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and Hwimh modes

ééj ='L?n (kmeOSkmeSinkynyﬁx + k__sink__xcosk__yu ) (5.3)
cmn yn xm ynd Ty

=~ _ Jjuwe . ~ : ~

haj = fr— (kyn51nkxmxcoskynyuX kxmcoskxmxs1nkynyuy) (5.4)
cmn

where K - I x - Ar
Xm a' yn a
2 .2 2 2
Yon = kxm + kyn weHe (5.5)
2 - 12 2
kcmn kxm * kyn

Similar mode field patterns exist in gquide g (1) with
k = — k = (5.6)

Since each mode has two independent variables describing it,
m and n, and for each m and n not zero there are two resulting
modes TEmn and Tan, an ordering system has to be applied. The

system used was to call TEOl the first mode and increment each m

and n to a predetermined mmax and Noax including the

corresponding T™ mode if it exists. For example if Mpax = 4 and

nm « = 3 and the junction is completely svmmetrical, then m is
a

even and n is odd. The resultina 8 modes are TEOl' TE03, TE o1

TMZl, TE41, TM41, E43, TM43 By a suitable choice of M oax and

n the mode types can be chosen to cater for more or less
max

severe discontinuities in either the E-plane or the H-plane.

T
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5.2 Integral Calculations

The mode types are essentially the same as in Chapter 4, that
is, they are two dimensional functions. The double integrations
can again be broken into the product of two one dimensional

integrals thus saving considerable calculations.

5.3 Semi-infinite Symmetrical Step

The step of Fig. 5.1 is solved for symmetrical cases only
with an incident TEOl mode. Here the number of modes required to
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 18 with Max = 6 and n, .. = 5. Since b
= 1.5 and b' = 0.8, the severity of the step was approximately
equal in both directions, hence Miax © DMpaxe For £ = 13 GHz. the
resulting input admittance is as indicated in Fiqg, 5.2. This
agrees to within 20% of a very approximate method given bs
Bandler (19) for the same problem. It is interesting to run the
same problem with b = 2.0, b' = 0.7 and f = 13 GHz. The
resulting equivalent circuit is shown in Fig, 5.3. Because the
steps are relatively small, Bandler's (19) approximation method

is more accurate and the results agree to within 2%.
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These two examples show that this type of step can be either
capacitive or inductive depending on the sizes b and b' and also
the frequency. The step can be made to resonate at any frequency
by the proper choice of parameters, Under this condition the
capacitive and inductive components of the step are exactly

equal. This leaves no imaginary component,

5.4 Irises

The symmetrical iris or window of Fig. 5.4 is studied by
using the single step results of Sec. 5.4. The resonant
properties of this particular window are described by Walker (20)
and the VSWR is plotted against )b’ the free space wavelength, in
Fig. 5.5. These are experimental results and are thus for a very
slightly lossy system and hence the VSWR does not go to exactly
one. For modal analysis results the imaginary'parts must exactly
cancel and so small errors in determining each part of the
impedence, ie. capacitance or inductance, lead to large
percentage errors in the resulting resonant frequency.

The resulting input impedance of the window is not constant
with the number of modes used but jumps around when the frequency
is near resonance, Three VSWR curves corresponding to M = N =
16, 18, and 20 are given in Fig. 5.5. The minima for the curves
are centered about the experimental minimum thus indicating that

modal analysis can give relatively close answers.,
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M=N=18

alker(20)
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6, FIELD SINGULARITILES

The results of the previous chapters have indicated that
convergence is rather slow for all configurations when accuracy
is desired. The outstanding aspect about the field plots of
Chapter 3 is that the H-field goes to infinity near the edge of
the discontinuity. A great many modes must be taken into account
to accurately reproduce the field. 1In this chapter a term is

introduced to help create the field singularity.,

6.1 HNumerical Treatment of the Sinaularity

Fox and Sankar (22) solved a screw propellor problem using
finite differences by first ignoring a singularity which was
known to occur at a point. The solution showed considerable
disturbances at the singularity point and so an alternative
method was. sought. They composed a special analytic function
which was wvalid only in the neighborhood of the singularity and
was completely known in form e#cept for three magnitude
coefficients. This function satisfies the differential equation

and boundary conditions in the neighborhood of the singularity
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point.,

The finite difference technique was applied to the problem
again; this time leaving out a small region surrounding the
singularity. Then the constants of the special expression were
solved using three finite difference points, The special
function was then used to define the field in the neighborhood of
the singularity. This technique provides accurate answers to the
problem since they were able to make a comparison with a known
analytic solution., |

A modificatién of this technique will be attempted to help

the modal analysis method converge to a solution.

6.2 E-Wave on Wedge in Free Space

A wedge in free space is considered next since it will be
used in the treatment of waveguide stepns. If the right-angled
wedge in Fig. 6.1 is in the path of a plane E-wave travelling in
the -y direction then the magnetic‘field near the edge goes to
infinityv, An E~wave is a polarized plane wave with electric
field in the z-direction. There is an edge condition that
requiries the energy density to be integrable at the edge., While

the magnetic field goes to infinity at the edge,
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7 4@
) s

Fig. 6.2 H-plane step end and top view
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the electric field remains finite in the vicinity of the =2dge and
vanishes right at the edge. If r-y aras the polar co-ordinates
centered on the wedge eadge, the fields in the vicinity of the

edge are given by Van Bladel (21) as

E, = A r2h sin%, ¥ (6.1)
and
2 A 1 ~ ~ .
o o e c— +
Ht 3 Jon ETF'(ux cos V/3 uy sin ¢/3)

These expressions are valid only in free space and are accurate
only near the wedge, but they can be us=2d in a stepped waveqguirle

to describe fields very near the edge,

6.3 Svecial fode Formulation

The solution of the semi-infinite H-plane step of Ch., 3 is

considered again. The step of Pig. 6.2 has two corners in the
same orientation as that of ¥Fig. 6.1 with y= 9 or ¢ = 180°,

By re-writing the electric field part of (6.1) and changinag the
co—ordinate system to that of the waveguide in TFiqg (6.2), the

BE-field near the adge in guide A1) i reprasaented by a soacial

4

function LAxs

: - 2/3
3/2 V3jwn A (y - yy) Yy, <Y <y, * 8
E = 3/2 Y3juu A (a - Yy, - y)¥ a - yp - 8 <y <a-yy

AXs 6.3
0 Elsewhere (6.3)
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The field in this function is defined to be zero if it is not
within an arbitrary distance 6 of the edge and when it is
tangential to the metal., In this study § was chosen to bhe 0.1
cm. for the X-~band guide of 2.23 cm. The corresponding I-field

special function definition is then

(
A

(y—yb) 3
A

FETTTETIR Y . a -y, -8 ¢ ysa-y

(y-y,)3 Yp = 6

2

/3

2 A
. S _
/3 (y-aty,)3 a- Y, Yysa-y *t38

There is a component of the magnetic field tangential to the
conductor wall for ¥ = 0°, These two functions & and H
Axs Ays
will be treated as one special mode to be used with the other
normal waveguide modes,
Any function that is wused in the modal analysis technique
- must be linearly independent of the other functions to be fitted.
This is necessary to ensure that the integration of (A.2.1) goes
to zero. Tor this problem the functions Esx and Hys were made

orthogonal to the TEon normal waveguide modes by using the

Gram-Schmidt procedure to eliminate the mode components in the

A (6.4)
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special function., This ensures that all functions used are
linearly independent since orthogonality guarantees linear
independence. If M normal waveguide modes in gquide AL are

used, then the new orthogonalized special functions are

M
v 2 . .
Eaxs = Baxs = = '; sin k_. vy f sin kai Y Epyo dy (6.5)
i=1 a
and
H'  =H --%Dzd in k sin k H. 4 (6.6)
Ays = Ays a &y e ai ¥ "ays ¢ ’
a

6.4 Methods of Integrating With Sinqularities

The integrations in (6.5) and (6.6) are not given in integral
tables and thus must be evaluated numerically as described in Sec
3.2, An added complication is that the integrand in (6.6) goes
to infinity at two places at the edge along the y-axis while the
integration along the axis is finite. A direct numerical
technique fails since the derivitive also goes to infinity at
these two places and a finite number of evaluations of the
integrand near the edge do not give the resulting integral. The
contribution to the integral very near the singularity goes to
zero and thus this point may be omitted. The region omitted was

arbitrarily chosen as the smallest distance that the word length
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of the computer used would allow. The region omitted was 1072
cm. wide and using the Simpson's rule integration technique,
results were obtained.

