001ó
cctT
00 t8
co l9
c02c
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REÂL LÄPBDÂ' LEÀG lH' KxA (3c¡' xY¡ (30 t'Kc¡s c ( 30l r Ks c, HU,/ Lz "s6637E - g/
I NT E G E R R , R I-I I N , R I{ A X I F J C N , X S Y P , Y S Y F
c,AI Ê C129.97925 / tthcpt/ ê.28?lett? EpsLcN./8 .e5428 _
INTEGER SHCRT,/. SC ! /,CPEÀ/ cCC. t r¡J þlcH/t ltLt I
coHpLEX Ä f 30 I, AVEC ( 30, 3C ¡, B( 3Cl rCD( 3C r3C l rC0EF( 3lt ¡ VEC (31 I rY rGAfjÁ (30 ¡
EQUIVÄLEt\CE (RH0,AVEC( t, ll I
I ¡iT EGEF+2 pecEá { 3, 3C t
cc¡/PcÀ Á, E rCD ¡ S rCCEF rVEC, ÁvEC rtúrÀ rNpl ¡ R r Rp IN r RpÁX r CLlssr FJCNr JCNc0MHoN /M À1 cay / cA¡tA rM0DE A rKx A tKyÂ, KcA sc rcyEG A, K sc, x¡, yÀ rxe ryä, ¡ pn p

t r ÂD pFF, E F F ¡, e C F Fl' rSÈ L r XSy p, y Syy, t4 p¡t, HCpH
CCl.111Ch,/Ft\CIN,/I r J ryyB, yeDpRp

1O REÄC (5,2C1 XAIYÁTAPRF;ADPR}l,XB,YB,BPRHIECPRP,LENGTH,CLÂSSILOAE¡
E t\ JC ¡\ S ¡ F ¡ fl r l¡ r lr P t, I C F p, X Sy fv, y Sy p, FJCN

TFL=F
C-__--SET UP TNTEGER FRESUENCY TN GHZ.

D0 120 IF=lFL¡IFI
C FJTF

REWINC 4
C_----R I S THE INCICENT I'CDE ÄUHBER

RMIN=l
RMÄX= I
IF fñJCNS .GT. ft R!ÊX=F

20 F0RHAT t4FtO.l/qFtc"L/2FLC"Lt3X¡Ã2¡I5rFtO"Ll7t5l
L AI4EE A=C / I
kRI IE (ó'30) XÁ rYl r ÁPRlv r trCPRP tXB rYEr BPRP r BCPRpTLENGTh, CLASS ¡L0.aDrtNJC N S r F I t{ r N, tlpH , t1Dptr I X S y p , y S y 

1,, , FJCN
30 FCRI¡T {rCXA =.F8.4r4Xr rYÁ =tFB.4 t4X¡AHAi =F€.4r4Xr4HA¡r =Fg.4r4Xr,6XB =tFE.4 ríXrrYB =tF8.414X14He. =FB.4r4Xr rgfr =rFg. q/. LEN =rFi.3rt5Xr TCLASS=.F 4.I t5Ì t rLOAD= rA2 rI I I c JUITCTICNST 5X, I F=r F6 .Z r5Xr5X, ¡ H =tr 13 r5xrrN =r 13r5Xr p' r=, I zt. pr r r r=! 12¡ 5x¡ ¡xslM=r Il, 5Ìr !ysrM=r I I r5xTIFJCN=tIII
C_----SEI ÂNCLLAR FRECUENCY

CFECÁ=ThCpI*F*t"E9
C--_--CALCUTATE GUIDE h¡!ELENGTHS

SUA=1. - lLAtlED At2.t ADpRHt+*z
StiB=1. - ILAyEEÀ/2.,/B0pR¡, l+*z
GLAMA=LAPBDA /S IGN ( SCRT ( ÁeS( StAl, r SUÂ I
GLAt¿8=Lilr¡EDA/S IcN (SCRT ( ¡8S ( StB t L st B IhRI'fE lê¡4Ct 6L¡p¡rGLAt{8rL¡tr8CÁ

40 FORH¡T ( ! LAHB0AG A=rGl2"5¡t LAt¡BDÁG B=!Gr2.5¡r LArúBDÁ=!G12.5
E}

' KSC=CIECÊ*C¡tE6¡+pL*EpSLCI\
NPI=N { I
SI,L=L EhGTI-

C-----DETERI/ThE LcAD TIYPE FcR FIRsT JUÍ\cTIcI\ ScLvEcC-----ÁND HI..ERE TO PLACE SHORI
IF (LC¡C.EC. CpEtr) St,L=GLAÄe|4.
IF ( LCÁD .E0. SHCFTI Sf L=GLÄtsB./2.
IF (LCÁC.¡\E. MÁTCHI PRINT 5C,SI.IL

5C FCRPAT (I SHCRT ¡T!G15"5¡ !CF.'I
C_-_SET SCATTERING HA'ÌR¡X TO C FCR I¿ÁTCHED LOAC ÉND -I Ct\ CI¡GCt\ÁLc-----F0R S t-C FT

D0 ?C I=lrh
CO éC J=lrN

60 ÁVEC( IrJl=(0.r0"1
lF (10ÁC.t\E. trAìCH) Â!EC(I¡Il=(

?O CONT INTJE
CC llC JCñ=l'NJCt\S

C-----SOLvE ÉÁCH JLt\CTICt\ IN tCCp

- L ",0 ",

14/

r3llrRHCrS(30r30t

'cc tc
00 20
cc3c
c04c
cc50
cce0
c0 ?0
cc80
ccçc
0 100
c I lc
c 120
0 130
cl4c
c l5c
01ó0
c 1?c
c t80
0 190
c2c0
0210
0220
c 230
c240
c250
c 2ê,Q
02?0
c280
czso
0 300
e3t0
c?20
0 330
c340
0390
c3ó0
c3?0
c380
c390
c 400
0410
cq20
C4;?0
0440
c4 50. c4éc
0470
c48C
c490
05c0
cSrc
c520
0 530
c 54C
0550
c560
c5?c
o580
c590
0éc0

cc22

0023
cc24

: OO25
oo26
co27
00 2B

c0 29
0030
00 31

cc32
t033
o034
cc35

cc36
00 37
003 I
cc39
00 40
004 I



ooh2
o043
c044
oc45
o0 46

004?
c04 I
cc4ç
c0 5c
o05 I

o0 52
o0 53
ca54

o055
cc5ó
cc57
o0 58
cc5ç

1)

