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I. INTRODUCTION

’% Computer programs for the anelysis of electromagnetic
i?, coupling between a thin straight conducting wire and an
o aperture in an infinite conducting plane are briefly
aé described and 1listed in this report. The aperture is of
é arbitrary shape and size. The wire 1is of finite 1length

(with or without loads) or of infinite 1length. The

excitation is either a plane wave incident from the opposite
?Q side of the wire or TEM voltages applied on the wire. The
N current distributions in the aperture and on the wire are
;; computed. In addition, for the case of TEM voltage
63 excitaton, the power transmitted ¢through the aperture is

computed. For the case of pleane wave excitation, we
evaluate:,an equivalent circuit of the aperture for the
transmission line mode on an infinitely long wire or an

arbitrarily loaded wire. -It is assumed that the reader |is

£ familiar with [1], where the general theory and the method
.\?¥:

W of computation are given.

o,

e

?: II. COMPUTER PROGRAM DESCRIPTION

B

F@ There are two main programs: MAIN1 and MAINZ2. MAIN1
»“l i

A

is for the case of an infinitely long wire or an arbitrarily
loaded wire. MAIN2 is for the case of an unloaded wire of
finite length. As shown in Table 1, each main program calls

subroutines INDATA, GEOM, CURDIR, IMP, MATRIX, CSMINV, MUL,

AR

s

MUL1, and GAUSS. IMP calls subroutine SICI and function

__.," .

!
ot




< |

4 subprogram P. MATRIX calls subroutines TPARM, SCAINT,
a5 VECINT, and TADJ. SCAINT calls subroutine INTGRL, VECINT
!IQ calls subroutine LININT, and CSMINV calls subroutine DTRMNT.
G All the main programs, subroutines, and function subprogram

are described briefly as follows.

/

)
'.1.':" :l :' )

,7

o Table 1. A list of main programs, subroutines, and
>‘-.q
?3 function.
N
““.
A

o

o
%
£
X

‘ [ INDATA
::..‘ GE OM
ey CURDIR
.qﬁ
v sicI
¥ IMP
$ i
L MAIN1 P
oH MAIN2 { TPARM
b MATRIX { SCAINT--INTGRL
}%ﬁ VECINT--LININT
o
-y TADJ
,"z CSMINV--DTRMNT
3
oo MUL
-
s’ MUL1
N | GAuss
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(A) Main Programs MAIN1 and MAIN2

For

statements.

DATA
DA TA
DATA
DATA
DATA
DATA
Where

NNODE=

NEDGE=

NFACE=

NA=

$-~.-o‘ Loy o.~' .-\ e .-,;.-' e N

program MAIN1, inputs are

An example is

NNODE/22/,NEDGE/41/,NFACE/20/,NA/ 19/
D/0.25/,WL/0.4/,NB/20/,RB/0.001/

defined

by DATA

HPHI/(-1,0.)/,HTHETA/(0.,O.)/,PHI/QO./,THETA/O./

ALAMDA/1./
vis/(1.,0.)/,v2/(0.,0.)/
G1/(0.875,0.)/, G2/(0.667,0.)/

the total number of nodes of the

patching used for the aperture.

the total number of edges of the

patching.

the total number of faces

triangular patching.

the total number of internal

triangular patching.

------------
----------

(patches)

edges

triangular

triangular

of

the

of the




......

NB=

WL=

RB=

HPHI-=

HTHETA =

PHI-=

THETA=

ALAMDA =

V1 ,ves

Dl o Ang Auiiied b it vie DA SR Iin St Sl Dast it R ARy

DA A LA AR S I SO T A

the total number of current expansion functions on

the wire.

the distance (in wavelengths) from the wire to the

conducting plane.

the length (in wavelengths) on the wire where the

evanescent current is assumed to exist.

the radius (in wavelengths) of the wire.

the ¢-component of incident magnetic field (in
units of ampere/meter).
the 6-component of incident magnetic field (in

units of ampere/meter).

the incidence angle R (in degrees)

the incidence angle R (in degrees)

the wavelength (in meters).

the amplitudes of TEM voltages (in units of 220, Zo

is the characteristic impedance of the trasmission
line formed by the wire and the conducting plane)

propagating in the +2 and -2z directions,

respectively,




G1,G2= the reflection coefficients F1 and F2. (G1= Ge= 0.

when the wire 1is matched to ZO or is infinitely

long. )

OQutputs of program MAIN1 are the coefficients of
current expansion functions in the aperture and on the wire,
the power transmitted ¢through the aperture, and network
elements. They are stored in a data file with 1/0 unit

number 21.

The minimum allocations are given by

Complex Y(NA,NA),Z(NB,NB),T(NA,NB),TT(NB,NA),YT(NA,NB),
GZ(NB,NB),DGZ(NB,NB) ,VI(NB),VM(NA),ZZ(NB,NB),
YI(NB),YTI(NA),CIA(NA),CIB(NA),YY(NA,NA)

Integer NCONN(NEDGE, 3),ITRAK(NEDGE), IMIN(NEDGE)

In program MAIN2, inputs are the same as those in
MAIN1. However, inputs G1 and G2 are assigned to be zero in
the program, and NB is defined as the sum of 2 and the total
number of current expansion functions on the wire. WL is
defined as the difference of L (the length of the wire) and
the 1length of one subsection, i.e., WLzL/(1+1/NB). Ouputs

are the same as those in MAIN1. However, the TEM equivalent

circuit is not evaluated. The minimum allocations are given
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Complex Y(NA,NA),Z(NB,NB),T(NA,NB),TT(NB,NA),YT(NA,NB-2),
GZ(NB-2,NB-2),DGZ(NB-2,NB-2),VI(NB-2),ZF(NB-2,NB-2),
TTF(NB-2,NA),VM(NA),ZZ(NB-2,NB-2),YT(NA),YTI(NA),
CIA(NA),CIB(NA),YY(NA,NA),TF(NA,NB-2)

Integer NCONN(NEDGE, 3),ITRAK(NEDGE),NBOUND(50,4),IMIN(NEDGE)

(B) Subroutines INDATA, GEOM, and CURDIR

Subroutine INDATA(DATNOD, NCONN, NNODE, NEDGE) reads
two sets of input data from a file with I/0 unit number 20.
The subroutine then arranges these input data in a numerical
order for the triangular patching of the aperture. The
first set of data contains node numbers along with their
coordinates. This information is stored in an output array
DATNOD. The second set contains edge numbers with the node
numbers connected by them. This information is stored in an
output array NCONN. Note that in the input data file, we
enumerate the internal edges fist. That is, if there are N
internal edges, the edge numbers of internal edges start at
1, while the boundary edges start at N+1, The input
variables are NNODE and NEDGE, which are defined in (A).

The minimum allocations are given by

Real DATNOD(NNCDE, 3)

Integer NCONN(NEDGE, 3)




Subroutine GEOM(NCONN, NBOUND, ITRAK, IMIN, NEDGE) uses

the informations stored in the input array NCONN to form
triangular patches. TInputs are NCONN and NEDGE. Cutputs
are array NBOUND storing face (patch) numbers and their
associated edge numbers. ITRAK and IMIN are auxiliary

arrays needed in the program. Minimum allocations are given

by

Integer NCONN(NEDGE, 2), NBOUND(50, 4), ITRAK(NEDGE),
IMIN(NEDGE)

Subroutine CURDIR(NCONN, NBOUND, NFACE, NEDGE, IMIN,
NSE) arranges the informations in input arrays NCONN and
NBOUND and then transfers them into an output data file with
I/0 unit number 21. TInputs are NCONN, NBOUND, NFACE, and
NEDGE, which are defined previously. .Input NSE is the total
number of boundary edges. IMIN is an auxiliary array.

Minimum allocations are given by

Integer NCONN(NEDGE, 3),NBOUND(50,4),IMIN(NEDGE)

(C) Suboutines TPARM and Iﬂgq
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Subroutine TPARM(N, DATNOD, NCONN, NBOUND, NNODE,
NEDGE, EN, NN, XN, ZN, LN) finds the edge numbers, node
numbers, the x and the z-coordinates of nodes, and 1lengths
of edges for the triangle whose face number is N. These
informations are stored in output arrays EN, NN, XN, ZN, and
LN, respectively. Inputs are N, DATNOD, NCONN, NBOUND,

NNODE, and NEDGE. Minimum allocations are given by

Integer NCONN(NEDGE, 3)
Real DATNOD(NNODE, 3)

Subroutine TADJ(N, NA, EN, NN, NCONN, NEDGE, M, DIR)
finds the current reference direction crossing an edge of a
triangle, and the expansion function number associated with
this edge. They are stored in output variables DIR and M,
respectively. DIR=z1 if the current direction is away from
the triangle. DIR=-1 if the current direction is towards
the triangle. DIR=0 if the edge is a boundary edge. The
edge 1is specified by N which is the node number of its free
node (node not on the edge). Inputs are N, NA, EN, NN,

NCONN, and NEDGE. Minimum allocations are given by

Integer NCONN(NEDGE, 3)

(D) Subroutine MATRIX
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Subroutine MATRIX(NA, NB, NNODE, NFACE, DATNOD, NCONN,
NBOUND, CIA, CIB, T, TT, Y) computes source vectors iia and
1 .nd matrices (T], [T], and [Y], which are defined in
[1]. These vectors and matrices are stored in output arrays
CIA, CIB, T, TT, and Y, respectively. Inputs are NA, NB,
NNODE, NEDGE, NFACE, DATNOD, NCONN, and NBOUND.