There are however other numerical methods which remove the
singularities from the domain of the integrand. O©Of the four
methods suggested by TFroberg (23), the substitution method is
applicable here. The integrations are carried out only in the

vicinity of the edge and so part of the integral of (6.6) becomes

Yp ; . - o ] . -
2 sin kg ¥ dy = 2 sin kazi (yp-y) dy (6.7)
V3 (y-v,.) | V3 Vg
Yp=6 p 3 .1
Let y=t?® in (6.7) and we have
_2 o
— 3 3
75 f s:.n[kai (yb t°) 1t dt (6.8)

7 1

The integrand of (5.7) has a singularity while (6.8) has none and
the derivitives are regular also. The numerical integration
techniqgue was then applied to (6.8) to arrive at the results of
Table 6.1,

Special functions are defined for the junction in quide
Eﬁl), but here both the electric and magnetic field exist only
for ¥ = 180° in the plane of the junction. The special fields

are given as

% V3jowu A yz/3 vy < 8§

EBXS - -43 (6.10)
S BSjep A-y)¥ y» b - 6
0 Elsewhere
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and
A
) yso
HBys = (6.11)
A
By y »b -9
As with the functions 1in the A(l) guide, these special

(1)

functions have to be made orthogonal to the B guide normal

waveguide modes. This is done by

N
¥ . .
EBxs = EBxs 5 _2 sin kbi y J sin kbi vy bes dy (6.12)
i=1 b
, N
HBys = HBys -5 -E sin kbi v f sin kbi v Hbys dy (6.13)
i=1 b
where N is the number of normal modes used in waveguide B(l).

If the number of normal modes is nine, and one special mode
is used, then the nine coefficients of the Sin(kaiy) -and
sin(kbiy) ~terms are given in Table 6.1 for the special functions

in the form

M

t .

Eaxs = Faxs ~ izl Bpy Sin k3 v (6.14)
M

HI =H - ) H., sink_.y (6.15)

Ays Ays = Al ai

E._ . =E - lf E,. sin k_, y (6.16)

Bxs Bxs = Bi ai :

H . _ =H - bf H.. sin k_, vy (6.17)

Bys Bys 15 Bi ai :

These functions can be used in the modal analysis method since
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1 Bi Has Epy Hpy

1 .01729 . 8651 .07715 .12373
2 .01132 8525 02184 35454
3 -.02088 —e 1944 03231 053853
4 -.00399 ~-. 1874 03754 065443
5 .02152 . 6802 .03699 69359
6 -.00343 6714 .03127 «66103
7 -.01923 -.5308 02192 «57363
8 .00968 ~.5237 01109 45599
9 201457 e 3697 .00099 «33487

Table 6.1 Coefficients to orthogonalize special functions
from (6.14) to (6.17). For wedge.
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they are now linearly independent of the normal waveguide modes,

6.5 !Modified Solution of H-Plane Step

The H-plane step 1is solved using nine regqular wave-=guide
modes and the functions (6.14)-(6.15) and (6.16)-(6.17) as one
mode each. The first step is to calculate the integrals of (1.7)
to (1.9) which involve these special functions. The method of
calculation was essentially the same as described in Sec., 6.4,
Using these values plus the regular integrals, a solution to the
step is obtained by the modal analysis method. The results are
compared with the results for M = 0 = 10 and 15 for f = 10 GHz,
using normal waveguide modes. Two results from Table 3.1 are
summarized here along with the special function solution.,

Y = =-§2,323 M=0N= 10
Y = ~-32,330 M=N= 15
Y = -j2,328 special M = N = 9

The magnitudes of the H-field at the junction are plotted
for tﬁis solution in Fig. 6.3, I'or comparison purposes the
corresponding plot of the magnetic field match from Fig. 3.4 for
M =N = 15 is shown above it. 2As can be seen the field match
near the metal edge is very close as compared to the normal mode
method. There is however a mismatch in field values where the
special function starts on each side of the metal edge. The

effect of the special function on the electric field is small and
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there is no difference in the already near perfect electric field
match and for this reason it is not plotted.

Assuming that the normal solution for ¥ = N = 15 is more
accurate than the normal solution for M = N = 10, one can see a
slight improvement wusing the special mode formulation. The
result does not, however, appear as accurate as the M = N = 15
case. To «clarify the potential of the special mode method to
give improved results, tests were run on the semi-infinite

symmetrical bifurcation for which an exact solution is known.

6.6 Modified Solution of tha H-Plane Bifurcation

The semi-infinite H-Plane bifurcation shown in Fig. 6.4 was
solved by Wexler(24), using modal analysis. The solution for a
large number of modes compared favorably with the exact solution
given by HMarcuvitz (25).

To derive a special function needed for this solution,
consider an incident E-wave on the thin edge with electric field
parallel to the edge in Fig. 6.5. The solutions for the fields
near the edge are again given by Van Bladel (26) as
E, =A3ﬁﬂn%@

(6.18)
H = - A (u,cos ¥/2 + u
—— X
2jwiyr

v sin V¥ /2)

These equations are quite similar to (6.1), since here also the
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b M=N=10

¥
edge l.l4cm

ol l,é2cm
)
__jbl.(__

'ig. 6.3 Magnitude of magnetic field showing match with
C ] ] g

nodal nethed above and svecial function nmethed below
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1.143 cm 2,286 cm

B (1)

Fig.

Fig.,

6‘4

605

A1)

g (1)

TEp1

H-Plane blfurcatlon, end and top view,

Guide B is in cutoff,

Thin edge with coordinate system.
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H-field must go to infinity at the edge and the E-field goes to
zero at the edge.
By re-arranging (6,18) and changing the co-ordinate system

to that of Fig. 6.4, the functions used in the wavequide become

2jwp A(c - y)k cC ~-8gvVg ¢C
0 Elsewhere (6.19)
and
R S cC -85y ¢
(c - y)
(6.20)
o elsewhere

These correspond to the special functions for the wedge
which were given in (6.3) and (6.4). The angle ¥ was taken as
-90° and since the guide 1is completely symmetrical about the
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 then multiplied by two,

The corresponding functions used in guide B(l) are exactely
the same as (6.19) and (6.20) since the bifurcation has zero

width.
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The functions in (6.19) and (6.20) are orthogonalized to the
normal waveguide modes 1in exactely the same way as (6.3) and
(6.4) were done by using (6.5) and (6.6). The procedure for B(l)
guide is done by using (6.12) and (6.13), but substitute EAxs for
Eﬁxs’ and.r%ys for HBys as defined in (6.19) and (6.20).

Table 6.2 gives the resulting coefficients as defined in
(6.14) to (6.17). It was pointed out by Wexler(27), that for
TEOl exaectation, the normal modes in guide A(l) are odd while the
modes in B(l) are both odd and even with the same mode form

(1)

defined over both B sections.

The functions (6.14) to (6.17) are used as one mode in each
guide with the summation taken over the numhber of normal modes
used in each guide. Results were obtained for four and nine
normal waveguide modes, to give a total of five and ten terms
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 Marcuvitz (25) and is computed by

2vd = 2a (1 + 1lnk) - 52(%?; 1, 0) + 287(a; %, 0) (6.21)
Ag g g g
where
o o = F in— 1
Sy (xi «,0) = I sin X - X (6.22)
n=N ne - o n
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i Eai Hai Epi Hpj

1 .03674 1,1046 .01208 .20170
2 -.03556 ~1,0880 -.02366 -.39691
3 .03325 1.0555 03426 . 57945
4 ~.02992 -1,0085 -.04344 ~.74376
5 02574 .94892 .05087 .88511
6 -.02089 -.87912 ~.05627 ~.99992
7 .01561 .80192 .05948 1.08568
8 . =.,01012 -.72030 -.06044 ~1,14133
9 .00468 .63736 .05923 1.16718

Table 6.2 Coefficients to orthogonalize special function

using (6.14) to (6.17) for thin edge.
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and

where A‘is the free space wavelength.