CÂLL CI\ TRL
Y=(1" - Rt-o)/(1. + RHol
hRITE (6r801 R1-CrY

80 FOR¡rÁÌ (TCRHC =r2Gló.8r5X¡eY =02G1ó"Bl
IF INJCi\S .EC" l¡ c0 T0 llC

C-----SET PAR¡PETERS IÀ F IRST JUÀCT TCN
RHA X= I
XB=XÂ
YB=YA
BPRH=ÄPFP
ECPRI't=¡DPRH

C-----REAE FþFAPETERS FCR NEXT JUNCTION
READ ( SrICC rEtrD=l2C) XArYÁrrtFRlvrÊtpRp¡SpLTCLISS
PR INT 9O'XÂ' YA'APRP IADPRIT'SPLICLÂSS

90 FCRPAT (tCXAr rfl6rrYA! ¡T32¡'ÄPRHt¡T4BrrADpRMttl6,4e TLENGTH!rTBCrrCL
tAss | /(.Gte..tl

100 FcR¡'AT (4F10.l/2Fß"tl
IIC CC¡.TIÀUE
L2C CONTINUE
130 cAL L EX ¡r

END

cé t0
0é 20
ce30
cé40
06 50
cééc
cé7c
cée0
céç0
c?cc
07 t0
c7 20
c7 30
0?40
c?50
c?é0
c77 0
c?80
c?ç0
0ec0
c810



000 I

ccc2
0003
0004

0005
cc có
0cc ?

0008
0009
c0 tc
001I
ccL2
00 l3
0014
cclS
00tó
00 1?
c0 18
00 19

c02c
00 2l

73"

SUBRCUTThE CNTRL CCIO
C-----CALLS SUEFCUT INES FCR EÀCI.{ TNCICENT HODE CCzO

REÁt IåPBDA CC3O
INTEGER R,RHINgRI{AT,FJCN OO4O
c0¡¡pLEX Áf30lrAVEC(30r30)rB(?01?c0(3cr30lrc0EF(3lr3llrPRHo¡s(3cr3c cc50

t) ¡VEC f 3l I ¡'r rD CCéC
COHM0N Ár8¡CC¡STCCEFTVECoáVEC¡Prlr¡NPITRrRHIN'Rtr¡XrCLÁSSTFJCNTJCN 00?0

ccEcCALL P¡TS
D0 tC R=RPIÀ'FIjAX CC90
caLL s tHcc¡4 0100
CALL SLVEC(CCEFTVECTNP1¡31a0¡61 Cl10

tc cÂLL BÄsc cl2c
PRll'¡T 20' (vEC( I I o I=2iNPll 0130

20 F0Rt"Ä1 llll. eJr2cló.811 cl4c
PRINT 3C'(AVEC( Irl) ¡I-lrPl 0150

30 FoRtrÊT l//1. AI r2cl€"8¡! Clóo
. BJ=CÂ8S(VEC(2II CllC

AI=CABS(AVEC( l¡ ll l C180
PRIÀT 4CTEJIAI OTçO

40 FoRt.At l//r lBtl=!Gl5"?re lRrcl=rcl5"?l c2c0
IF (FJCN .NE" c¡ CÂLL FIELDC(VEC'ÁVECrll - t¡lil 02t0

C-----I¿.T FCR SPECIAL HEDE OHLY O22O
REÏURN ', Cz?C
END O24O



000 I
0002

0003
0cc4
00c5
OOGó

ccc?
00c8
c0c9
00 10

c0t1
00t2
00t3

00 t4

00 !5

c016
o0 t7

cc 18
00 ls
0020
cc2l

oo22
c0 23
oú24
c025
00 26
0027
c02a

00ze
00 30
00 31
0032
0033
0034

o035

oo3ó

0c3?
o03E

0039

c040

0c6t
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suBRoLl IN E MAIS oo 10
co¡lpLEX Al30)rÂVEC(30r30lrB(?0)rCC(30r30)TCOEF(31r3ll?5{3Cr30l,VEC CC2O

t(31¡ ,GÂ¡'A(3C) rGAPe(3Cl eCLPtJYrGrtrGL CC3O
INTEGERT2 HODEÄ(3,3C),¡4CDEB(3r30ltfg/tÌE0 ltÍtt/8IHs/ oo{o
EXTERÀÊL FlrF?,F3rFAtFsrFórF7rF8 CC:C
EXTERNÁL FSE IFSHIFD CCéO
REÁL KSCTKXA(30)'KXef3ClrKYÂl3ClrKYB(3C)TKCASO(3CITKCBSQ(3ClrIt\TlC OO?O

E¡FUlL2.5e637 E - 9/' It\T CC8C
DATÀ pt /?.t4ttç3/ tE FSLCh/8.85428 - I4l 

" 
ccçc

I f\ T E C E F h F r H l"! P I r H À ¡ H N P I r X S Y tJ 
' Y S Y ¡, r S P A C E ( 4 I C I C O

CC¡'l PCN ÊTBTCDTSTCCEFTVEC'ÁVECTMTNTSPACETCLASSTFJCN CllC
C0l'4HCN /MAICCP/GAlrA rH00EA'K¡ÁrXYÅTKCASCTCPEGÁrKSCrX¿rYÅrXErYErÊPRle Ol20

6,ÂDPRPIEPFP¡ BCPRH,SMLf XsY¡,I,YSYH,I.IPMAX,MDPI'!ÁX , O13O
ccP.pch,/FhcTN,/IrJ cl4o
CoHHoN tce/KtBrKlB,KcBsQ ol50
cc¡rFLEx CEXP ,- cl6o

C" ". "pRECED IÀG CÂRD FCR hAIFMÍ\LY C t?O
READ lC'Nl4 . ol8o

C-----SET liP=l¿ FCR SPEC IAL HCDE FCRFUL¡TION ONLY CtçO
l0 FoRMÁI ( I 2l CzCO
C-----SET UP PCCE TYPES FCR THE ThO GUTCES AT IHE JU¡{CTICN O2IO