The minimum allocations are given by
Complex CIA(NA),CIB(NA),T(NA,NB),TT(NB,NA),Y(NA,NA)

Real DATNOD(NNODE, 3)
Integer NCONN(NEDGE, 3)

(E) Subroutines IMP, SICI, and Function P

Subroutine IMP(NB, RB, Z) computes the impedance matrix
[Z] for an infinitely long wire. Inputs are NB and RB, and
output is the [Z] matrix stored in an array 2Z. Minimum

allocations are given by

Complex Z(NB,NB)

Subroutine SICI(SI,CI,X) computes the sine and cosine

integrals




o 2]

J cos u,,
X

CI

where X is the input, and SI and CI are the outputs. This

subroutine is described in [2].

Complex function P(AL, Z, ZL) evaluates the scalar

Green's function

The evaluation is described in [3]. Inputs are defined as

AL= 0.5A1n (in wavelengths).

Z= |zm-z'| (in wavelengths), the distance between the

field point and the midpoint of a source element.

ZL= p, the transverse coordinate (in wavelengths) of the

field point.

The output is P.

(F) Subroutines SCAINT, VECINT, LININT, and INTGRL




L
c.‘.
AN
AES
A
o

Q

)
4 S
a .

e
LAF

SO s

-y
Sl
'n:;'.‘

b r PP rA,
oS 1S

|

1M

Subroutine SCAINT(XS, ZS, X, Z, CPHI, AREA) computes

the integral over a source triangle of area AO,

where R is the distance between a field point and a source
point 1in the triangle. Inputs are the x and the =z
coordinates of nodes of the triangle and of the field point.
These coordinates are stored in arrays XS and ZS, and
variables X and Z, respectively. AO is stored in the input

variable AREA. The Output is CPHI.

Subroutine VECINT(XS, ZS, X, Z, CAXSI, CAETA, AREA)

computes
-jkR
CAXSI = JJ g-‘*——ﬁ---ds
AO
o~ JKR
CAETA = IL—Tr—dS
AO

where & and N are area coordinates of the source triangle

defined in [1]). 1Inputs are XS, ZS, X, Z, and AREA. Outputs

are CAXSI and CAETA.
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Subroutine LININT(XS, ZS, X, Z, POTXSI, POTETA, AREA)

computes
POTXST = fj %ds
K
(o)
POTETA = ff-%ds
AO

Inputs are XS, 73, X, Z, and AREA, and outputs are POTXSI
and POTETA.

Subroutine INTGRL(XS, ZS, XF, ZF, POT) computes
POT = IJ 1 ds
= R

Inputs are XS, ZS, XF, ZF, and AREA. XF and ZF are the «

and the 2z coordinates of the field point. The output is

POT.

(G) Subroutines CSMINV, DTRMNT, MUL, MUL1, and GAUSS

Subroutine CSMINV(A, NDIM, N) with subroutine DTRMNT
inverts a NxN matrix stored in array A. The result is also

stored in array A. Inputs are A and NDIM=N.

Subroutine MUL(L, M, N, A, B, C) computes the product
of matrices A(L,M) and B(M,N) and stores the result in

C(L,N). 1Inputs are integers L, M, and N and matrices A and

A
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B. The output is C. Minimum allocations are given by

Complex A(L,M), B(M,N), C(L,N)

Subroutine MUL1(L, M, A, B, C) computes the product of
matrices A(L, M) and vector B(M) and stores the result in
vector C(L). Inputs are integers L and M, matrix A, and
Vector B. The output is C. Minimum allocations are given

by

Complex A(L,M), B(M), C(L)

Subroutine GAUSS(N, A, B, EPS, 1ISW) solves a linear
system equation AXzB by the method of Gaussian elimination.
Inputs are the matrix A(N, N), N, and a small constant EPS.
The output ISW = 1 if the absolute value of the pivot of
column is larger than EPS, and ISW =z 0 otherwise. The
solution X is stored in B as an output. Minimum allocations

are given by

Complex A(N,N),B(N)
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11I. COMPUTER PROGRAM LISTING

£

Eﬂ CCCCCCCcCeCcreceeececeeecececeeceeecccececececeeeceeccecececceccececccececcececcececcececececcececece
::ﬁi MAIN1:MAIN FFECGRAM FQR TEF PROELFM CF AN ARBITRAEILIY LOADED
NN OR INFINITELY LONG WIRE EBFHIND AN AFEFTURE OF ARBITRARY SHAFE

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
(o
C
Cc
o
C
C
C
C
C
C
C
C
C
CcC

ESTIN A PPN P

AND SIZE.
THE APERTURE IS IN AN INFINITE CCNDUCTING FLANE
OF ZERO THICKNESS.
THE PLANE IS IN THE X-Z FLANE.
THE WIRE IS AT Y=D.
EXCITATICN IS FITHER A PLANE WAVE FRCE THE OFEPCSITF SIDE
CF THE WIRE OR TEM VCLTAGES ON THE WIRE.
INPUTS:NNODE,NELGE, NFACE,NA=THE TCTAL NUMBERS CF
NODES,ECGES,FACES (FATCHES) ,INTERNAL ELGES
OF TRIANGULAR PATCEING FCR THE PAERTURE.
NA IS ALSC THE TOTAL NUMBER OF EXPANSION
FUNCTICNS IN TBE AFPERTURE.
D:DISTANCE BETWEEN THE WIRE ANC THE CONDUCTING PLANE
WL:THE BANGE CN THE WIRE WHERF THE EVANESCENT CURRENT
IS ASSUMEC TC FXIST.
NB: TGTAL NUMBER OF EXPANSICNS CN THE WIRE.
HPHI, HTHETA,PHI,TEETA:THE INCIDENT B-HILELS AND ANGLES.
ALAMCA:WAVELENGTH(IN METERS) {ALL OTHEF DIFENSIONS
IN UNITS OF ALAMEA)
Vi1,V2:TEN VOLTAGE SCURCE APPLIED ON THE WIRE, REPRFED TC
Z=0. (UNITS OF 20)
RE:RACIUS OF THE WIRE
G1,G2:RELECTICN COEFFICIENTS OF LOADS
OUTPUTS: COEFFICIENTS CF CURRENT EXEANSICN FURCTICNS
IN THE AEERTURE FCR BOTH EXCITATIONS.
TOTAL,"EM,EVANESCENT CURRENTS CN THP? WIRE.
THE TIME-AVE. POWER TRANSMITTEL THRCGUGH TIL APERTURE,
FOR TEM EXCITATION.
AN FCUIVALENT CIRCUIT CF THE APERTURE (SMALL, SYMMETRIC
ABOUT Z=0, OR PRODUCING SYMBMETRIC TEM CUTIWARD TRAVELIING
CURRENTS) FOR THE TEM MOTE GN THE WIRE.

Ccccececececceececceececeeccececeeccecceececcceceecceeeccceccccecccecccecc

COMPLEX Y(19,19),2(62,62),T(19,62) ,T7(62,19) ,HPAI,HTHETA
COMPLEX YT (19,62),G2(62,62),DGZ(62,€62),VI (62)

COMPLEX VM (19),22(62,62),YI(19),AX1(2),A12(2),21,22,YTI(19)
COMPLEX E5,V1,V2,JK,CIA(19),CIB(19),61,62,PT,YY(19,19)
COMPLEX C1,C2,C3,C4,C5

INTEGER NCONN(41,3) ,ITRAK(41) ,NBOUND(S0,4%) ,ININ(41)
COMPLEX VEV,VE2

FEAL DATNOD(22,3)

FQUIVALENCE (GZ,22)

COMMON/KKK/AK,PI

COMMON/JKK/JK

COMMON/LWIRE/L,WL

COMMON/FIELD/HPUI HTHETALERI,THETA

COMMON/WEU/NWE, WU

COMNCN/LCALD/G1,G2

COMMON/VOLT/VI,V2

COMNMON/ZCO/20

DATA NNODE/22/,NEDGE/41/,NFACE/20/,NA/19/

k~‘ '\" ' " ~n«.' L% ﬁ,f
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35

DATA D/O.1/,8L/1.5/ ,NE/62/,R2/0.C01/

CATA HPHI/ (-1,0.)/,HTHETA/(0.,0.)/,PH1/90./,THETA/90./
DATA ALAMDA/1.0/

DATA Vi/(0,0)/,V2/(0.,0.)/

CATA G1/{0.875,0)/,G2/(0.6667,0) /

EI=3. 1415926%

AK=2.*PI/ALAMLCA

JK=(0.,1.) *AK

VEL=3.E0€

AOMEGA=AR*VEL

EPSLCN=1,E-09/(36.%*P1)

ANU=4.%PI*1. E-07

WE=ACMEGA*EPSLON

WU=AONEGA*ANU

NSE=NELCGE-NA

EHI=PHI*FI/180.

THETA=THETA*PI/180.