For a frequency corresponding to €%~= »7 the normalized
input admittance at the junction was calculated from (6.21) to
be y = 2.4175. This value differs by 0.002 from the value given
by Wexler(28). The infinite summation in (6.22) was terminated
when the terms made no difference to the answér.

The solutions using the modal analySis method with the
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 substantial but the improvement using ten terms is only a
little better than using ten normal modes.

One would expect nearly perfect results by using the
special function along with normal modes, since the function
space spanned by the set used should be nearly complete as far
as representing the fields. One improvement may be realized by
using a function that represents the singularity across the
whole guide width, rather than in the neighborhood of the
singularity only. This would require using a povwer series rather

than the first term which dominates near the discontinuity.
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no, of normal modes with special
terms only function
5 -j2,363 -32.389
10 -32.396 -j2.401
20 -j2,410
40 -j2.415
Exact -32,4175

Table 6.3 Normalized admittance at the bifurcation.

Frequency corresponds to ? = ,7 and guide

2y

width a = 2.286 cm.
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This would however Dbring up the complication that the electric
field at the guide wall would not be zero as is required by the
boundary conditions. However the normal modes may combine to
approxinate a zero field. This would add cormputations but in fact
may save time in the end since it may permitt fewer modes.

These examples demonstrate that wusing non-orthogonal
functions is possible and can give improved results, Perhaps

some other functions could be used to give better results.
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7. DISCUSSION AND CONCLUSIONS

The modal analysis formulation presented by Wexler
apparently converges for any reasonable M/N ratio. The method
converged for all step sizes attempted as opoosed to the other
modal formulation of Clarricoates and Slinn (2), which converge
for only one ratio for a given geometry.

The use of a scattering matrix here allows for the solution
of multi-junction problems while other formulations given do not
allow complicated back scattering from discontinuities on the
load side of the junction being solved.

The more accurate Simpson's 1/3 rule (23) could be used for
all the integrations if the number of strips required for the
desired accuracy were known beforechand. This is not uswally the
case but when a configuration is used over again many times with
only minor changes in parameters, the 1/3 rule would agive
slightly faster integral calculations.,

Transverse field plots generally shov how a solution has
converged but it is not possible +to assess how accurate the
resulting reflection coefficient is. Usually a good indication
can be obtained by running tests on a junction, varying the
number of modes wused and noting the change in the reflection

coefficent p. The error is likely to be less than the difference
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of the two cases with the highest 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
number of modes used converges very slowly. There seems to be no
way to determine the accuracy of the results obtained without
comparison to a known solution.

For configurations which have excited modes +that are two
dimensional functions, the test for convergence must include
jumps in modes used that include modes from the next group along
an axis, For example if TE87 was the highest mode for a trial
run then the next highest mode number to use must include the
TE98 mode,

The formulation given for the field sinqularityh appears
to give improved results for the same number of modes, The
method wused was quite cumbersome and it was not easv to run test
cases varying the number of modes used. A real test of its worth
would be in the two dimensional step where convergence was a real
problem. This would necessitate the inclusion of a term for the
electric field since for the E-plane step the electric field has

a singularity at the edge.
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APPENDIX

A.l Program Description

The program consists of a main calling program which calls
nine subroutines which in turn use eleven function subprograms.
The calling sequence 1is given in Fig A.l and a description of
each subprogram follows.

The main program declares many of the variables used
throughout the program and are thus stored in common. The
parameters of the first Jjunction to be solved are read in.
Waveguide parameters are calculated which are necessary for the
placement of short and open circuit terminations, and then the
scattering matrix for the £first junction to be solved is
assembled. Subroutine CHTRL is then called and data for the next
junction is read. Then the reflection coefficient is printed for
the previous junction and these last three steps are repeated
until all junctions are solved,

Subroutine CNTRL is simply a sequence of calling statements
which call MATS, SIMCOM, SLVEQ, and BASC in that order.

Subroutine MATS is a routine which computes all the
integrals and scattering matrices required by the program. It

also calls GAM to get mode types and characteristics. MATS also
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MAIN

- ‘/es/\ <
reads [ )

Y

CNTRL
calls
Y
MATS GAM
>— makes >
assemles modes
INT1D
splits
integral
INTEGR
< integ rates =
Sl_IMCOM SLVEQ
Inear >
eqns solves
Y
FIELDC BASG
plots [~Jscattering
print
results >—

Fig. Al Flow chart of modal analysis program
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calls routines TF for field plots, and INT1D to carry out the
integrations.

Subroutine GAM 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 contributions of each mode used. it is used in conjunction
with subroutine FIELDC to sum up the actual fields after the
coeffieients are known. Both these subroutines are used only for
plotting purposes and are not necessary for the Jjunction
solution.

Subroutine INTID is a routine which breaks two dimensional
integrations into one dimensional integrations. It calls the
routine INTEGR to perform the actual integrations of the
functions Fl, F2, F3, ..., F8.

SIMCOM takes the results of the integrations from MATS and
produces a set of complex linear equations according to (1.5 =
1l.12). These equations are solved by subroutine SOLVEQ which
uses complex elimination with partial pivoting. The solution
vector is printed out and next subroutine BASC is called. This
routine calculates the back scatterings coefficients according to

(1.13). If field plots are desired then FIELDC is called next.
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0002
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REAL LAMBDA,LENGTHKXA(3C) KYA(30),KCASC(30) KSCoMU/12.56637E ~ 9/
INTEGER RyRMINJRMAXFJCN ¢ XSYF,YSYN
CAT2 €/29.97925/+ThCPI/6.2821€5/,EPSLCN/B.8542E ~ 14/
INTEGER SHORT/YSC®/,CPEN/®CCY/ NATICH/ONL Y/
COMPLEX A(30),AVEC(32053C)sB(2C)4CD(3C53C)sCOEF(31,31),RHC,S(30,30)
E9VEC(31),Y,GAFA{30]}
EQUIVALENCE (RHOSAVEC(1s1})
INTEGER%*2 MCCEA{2,3C)
CCMNCN A, ByCLsS,CCEF,VEC,AVEC(MohyNPLoRyRMINy RV AX, CLASS, FICN, JCN
COMMON /MATCON/GANMAMODEA sKXA yKYAKCASG yCNEGAsKSCy XA YASXEB, YR, APRY
EsADPRNEFEF,BCFRM 3SMLy XSYN, YSYVMyMPM, MCPM
CCMMCGN /FNCTIN/I 3J,YYB,YBLCPRW
10 REAL (5,2C) XA,YA,APRM/ACPRM,XByYByBPRMsBCPRYLENGTE,CLASS ,LOAC o
ENJCNS oF 5N gNyNPW FLEN, XSYN,YSYM, FICN
IFL=F
€-—---SET UP INTEGER FREQUENCY IN GHZ.
DO 120 IF=IFL,IFL
c F=IF
REWINC 4
L R IS THE INCICENT NMCCE AUMBER
RMIN=1
RMAX=1
IF {NJCNS .GT. 1) RFMAX=V .
20 FORMAT (4F10.1/4F1Ca1/2F1Ca143X,A2,15,F10.1/715)
LAMBCA=C/F
WRITE (6430) XA,Y2,APRV;ACPRNXB,YB, BPRNBLPRI,LENGTH, CLASS L OAC,
ENJCNSFyMgN,MPM MEBN ,, XSYN 3 YSYV ,FJICN
30 FCRNAT {'CXA ='FB.4+4X3'YA =VF8,454X14HAY =FE,4,4X, 4HAN =F8.4y4X,y"
EXB ="FE.4 44X " YB ='F8.4,4X94HB? =FB8.444X, E" ='F8,4/¢ LEN =1F7.2,
E5Xy TCLASS="FA4a14s5X, *LOAC='A2,18+% JUNCTICNSTSX,'F=tF6,2,5X,5X,1N =
EUI3 45X !N =tI3,5XTNIe=0]z/t PIOOI=I]2, CX, UXSYM=VT1,5X, SYSYM=1]],5X
EYFJCN="T1)