CALL GÁI/(I.PT,ÁX¡19CPHÄXIXSYP,Y5Y11 IKSQIAPRHTADPRMTGÂI{AgMOOEA,NNI c220
CALL G¡P{¡1 P¡IAX'PDPMÄ}'}SIIJ'YSYIJ,KSQ,BPRP,SDPRPIGêF8,I,ODEE,hÀI C230

C-_---CHECK TC SEE I.JOH ¡/ANY MOCES CENERATEO C24O
IF (lv.¡E. ¡\À¡ FRIITT 20rt\h CZIC

20 FoRHÄT ( | fl MoDES-! I2l o2óo
DC 50 J=l¡H C2'lOI=J c2€c

C-----CALCULÂÌE MODE PATIERNS FCR BCTH GUIOES O29O
KXAIJI=IvCCEA(1'J)/ÁPRH*PI C3CO
KYA(J!=flCCEAI2IJÌ/ADFR¡I+PI O3lC
KCASQ(J }=KXA(J,*KXA(J) + KYA(J¡*KYA{JI O32O
KXBfJI=PCDEBlltJl/8tFy+pI C33O
KYB(J)=ÍCDEB(2'J)/BDFR¡,*PI C34O
KCBSC(JI=KXB(JI'0KXB(J¡ + KYB(JI+KYBíJI O35O
IF (pCDEe(3,J} .Ee. TH' cC TC 40 c3éo

C_---CAL CULAÏE INÏEGREATIOS o3?o
AP=KX¡(Jl*INTID(FlrFttF2¡F2rXArXA + APRMTYATYA + A0PRMI*KXA(J) C3SO
ADP=K'vÁ(J)+INTIC(F3rF3rF4tF4,XÁrXl + ÂFR¡,,yAryA + ACPRHt*KyÁ(J, C39C
A(J l=[C.r l.l{0MEGA/KCASQf Jt+lsLlXCASSf Jl+GAI',Á(J}+(¡p + ÊCpl O4OO
BP=KXE{JI*IATlC(F5,F5'Fó'Fó'XB'XE + EPRH'YB'.IB + BDPRM}*K}BIJI c4Ic
BDP=KYB(Jl+INTID(F7rF7rFBrFSrXBrÌ8 + SPRf''!TYBTYB + BCPRH)+KYe(J) C42O
8(Jl=(C.'l.l'00HEGA/KCBSQ(J)*PUlKCBSQ(J)+GAl.1B(Jl*(BP + BDPI C430

C----SET UP FIELD PÂTTERÀD IN Á GUTEE c(40
C-----E FIELD IÀ A C45O

IF (FJCN .NE. 0 .AND. J .Ll. NMI CALL IF( ( C",1. 
'*0HEGA*¡/U+KyA 

(Jl/ O4ó0
8KCASC(JlrXArYÂrF3rF4l c47C

C-----H FIEL0 IÀ A C4eC
IF ( FJCN .NE " 0 .ÂND. J "LT" NMI CALL lF( { 1" ,0. t+cAr/Á( Jt /KcAsc(Jl+ o49o

6KYA(JI ¡XÄrYArF3rF4l ctco
G0 ïc 3c ctlo
IF fFJCÀ', "tiE. 0 .ANc. J .EQ" NHI cALL rFf(c",l"t*0HEGA+HU*1.5*SCRT O52o

TI3. I,XÁIYÄrFD¡FSEI C:¡O
IF (FJct .NE" c "ÅND. J "88. NM) cALt rF((l. r0.t ¡xÁ¡xArFcrFSH) c54o

C-----E FIEL0 IN I C55O
30 IF (FJct\ "t\E.0 "¡hc. J "LT. r\F) c¡LL TF((0"'1"t*0MEcArMU*KyB(Jll c:eo

EKCBSQ (Jl, XBTYBTF?'Fe' o5?o
C-----H FIELC ¡À B C5eO

IF (FJCt\ .hE. C .ÂtiC. J "LT" hPl CALL TF( (l",0"ttG¡¡,8(JllKCBSQ(Jl* C:çO
0KY8(JlrlBrYBrF?sF€l 0600



0042
0043

004 4
cc45
co46
c047
cc4 I
0049
cc5c
00 51

cc52
c053
0054

0055
0c56
c057

cc5e
c059
00ó 0
c06r
0462

ccó3
006¿t
00ó5
c06ó
0067
0066
ccéç
0070
cc?r
cc7 2
00 73
cc? 4
cc15
c0 76
cc77
0078
00 79
ccSc
008 I

0082
0083

0084

008 5
OO Bó
0c87
0088
ccSs

009 0

75"

G0 T0 5C oóI0
IF (FJCt\ "NE" 0 .ANC. J .EQ. N¡l¡ CALL TF((C"rl"l+OHEGÂ+HU*1"5*SQRT Cé,ZO

613.1aXBTYe,FDTFSE¡ cé3c
IF (FJCN "NE. C .ANo" J .EQ" Np) CALL TF((l"rC.)rXErXErFCrFSHt ce4o
G0 TC 50 oé:o

40 DP=KxB(J)*f¡iIlDlF?rF7rF8'F8'xB'xB + EPRPryBryB + BcpRMl+KxB(Jl CééC
DCP=KYE(JI*II\TIC(T5TF5IFó'FórXBrXB + BPRHTYEIYE + BDFRMI*K.rE(JI cé?c
B ( J I = ( C " r I . I * C P E G ¡ / K C B S C ( J ) + E P S L C t\ / K C P S C I J I * C Á P e ( J ¡ t ( D P { C D P ¡ C é I 0
ÂP=KXÂIJ}*INTIDIF?,F3]F4,F4I)|AIXÂ + ÄPRP,YÊrYÁ + ÁDPR¡,¡+KX¡ (J} có90
ÁDP=KYÁfJltlNTlClFlrFL,FZtF2tttrX, + ApRM,yAryA + ACpR¡{l*KyA(Jl C?OO
A(Jl=(C.¡l.l*Cl'/EG¡lKCASC{J)*€PStCÀ/KC¡SC(Jt+CÁYÁ(J)s(AP + aDpt C?lO

C PR INT 20 I CP I COP O?20
. lF (FJCÀ .f\E. 0t CÉLL 'IFICÄ¡tE(JtrKXBf J),/KCBSC(J IrXBryB¡F?rF€l C?3C

50 CONT INUE O?40
IF (F.l-T" ¡tHl CC l0 ?C C?50

C_---REÄD TÀ PÁRAPETERS FCR SPECT¡L PCCE FCRPUTÄTTCN C?éO
REÂC ÉC,A( tol rB( tC I o77Oó0 FCRP¡T (BFIo.Ì I . o?80
DL|HMY=(C" '1.5)*CFEGA+¡{U+1.73205 C?çO

C-----REPLACE Tl-E NEXT ¡1008 BY SPECIAL Y00E Og0O
Ä ( tOl =! ( lC l*CUpfiY C€tC
Bf 1C)=B(IC!+DIjPPY c82O70 CONT INU E 0830
PRIÌ\T 80r(Jr!(J!¡E(JlrJ=!rNl C€4080 FORMAI l//(. 