20=60.*%*AL0OG(2.*D/RB)

OPEN (UNIT=20,FILE=*IN.DAT')

OPEN (ONIT=21,FILE='CUT.LAT?®)

CALL INDATA(CATNOD,NCONN,NNCDE,NEDGE)

CALL GEOM(NCCNN,NBOUNLC,ITRAK,IMIN, NEDGE,NNCDE)
CALL CURDIR(NCONN,NBCUND,NFPACE,NEDGE,IMIN,NSE)
WRITE(21,100)NA,NB,EB,WL,L

FIND IMPEDANCE MATRIX OF WIRE,Z(NB,NB);
CALL IMP(NB,EE,Z)
FIND COUPLING MATRICES T,TT,ADMITTANCE Y,SOURCE CIA,CIB

CALL MATFIX(NA,NB,NNODE,NELGE, NFACE,LATINOL,NCONN,
§BOUND,CIA,CIB,T,1T,Y)

0O 10 M=1,NA

O 10 N=1,NA

YY(M,N)=Y(N,N)

CALL CSMINV(Y,NA,NA)

MATRIX CALCULATIONS:

CALL MUL (NA,NA,NB,Y,T,YT)
CALL MUL (NB,NA,NB,TT,YT,GZ)
L0 20 M=1,NB

DO 20 N=1,NE

LGZ (M,N) =GZ (N, N)-Z (N, N)

K=1:TEM INCILCENT ; K=2: PLANE WAVE INCIDENT

WRITE(21,110)

po0 30 K=1,2

LO 32 M=1,NA

M (4) =-CIB (M)

IP(K .EQ. 1) GO TO 35
KRITE(21,120)

LO 34 484=1,NA

VH (M) =CIA (M)

CALL MOUL1(NA,NA,Y,VHN,YI)
CALL MULT(NB,NA,TT,YI,VI)
[0 40 M=1,NB

DO 40 N=1,NB
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40 2Z (B, ,N)=LCGZ (M, N) 16
CALL GAUSS(NB,2Z2,VI,1E-11,ISW)

LAA

;l? IP(ISKH .EQ. 1) GO TC 4S
) TYPE 101
101 PORMAT (* ISW=0,STOR"')
STOP
' 4s BRITE (21,130)

v
.

BRITE(21,140) (VI (M) ,M=1,NE)
AL 1 (K)=VI(1)
AI2(K) =VI(NB)
CALL MUL?Y(NA,NE,YT,VI,YTI)
DO 60 M=1,NA
VM (M) =YI (M)~-YTI (M)
V (B)=VH () / (120.%P])
60 CONTINUE
WRITE(21,150)
WRITE (21,140) (VN (M) ,N=1,K])
WRITE(21,220)

14

NS

FIND HIGH MODE ELE CURFENT:

ann

;ﬁ E1=(NB-2)/2

A PO 50 N=2,N1+¢1

R ZN=NL*FLCAT (2*N-NB-1) /FLCAT (2*NB-4)

- M1=NB-M+1

1 ES=CEXP (JX*ZN)

¥ VI (NM)=VI (M)-VI(1)*E5

3 VI(R1)=VI(M1)-VI(NB) *FS

0 CONTINUE
WRITE(21,140) (VI (M) ,8=2,NP-1)

wn

FIND TIME-AVE. POWER TRANSM. THRC. APEETURE,ET

SAR
fan

2 IF (K- £Q. 2) GO TG 30
' ET=(0.,0.)
00 80 H=1,NA
YTI (8)=(0.,0.)
LO 90 N=1,NA
90 YTI (M)=YY (H,N)*VH (N) ¢YTT (H)
80 PT=PT+VN (M) #CONJG (YTI (H))
PT=0.5*REAL (ET)
VRITE(21,240)PT
0 CONTINUE

¢
3
3
B

FIND EQUIVALENT NETWORK:21,Z22,VE1,VE2 (NOBMALIZED TO Z0 )
(I+=1 OR VO=1)

aOONH W

E5=2.¢AL1(1) ¢AI2(1)
21== (AI1 (1) ¢AI2(1)) /ES
IF (CABS (AX1(1)~AT2(1))/CABS(ATI1(1)) .GT. 1.BE-02) GO T0 S2
Z1==2.*AI1(1)*20/ (1. +AI1 (1))
VE1=-AX1(2)#(2.%20+21)
WRITE(21,230) 21,VE1
€0 T0 17
2 CONTINUE
e 22=2.#% (1. 4AI2(1)) /ES/(AT1(1)-AI2(N))

A8
v

TO AVOID ANY POSSIBLE SMALL ERROR(SMALL NEGATIVE RESISTANT)
DOE TO THE VERY SMALL ECUNDCFF ERROR IN REAL(I(1)) ,REAL(I(NB))

(s Xz NeXs!
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Eg 55

o CONTINUE
i BZ=REAL(Z1) /CABS (Z1) 17
N IF( RZ .GT. 0.) GO TG 25
) IP( ABS(RZ) .GT. 3.E-03 ) GC TOC 27
21=(0.,1.) *AINAG (21)
{ 25 BZ=REAL (Z2) /CABS (22)
~ IF ( RZ .GT. 0. )GO TO 37
o IP (ABS(RZ) .GT. 3.E-C3) GC 10 27
2 22=(0.,1.) *AINAG (22)
XS 37 CONTINUE
. ES=1.¢21+422
VE1=-ES5%AI11(2) ¢22%AI12(2)
- s VE2=ES*AI2 (2)-22*AI1(2)
o) WRITE(21,170) 21,22,VE1,VE2
58 GO TG 17
- 27 WRITE(21,210)
s 100 FORMAT(//.2X,"NA=*,I4,1X,*NB="* ,1I4,1X,"BR=" ,P6.4, VX,
v 1 SWL=*,F6.4,1X,'D=',F6.4)
Ne 110 FORMAT {/,2X,*TEM WAVE INCIDENT')
i 120 FORMAT (/,2X,*PLANE WAVE INCIDENT?')
v 130 FORMAT (2X,*ELEC. CURRENT CN WIRE,1ST & LAST ARE TEM AT Z=0-,0¢9)
y 140 FORMAT (2X, 2E)
: 150 FORMAT (2X,'MAG. CURRENT DENSITY ON APEBTURE/ {120.%PI)=")
3 170 POBHAAT(/,2X, ' EQUIVALENT NETWORK(NCRMALIZED TG 20): *,/,2X,'Z1=*,
1 28,2X,'22=',ZE,/,2X,"VE1=',2E,2X,'VE2=" ,2E)
X 210 FORMAT (2X,"*#* STOP, NEET LARGER WL § NB ®s#9)
5 220 FOBNMAT(2X,*HIGH MODE ELEC. CORRENT CN WIRE')
~d 230 FORMAT(2X,'22 IS OPEN',/,* 21=*,2E,2X,'VE1='2E)
240 PORNAT (2X, 'POYER TRANSM. THRO. APERTUBE,PT=',P)
- 17 CLOSE (UNIT=20,FILE=*IN.CAT')
o CLOSE (UNIT=21,FILE=*CUT.DAT?)
X STOP
:%: END
1
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E": CCCCCCCCCececeeeeceecrceeeccececceeccececcecceccececccececceccceccececceeccceccecceccececceccccececc
?::f:\ BAIN2:MAIN PSEOGRAN FOR TEFE PEOBLEM CF AN UNLCADED WIBE OF
NN FINITE LENGTH BEHINC AN APERTURE OF AREITRARY SHAPE AND SIZ2E.
p THE APERTURE IS IN AN INFINITE CONDUCTING PLANF
5 OF ZERO THICKNESS.

o

C

cc

C

C

Cc

C

C EXCITATICN IS EITHER A PLANE WAVE PRCM THE OEPCSITE SIDE
C OF THE WIRE OR TEM VOLTAGES ON THE WIBE.

C INPUTS:NNODE,NEDGE, NFACE,NA=THE TCTAL NUMBERS CP
C NODES,EDGES,FACES (PATCHES) ,INTERNAL ELGES
C OF TRIANGULAR PATCHING FCR THE EAERTUBE.

[ Cc NA IS ALSC THE TOTAL NUMBER OF EXPANSION
C
C
C
C
Cc
C
C
C
C
C
C
C
C

WO FUNCTIONS IN THE APERTURE.
é;a D:DISTANCE BETWEEN THE WIRE ANC THE CONDUCTING PLANE
ta WL:LENGTH OF WIRE - LENGTH CF CNE SUBSECTIGCR
3y NE:TOTAL NUMBEE OF EXPANSIONS CN THE WIRE ¢ 2.
HPHI,HTHETA,PHI,THETA: THE INCIDENT H-HILEDS AKD ANGLES.
¢ ALAMCAzWAVELENGTH (IN METERS)
;§ V1,V2:ANPLITUDES OF TEM VCLTAGES (IN UNITS OF Z0)
< RBzRALIUS OF THE KIRE
Ny OUTPUTS: COEFFICIENTS OF CURRENT EXEANSICN PUNCTICNS
WY IN THE AFERTORE PCF BCTH EXCITATIONS.
— CURRENTS ON THE WIRE
% THE TIME-AVE. POJEE TRANSMITTEL THROUGH TH APERTURE,
v:q FOR TEM EXCITATICN.
¥, CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCecece
sy COMPLEX Y(19,19),Z(11,11),T(19,11),11(11,19) ,HPAI,HTHETA
(L COMPLEX YT (19,9).,62(¢9,9),L6Z(9,9),VI(9)
. COMPLEX 2P(9,9),TF(19,9) ,TTF(9,19)
N COMPLEX VM(19),22(9,9),YI(19),AT1(2),A12(2),21,22,YTI(19)
o COMPLEX ES5,V1,V2,JK,CIA(19),CIB(19),61,62,PT,YY(19,19)
o INTEGER NCONN(41,3),ITEAK(41) .NBOUNLC(50,4) ,ININ(41)
A FEAL DATNOD(22,3)
% EQUIVALENCE (GZ,22)
_ COSMON/KKK/AK,P1
29 COMMON/JKK/JK
Y COMMON/LWIRE/C,WL
iy COMMON/FIELD/HPHI,HTHETA ,FHI,THETA
b7 COAMON/WEU/WE, WU
oA COMMON/VOLT/V1,V2
. COMMON/200/2C
L COMMON/LCAD/G1,G2
g CATA NNODE/22/,NEDGE/41/,NFACE/20/,KA/19/
! CATA D/0.25/,WL/0.45/,NB/11/,RB/0.001/
30 CATA HiHI/(-:.g.)/,HTHBIA/(O.,0.)/,PHI/QO./,THBTA/QO./
M CATA ALANCA/1.0/
‘ EATA V1/(1,0.)/,¥2/(0.,0.) /
o) 61=(0,0)
SOk G2=(0,0)
20 KBF=NB-2
ot FI=3.1415926S
a3 AK=2.%PI/ALAMDA
v JK=(0.,1.) *AK
Y VEL=3.E08
] AOMEGA=AK*VEL
! EPSLON=1. E-09/ (36.%PI)
N ANU=4 . *PI*1.F-07
¥ WE=AOMEGA*EESLCN
@ WU=AOMEGA*AMU
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NSE=NEDGE-NA 19
PEI=PHI*FI/180.