Lo SET ANCLLAR FREGUENCY
CNEGA=TWCFI*F*] ,ESQ
Cr—— CALCULATE GUIDE WAVELENGTHS

SUA=1. - [(LAMBDA/Z./ADPRM}%x%2

SUB=1. - (LANEBCA/2./BOPRN)#%2
GLAMA=LAMBDA/SIGN{SCRT{ABS{SLA)) ,SUA)
GLAME=LANECA/SICN(SCRT (ABS(SUB)),SUB)
WRITE (€44C) GLAMASGLAMB,LAMECA

40 FORMAT (® LAMBDAG A='G12,.5,° LAMBDAG B=°G12.5,' LANBLA=9G12.5
&) i
KSC=CFEGAXCMEGA®NL*EPSLCA
NP1I=N + 1
SNL=LENCTH o )
C————-DETERMINE LCAD TYPE FCR FIRSY JUNCTICN SCLVEEL
Lo AND WKFERE TO PLACE SHORT :

IF (LCAL .EC. CPEN) SML=CLAME/4,

IF (LCAD .EG. SHCRT) SML=GLANB/2Z2.

IF (LCAC «NE. MATCH) PRINT 5C,SML
5C FCRNAT (v SHCRT AT®*Gl5.5,9CN.7}

C———SET SCATTERING MATRIX TO C FCR MATCHED LCAC ANC -1 CN CIAGCNAL
C————- FOR SFCRT

DO 7C I=1,h

CO €C J=1,N

60 AVEC(I+J)=(0.50.}

IF (LOAC .NE. MATCH) AVEC(IsI)={ - 1,,0.)
70 CONT INUE

CC 11C JCh=1,NJCNS
C-~=~=SOLVE EACH JULANCTICA IN LCCP

‘CC1c

0020
cc3¢
Co4c



0042
0043
Co44
0C45
0046

0041
C048
CCas
coscC
0051

0052
€053
CC54

0055
€Cs5¢
CCs51
0058
CCss

S0

100
11¢
12¢C
130

72

CALL CATRL

Y={1. - RFO}/(1. + RKO}

WRITE (6,480} REC,Y

FORMAT ('CRHC =%2CG16.8,5X4'Y =72(G16.8)
IF (NJCNS .EC. 1) GG TO 1iC

~-SET PARAMETERS IN FIRST JUNCTICN

RMAX=1
XB=XA
YB=YA
BPRM=APRN
BCPRM=2CPRM

~--REAL PARAMETERS FCR NEXT JUNCTION

READ (S,1CC,END=12C) XA,YA,AFRN;ACPRF SNL,CLASS
PRINT 90,XA,YA,APRF JADPRN;,4SFL,CLASS

FCRNMAT (TCXA® T16,2YA® ;T32, 'APRMY,T48, 1 ACPRMY,T64, "LENGTH®,T8C, 'CL

EASS'/EG1€L€)

FCRMAT (4F10.1/2F10.1)
CCNTINUE

CONTINUE

_CALL EXIT

END

. C&10

0620
Cée20
Ce40
0650
Ceec
Ceic
ceaq
Césa
¢1cce
0710
€720
C720
0740
ci1s0
C7¢0
c770
C7¢€0
€150
ceco
CELO



0001

¢ccz -

0003
0004

0005
CcCé
¢CC?
0008
0009
cg1lc¢
0011
cCiz
0013
0014
CcC15
0016
0017
co1s
0019

026
0021

&

10
20
30

73,

SUBRCUTIANE CNTRL

CALLS SUBRCUTINES FCR EACH INCICENT HMODE

REAL LANMEBCA

INTEGER RyRMIN RMAXFJICN

COMPLEX A{30),AVEC(30,30),8(20),CD{3C,30},COEF(31,31},PRHO,S(3C,3C
YoVEC(21) 4Y,D

COMMON Ay BsCLoSsCCEF,VECAVEC ;Mg ANy NP1y Ry RMIN,RVAX,CLASS;FJCN,JCA
CALL MATS

DO 1C R=RNMIN,RMAX

CALL SIMCCM

CALL SLVEC(CCEF,VECs,NP1:31,0D,561}

CALL BASC

PRINT 20, {VEC(I),I=2:NP1}

FORNAT (//(°% BJ'2Cl6.81))

PRINT 2C,(AVEC(I91),I=1,F)

FORNMAT {//0% AI'2Glé€.8)}

. BJ=CABSIVEC(2))

AI=CABS(AVEC(1,1}))

PRINT 4C,BJ5AI1

FORMNAT (/7% |Bl|=9G15.7," JRECI=%C15.7)
IF {FJCN .NE. C) CALL FIELDC{(VEC,AVEC:M ~ 1;N)
M-1 FCR SPECIAL MCCE OMLY

RETURN

END

cClo
cc20
€C30
0040
€C50
ccec
00170
CCeC
CCso
0100
Cl10
c1rz2¢
0130
Cl4cC
0150
Cl160
c117¢
€180
0160
€2¢C0
0210
0220
gz2¢
0240



0001
0002

0003
CCC4
60Cs
0006

cccy
00cs
CoCs
0010

COll
0012
0013

0014
0015

Q016
0017

CCis
0013
0020
cecz1

0022
coz23
00z4
cozs
00286
0027
co28

0029
0020
0031
coz2
0033
0034

0035

0036

cC37
0038

0039
(o230

0C41

747

SUBROLTINE MATS

COMPLEX A(30),AVEC(30,30)s8(20),CL{30,30),CO0EF(21,31),S(2C,20},VEC
£0(31) sGAMA(3C) ;GAFEL3C) 3CUNNMY 3GA,GL

INTEGER#2 MODEA(3,3C) MCCEB(243C),TE/PTES/,TN/TTMT/

EXTERNAL F1,F2,F3,F4,F5,F6,F7,F8

EXTERNAL FSE,FSH,FD

REAL KSCsKXA{30),KXB(3C)sKYA{3C},KYB(3C),KCASQ(3C),KCBSQI3C),INTIC
EsNU/L2.5663TE -~ 9/, INT

DATA PI/2.141563/,EFSLCN/B.8542F ~ 14/

INTEGER HN,HMP1 HENyHNP 1y XSYN,YSYN,SPACE{4)

CCMMCN A4B4CLyS+CCEFsVECSsAVECsMyN,SPACE,CLASS, FJCN

COMMCN /MATCCM/GANA MOOEAsKXA3KYALKCASC, CNEGA,KSC.XA,YA,XE YB, APRN
£9 ADPRN4EPRN, BCPRM 4 SMLy XSYM, Y SYM,MPMAX sMODPMAX

CCPNMCN /FENCTN/T 44

COMMON /GB/KXB,KYR,KCBSQ

CCMFLEX CEXP -

CooooPRECEDING CARD FCR WATFIV CALY

REAC 1C,NM
Covmmm SET NM=FM FCR SPECIAL MCDE FCRMULATION ONLY
10 FORMAT (I2)
Ce=m= SET UP MCCE TYPES FCR THE TWO GUIBES AT THE JUNCTICN

CALL CGAN{NPMAX,NCPNAXyXSYNM,YSYN,KSQ)APRM;ACPRM,GAMA,MODEA,NN)
CALL GANM{MPMAX;NCPMAXy XSYNyYSYN KSQoBPRINsBOPRNM yGAMB,NOLCEE,NN)