^Brl2rlxr4ct6.g)l ogjo
C-----CÁLCULéTE THE CROSS INTEGRAL c 8ó0

D0 l{C I=1¡lú Ce?OD0 l4C J= lrN 0880
tF (cL¡ss "EQ. - 1t G0 T0 90 c 8ç0IL=XB C9CO.
XU=XB + BPRM 09 10YL=YB CçZO
YU=YB + BDPRI, C93OIF (MoCEA(3' It .EC. TMt G0 TC tzc O94OIF (PCEEe(3,J) .Ee. TH¡ cC TC 110 Cç5C
G0 TO ICC cgéO90 XL=XA Cç?O
XU=XA + ÄPRl¡ Cç€OYL=YÁ ,' 

Cç90
YU=YÁ { ACPRH ICCOIF (PCDEBÍ3'J) .EC" T¡{l GC Tc 120 rClOIF (HODEA(3,I¡.8Q. TH) GC TC IlC 1O2O100 GÂ=GÁlv!(Il lO3OlF (CLÁSS .EC. - 1"1 GÄ=GÁyB(Jt lCqOC0(I'Jl=(C.rl.l*CFEGA/KCÁSQ(It*pL/KCBSC(Jl+GÁ+(KX¡(I)*INTIC{FlrF5¡ lOSO

tF2rFóTXLTXUTYL'YU)úKXB(J¡ + KYA( I)+INTtD(F3rFTrF4rFBrXLrXLryLr.yU)+ lCóOTKYB(J¡} IC?O
G0 T0 140 [o8ollC ¡F (CtASS "EC. f.l I¡iT=l ( - KXÊ(I))*INTID(FtrFrrFZ¡FórXLrXLryLryU) lCçO

€+KYB(Jl + KYA( ll+INTID(F3rF7 tF4rFErxL'XUTYLTYUI*KX8(J¡ I llCOIF (CL¡SS .EC. - l. ) INT= - (KxA( I¡*tNIlD(F3rF?rF4rFe,XL?X[rryLryUl IllO
E+KYBIJI + KYÁ(I'*I¡iTIc(FI,F5,F2,Fó,xLIXUrYLrYU,,èKXB(J)I II2ocD(I'J)=GAHÂlI¡/KcAsc(I)+GAt"8lJ¡/Kc8sc(Jt+tNT tl3o
Gc TC 140 tl4oLZC IF (PCDE8(3'Jl "EC" lt{ "Át\0" CLÁSS "EC. l.) GC T0 t3C flSOIF (MoCEÂ(3,I1 .EQ. TH "AND. CLASS "EC" - It GC T0 t3o l160IF (CL¡SS "EC. 1.1 IhT=( - KX¡(It+INTtD(FS,FltF4tFerXLrXL¡yLsyLl* l1?C8KYB(Jl + KYA(Il+IhTlD(FlrF5tF2¡F6rxLrxLrYL'YUr+KXe(Jt¡ llgoIF (CLÁSS "EQ. - l.l INT=(( - KIÄtL l*IN'ilD(Fl,F5rFZrF6rXLrXUryL¡ ll90

TYUI*KYB(J¡ - KYÉ(I¡+INTID(F3rF7rT4¡FBTXL¡XUTYLTYU¡'OKXB(J¡I I2co



cc9 t
cc92
cc93
cc94
0095

0096
0097

009 I
cc99
0100

010 t
010 2
cl 03
c 104
0 105

c l0é
0lo7
ctcs

01 09
crlc
cllt

76"

COlI ¡JI=KSC/(KC¡SG¡¡l+KCeSC(Jll+lNT 121C
GO 10 l{c 1220

[30 GÂ=GIPEIJ¡ ' 1230
lF (CLÂSS "EQ. - l.l GÁ=CÁl{Â(Il l24C
CD(IcJl=(C"rI.l*CHEGA/KC¡SQ(I)*EpSLCN/KCBSQ(J){GÁ*(KXA(Il*It\TlC(F3 l25O

t¿FTcF4tFSrXLrXUsYLrYUr*KX8(J) + KYA( IISINTlD(FlrF5sF2tF6¡XL¡XL¡YL¡ 1260
tYUl*K'YSlJll l21C

I4O CONT INUE I28O
IF (t' .LT" NPt GC T0 160 1290

C-----READ tt\ PARAI''EIER FCR SPECIÁL lCtE t3C0
REAC ó0,Â10 l3l0
REAC óC¡(CC(I¡l0l¡I=1r9lo(CC(l0rJ)rJ-lr9l t32C
D0 l5C l=lr3 1330

C-----REPLâCE NEXT I',IODE IITH VALUES FCR SPECIAL HODES T34O
cD(Irl0l=cc(Irlc¡*DU¡/t4y$cAt4¡{II,/KCASQ(n*KyA(I} l35C

15C CD(rCrIl=Co(lcrI)*(c,r - I.)*c¡vEGÄ*t,!Lj /Kc8sQ(Il*KyB(ll 1360
. CC( 10 r 10 l=0UHHYfÁlO t3?0

16C CCNTINLE I38O
l7C FOR¡{ÁI llllt CO'2I3¡lX¡2Gtó"€ll 1.390
C-----CÂLCULÁTE SCÄTTERIT\C MATRIX FCR IiEXT JUNCTION TO BE SOLVED 1400

D0 l€C I=IrN t{10
c0 180 J=l¡N \42O
GL= - SliL+(GÄFe(ll { GÁpe(Jl¡ 14;2C

C !F(ÂBS(GL).G-Í" l.ElC¡ GL=-l.EtO 1440
180 S(IIJI=CEXP(GL¡{AVEC(J'II 1450

RETURÀ I4éO
END I{?O



000 r
0cc2
000 3
0004
ccc5
00 06
0cc?
0c08
0009
00 t0
001r
0012
0c r3
00 r4
00 15
0016

00 t7
cc t I
0c I9
002 0

00 21
oo22
ac23
oo24

0025

c02é
ac27
002 B

cc29

0030
cc31

oo32
0033
0034
003 5
0036
0c3 7
0c3B

0039
0c4c
004 I
0042
0c43
0044
0045

3c
40

7'7.