THETA=THETA*FI/180.

OPEN (UNIT=20,FILE=*IN.DAT')

CPEN (UNIT=21,FILE='CUT.LAT’)

CALL INDATA(CATNOD, NCOKN,NNCDE, NEDGE)

CALL GEOM(NCONN, NBOUND,ITRAK,ININ,NECGE, NNODE)

CALL CURDIR (NCONN,NBCUND,NFACE,NEDGE,ININ,NSE)

WRITE(21,100) NA,NB,RB,HL,T

FIND IMPEDANCE MATRIX OF WIRE,Z (NB,NE);
CALL IMP(NB,RE,Z)
FPIND COUPLING MATRICES T,TT,ADMITTANCE Y,SOURCE CIA,CIB

CALL MATRIX(NA,NB,NNOLE, NEDGE,NFACE, CATNOL,NCONN,
NBOUND,CIA,CIB,T,TT,Y)

£O 10 M=1,NA

PO 10 N=1,NA

YY(n,N)=Y(M4,N)

CALL CSMINV({Y,NA,NA)

REDUCE 2,T,TIT TO ZF,TIF,TTF FOR UNLCADED WIRE:

DO S00 N=1,NEF

DO 510 N=1,NEF

ZF (M, N)=Z (M+1,N¢ D)
PO 500 N=1,NA
ITP(M,N) =TT(N+1,N)
TF (N,4)=-TTF (M,N)
MB=NEF

MATRIX CALCULATICNS:

CALL MUL (NA,NA,NB,Y,TF,YT)
CALL MUL (NBE,NA,NB,TTF,YT,GZ)
ro 20 n=1,NB

80 20 N=1,NB

DGZ (M,N) =GZ (M ,N)-ZF (M, N)

"K=1:TEM INCILCENT ; K=2: PLANE WAVE INCIDENT

20=60.*ALOG {2.*D/RB)

YRITE (21,110)

[0 30 K=1,2

DO 32 N=1,NA

vH (84)=-CIB(H)

IF(K .BEQ. 1) GO TO 35
WRITE(21,120)

DO 34 M=1,NA

v (H) =CIA(N)

CALL MOUOLT(NA,NA,Y,VN,YI)
CALL MUL 1(NB,NA,TTF,YI,VI)
DO 40 n=1,NB

DO 40 N=1,NB

2% (8,N)=LGZ (B,N)

CALL GAUSS(NB,22,VI,1R~-11,1I5W)
IP (ISW .EQ. 1) GO TOC 45
TYPE 101
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101
a5

60

s Xz Xg}

90

30
100

110
120
130
140
150
240
17

FORMAT(* ISW=0,STOP*)
STOP

WRITE (21,130)

WRITE(21,140) (VI(N),M=1,NB)
CALL MULT(NA,NB,YT,VI,YTI)
DO 60 M=1,NA
V(M) =YL (M) -YTI (M)

VA (M) =VN (1) /(120.%P])
CONTINUE

WRITE{21,150)
KRITE(21,140) (VM (M) ,M=1,NA)

FIND TIME-AVE. POWER TRANSN. THRC. APERTURE,PT

IF (K. EQ. 2)GO TO 30
PT={0.,0.)

DO 80 M=1,NA

YTI(M)=(0.,0.)

TO 90 N=1,NA

YTI(N)=YY (M,N) *VH(N) +YTI (M)
PT=PT+¢VN (M) *CCNJG (YTI (M) )

PT=0.S5*REAL (ET)

WRITE (21,240)PT

CONTINUE

FOEMAT(//,2X,"NA=*,1I4,1X, "NB=",14,1X,*RB="' ,F6. 4, 1X,
*WL=?,F6.4,1X,°D=",P6.4)

FORMAT(/,2X,*TEM WAVE INCIDENT')

FORMAT (/,2X,PLANE WAVE INCIDENT')

FORMAT (2X,*ELEC. CURRENT CN WIRE')

FORMAT (2X, 2E)

FORMAT (2X,*MAG. CURRENT CENSITY ON APERTURE/(120.%*PI)=*)
FORMAT (2X,*POWER TBANSM. THRO. APERTURE,PT=',E)
CLOSE (UNIT=20,FILE='IN.DAT')

CLOSE (UNIT=21,FILE='0UT.CAT")

STOP

END

20
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ccccceceecccececceccecceececcecccecececccceccecececcceeccecccecceccecceccecccccecceccecccccccce
C

Cc INDATA:READS TWKO SETS OF INPUT DATA PCE THE

C TRIANGULAR PATCHING OF TEE FPAERTUBE: (1) NQCE NOS. C
C WITH COORDINATES, STCRED IN DATNOD. {2) EDGE KCS. C
C AND NODE NQS. CONNECTEL EBY THES, SOTRED IN NCONN C

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCe
SUBROUTINE INCATA (CATNCD,NCCNN,NNGDE,NEDGE)
DIMENSION DATNOD(NNODE, 3)

INTEGER NCONK (NEDGE, 3)
Lo 10 I=1,NNCCF
READ (20,5) NOLE, X, 2 |

5 FORMAT (I2,2F9.€) |
AN=FLOAT (NGGE) ¢
CATNOD (NCDE, 1) =AN
DATNGD (NCDE,2) =X
CATNCD (NCDE, 3) =Z

10 CONTINUE
LO 20 I=1,NELGE
BEAD (20, 15) NE, NF, NT

15 FORMAT(I3,2I2)
NCONN (NE, 1) =NE
BCONN(NE, 2) =NF
NCONN (NE,3) =AT

20 CONTINUE
WRITE (21, 18)
18 FORMAT(' 1*)
WRITE (21, 19)
19 FORMAT (6X,*'TEE FOLLOWING IS THE INFCRMATION CONCERNING NGDES

1 AND THEIR COGCBLINATES?',/)

p0 30 I=1,NNCDE

IDUMMY=IFIX(CATINCD(I,1))

WRITE(21, 21) IDUMMY,DATNOD(I,2) ,DATNCD(I,3)

21 FORMAT (3X,'NCCE NUMBER=',I3,3X,*X-COORCINATE=?,F7.4,3X,
1'Z~-COORLINATE=? ,F7.4)

30 CONTINUE
WRITE(21, 28)

28 FOEMAT('1')
SRITE(21, 29)

29 FORMAT(10X,*THIS IS THE INFORMATICN CCNCERNING ELCGES , NODES',/)

DO 40 I=1,NELGE
BRITE(21, 31) NCONN(I,1), NCONN(I,2) ,NCONN(I,3)

K} FORMAT (3X,*ECGE',13,1X,*IS CONNECIED FR0M¥ NODE',1X,I1I3,1X,

1*TO NODE',1X,I3)
40 CONTINUE

RETURN

ENC i
€Cccceeececececceccececcecececeeccecececececeeccececcceccecececcceccececcecccecccceccecc |
C GEOM: USES INFOEMATIONS IN NCCNN TC FOFM TRIANGULAR C
C PATCHING. DIMENSION OF NECUNL MUST BE INCREASED FCR C
C TOTAL NUMBERS OF FACES > S0. C

cCccececeeeceecceeceeeecececceceeccececcceccececceccecrcececececceccecceececccecccccecccecccceccc
SUBBOUTINE GFOM(NCONN,NBCUND,ITRAK,IMIN,NEDGE)
INTEGER NCONN(NEDGE,3) ,NEOUND(S50,4) ,ITRAK(NELGE)
INTEGER IMIN(NEDGE)
COMMON/IE/IFACE
IFACE=0
NP1=0
nr2=0
pO0 100 IJ=1,NELGE
ICOUNRT=0

..........