C——wm- CHECK TC SEE HOW MANY MOCES CENERATED
IF (¥ JME. NN) PRINT 204NN

20 FORMAT (* # MODES='12)
DC 50 J=1,M
I=J

C-—~--CALCULATE MODE PATTERNS FOR BCTH GUIDES

KXA{J)I=NCCEA(L4J)/APRM%PI
KYA({J)=NCCEA(2,+J) /ACFRV%PI
KCASQ(JI=KXA(JI*KXA(J) + KYA(J)%KYA{J)
KXB(JI=MCCEB(1,4J)/BFRVM=%P]
KYB{J}=NCDEB(2,J) /BCFR¥*P]
KCBSC{JI=kXB{JIIKXB(JI) + KYB(JI*KYB(J}
IF {NCCEE(3,J) .EC. TM) GC TC 40
C—————CALCULATE INTEGREATIOS
AP=KXA{JI*INTIC(FLlsF1,F2yF24XAsXA + APRM,YA, YA + ADPRM)*KXA(J)
ADP=KYA(JI®INTLIC(F3,F3,F4,F4 XA ,X2t + AFRM,YA,YA + ACPRM)I*KYA(J)
AlJ)=(C.s 1. 2XOMEGA/KCASQIJIAFL/KCASGIII*GAVA(JI*(AP + ACP)
BP=KXB{J)*INTIL(F5,F5,F6,F6,XRyXE + BPRM,YB,YB + BDPRM)*KXB(J)
BOP=KYB{J)*INTID(F7,F7 ,F8,F8sXByXB + BPRMy,YBsYE + BLPRM)*KYB(J)
B{J)=(Car 1o )AOMEGA/KCBSQ(J)*NU/KCBSQISI*GAMB(JI®(BP + BDP)
C—~~—~=SET UP FIELC PATTERALC Ih A CUICE
C~————E FIELD IN A

IF (FJCN NE. 0 LAND, J oLT. NM)} CALL TF{(C.ys1.)*OMEGA%XMURKYA(J)/ .

EKCASCUJ} $ XA YA;F34F4)
C-—-~-H FIELD IN A

IF (FJCN oNEo O oAND. J oLTo NM) CALL TF{{1l.,0.)}*GANA{J) /KCASC(J)*%
EKYA(J)Y XA YA F3F4)

GO TC 2C

IF [FUCN oNE. O oANC. J oEQ. NM) CALL TF({Cosl.)*OMEGA%RMU%],5%SCRT
E{3.) s XAsYALFL,FSE)

IF (FUCN oNE. C -ANCe J oEQe NM) CALL TF({lo0.)sXAXAsFLyFSH)

L E FIELC IN B
30 IF (FJCN oNEe 0 oANC. J oLT. AM) CALL TF({Qa.;1.)*0OMEGA*MURKYB{J)/
EKCBSC(J) s XByYB,F7,F8}
C-——~-H FIELLC IN B
IF (FJCN oAE. C oANC. J oLTo KM} CALL TF{{1es0.)#GANR{JI/KCRSQ(JI)%

EKYB(J) 4+ XBs YBoF1,FE)

T T S Ot . P

021¢C
0320
€230
€340
0350
C2¢é0
0370
€380
Cz6eC
0400
C41C
€420
€430
C440
C450
0460
€410
C4EC
0450
CeCo
Ce1l0
0520
€230
€540
€550
ccea
0570
c580
Css0
0600



- 0042
0043

0044
€C4a5
Coa6
C047

cc4s

0049
CC5¢C
0Cs51

€cs2
€053
0054

0055
CCS6
€057

ccse
€059
0060
Co61l
0C62

CCé63
0064
0065
C066
0067
0068
CCes
Q070
cCc71
cci12
0073
CC74
CC?5
c076
cc77
0078
0079
ccsc
o081

0082
0083

0084

0085 .

0086
cCer
0088
cCc89

0090

40

C
50

75..

GO Y0 £C .
IF (FJCAN oNE. O JANC. J oEQe NM) CALL TF(({Copl.)*OMEGA%MU%*1.5%SQRT
€(3.) o XBoYB,FLC,FSE)

IF (FJCN .NE. C AND. J oEQe NM) CALL TF((lesCo) s XByXB,FC,FSH)

GG TC 50

DP=KXB(JY*INTIDI(F74FT,F84F8sXByXP + BPRM;YB,YB + BCPRM}%KXB(J)
CCP=KYE{J)IXINTIC{FS,F5,F6yF63XByXB ¢+ BPRM,YB,YB + BLFRM)*KYEB(J)
BlJ)={(Co 1o} *CNEGA/KCBSCIJI)#EPSLIN/KCESGCIIIXCANR(JIA(DP ¢+ CCP)
AP=KXA(J)*INTIDI{F2;F3,F4,F4,XA4XA + APRM,YA,YA + ACFRM}%KXA(J)
ACP=KYA{J)*INTIC(FL1,F1oF2,F2,XA,X2 + APRM,YA,YA + ACPRM}ZKYA(J)
AlJ)={Cegle ) *CVEGA/KCASCUII) *EPSLON/KCASCIJI*CANA(J)* (AP + ALP)
PRINT 20,CP,COP

. IF (FJCN oNEo O) CALL TF(CGAME{J)IIKXB{JII/KCBSC(JI)sXByYByF7,FE)

CONTINUE
IF (M .LT. KM} €C TO 7C

C~——~—REAC IN PARANMETERS FfCR SPECIAL MCCE FCRNULATICN

60

REAL €C,A{10),B(1C)
FCRMAT (8F10.1)
DUMMY=(C.51.5)%CFEGAXNMU*X1,73205

C---——REPLACE TFE NEXT MODE BY SPECIAL MODE

70

80

A(10}=2(1CIXCUNMNY
B{1C)=B(1lC)*DUMNY

CONTINUE )
PRINT ECs(JsA(J)sE{J)sJ=1sN)
FORMAT (//{' AB'12,1X,4G16.8)}

C~—---CALCULATE THE CRGSS INTECRAL

90

100

11¢

12¢

DO 14C I=1,4¥

DO 14C J=1,N

iF (CLASS «EC. -~ 1) GO TO 90

XL=xg

XU=XB ¢+ BPRM

YL=YE

YU=YB + BOPR¥

IF (MOCEA(3,1I) .EQ. TM) GO TC 12¢C

IF {MCCEEB{(3,J4) .EC. TM) CGC TC 110

GO TO 1cCC )

XL=XA

XU=XA + APRM

YL=YA

YU=YA + ACPRM o '

IF (MCCEBI(3,J} .EC. TM} CGC TC 120

IF (MOCEA(2,1) .EQ. TM)} GC TC 11¢C

GA=GANA(I)

IF {CLASS .EC. - 1l.) GA=CGCAMB(J)

CO{I,J)={Cos 1o )*CMEGA/KCASQ(I)#NUL/KCBSCIJI*GAX(KXA(IIXINTICIFL,FS,
EF29FO XLy XU YLo YU SKXBUJ) + KYA(I)*INTID(F3,F74F4,F8, XLeXUsYL YY) %
EKYBJ)}

GO TO 140

IF (CLASS o EC. lo) INT=10 — KXA(I))*INTIC{FL1,FS,F2,F6,XL,XL,YL,YU)
EXKYB(J) + KYALII*INTID(F3,F74F4,F8sXLyXU YL, YU)HKXB(J})

IF (CLASS <EC. — 1.} INT= - (KXAUIY*INTID(F3,3FT4F4,F8yXLeXUsYL,YU)
EXKYBUJ) + KYAUII®SINTICUFLoF5,F2,F6¢XL o XU,YL, YUDIRKXBIJ))

CD(IsJ)=CGAMALT) /KCASC(I)I*GAME{J)/KCBSCEJI®INT

GC TC 140

IF (MCCEB(3,J) .EC. T¥ AND. CLASS LEC. 1l.) GC TO 13¢C

IF (MOCEA(3,1I) EC. TM .AND. CLASS .EC. -~ 1} GC TC 130

IF (CLASS oEC. lo) INT=( - KXB(I)HINTID(F2,F7F4,F8,XLeXUoYLyYU)%
EKYBUJ) + KYA(IDI®INTIO(FIoFS,F2sF6oXLe XLy YL YUIEKXBLJ))