SUBFCUT I N E G¡v ( l{PP t HDPH T X SYI'l t YSYP TK SQ t ÀPRP tÂDPRP tGApP' P0DE t À}

REÀL XSC,KX'XY
ItlTEGER XS'rM rYSY¡"Y'f SYH
INT EGE F*2 I Ê/ tT Et /r THl rTH r/ rHoCE( 3, 301
COMPLEX GÄPP(3C¡
CoMPLE¡ CSQRI'CHPLx
DÁTA PII3.L4L593I
YYSY¡a='t SìP
IF (YS'rM .Ea" Cl YYSYH=l
N=0

lO IF (xS'lt' "hE" 0l GC f0 20
MPRM=0
G0 rc 30

20 t''l S=XSYF
MMPH=HPM + XSYH
D0 t0c ptrpRf.l=t,s,HHp¡1 ,XSy11

C--_-GENERATES I',COES hTTH X '¡êRYII\G
MPRM=l.lPPRl'- XSYH
KX=laPRF/A FRI'{*P I
NS= I
D0 80 tDPRtvs=NS rHDPF TYYSYH

C--_--GENERATES YCDES HITF Y V¡RYING
MDPRP=HDPRHS
IF (I¡PFP .EC. O .ÉNC" HCPRH .EQ" OI GO TO 80

5C KY=t'DFRPT¡çPP¡r+PI
N=N+l

C-----CALCUt¡TES PROPCGATC IN COÀST¡NT
óC GAI'lH(ti )=CSQRT(CtjPLX(KX*XX + KY*KY - KSC'0"¡l
C---_-SET UP COCES FOR TE MODE TYPÉ

X0DE(lrÀl=FPRF
M0DE( 2rÀ)=l"DPR14

?0 HODE(3rhl=TE
' IF (¡i .cE" 30!
c-----cHECK FCR POSSI

IF (YPRF .EC. O

li=N + I
C----.GÁMMA IS SAME FCR IP MOOE

GAHtJftr)=GÁPM(N - l¡
M0DE( I ¡ti)=l¿PRH
M0DE(2rlil=FDPRM
YCCE (3 rNl=Tl¿
IF ( YSYP .88. 2 .Ar\0. PCPR¡¡ "EC" Cl PCPRIl= - I'
IF (N.G8.30) GC r0 1lc

80 CCNT I ÀtJE
C-_--ALL ¡,ICDE ARE
90 IF (XSYI{ .EC.
l0c c0N1 I NUE

TIO CONTINLE

cc10
cc20
0030
cc40
0c50
0060
cc?0
0c80
0090
c tc0
0tl0
0 r20
c 130'c 

140
0 150
c 160
c 170
0180
c l9c
0 2c0
02 10
c220
0230
c240
c250
0 2ó0
c210
c 280
0 290
c3cc
0310
0 320
c33C
0340
c350
c 3éc
0 370
c3 80
0 390
04 00
c 41C
c420
c430
c440
c450
c460
c47C
0480
c4 ç0
c5c0
0510
c520

'

cc rc ll0 \
BILIIY OF TM PCDE TYPE

.CR" MCPR¡I "EQ. C} GO TO 8C

GEt\ERAIED IF CNtY'tECN IYPÉ
0l G0 To ll0

PRINT 120' (MCCE 13, I
L2C FoRHAI l//(. .Ã2¡12

R ETURN
END

I'M0CE( lr I I rHCCE( 2' I I'GAHH( I I' I=l¡Nl
¡ lX ¡ l2 ¡ ! GÊli= | 2GI5.7 ! I



000 I

ccc2
ccc3
0004

0c05
000ó
ccc?
0008
0009
0c t0
o0l I
o0t2
00 I3
00 t4
00 l5
00 t6
0017
c0t I
cc t9
0020
002t
co22
0023
tc24
oo25
oo26
cc27
oo28
0029
ûc3c
0031
o032
0033
oo34
cc35
cc36
o037

78.

SUBRCLIINE SIPCCP ñ¡I^
C-__ASS EHSLES INTEGRALS ¡NTO SET CF ECUÄTICNS OO2OINTECEF R,RMTNORPAX CC3OREAL tAl',BDÀ CC{CcoMpLEX A(30lcAVEC(30?30lrB(JlClrCD(3Cr3Ol ¡C0EF(31¡31lrS(3Cr30l rVEC OC508(31¡ ¡SI,FIPRD CCéCCOM¡10¡\ ÂrBrC0rS¡CCEFTVEC¡AVECTP¡K!PNrKÁPfiPlrRrRPINrRttÄXrCLÁSS CC?C

ECU ¡V¡LEhCE (CLÁSS,SIGN ¡
ccEF(l¡tl=Á(R! coSo

vEc{ I )= - SIGN*AIR! ccçc
Do 30 J=t ¡KÁpN oloo
SUI4=C 0110

te :;,:S,l=:'äô!i,K '1:!1,{! -, f i;i2A CoEFflrJ + tl= - SIGÀ+CD(R'J¡ - SUH Ct5O30 CONT INUE
co 40 À=r,KÁpN olóo
NPI=N + r c17o