10

75
2 12
15

20

21

22
23

24
25

29

30
n

32

N1=NCONN({1J,2)
N2=NCONN (13, 23)
Lo 10 I=1,NEDGE
po 10 J=2,3

IP (I.BQ.1J)GO TO 10

NA=NCONN (I,J)

IP(NA.EQ.N1.OR.NA.EC.N2)GO TO 6

GO TO 10

ICOUNT=ICOUNT+1

ITRAK(ICCUNT) =1

CONTINUE

BARK1=0

MARK2=0

CONTINUE

K1=1

IT=ITRAR(K1)

DO 15 I=Z,ICOUNT

IF(ITRAK(I).LT.I1)GO TC 12

GO TO 15

IT=ITRAK {I)

K1=1

CONTINUE

IF (MARK1.EQ. ICOUNT) GO T0 100

IF (I1.GT.IJ)GC TO 20

GO TO 31

CONTINUE

N3=NCONN{I1,2)

N4=NCONN (I1,3)

IP(N3.EQ.N1.CR.N3.EQ.N2)GC T0 21
IF(NY4.FC.NI.CR.N4.EC.N2)GC TC 22

NB=N4§

GO TO 23

EB=N3

CONTINUE

1c0=0

PO 25 I=1,NELGE

fo 25 J=2,3

IP(I.BQ.I1)GC TO0 25

NC=NCONN(I,J)

IF(NC.EQ.NB)GC TO 24

GO TO 25

ICO=1ICO+1

ININ{ICO)=1

CONTINUE

Do 30 I1=1,ICC

IA=ININ(I)

IF (N1.EQ.NCONN(IA,2) .OR.NT.EQ.NCONN(TIA,3))GO TC 29
IP (N2.EQ. NCONN (IA,2).0BR. N2.EC.NCONN(IA,3))GO TO 29
G0 TO 30

12=IA

GO0 TO 32

CONTINUE

CONTINODE

ITRAK(K1)=NELGE+1

BARK1=MARK 1¢1

GO TO0 75

IP(I2.LT.IJ)GO TO 74

IP (IFACE.EQ.0)GO TO 33

NP 1=NBOUND(IFACE, 2)

NP2=NBOUND (IFACE,3)

22

A
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RN 33 IF(IJ.EQ.NF1.AND.I2.FQ.NF2)GC TC 74 23
s IFACE=IFACE+1
3> NBOUND (IFACE, 1) =IFACE
e NBOUND(IFACE,2)=1J
™ MBOUNL (IFACE,3)=1I1
NBCUND(IFACE,U4)=12
MARK2=MARK2+¢1
MARK1=MARK1+1

8 8

e IF (MARK2.EC.2)GC TO 100

s ITRAK (K1) =NEDGE#+1

3 G0 TO 75

N 74 CONTINUE
o ITRAK(K1)=NELCGE#1
0 MARK 1=MARK 1e1

(- GO 10 75

300 100 CONTINUF
L WRITE (21, 98)
v 98 FORMAT (' 1)

o WRITE(21, 99)
21 99 FORMAT (10Y,'IHIS IS THE INFORMATICN CCNCERNING PACES, EDGES',/)
f:g WRITE (21, 101) {(NBOUND(I,J),J=1,4),1=1,1IFACE)

A 101 FORMAT (3X, *FACE',13,1X,'IS BETWEEN 1HE EDGFS',1X,I3,
L 11X,13,1%,13)

Ad LO 120 1=1,IFACE
Y0 £0 120 J=2,4

e ISEDGE=NBOUNLC(I,J)

T KCOUNT=0

o Lo 125 K=1,IFACE

> 00 125 M=2,4
i IF (I.EQ.K.ANC.J.EQ.M) GO IC 125

e IF (ISEDGE. EQ. NEQUND (K, %) ) NCOUNT=NCOUNT+1

NN 125 CONTINUE

P’ C IF (NCOUNT.EQ.O) WRITE (21, 150) ISEDGE

| 120 CONTINUE

150 FORMAT (/5X,I3,2X,'IS A BCUNCABY ECGE')

. FETURN

2 END

e CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCe
b2 C TPARM:OBTAINS PARAMETERS CF A TRIANGLE C
e C INPUT:N:TRIANGLE NUMBER CCNSIDERED C
=2 c DAT NOD (NNODE,3) :NODE #,X.2.COOE FOR ALL NODES OF C
- C SYSTEN c
s o NCONN (NNODE, 3) :ELGE NO.,NOCE MNO.(FFON-TO) C
D% C NBOUND(50,4) : FACE #,EDGE #S FCR ALL TRIAMGIES CP C
N C SYSTEN C
NN C OUTPUT:EN(3) :ECGE # CF THE TRIANGLE(SANE GRDER AS C
P c INFOT EY USER) C
ik C NN(3) : NCDE# (ORDERED AS NOCE BETWN.EN(1),(2):(2), C
ey c 3):(3), (1) c
YO C XN(3),ZN(3): X, 2~ COCR. OF VEBTICES

*i C LN(3) :LENGTH OF EDGES OPPGSITE NOLE NN (1), (2),(3)
020 CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCcCCCCcccccececceccee
A SUBROUTINE TEARM(N,CATNCL,NCCNN, NECUNLC,NNOCE,NELGE,

-t 1 EN,NN,XN,ZN,LN)

A INTEGER EN(3),NN(3)

A INTEGER NCONN(NECGE, 3),NBCUND(50,4)

Iy FEAL LN(3) ,XN(3),ZN(3),DATNCD(NNOLE,3)

g Lo 10 M¥=1,3

La 10 EN (M) =NBCOND (N,M+1)

"J: Lo 20 H=1,3
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I1=EN(N)

12=M+1 24
IP (12.GT.3) I2=1

I2=EN(I2)

NN (M) =NCONN(11,2)

JP (NCONN(I1,2) .EQ.NCONN{12,2)) GO TC 20

IF (NCONN(I1,2).EQ.NCONN(I2,3))GO TO 20

KN (M)=NCONN(I1,3)

20 CONTINUE

Lo 30 n=1,3

XN (M) =DATNCD {NN (M)}, 2)
30 ZN (M) =DATNOD (NN(H),3)

LN(1)=SOBT ( (XN (2) -XN{3)) $*24 (ZN(2) -ZN(3)) **2)

LN (2)=SORT { [XN (3)=XN (1)) **2¢ (ZN(3)-2N (1)) ##2)

LN(3)=SORT { (XN (1) -XN(2))**2¢ (ZN(1)-2N(2))**2)

FEETURN

END
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCe
C TADJ:ADJUST EDGE NO. S.T. M OPEOSITE NOLE N; ADJUST INDEX N,
C S.T. M STARTS AT 1 AND EXCLUDES BGCUNDARY EDGE; OBTAIN DIR, THE
C DIRECTION OF THE CURRENT THBO THE ELGE, CIR=1 IF CUBRENT AWAY
c THE TRIANGLE,-1 IF TOWARDS THE TRIANGLE,0 IF IT IS BCUMNDAEY.
C INPUT: N-FOINTER OF NCDF NC CONSICFBED IN A TRIANGLE=1,2,3
C NSE: 4 OF SURFACE (BOUNLCABY) EDGES
c EN(3):ECGE # OF THE TRIANGLE (=1,2,..,NEDGE)
c NN{3) :NODE # OF THE TRIANGLE ,SAME CBDER AS IN TPARN
C ITRAK (NEDGE) :AUXILARY VECTCR
c NCONN (NELGE, 3) NCDE
C NECGE: 4 CF EDGES
c OUTPUT:
c M: INDEX
c DIE:DIRECTION OF CURRENT (=1,-1,0)
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCe

SUBROUTINE TADJ(N,NA,EN,NK, NCOKN,NEDGE,N,DIR)

INTEGER NCONN(NELCGE,3),EN(3),NN(3)

LIR=0.

ADJUST EDGE #,S.T. M DENCTES THE DEGE # CPPOSITE NODE N
IF M IS A BOUNLCARY ELGE,JUME QUT

e NeNeNe!

IF(N .EQe. 1) M=EN(3)
IP(N .EQ. 2) M=EN(1)
IP(N -EQ. 3) M=EN(2)
IP(M.GT.NA) RETURN

FIND DIR:

OO0

N2=N+1
N3=N+2
IP(N2 .GT. 3) N2=N2-3
IP (N3 .GT. 3) N3=N3-3
LIR=1.0
IP (NCOWN(M,3).EQ.NN(N2) .ANLC. NCONN(M,2) .EQ.NN{N3)) DIR=-1.
BETURN
END
L oo oL of ol o o of o o of of of o1 of of o o ol o o o o ol o o o o o o o o o o o o o o o o & o o o o & o o o o o ol of o of o of o o o & o o of o o ol o o]
o VECINT:THIS,NITH LININT,EVALUTES VECTOR POTENTIAL INTEGRAL
c OVER A TRIANGLE REGION
C INPUT:COOR. OF 3} VERTICES OF THE TRIANGLE (XS(3).,2S5(3))
C CBVERATION POINT (X,Z), AREA (CPF THE TRIANGLE)
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C OUTPUT:INTEGRAL IN CAXSI,CAETA 25
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
SUBROUTINE VECINT (XS,2S,X,2,CAXSI,CAETA,ABEA)
INPLICIT COMELEX (C)
BREAL CABS,COS, XS (3),2S (3)
COMNON/KKK/AK,PI
COMNMON/VEC/XSI(7) ,ETA(T)
CP=CMPLX (0.,0.)
CG=CMPLX(0.,0.)
po 120 1=1,7
BY=((X-XS{1))-(XS(2)~XS (1)) *XSI (I)-(XS(3)-XS{1)) *ETA(I)) ¢#2
B2= ((2-25 (1) )~ (25 (2) =25 (1)) *XSI (I)-(2S(3)-2S (1)) *ETA (1)) **2
IR E=SORT (R 1+R2)
o CR=CMPLX (0.0 ,~1.0*AK*R)
;1 IP (CABS(CR) -LE. 1.0E-06)GO TO 102
RS CA= (CEXP (CR) ~CMPLX (1.0,0.0) ) /CMPLX (E,0.)
-1 CP1=CMPLX (XSI(I),0.)*CA ,
N CG1=CMPLX (ETA(I),0.) *CA |
e 60 TO 103
NNy 102 CP1=CMPLX (0. ,~AK*XSI(I)}) 4
R CG1=CMPL X(0. ,—~AK*ETA (I)) ‘
AN, 103 IP (I.EQ.1)GO TG 105
N IP(1.EQ.2 .OB. I.EQ-3 -OR. I.EQ.4)6C TO 110
oS CF=CF+CF1%CMPLX (0. 1259392,0.)
oo CG=CG+CGI1*CMPLX (0. 1259392,0.)
: GO TO 120
105 CP=CF+CF 1*CNPLX (0.225,0.)
CG=CG+CG1*CMELX (0.225,0.)
GO TO 120
. 110 CP=CF+CF1*CHPLX (0. 1323942,0.)
O CG=CG+CG1*CNPLX (0. 1323942,0.)
120 CONTINUE
e CALL LININT(XS,2S,X¢Z,POTXSI,POTETA,AREFA)
N CAXSI=CP*CMPLX (AREA,0.) ¢+CMELX (POTXSI,O0.)
~ CAETA=CG*CMPLX (AREA,0.) +CMPLX (PGTETA,0.)
. 150 CONTINUE
AR EETURN
) END
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCTCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCe
c SCAINT:THIS SUBROUTINE,WITH SURRCUTINE INTGRI,EVALUATE
c THE SCALR POTENTIAL INTEGEAL OVEBR A TIANGLE REGICN.
c INBOT:COCR. OF VERTICES CF TRIANGLE XS(3),25(3)
c AREA OF THE TRIANGLE, AREA;CBSEFVATION POINT (X,2)
c
C

e el
R
[y

PR PCP
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AK,PI IN CCHMON KKK
CUTPUT:SCALAR POTENTIAL INTIEGRAL CVER AREA,STORED IN CPHI
cceceeecceecceececececceccecececcecccececeecccecceccecceccceceeccceceecccecccecceccceccecccecceccc
SUBBOUTINE SCAINT(XS,2S5,X,Z2,CPHI,ARER)

N IMPLICIT COMPLEX (C)

N e EEAL CABS,COS,XS(3),25(3)
T CONMON/KKK/AK,BI

b COMMON/VEC/XSI(7) ,ETA(7)
"~ XS1(1)=1.0/3.0

-, X51(2)=0.05971587

—d XSI1(3)=0.47014206

a0 XSI(4)=XSI(3)

Rasy XSI(5)=0.79742699

R4 XSI(6)=0.10128651

+fs XSI(7)=XSI (6)

ok oy ETA(1)=XSI(1)

.u_" ETA(2) =XSI(3)
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FTA (3)=XSI (2)
ETA(4) =XSI (4) 26
ETA (5) =XSI (6)

ETA(6)=XSI (5)

FTA (7) =XSI{7)

CP=CNPLX (0.0, 0.0)

£o 120 1=1,7

B1=((X-XS (1))~ (XS (2)-XS (1)) *XSI (I) - (XS (3) XS {1) ) *ETA (I) ) ##2
B2= ((Z-25 (1) )= (25 (2) -2S (1) ) *XSI (I) - (Z5 (3) -ZS (1)) #ETA (I) ) *#2
B=SQRT (R 1+R2)

CR=CMPLX (0. 0,~1. 0%AK*R)

IP(CABS (CR).LE. 1.0E-06) GO TO 102

CF1= {(CEXP (CR) -CNPLX (1.0, 0. 0)) /CHPLX (R, 0. 0)

I TEB LA LA

A CATAT A L

GO TO 103
102 CFP1=CHNPLX (0. 0,-AK)
103 IF(I .EQ. 1) GO TO 105

IP(I.EQ.2 .OR. IT<.EQ.3 .OF. I.EC.4)GO TO 110
CF=CF+CP1*CMPFLX (0. 1259392,0.0)

GO TC 120
105 CP=CF#CF1*CMPLX (0.225,0.0)

GO TO 120
110 CP=CF+CF1*CMPLX (0. 1323942,0.0)
120 CONTINUE

CALL INTGRL(XS5,25,X,Z2,P01)
CPHI=CF*CMPLX (AREA,0.0) ¢CNELX (POT,0.0)

150 CONTINUE

FETURN

END
CCCCcecceecececececcececcecccereccecceceecceeeccececcecccecccecccececceccceccccecececcceccececceccceccce
C LININT:THIS,WITH SUBROUTINE INTGRL,EVAVULATES ISI/R AKD
C ETA/R INTEGRALS OVER A TRIANGLE BEGION.THE QUANTITIES DEFINED
C HERE ARE THE SAME AS THOSE IN THE REFERENCE,
C AND POT1 FROM INTGRL 1S DSEL.

CCccCceceeeccecceeccecccececcceccececcceceececccececececececccccececececeeccceccecceccccc
SUBROUTINE LININT (XS,25,X,Z,POTXSI,EQTETA,AREA)
BEAL X5(3),Z2S5(J)
COMMON/POTEN/EOT1
A= (XS (2)=XS (1)) *%2¢ (25(2)~2S (1)) *+2
B= (XS(3)=XS(1))**2+(25(3)~-2S(1)) **2
C==2.*%((X-XS{1)) * (X5(2)-XS5 (1)) ¢(2-2S(1)) *(Z5(2)-25(1)))
C==2.*%((X=-XS (1)) * (XS (3)-XS (1)) +(2-2S5(1))*(25(3)-25(1)))
E=2.% ({XS(2)-XS5(V1))* (XS (3)-XS (1)) +(25(2)~25(1)) *(25(3) -ZS5(1)))
P= (X-XS (1)) *%24(Z-25(1)) *»2
A1=(2.%B-C+D-E)*SQRT (B#D+F) + (2. *A+C-D—F) *SQRT (A#C+PF)
A2=4,* (A+B~E)
A3=A1/A2
A4=4 % (A+C) * (B4D+F) ¢4.*F* (B~C-E) - (C#D¢E) **2
A5=8.%SORT { (A+B~E) ##3)
A6=A4/A5
IP (ABS(A6) .LE. 1.E-0U4)GC TC S
AL 1=2.%50RT (A+B-E) *SQRT (E¢D+F) }
AL2=2.*SQRT (A¢B-E) *SCRT (A+C+F)
AL3=(2.%E-C¢L-E)
ALU4= (2.*A+C~D~E)
AJ 1=A3¢A6*ALCG(ABS((AL1+AL3)/(AL2-ALY)))
AJ3=A3¢A6*ALCG(ABS((AL2+ALY4)/(AL1-AL])))

PP

GO TO 6
5 AJ1=13
AJ3=A3
6 B1=SORT (A+C+F)

PRV NN RN N
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B2=((2.*A¢C) *B1-C*SQORT (F)) /(4. *Ar)

ANUN=ABS (2.*SQRT (A) *E1+2.%1+4C) 27
CEN=ABS (2. *SCRT {A*F) +C)

IFP (ANUM.LE. 1.E-0U4)GO 10 10

IP(DEN.LE. 1. E-04)GO TO 10
B3=ABS((2-*SQORT(A)*B142.*%*A+C) /(2.*SCBT (A*F) +C))
AB3=AL0G {B3)

AJU=B2¢ (U . *A*F-C**2) *AB3/ (8.*SQRT (A**3))

GO TO 11

AJ4=B2

B4=SCRT (E+D+F)

BS=((2.*R+D) *B4-D*SQRT(F))/ (4. *B)
ANUM=ABS (2.*SQRT (B) *E4+2.%B+D)
DEN=ARS{Z.*SCRT (B#*F) ¢D)

IF (ANUM.LE.1.E-04)GQC TO 15

IFP(DEN.LE.1.-04)G0O TO 15

B6=ABS [(2-*SQRT (B) *B4+2. *B+L) / (2.*SCRT (B*F) ¢[))
AB6=ALOG (B6)

AJ2=B5+ (4. *B*F~-[**2) *AB6/(B.*SCRT (B**3))

GO TO 16

AJ 2=B5

CONTINUE

EOT=POT1/ (2.*AREA)

AR 1=2.%B* (AJ 1= AJ2)-E* (AJ3-AJY)

AR2=(2.%*AR1~- (2.*B*C—E*D) *F0T) / (U.*A*E-E**2)
POTXSI=2.*AREA*AR2

AR3=U.*A* (AJ3-AJU)~2.2E* (AJ1-AJ2)~(2.*A*D-E*C) *PCT
POTETA=(2. *AREA*AR3) /(4. *A%B-E*%2)

EETORN

END

CUBDIR:TC CALCULATE THE NCRMAL VECTOF TO THE SURFACE
+BY LISTING THE EDGES ASSCCIATED WITH EACH TBIANGLE
IN A SEQUENTIAL MANNER.