IF (CLASS .EQe = lo) INT=({ ~ KXA(I})®¥INTIDIFL FS,F2,F64XLsXUsYLy
EYUY*KYBUJ) - KYA(I)XINTLIC(F34FT3F4sF8eXLsXUs YL YU)SKXBI(J))

0610
cez20
ce3c
Cé&40
0€%0
Ceec
cerc
cego
€690
€100
C710
0720
€3¢
0740
C750
Cié0
0170
0780
ci1s0
c8co
CElC
cezo
0830
Ce4q
cgs0
Ceeo
Ceig
0880
ceso
¢sCa-
0510
¢G20
€s20
0940
cseC
CS€0
Cs70
CSEO
csso
1CCO
1€10
1020
1030
1C40
10£0
1C60
1C70
1080
1¢se
11C0
1110
1120
1130
1140
1150
1160
113c¢
1180
1190
12€C0



€091
€Cs2
€C393
CCS4
6095

0036
0097

0098
€C9os
gl100

0101
0102
€103
Cl104
0105

Cl0¢
0107
cics

0109
ci1c
Cl1il

130

&
140

Coeomom =

76

COUI§JI=KSC/{KCASCLII®KCBSQUJ)IZINT
GO TC 14¢C

GA=GANELJ) .

IF (CLASS -EQe = 1l.) GA=GAMA(I)

CO(1:J)=(Coyplo )¥CMEGA/KCASQUIN*EFSLON/KCBSQUUIY*CAX{KXA(T)*IANTIC(F3
EoFToFaF8 XLy XU YLy YUDEKXBLY) + KYA(I)*INTID(FI;FS:FZ Fea XLy XLoYL,

YU)*KYEB(J))

CONTINUE

IF (M LT. NM) GC TO 160

READ IN PARAMETER FCR SPECIAL VMCCE

REALC 60,410

REAL 6C,{CC{I,10}:1= 119).(CC(10:J)1J 1.9)

DO 15C I=1,3

REPLACE NEXT MOCE WITH VALUES FCR SPECIAL MODES
CD{I410)=CC(I,1C)*DUNMYSCAMALTI/KCASQUII*KYA{T)
CDC1C,I)=CD(1CsI)%{Cay — 1o )¥CMEGAXMU/KCEBSQUI}YXKYB(I)
CC(10,10)=0UMMY*%410

CONTINLE .

FORMAT (//(" CD®2I3,1X,2G16.£)}

CALCULATE SCATTERINC MATRIX FCR NEXT JUNCTION TO BE SOLVED
DO 1€C I=1,N

CO 180 J=1,N

GL= = SNL*(GANE(1) + GAFMEBU(J))

IF{ABS(GL) .GT. 1.E1C) GL=-1.ELQ
S{IsJ}=CEXPICL)I*AVEC({J,1)

RETLURA

END

i21¢
1220
1230
124C
1250
1260
1213¢C
1280
1290
13cC0
1310
132¢
1320
1340
125¢C
1360
1370
1280
1390
1400
1410
1420
142¢
1440
1450
14¢€0
1470



o001

¢cc2
0003
0004
Cces
0006
occ?
0co8
0009

0025

€c2¢
6627
0028
¢cz2s

0030

€C31

0032
0033
0034
00358
6036
0C37
0c3s

0033
¢c4C
0041
0042
0C43
0044
0045

" eq

77.

SUBRCUTINE GAM(MPV , MDPMs XSYM, YSYN ,KSQoAPRN;ADPRN sGANV s VODE ¢ N)
REAL KSCsKXgKY

INTEGER XSYMgYSYN,YYSYM

INTEGER*2 TE/'TE'/'TH/'TM'/ MOCE(2,30)

COMPLEX GANM(3C)

COMPLEX CSQRT,CHMPLX

DAYA P1/3.141593/

YYSYM=YSYH
IF (YSYM .EQ. C) YYSYM=1
N=0
10 IF (XSYM JNE. 0} GC TQ 20
MPRM=0
GG TC 30
20 MS=XSYM
MMPM=MPM + XSYM
CG 16C NMPRM=NS,MMPM,XSYM
C--=———GENERATES NMODES WITH X VARYING
MPRM=MNPRM — XSYM
3¢ KX= PFRN/AFRH*P[
40 NS=1
CO 80 NCPRNS=NSsMCPMN,YVSYM
C——-——~GENERATES NCCES WITH Y VARYING
MDPRNM=MCPRMS '
IF (MBRM LEC. O .ANC. MCPRM .EQ. O) GG TO 80 -
5C KY=NDFRNM/ACPRN%PI : :
N=N + 1
C-==——CALCULATES PROPCCATCIN CONSTANT :
GAMM(N) =CSCRT(CNPLX{KX*KX + KY*KY = KSG;0.1))
C--———SET UP COCES FCR TE MODE TYPE :
MGOE (1 4N)=NPRYN
MODE( 2sN)=NDPRM -
70 MODE(2,N)=TE ' ' ‘ ;
: IF (N .GE. 30) GC ¥C 110 ~
C-~-—-—CHECK FCR POSSIBILITY OF TM MCDE TYPE o
IF (MPRM LEC. O .CR. MCPRM .EQ. C) GO TO &¢C
N=N + 1
¢-—-—-GAMMA IS SAME FCR TN MODE
GAMM{N)=CGANM(N - 1)
MODE(1,N)=FPRM
MODE{2:N}=NDPRM
NCOE(3,4N)=T¥ :
IF (YSYVN .EQ. 2 .AND. NCERM LEC. C) NCPRM= - 1
IF (N .CE. 30) GC TQ 11C
80 CONTINUE -
C-——--ALL MCDE ARE GENERATED IF CNLY TECN TYPE
90 IF (XSYM .EC. 0) €GO TO 110
10C  CONTINLUE
110  CONTINUE - '
PRINT 1204 (MCCE(3,1)sMDCE(1s 1), MCCE(2,1),GAMMITI)I=1,N)
12C  FORMAT (//(% TA2,1241X,124° GAN=92(15.7))
RETURN :
END

cCio
cc20

© 0030

€C40
0Ceo
0060
cC10
GC8g
0090
C1C0
C110
0120
¢130

‘€140

0150
C160
c170
0180
c16¢C
c2co
0210
€220
0230
€240
€250
0260
c2170
cz28q
0290
cz2c¢e
0310
0320
C€33¢
0340
€350
C2eC
0370
€380
€290
0400
Cc41C
€420
€430
€440
€450
€460
C41¢C
0480
€4S0
CcsCo
0510
€520
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SUBRCLTINE SIMCCH

L~=-~—ASSEMBLES INTEGRALS EINTO SEY CF ECUATICNS

40

50

- 60

80
S0

100
11¢

INTEGER R RMIN,RFAX

REAL LAFBCA

COMPLEX A(30)7AVEC(3O,3O),B(‘C) CO(3C,30),COEF(31,31),S(3G,30),VEC
E(311,SUM;PREC

COMPON A4BoCDsSCCEFVECSAVEC M KAPNyKAPNPL, Ry RVIN, RMAX,CLASS
ECUIVALERCE (CLASS;SIGN)

CCEF{1:1)=A(R}

VEC{1)= — SIGN*A{R)
€0 30 J=1,KAPN
SUM=C

£Q 1C K=1,KAPN
SUM=SUF + CO(RKI*S{J,K) )
COEF(1,sJ + 1)= — SIGA®CC(R3J} - SUM i ' : )
CONTINUE ’

€0 40 A=1,KAPN

NP1=N + 1

COEF{NP1o1)}=CD(R, N}

VECINFL)=SIGN*CLC(R,yA}

DO 11C N=],KAPN

NPLI=N ¢+ 1}

DO S0 J=1:KAPN

SUM=¢

CC 80 I=1,M

IF (I .EQ. R} GC TC 80

PRD=C, .