0180
C0 E F ( NP I ¡ I l=CD ( R ¡ t{ } 0 19040 VEC(hPl !=SIGh+CD(R¡Àl c2c0DO llC N=ITKAPN
NPI=N + ! c21o

Do 90 J=lrKÁpfi c22o

SUM=o c23o

Do go I=rrH c24c

rF (¡ "Eq" R! Gc rc 80 322350 PRD=C OZ¡ODC 60 K=IrKAPN ' : CZBO60 PRD=PFC + CC(IrKr*SfJrKl c29070 SUH=SI,íM + CD(I¡N}*(SIGN*PRD + CD(I,JIIlA(I' O3OOB0 CCNT INU C3tOç0 COEF(lrFtrJ + lt=Slct\*SLtr îa.õ
C0EF{nPIrNPI)=SICI\*B(N) + CCEF(hplrNpl} ö;5;D0 1C0 J=lrKAPN c340JPI=J + I c350100 c0EF(NPt'JPll=coEF{NPt'Jptt - B{t\¡*s(JrNl 0360ll0 CCNT II\UE î21^
RETURN , -'..
END c380

0390



00 0l

0002
c003
c0 04
000 5
0006
c0c?
000 B

000e
cc lc
0011
00 I2
cctS
00 14
00 l5
00 le
00 l7
ccle
cc l9
002G
cc2L
0022
oo23
ca24
co25
0026
0c2T
G02e
0029
0c3G
003 ¡.

0032
cc33
0034
0035
0036
0037
003 I
cc 39
0040
004 I
co42
0043
cc44
ac45

TC 20

0cl0
cc20
00 30
cc40
cc50
0060
c c70
cc80
0090
c 1c0
cl10
0120
0130
c l4c
0150
c 160
c ll0
0180
c 190
0 2c0
0 210
c220
0230
0240
c250
c2ê,o
c210
c280
c290
c3c0
c 310
0320
0330
c34C
0350
0360
c3?0
0380
c390
04c0
04 t0
0420
0430
o4qo
c45C
04é0

l0

20

30

79"

SUBRCUT I¡\E SLVEC I Êr BTNTNC lH¡ C rLN ll l
C---_-SOL!ES A SET CF IIhEAR ECUÁTICNS

INTEGER tN f T
CC¡lPLEx ¡ IND IH' NC ¡H ) r B (N I 

' 
e ICA ¡hCLD¡ D

NMI=N - I
0= 1"
D0 80 K=lrNHl
BIGA=Á(KrKl
J=K
KPI=K + I
0C 2C [=KPIrlt
rF (cÄestErGA) "CE" CÀBS(A( I rK) ¡ I G0
BIGÁ=ô(IrKl
J=I
C0NT tNL,rE
D=C*8 lGÁ
IF (CÂ8S(Cl "Ée" c.l Gc Tc 100
TF (J .LE. KI GO ÏO 40,.
C0 30 I=K rN
H0LD=Â(KrIl
¡(K'I)=ÄfJrIl/BIGA
Ä(J r I )=HCLC
H0L0=B f K I
8(Kl=B(J¡lBIGA
B(Jl=FCLD
GO T0 €C
DC 50 I=KPlrN
A(KrI)=Ä(Krll/BIGÂ
B(K)=ElKl/BIGÂ
D0 B0 I=KPlrN
DC 7C J=XPl rÀ
A(I'J!=Af Iri) - ÂlI'Kl+A{KrJl
B(Il=e(Il - A(I'Kl+B(Kl
D=D*A(hrNl
IF (CÄeS(D) .EQ " C. I
B(Nl=B(hl/ÅlN'N¡
DO çC ¡=t ¡hlúl
K=N- I
KPI=K + t
D0 çC J=KPl rh
B(Kl=B(Kl - ÄfKrJl*B(

G0 T0 lc0

40
50

60

iU
BO

90

l0c
trc

JI
R ETURN
hRITE ftNIt,Llcl
FORHÁT ( 'OS INGULAR SET CF EçLATICNSI I
R EÏIJRN
ENO



c0c1

0002
ccc3
0004
0005
c0 có
0007
0008

0009
cclc
001I
0012
cc 13
0c 14
0015
cc16
0cr7
001 I
0ct9
0c 20

c c2l
oo22
oo23
oc24
00 25
oo26
cc27
00 28
0c2s
0030
003 1

oo32

80"

FUt\Cl ICh Fl (X ¡
C-----DEFINES FLNCTTONS FCR E¡CH TNTEGF!TTCh

coHpLEx Á ( 30 ), g ( 3c I rcD (3cr 3c I r S( 3C, 3C I 
'C0EF 

rGAtr8 (301'GAHÂ ( 301
I NTEGER*2 ¡,CEEA (3 

'3O 
I

REAL KXA{ 3Cl rKyA(3C) rKcÁSe(3cl fK¡B(30} rKYB(3cl rKcese(30¡ rKse
CCP¡'CN !¡ Er CCTSTCCEF¡GÄHB
CCP Y Cf\ / ¡/ ¡ TC C lt / ß A þ A r FC C E ¡ rKX ¡ r KY É r KC ÁS Q ¡ Ct{ EG¡ r KSQ r X A ¡ YÂr X B ¡'VB
COHHO¡\ ./FNCTN,/ T,J
ccHpcN /Ge/Kx E¡ KY.8'KCgSQ

C--_--FL - Fq FCR A GLIDE
Fl=S IN(KXÂ( I l*( X - XAI ¡
RETTRT\
ENTRY F2( ìI
F2=C0S(KY¡f L+(Y - YAll
REÏURÀ
ENTRY F3{ XI
F3=CcSlKXÁ( I l*(x - xÂl I.REIURN

ENTRY F4f YI
F4=SlÀ(KYÉlI¡û(Y - YÄl l
RETURI\
ENTRY F5( }I

C---_-F5 - F8 FCR B GUICE
F5=SIN(XIe(Jl+(r - XBI !
RETURN
ENTRY FóIYT
Fó=C0S(KY8(Jl*(Y - YBll
R ETURN
ENT FY F7 IX I
F?=CCS(KI8(J)*t)r - XBl t
R ETU RN
ENTßY F8(YI
F8=SI¡i(KYB(Jl*(Y - YBI I
R ETURN
END

cct0
cc20
cc30
cc40
cc50
ccó0
cc ?0
0080
cc90
0 lc0
0tl0
ct20
0130
0 140
c l5c
c lé0
c t70
cle0
c 190
c2c0
c2lc
4220
c210
c240
o250
c2ó0
c2?0
0280
c2e0
03cc
0 310
c320
c330
0340
0350