INPUT: NCONN,NBCUND,NFACE,NELGE,NSE
OUTPUT:NEOUNL,IMIN

SUBROUTINE CURDIR (NCONN,NBCUND,NFACE,NEDGE,IFIN,NSE)

INTEGER NCONN(NEDGE,3),NBOUND(50,4) ,ININ (NEDGE)

INTEGER IMAX (6)

m=1

IMIN(IM) =1

¥1=0

DO 999 IJK=1,NFACE

IK=1JK

Lo 2 1=1,6

IMAX(I)=0

CONTINUE 1
IFLAG=0

DO 4 J=1,IM

IF (IJK .EQ. IMIN(J))GC TC 1
IPLAG=1

CONTINUE

IF (IFLAG.EC. 1)GC TO 999
J1=0

11=0

L1=0

12=NBOUNE (IK,2)
13=NBOUNC (IK,3)




n

12

15
20

21

23

25

35

36
&80

57
59

I4=NBOUND(IK,4) 28
N1=NCONN ¢(12,2)

N2=NCONN({IZ2, )

N3=NCONN(I3,2)

IP(N3.EQ.N1 .CR.N3.EC.N2)GO TO S

GO TO 10

N3=NCONN(I3,3)

CONTINUE

I11=1

ITEMP=12

DO 20 IJ=1,NFACE

DO 12 J=1,IH

IF (IJ .EQ.IMIN(J))GC IO 20

CONTINUE

J2=NBOUNLC(1J,2)

J3=NBOUNE (1J,3)

J4=NBOUNLC (1J,4)

IF (ITENP.EQ.J2 .CR. ITEMP.EC.J3 .CR. ITEMP.EC.JUY)
GO TO 15

GO TO 20

IL=1J

GO TG 25

CONTINUE

IFP(I1 .EQ.1 .AND. J1.EC.1)GO TO 21
Ji=1

ITENP=I3

GO TO 11

IP(I1.EQe1 .ANDe J1.EQ.1 .AND. L1.EC.1) GO TO 23
L1=1

ITENP=14

GO To 11

IF (81.EQ.1) GC TO 999

Hi=N1+1

IK=LJK

GO To 1

KN1=NCONN (ITEMP,2)

KN2=NCONK (ITEMP, 3)

IP (N1.EQ.KN1 .OR. N1.EC.KN2) GO TO 35
KN3=N1

GO TOC 40

IP(N2.EQ.KN1 .OR. N2.EQ.KN2) GO TG 36
KN3=N2

GO TO 40

KN3=N3

J2=NBOUNC(IL,2)

J3=NBOUNC (IL,3)

Je=NBOUNL(IL,4)

IF (J2.EQ.ITENP) GO TC S9
IP(NCONN(J2,2) .EQ.KN1 .OR.NCONN(J2,2).EQ.KN2)GC 20 57
KN4=NCONK (J2,2)

GO TO 68

KNU=NCONN (J2,3)

GO TO 68

IF (NCONN {J3,2) .EQ. KN1 _OF. NCONN(J3,2).EQ.KNZ2) GO TO 61
KN4=NCONN(J3,2)

GO TO 68

KN4=NCONN(J3,3)

CONTINUE

IP (IN.EQ.1) GO TO 115

IP (ITEMP.EQ. INAX (6)) GC TC 109

Vi ® ol LR
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115

165

175

69

79

81

89

91
99

100
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IMAX (1) =INAX (5) 29
IMAX (2)=1IMAX (4)

INAX (3)=IMAX (6)

GO TO 115

IMAX{1)=IMAX (4)

INAX (2) =IMAX {6)

IMAX (3)=IMAX(S5)

IF(M1.NE.1) GO TO 175

IP{ITEMP.EC. NBOUND(IJK,4)) GO TC 165
INAX(1)=NBOUND(IJK, 4)

IMAX (2)=NBCUNL (IJK,2)

IMAX (3)=NBOUND(IJK, 3)

81=0

GO TO 17%

IMAX(1)=NBOUNC (IJK,3)

INAX (2) =NBOUNL (IJK, 4)

IMAX (3)=NBCONL (10K, 2)

21=0

KDUMMY=KN3

Lo 100 1=1,2

IF (I.EQ.1 .AND. IM.NE.1)GC TG 99
ID=1¢(I-1) *2

IP (ITEMP.EQ.I2) GO TO 79
IF(ITEMP.EQ.I13) GO TC 89

IF (N1.EQ.KN3 .ANLC. N2.EC.KN1) GO TO 69
IP(NI1.EQ.KNY1 .AND. N2.EC.KN3) GO TO 69
IMAX(ID)=13

IMAX(ID+Z)=12

GO T0 99

IMAX(ID)=12

IMAX(ID+2)=13

GO TO 99

NN 1=NCONN(I3,2)

FN2=NCONN{I3,3)

IF (NN1.EC.KN1 .AND. NN2.EC.KN3) GG TO €1
IF (NN1.EC.KN3 .AND. NN2.EC.KN1) GO 70 81
IMAX{ID)=I4

IMAX (ID+2)=12

GO TO 99

IMAX(ID)=13

INAX (ID+2)=I4

G0 TO 99

IF(N1.EQ.KN3 .ANDC.N2.EC.KN1) GO TO 91
IP(N1.PQ.KN1 _AND. N2.EC.KN3) GO TO 91
INAX(ID)=I4

IMAX(ID+2)=12

GO TO 99

IMAX(ID) =12

IMAX(ID+2)=I4

KN3=KN4

12=J2

13=J3

I14=J4

CONTINUER

KN3I=KDUMFY

NAT=NCONN(IMAX (1),2)
NA2=NCONN(INAX (1) ,3)

¥B1=NCONN (IMAX(4),2)

NB2=NCONN(IMAX (4),3)

IP(NB1.EQ.NAY .OR.NB1.EQ.NA2) GO T0 125

TR I IR
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125

149

999

1000

98
102

1005
1006

1010
01

1015
1016

1050

1999
1001
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IF (NB2.EQ.NA1 .OR. NB2.EC.NA2) GC T0 125 30
IDUMMY=INAX (6)

INAX (6) =IMAX (4)

IMAX (4)=IDUNNY

INAX (2) =ITEMP

INAX(S)=ITENE

IF(IN.NE.1) GO TO 149
NBOUND(IK,2)=IMAX (1)

NBOUNC(IK, 3)=INAX(2)

NBOUND(IK,4)=IMAX (3)

NBOUND(IL,2)=IMAX(6)

NBOUND (IL,3)=IMAX(5)

NBOUND(IL,4)=IMAX(4)

IN=IN+1Y

ININ(IN)=IL

IK=IL

IP (IM.EQ.NFACE) GO TO 1000

GO TO 1

CONTINUE

CONTINUE

IP(NSE.EC.0)GO TO 1001

SRITE{21, 98)

FOFMAT(' 1)

WRITE (21, 102)

FORMAT (10X, *LIST OF EDGES & VERTICES BOUNDING EACH
FACE?')

DO 1999 IJK=1,NFACE

I2=NBOUNL (I1JK,2)

I3=NBOUNL{IJK, 3)

I4=NBOUND (IJK,4)

IP (NCONN(I2,2) .EQ.NCONN(I3,2)) GC TC 1005
IF (NCONN(I2,2).EQ.NCCNN(I3,3)) GO TO 1005
N1=NCONN (12, 3)

GO TO 1006

N1=NCONN {12, 2)

IF (NCONN(13,2).EQ.NCONN(I4,2)) GC TO 1010
I? (NCONN(I3,2) .EC.NCONN{I4,3)) GO TC 1010
N2=NCONN(I3,3)

GO TO 1011

N2=NCONN (13,2)

IP (NCONN(IU,2) .EQ.NCONN(I2,2)) GO TC 1015
IF (NCONN (I4,2) .EQ.NCONN(I2,3)) GO TO 1015
H3=NCONN(I4, 3)

GO TO 1016

N3=NCONN (I4, 2)

CONTINUE

WRITE(21, 1050)IJK,12,13,I4,N1,N2,N3
FORMAT (/3X,*FACE®*,I3,1X,*IS BOUNDED BRY ELGES', X,
13,1%x,13,1%X,13,2%X,"AND VERTICES',1X,13,1X,13,1X,13)
CONTINUE

BETURN

END
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C INTGRL:CALCULATE 1/R INTFGRATIGCN CVER A SCURCE TRIANGLE
Cc INPUTS: (XS5 (3) ,25 (3)):CCORS. CF NCCES CF THE TRIANGLE

C XF,2F:CCCR. COF FIELD PCINI

C CCTPUTS:EOT=FCT1:INTEGAL RESOULT

€Ccccceeecccceccececcecccececcececececececceccceecceccececceccecececccecceccceccccecce
SUBROUTINE INTGEL (XS,2S,X¥,ZF,BCT)
CIMENSION XS({3),2S5(3)
COMNCON/POTEN/POT

FIND THE ENDS CF EACH EALGE({FRCM (XM,ZM) TO (XP,ZP)

THE EDGE NO IS DEFINED AS 1,2,3 BETWEEN NCDES(1,2),(2.,3),(3,1) A
AND THE LCIRECTICN IS CEFINEL

AS FROM NODES 1-2,2-3,3-1,RFSPECTIVELY.