DG 60 K=1,KAPN v

PRD=PRLC ¢+ CClI K}%S(JyK)

SUM=SUM + CDUIsN)}*{SIGN*PRD + CL(I J)})/ACI)
CCNTINUE

COEF(NFLsd + L)=SICMESULNM
COEFIAPI;NPL1)=SICN*B(N) + CDEF(hPl:NPl)

EC 1C0 J=1+KAPN

JPl=J %+ 1 :
COEF{NP1,JPl)= CUEF(NPI:JPI) ~ BIN)Y®S(J,yN)
CCNTINUE

RETURN

END

¢cC1o0
0020
cc30
CC4cC
0C50
CCeC
cCic
coso
¢Csc
0100
0110

.C120

0130
0140
c1s0
0160
€170
o180
0190
céco
€210

C2¢€0
0270
€280
€250
0300
Cc310
c2ac
0330
C340
c2¢0
0360
€270
c28e¢0
0390



ool

0002
¢0o3
C0C4
0005
0006
coc?
0008
0009
cCic
0011
0012
CC13
0014
0015
cc1le
0017
ccre
cCl1s
0020
€C2t
0022
0023
CC24
€025
0026
0Ccz27
cgczae
0022
GC3¢C
003k
0032
cC33
0034
0035
0036
0037
0038
¢C3s
004G
0041
€042
0043
CCa4
0C45
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SUBRCUTINE SLVEC(A,ByNsNCIM,C,UNIT}

C-~-~=SOLVES A SET CF LINEAR ECQUATICNS

10

20

3¢

50
&0

70

S0

1¢C
11¢C

INTEGER UNIT

CCMPLEX A(NDIM, hCIN),B(N)oBICA:hCLDyD
NMl=h - 1}

D=1,

C0 80 K=1,KM1

BIGA=A{K,K)

J=K

KPl=K % 1

DC 2C I=KPl,Ah

IF (CABSIBIGA) o.CE. CABS{A{(I,K))) GO TC 20

BIGA=A{I,K)

J=1

CONTINUE .

D=C*EICA

IF (CABS(L) .EG. Co) GC TC 100
If {J JLE. K) GO TG 40 .

CO 30 I=K,N :

HOLD=A(K,I)

A{KesI)=2(J,1)/BIGA

A{J,1)=HCLD

HOLD=B{K)

BIK)=EB(J)/BIGA

B(J)=tCLD

GO 10 €&C .

CC 50 I=KPL,N
AlK,I)=A{K,I)/BIGA
B{(K)=B(K)/BIGA

CG 80 I=KFl,N

DG 7C J=KP1l,A v
AlI,d)=A(1,J) - A(1 K)*A(KoJ)
BlI)=B{I) - A{I,K)*B(K)
D=D*A(N,4N)

IF (CABS(C) .EQ. C.} GU 10 1C0
BI{NI=BIN)/A{N,N]
DO SC I=lyhM1 -
K=N - I

KP1=K ¢+ 1

DO SC J=KP1l,A
BIK)=R{K) = A({K,J)%B(J}

RETULRN

WRITE (UNIT,110Q)

FORMAT {'OSINGULAR SET CF ECLATICNS')
RETURN

END '

-

. goclo



0032

C——-——DEFINES FLNCTICNS FCR EACH INTEGRATICN
COMPLEX A(30),B(3C),CD(3Cs3C}yS

FUNCTICN F1{X}

INTEGER%2 FCLEA(3,30)

REAL KXA{2C),KYA{3C),KCASQ(3C) KXB(30),KYB(3C),KCESC(30}),KSC
CCMMCN 29EoCCy S, CCEF,GAMB
CCMNCN /NATCCN/GAMAGNCLEAKX2gKYLoKCASC)CMEGA,KSQe XA, YA, XB,y ¥YB

COMMON /ENCTIN/IsJd

CCMMCN /CB/KXE,KYB,KCBSQ
F1 - F4 FCR A GLICE
FISSINIKXA(T}*(X - XA})
RETULRN

ENTRY F2(Y}
F2=COS(KYALTI)*(Y ~ YA))
RETURA

ENTRY F3(X)
F3=CCSIKXA(I}#({X - XA))

"RETURN

ENTRY F4lY])
Fa=SIN(KYA(L)*(Y - YA))
RETURMN

ENTRY FE( X}

F5 — F8 FCR B CUILCE
FS=SIN(KXB{J)¥ (X ~ XB))
RETURN )
ENTRY F6iY)}
F6=COS(KYB(JI*{Y - ¥B))
RETURN

ENTRY F7(X)

FI1=CCS{KXB{J}*{X -~ XB))

RETURN

ENTRY F8(Y)
F8=SIN{KYB(II*{Y ~ YB})
RETURN

END

80.

{2C+3C),COEF,GAMB(3CQ) yGAMA(30)

€C10
€C20
cC30
CCa0
¢Cs0
€C60
cCi0
0080
€Cso

0350
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0001 SUBROUTINE BASC : . 0010

C~—=-=~CALCULATES BACK SCATTERING CORFFICIENTS <C20

0002 INTEGER RRMIN,RNAX . ccz0
0003 REAL LAMECA 0C40
0004 COMPLEX A(30),AVEC(30,30),B(201),CD(30,30),CO0EF{31,311,S(3C,20),VEC CC50
E(31),SLMLSUNMZ,SLN3 CCeQ

0005 COMMON AgByCCL+S +CCEFSVECAVEC¥oNyNP1,R;RMIN;RVAX,CLASS ag10
C——m—- SUM IS NECATIVE FCR ENLARGEMENT CCEC

CCGC6 EQUIVALENCE (CLASS,SIGN} . 0Cso
Comm—m RHO IS FIRST UNKNCHN €100

¢Cec7 AVEC(R,RI=VECI1) c11c
cgoe DO 3C I=1,V . ’ 6120
cCco9 IF (I .EC. R) GC TO 30 s Ci30
oC1¢ SuUMl=C. . Cl40
0011 D0 2C J=1,N ' | ' ’ 0150
0012 SUM2=0. ' ) ‘ Cl160
€C13 DC 1C k=1,h o N s c170
0014 10 SUM2=SLMZ + CD(I,K)#S(J,K) ' ’ 0180
0015 20 SUML=SUMY + VEC({J + 1)*(SIGN*SUMZ ¢+ CD{I,J)} o 0180
- CC1lé AVECUT 4R)=SIGNESLNL/ALI} o caco
- 0017 30 CONTINUE o ’ ’ . ' 0210
ctcis RETURN ) €220

0019 END o T : 0230



0001

c002
0003
€CC4
CC05
0006
cccer

0008
CCCs
0010

cC12

82 e’

SUBROUTINE TF{CONR2R1+FX,FY)

Crmm—= TOTAL UP FIELC FCR EACH NCRMAL WAVEGUICE MODE
REAL Y{12C),DELY/.01/,L(2),U(2)CENTER(2)/1.143,.5/
COMPLEX CCN,FEY(120)

L{l}=R]
L(2)=Rz
CC 40 J=1,1
Y{l})=0.