000 I

0002
000 3
0004

000 5

cc có

cc07
c00e
ccoe
0clc
00tl
0012
cct3
00 14
00 l5
cc 16
00 I7
CCIB
00 r9

o1

suBR0t,i 'l INE BASC
C-----CÄLCULÁTES 8ÂCK SCATTERING CORFF¡CTENTS

TNTEGER R ¡RICIh,RPAX
REéL LÁHECÂ
c0¡,pLEx A (30 I r ÂVEC ( 30 ¡

6( 3t t ¡ SLP'I rSU¡/z t SLP3
30 ),8( 301,c0( 30 ¡ 301,coEF ( 31,3l I , s(

COMH0N Âs 8¡ CC rS TCCEF tVEC tÁVECt Pt À rNP I tR tR!qtN tRt'ÁX tCtASS
C----_SUY IS ÀECÁTIVE FCR ENLÊFCEI'IENT

EQUIVALENCE ICLASS'STGNI
C-----R1.0 IS FIRST UNKNCHN

ÂVEC(R¡Rl=VEClll
DO 3C I=l¡P
TF (T .EC" R¡ GC TO 30,
SUH l.C "
DO 2C J=loN
SU M 2=0
DC lC F=1¡h

lO SUM2=SLM2 + CD(IrK¡+S(JrKl
20 SUMI=SUEI + VECIJ + l)*(SIGN*SUHZ + CD(I'J¡t

ÂVEC( I ¡R) =SIGÀ*SLPI/Á( I I
30 CONT ¡NUE

RETURT\
END

00 l0
cc20. cc 30
0c40

3Cr30!,VEC CC50
ccé0
00?0
cct0
0cç0
0t00
c I lc
0 120
c130
c 140
0 150
c 160
cl?0
0 I80
0 I90
c 2c0
02 t0
c220: 0230



000 r

c002
0003
ccc4
c005
000ó
cc c7

0008
ccc9
00 t0
001 I
cc l2

0c l3

00t4
cc 15
cc t6
0 017
c0I8
00 t9
002 0

002t
cc22
aa23
oo24

82"

SUBROUI ¡NE TF( C0N rR2 rR I rF)rrF'f t
C-----ÏOTÁL I.,J P F IELC FCR EACH TiCRTÊL H¡VEGUTCE MOD€

REAL Yf l2C! ,DELY/.QL/ rL {21 rU f2l rCEtTERl2l/t"L43r.51
coMPL EX CCN, FEY ( 120 )

L(ll=Rl
L(21=R2
D0 4O J=l¡1
Y(ll=0"

C_---CALCULATE FIETD II. X ANC Y DIRECTIONS
IF (J .EC. I ) FEyil. l=CoN*FX(.rlûFy(y( lll
IF f J .EC. 2¡ FEY(l l=CClt+FX{0")*FY(I.l5l
IF (L(J) .cT. C"l FEY(ll=C"
D0 2C l=2tL20
Y(Il=Y(I - l¡ + DELY

C-----CALCUL¡IE FIEL0 Ct\LY T0 CENTERLIÀE
IF (Y ( I ) "CT. CEÀTER (J I I GC TC 30

C---.-FtELD IS C lF Y lS LESS THÂt\ CRIGIN
¡F (Ylt¡ "cE. L(J,) GO t0 l0
FEY(I)=(0.r0.1
GO r0 2C

l0 IF (J .EC. 1l FEY(Il=C0N{FX¡.51*FY(Y(lll
tF (J .EC" Zl FEy(Il=CCtri*FX(y(¡¡¡+Fy(f"f5l

20 CONÏ INUE
30 f=l - I
C-----HRIIE TI.lE ¡\IODE PATTERN TEPFCFÁFILY Oh CtSK

WRITE f4t Ir(FEY(K)rK=lrll
40 CCNï IÌ\LE

RE T URN :.
ENO

00 l0
c020
cc30
0 040
cct0
cc60
cc70
ccSc
cc90
clc0
cll0
0 120
c t30
c 140
0150
cléc
c t?0
cle0
c I9C
0 2c0
c2 l0
c220
0230
c240
c250
o260
c2?c
c280
0290



000 i
cc 02
o00 3

ccc4

0005

o006
c007

0008
000e

o010

o0tI
00t2
0cl3

00I4
c0l5
00 tó

00 I7

cc 18

00 te
cc2c
0c2t

oo22
0023

0024
oo25

0c26.
oo27
cc28
oc29
0030

003 I
oo32
c033

0034
c03 5

003ó

00 37
003 8.
cc39

0040

004 I
oo42
0043

83.

SUBRCTT INE F IELCC (VEC, ÁVECII,t IN I
C0MPLÊx VEC( 3t I rA!EC (3C r30¡ rFEy (lZO I rFI€LC f t20r4 I
COMHON /BLFF /FE,\
INTECEF t\FÌS (4 ¡

C----_S¡GN IS ¡iEGATIVE FCR H FIETC
REAL SICN(4]/t.¡1.r _ l.r _ l.t

C-----PLÄCE FECCRD AT IFE FIFST HCCE
REH IND 4
D0 20 J=Lt3tZ

C-----REÁc FIRST tiCDE FCR E FIELD tHEÀ h FTELC It\ Á
REAC (4t I'IFEY(KlrK=lrIl
NpTS(Jl=I

C pRINf 2CC r(FEt( Kl ;K=lrI I
l0 F0RMÁT (r FEY./l12cll.3)l
C-----CALCLLÁTE FI ELD F¡TTERÀ DUE TC FIRST I{ODE

DO 2C K=lrI
20. FIELC(K'Jl=(1. + SIcN(J)*AVEC(l,l)l+FEy(Kt

D0 30 l¿CDE=2 r l{
C-----DUMHY READ T0 SKIp FIELD ft\ cUI0E B

READ (41 tr(FEy{KlrK=lr Il
REÂO (4t Ir(FEy(K)rK=lrI)
D0 3C J=lt2t2

C-----REÁC NEXT E ¡NC F PÂTTERN FOR GUIDE A
READ (4¡ Ir(FEt(Kl¡K=LrIl

C PRINT 2C0r(FEy(Kl¡K=lrtl
D0 30 H=lrl

C-----A CD TH E tJ IO F I E TD
30 FIELD(KIJ}-FIELD(K,J) + ÄVÊC(¡lOCE,II+FEY(K¡$SIGN(J¡

DC 50 J=lr3r2
I=NPIS(Jl

C----PRIt\T CUT T0TÂL F IELC pAITERNS FCR GUIDE A
PRI Ì\T 4C r (FI ELC ( t( rJ ) rK=l r I I

40 FoRM¡1 lt/ | EÄ) FtELDl / (llr8G15.?ll
C-----tilRITE TCT¡L FIELC PÁTTERNS Oti DISK

hRIIE l€l Ir(FIELC(KrJl rK=l¡ll
50 CON I INti E

C-----PCSITICÀ TC FIRST RECORD ON CISK AGAIN
REt{IND 4
C0 óO K=1r120
00 60 J=L t3 ¡2

ó0 F IELD( fi ¡¡ ¡=9.
D0 70 H0DE=2rN

C_----T}íC DUIYIJY FE¡CS TC SKIP FTELIS ¡N A
READ (4, Ir(FEy(K) rK=l¡Il
REÂC ({} Ir (FEy(KtrK=lrIl ¿'

DO ?C J=l r3 r2
C-----REÁD E ANC H FIELOS IN GUTD€ B

REAC 14, Ir(FEy(KlrK=t¡ Il
NPIS(JI=I ' i

D0 7C K=lol
C-----SUM UF TcTAL FTÊtc PÂTTEFN IIi GUTcE B?O FIELD(K¡¡¡=¡IELD(K¡JI + VEC(PCEE}+FEY(KI

C0 B0 J=le3c 2
I =NPTS (Jl

C-----hR¡TE TOTÁT FTELD PÁITERNS ON CISK
HRITE (81 I' (FIELC(KrJ)rK=lr It

c-----PRILT cLT T0TÁL FIELc PÊrTERÀc E ÁtiD r-'r FIEL0 GuIDEg€0 PRINI çCr(FIELD(KcJl¡K=lrIl
90 FORF¡T I/ /. EBX F IELE) T ( IX, BG r5 "? T I

RETTRN

cc t0
cc2c
00 30
cc4c
cc 5c
cc60
cc70
0080
cc90
c t00
0l lo
c 120
cl-20
0 140
0150
c 160
c1?0
c 180
0 190
0200
c2l0
0220
0230
c2qa
o250
c2êO
c 2?0
c2e0
c2ç0
03c0
c3 10
c320
o3?0
c340
0?90
0 3óO
c370
c 3e0
c390
c{c0
c4tc
0420
c 43C
0ti40
c450
c4é0
0470
c4 80
c {s0
0500
c9l0
c520
0530
cr40
0550
0560
c5?0
0580
0590
0 ec0



ccc I
c0c2
0003
ccc4
0005
00 0ó
cccT
ccce
0c09
ccrc
0011
00 l2
cc l3
o0 l4
001 5
cc 16
00 l7
00I I
cc 1ç
00 20

10
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S U B R C L T I Ìi E I N T E C R ( F X T G X ¡ X L T X IJ , E P S , Y I
LOG ICÄL ThC
XC=XU - XL
H=XDllC0
N=XDll-t +.5
N=N./2{2
H=XD/À
NHI=N - I
SUH =0
Th0= . FËtSE"
DO ¡ç ¡=trliltl
X=I*F { XL
HULI=4 "

IF (lhO! FILT=2
TH0= .ÀCT. Th0
SUP=SLF + IvULT*FX(Xl*GX{Xl
SIMP=(SUH + FX( Il,r*GX{ XLI + FX(XLl,r.GX(XLl )*H/3
Y=SIFF ,

RETURÀ
END

cc l0
cc20
0030
cc4C
cc50
0c60
cc ?0
cc80
ccç0
c Ic0
ctt0
c 120
c 130
0 140
c I50
c 1é0
0170
0 t80
c lç0
0200
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A" 2 llodal lÌcluation Derir/.ation

This derivation is given by Ï,ilexler (1) and is repeaterl here

with a slight generalization for the incirlent rnode.

Assuming an orthogonal set of modes in each guide seetion

described in (2"I) to (2"4), then for i * m

tt_
I e^= x h^* " ü_ ds = 0 (A" 2.I)Ja al- am z -

Equate (2.1) and (2"3) and t,ake the cross product of each term

rvith 1^* and. inteqrate over the cross section or a (m) . Foram

sinnplicity of notation let

(A"2"2)

and

(A"2.3)

we then have

t_(xj = le xh ü dsl_ Ja al- al- -z

I
u jt jotoj * ñri ' ú, ds

(r + gr) u, or = 
:1, 

oj (6jr * 
ul, =jL ô:.r,) m = r (A-z-4)

and

æO

\'q. LI . Ir r- jlr bj (6jr * 
ol, =jr 6r.i) m f r (A.2"s)

Equate (2.2) and (2"4) and take the cross procluct of each

term wit.h Ç and inteqrate over the cross section of guide B(*) 
"þn

Using the orthogonality con<lit-ion

t_I e. X h_. . ü_ ds (A.2"6)
J 5 -bn --b3 -z
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and the notation

we have

(1 o ) a ô -'r'Tnr Ï a. 6.u- r nl_
l-= l-
i*t

using continuitlr

Substituting

o ó +i5'r nr ,b- aJ=L- r

lvl
r
L

i=1
i*'

N
T

ô.. 1.1- s.. ð. ôll_ K=t_ lK Kl_ nl_

Nç b.LJ
i=l a-T

cxi

and from (A.2"4) we get

N
(6. + I s.. ô. ) - cr,'lr ,-'., lK -kr' -'r

J\.- -L

Ilquation (/r"2.5) can be re-written to qive

in (2.13).

ir

' and is givena-
I

t_ß. = I e. x h. ü dsJ i¡þl þJ z

æ

=(b I n' n .ô-
I =-L

of the maqnetic fie1d.

(4" 2 " 5 ) into (.A,. 2 .7 ) and re-arranqing rve get

ocL'r r (A.2.e)

The equations \^Iere truncated at Ì4 and l{ modes in wavequicles ¡ (1)

and B respectively" The boundary enlarqernent problem results
in similar equations but some inteqrations are over clifferent
l-imits and there are are some siqn changes. For comr;leteness the

general equations are qiven in (2"5) to (2.L2).

. s. )ßIln'n
(^"2"7)

(A.2"8)
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