C————CALCULATE FIELD IM x ANC Y CIRECTIONS

IF (J EC. 1) FEY(L)=CON*FX{.S)*¥FY{Y({1})
IF (J EC. 2) FEY(1)=CON%FX{Q.)*FY{(l.15)
IF (L{J) .GT. C.) FEY(1)=C,

CO 2C 1=2,120 ’
Y{(I')=Y{I - 1) + DELY

Commm CALCULATE FIELD ONLY TO CENTERLINE
IF (Y(I) .CT. CENTER({J}) GC TC 3C
C——--FIELD IS C IF Y IS LESS THAN CRICIN

IF (Y({I) .CE. L{J)) GO TG 10
FEY(1)=(0.,0.)
GO0 TO0 2C
10 IF {J oEC. 1) FEY(I)=CONXEX(.5)*FY(Y(I))
IF {J ECo 2) FEY(I)=CON*FX{Y(1)})}=*FY(1.15)
20 CONTINUE
30 =1 -1
Croomm WRITE THE MODE PATTERN TENFCERARILY CMh CISK
WRITE {4) I.{FEY(K),;K=1,51) '
40  CCNTINLE ‘
RETURN
END

0010
cgzo
ccz20
0040
Ccso
cCeéc
cc10
CCEC
cCso
c1co
c11e
0120
€130
C140
0150
Cléc
c170
c180
Cisc
02C0
c210
cz220
0230
€240
€250
0260
czic
CZeo
0290



0001
cceoe
0003
CCC4

0005

0006
coor

0008
0009

G010
0011
0012
cCc13
0014
Cc015
0016
0017
cC1ls
0019
ccac
gez1

0022
0023

0024
0025

0C26-
0027

ccas
0629
0030

0031

0032

€023
0034
€035
0036

0037

0038

0C3s
0040
0041

0042
0043

83..

SUBRCULTINE FIELCCIVEC, AVEC,H,N}

COMPLEX VEC(Bl).AVEC(3C 30) 4FEY{120),FIELL(120,4)
COMMON /BLFF/FEY

INTEGER NFTS(4)

R SIGN IS NEGATIVE FCR H FIELC
REAL SIGF\(‘:)/I.,I.' - 1-' - lu/
C~~——~PLACE RECCRO AT TFE FIRST MCLE
REWIND 4
ca 20 J=11312
Cree—= REAC FIRST MCCE FCR E FIELC THEN K FIELL IN A
REAC (4) I,{FEY(K)sK=1,1) ,
NPTS(J)=1
C PRINT 2CC(FEY{K)gK=1,1)
10 FORMAT {° FEY'/(12G11.3))
C—=~-—CALCULATE FIELC PATTERN DUE TC FIRST MOCE

00 2C K=1,1
20 FIELD (K Jd)={1. + SICN(J)*AVEC(lrl))*FEY(K)
DQ 30 FCCE=2,¥
C—m—e— DUMMY REAC TO SKIP FIELD IN GUIDE 8
- REAL (4) 1,(FEY{(K)yK=1,1)
READ (4) I {FEY(K),K=1,1)
£3 3C J=1,2,2

[ REAC NEXT E ANL + PATTERN FOR GUIDE A
READ (4) T4(FEY(K),;K=1,1)

C PRINT 2CO,(FEY(K)K=1,1)
CO 30 K=l,1

L= ACD THEM 10 FIELD

30 FIELC(K,J)=FIELD(K,J) + AVEC(MOCE,I)*FEY(K)*SIGN(J)
DC SC J=1,3,2
I=NPTS{J)

C————--PRINT CUT TOTAL FIELC PATTERNS FCR GUIDE A ‘
PRINT 4Co{FIELC(K,J)sK=1,1)

40 FORMAT (//% EAX FIELD?/(1X,8G15.7))

== WRITE TCTAL FIELC PATTERNS ON DISK

WRITE (€) I,(FIELC(K;J),K=1,1)
50 CONTINUE
€——=~--—PGSITICN TC FIRST RECORLC ON CISK AGAIN
REWINC 4 .
Lo 60 K=1,120
DO 60 J=1,3,2
&0 FIELD{K,J)=C,
CO 70 MOCE=2,N
C——-——7TWC DUNMMY REACS TC SKIP FIELCS IN A
READ {4) I4(FEY(K),K=1,1) ,
REAC (4) I, (FEY(K);sK=1,1)} 7
DO 7C J=1,3,2 '

Cvvm= READ E ANC H FIELDS IN GUIDE B
REAC {4) I,(FEY(K)¢K=1,1)
NPTS(J)=1I '
CO 7C K=1,1
Cr-=—- SUM UF TCTAL FIELLC PATTERN IN GUICE B

70 FIELDI(KJ)=FIELD{Ksd) + VEC(PCEE)*FEY(K)
€0 80 J=1g¢3,2

I=NPTS(J)
Covemm WRITE TOTAL FIELD PATTERNS ON CISK
WRITE (8) I, (FIELC(KyJ)oK=1,1) ’
C-====PRINT CLT TOTAL FIELLC PATTERNC E AND K FIELD GUIDEB
E0 PRINT SC,{FIELC(KoJ)eK=1,1)
90 FORNMAT (//° EBX FIELC'/(1X;8C15.7)})
RETULRN

cclo
cczc
0030
cc4c
ccse
€C60
cCic
0080
CCso
ci00
o110
€120

0230
c24c0
0250
C2¢0
cz10
c280
€250
03Co
€310
C320
0330
€340
gz2¢c0
0360
€370
c2¢&0
€390
C4Co0
C41¢0
0420 -
€430
0440
€450
C4€0
0470
C480
C4S0
0500
Ctl10
cs20
0530
C<S40
0550
0560
€70
0580
0590
0€CO



CccCl
¢ac2
0003
CCC4
00¢C5
0006
ccc?
gcce
0009
CC1¢C
0011
0012
cC13
0014
0015
CC16 10
0017
0018
CcC1s
0020

84,

SUBRCUTINE INTECR{FXyGXyXLyXUsEPSsY)
LOGICAL TwC ’
XC=XU - XL

H=XD/1CO

N=XD/F + .5

N=N/724%2

H=XD/h

NM1l=N - 1

SUHM=0

TwhO= LFALSE.

DO 1C I=1,NNM1

X=I#H 4+ XL

MULT=4

IF (ThQ) MLLT=2

TWO= NCT. TWO

SUN=SLNM + FULTHREX(XIXGX(X)

SIMP=(SUM + FX{XU)}3GX{XL) + FX(XL)XGX{XL))%H/3
TY=SINF - ’ o

RETURN
END

cC1o
6Czo0
0030
CC4cC
CCs0
ec60
cCi0
cCeo
€Cso
Clco
€110
Cl20
Cl130
0140
Cls50

Clé0

0170
0180
c150
0200
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A.2 Modal Equation Derivation

This derivation is given by Wexler (1) and is repeated here
with a slight generalization for the incident mode.
Assuming an orthogonal set of modes in each guide section

described in (2.1) to (2.4), then for i ¥ m

f e . xh « 4 ds =0 (A.2.1)
o :

Equate (2.1) and (2.3) and take the cross product of each term

with ‘Ham and integrate over the cross section of A(m), For

simplicity of notation let

a; = faeai X hai -4, ds (a.2.2)

and
6ji Jbebj X hai cu, ds (A.2.3)

"we then have
(L+p)a o .= ) b, (§. .+ ) s. 6. ) m=r (A.2.4)
r r °r j=1 3 Jr k=1 3k "kn

and

a; o, = 21 bj (Sji + kz sjk 6ki) m#$ r (A.2.5)

1

Equate (2.2) and (2.4) and take the cross product of each
(m)

term with Ein and integrate over the cross section of guide B o

Using the orthogonality condition

Ibebn X hbj ° u_ ds (A.2.6)
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and the notation

we have
(L -p.) a .8 - izl a, 8§ ;= (b - jzl bj sjn)sn (A.2.7)

ifr
using continuity of the magnetic field.
Substituting (A.2.5) into (A.2.7) and re-arranging we get
N

bi ¥ Zii T x=1 Sk %ki Cng
a
L

i=1 OLi (A.2.8)
i+r

and from (A.2.4) we get

©
Q
i
Il 12

Ei
1l a (8

5 N §..) = - o (A.2.9)

N
. + .
Jjxr kzl Sjk kr
. . . 1
The equations were truncated at M and N modes in waveaquides A( )
and B respectively. The boundary enlargement problem results
in similar equations Dbut some inteqgrations are over different

limits and there are are some sign changes. For completeness the

general equations are given in (2.5) to (2.12).

. \ . . aj . .
Equation (A.2.5) can be re-written to give gi and 1s given
r

in (2.13).
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