OO O

POT=0.
po 10 1=1,3
XM=XS(I)
IMN=Z2S(I)
I1=14+1
IF(I1 .EC. 4) It=1
XP=XS (I1)
ZP=2S(11)
KPXF=XP-XF
ZPZF=7P~2F
XMXF=XM-XF
ZMZF=2M-ZF
XPXM=XP-XN
2P28=72P-7H
AR=ABS (APXF*2MZF-XMAF*ZP2F)
IF (AR .LE. 1.E-12) GC TC 10
IPXM2=XPXM**_
ZPZM2=ZPZMN**2
LCL=SOKT (XPXMZ+ZPZ112)
RO=AR/DL
LL2=DL**
XPXML=XPXM¥2/LL2
ZPZNL=ZPZM2/L1?2
DOT= (-XMXF*XPXM-ZMZF*ZFZE) /CL2
X0=XM+DOT*XPXM
Z0=ZM+DOT*ZEZN
RO2=R0O**Z
DLP= ((XP-X0) *XPXM+ (ZP~-Z0) *ZFZH) /LL
DL M= ((XM~-X0) *XP XM+ (ZM-20)*ZEZM) /DL
BP=SQRT (FO2+LLE**2)
RM=SORT(ROZ2+CLM**2)
SIGN=~ ((X0-XFf)*ZPZM-(Z20~ZF) *XPXN) / (CL*RO)
RATIO=(RP+DLP) /{RMN+DLHM)
EOT=POT¢SIGN*R0O*ALOG (RATIC)
10 CONTINJE
EOT=ABS (ECT)
EOT1=POT
EETURN
END
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R C MATRIX:TO OETAIN SOURCE VECTORS CIA,CIB,CCUPLING MATRICES T,1T.
a8 C THE WIRE IS INFINITELY LCNG OR LCADED. THE APERTURE IS OF

o C ARBITRARY SIZE AND SHAPE,AND IS IN AN INFINITE

a c CONDUCTING PLANE OF ZERO THICKNESS.
{: c INPUT: NA,NE:TOTAL # OF EXEANSIONS IN APERTURE AND ON WIRE

e C NNODE,NEDGE, NPACE: # OF NODES,EDGES,FACES OF AFERTURE

et C DAT NOD (NNGDE,3) :NOCF #, X,Z, CCOB. OF ALL NODES
S5RN c NCONN (NEDGE, 3) : EDGF #,NODE # (PROM,TO)OF ALL EDGES

N C NBOUND (50,4) :PACE #,EDGE & OF ALL TRIANGLES

~a C ETHETA, EPHI, THETA,PHI: INCIADENT E-PIELD AMPLITUDES & ANGLES

c OUTPUT:CIA(NA),CIB(NA),T(NA,NE),TT(NB,NA) ,Y(NA, NA)

) CCCCCCCCCCCCCCCCLCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCecceee

1S SUBROUTINE MATRIX(NA,NE,NNOCE,NELCGE,NFACE,CATNOD,NCONYN,

N 1 NBOUND,CIA,CIB,T,TT,Y) 1
oy COMPLEX Y(NA,NA),CIA(NA),T(NA,NE),HPHI,HTHETA |
RN COMPLEX H1,HX,HZ,FX,FZ,TF,SEFOT,CPHI,JK,CAXSI,CAETA |
. CONPLEX CIE(NA),TT(NB,NA)

BN COMPLEX €1,C2,C3,C4,C5,61,62,V1,V2,AIP,AIN, TP, TH,T1(19),TNB(19)
ey REAL DATNOD (NNODE,3) ,XF(3),ZF(3),LF(3),X5(3) ,25(3),LS{3),CT(3,2)
RN INTEGER NCONN(NEDGE,3),NBCUND(50,4)

b INTEGER EF(3),NF(3),ES(3),NS(3)

= CONMON/LWIRE/L,WL

e COMMON/PIELD/HPHI HTHETA,EHI,THETA

Al COBMON/KKK/AK,PI

N COMBON/JEK/JK

e CONMON/WEU/WE, WU

33 COBMON/LCAD/G1,G2

2 COMNON/VOLT/V1,V2

" CONMON/Z00/20

N C

.lki C NSE=TOTAL NC. OF SURFACE FLGE(BOUNDAEY); NA=TOTAL NO. OF

oo c INTERNAL ECGES

AN C

e NS F=NEDGE-NA

- BO 60 #=1,NA

A LO 70 N=1,NA

;ai 70 Y(#,N)=(0.,0.)

:'.‘i. CIA‘H)=‘0C'OO)

N2 CIB(M)=(0.,0.)

ay T1(M=(0.,0.)

= INB (M)=(0.,0.) N

22‘ po 80 N=1,NE

S0 IT(N,M) = {0.,0.)

v 80 T(N,N)=(C.,0.)

L 60 CONTINUE

kot CNST=COS{TEETA)

] SINT=SIN (THETA)

et COSP=COS (PRI)

Pasd SINP=SIN ({PHI)

;%; HX=HTHETA*COST*COSP-HPHI*SINP

N HZ=~HTHETA®SINT

e Ch=G1#G2

‘::? C5=1.-C4

il Cc1=-G1/CS

B C2=C4/CS

AN €3=-G2/CS

L C4=2.#%CS

- AIP=((1.-G1)#V1eG1%(1.-G2) #V2) /ClU

AIN=z (=G2#* (1.~-G1)*V1-(1.-5G2) *V2) /C4

'-.".v' ‘f‘-" ‘a3 ’! e .P-.l. ‘-"'-"-.‘ AR ALY \',"p.,‘-;.‘. e ‘.:. A PR ;_'.‘ \:_\- AR L SN S Sy N \'.'-‘.\. \‘.‘ \‘.\ :
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0O 10 IJ=1,NEACE 33

FOR EACH FIELD TRIANGLE IJ,OBTAIN TBIANGLE PARAMETEES:

EDGE #:EF(3) ;NCDE # :NF(3); X.Z. COOB. OF NOLES XF(3) ,Z2F(3):
LENGTH OF EDGES:LF(3)

OBTAIN:CENTROD:XC,Z2C; TESTING COMFONENTS OF EDGES:CT(3,2)

N11=T1J

CALL TPAFM(N11,DATNCD,NCONN, NBCUND,NNCDE,NEDGE,
EF ,¥F ,XF,ZF,1F)

IC=(XF (1) +XF {2)+XP(3)) /3.
2C=(ZF (1) +ZF (2) +2F(3)) /3.
CT (1, N=(XF(2) ¢XF(3))/2.-1C
CT (1,2)={ZF (2) +ZF (3) ) /2.-ZC
CT(2,1)=(XF(3) +XF (1)) /2.-XC
CT(2,2)=(2F (3) +2F (1)) /2.-2C
CT (3, 1)={(XF(1) +XF(2))/2.—-XC
CT(3,2)=(ZF(1)+2F(2))/2.-2C
DO 40 IJK=1,NFACE

POE EACH SOUBCE TRIANGLE IJK:

OBTAIN:ELGE PARAMETERS:ELGE # ES(3) ,NCDE # NS(3) ,COOB. OF NODES
X5(3),ZS(3): LENGTIB CF EDGES LS (3)

OBTAIN:AREA{AREA CF TRIANGLE IJK)

BY TAKING MAGNITUDE OF VECTCB CRCSS PECDUCT CF TWO SIDES

F11=1IJK

CALL TPAFRM (N11,DATNCLC,NCCNN,NBGUNL

+ NNODE, NEDGE ,ES,NS,XS,25,LS)

AREA= (XS {2)=XS (1)) * (25 (3)-ZS (1)) ~(XS(3) -XS5(1)) *(2S(2)-25())
AR EA=ABS (AREA) /2.

OBTAIN SCALAR & VECTCR POTENTIAL INTERALS(1/2#%AREA EXCLUDED) :
CPHI , CAXSI,CAETA

CALL SCAINT(XS,ZS5,XC,ZC,CEHI,AREA)
CALL VECINT(XS,2S8,XC,ZC,CAXSI,CAETIA,AREA)
po 20 1IR=1,3

FOR EACH NODE IR OF THE FIELD TRIANGLE IJ:
OBTAIN: FIELD-EDGE-TESTING INDEX:N;DIRJECTICN OF CURBENT:DIRJ

N11=IR

CALL TADJ(N11,NA,EF,NF,NCONN,NEDGE,HN,DIRJ)
IF(CIRJ .EC.0.) GO TC 20

IF(IJK.NE. 1) GO TC 1

COBPUTE SOURCE VECTOR CIA(NM): INCIDENT PLARE WAVE IN REGICN A
RC=XC*SINT*COSP+ZC*CCST

B1=(CT (IR, 1) *HX+CT(IR,2) *HZ)*CEXP (JK*RC)
CIA(M)=CIA(M)+2.*CIRJ*LF (IR)*H1

COMPUTE COUPLING MATRIX T(M,N), SOUBRCE CIB(N) FOR TEM IN REGION B

L22=D*+2+XC**2
IL=WL

TL2=TL/2.
ZCT=2C+TL2

B1=SCRT (ZCT**2+L22)

RS TA 0 Ch AR T RALLT ALY RO LT A QR A ULG I Xy
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Y
B1=(1.-ZCT/R 1) *CEXP (-JK* (R1+TL2)) 3
D4=LF (IR)*DIRJ*C*CT(IF,1)/(2.%PI*L22)
TP=D4*2, *CEXP (JK*ZC)
TM=DU*2, *CEXE (-JK*IC)
T1(M)=CI1*TM+C2*TP+T1 (M)
TNB (M) =C2*TM+C3*TP+INB (M)
T(M8,1)=T(H,1)+D4*H
Z2CT=2C-TL2
RI=SQRT (ZCT*%2+D22)
H1=(1.+4ZCT/R 1) *CEXP({~-JK* (R1+TL2))
T(M,NB)=T (M,NB) #C4*H1
ro 30 N1=2,NBE-1
ZN=WL*FLCAT(2*N1-NB-1) /FLCAT (2*NE-4)
BN=SQRT(LC22+ (ZC-ZN) **2)
H1=(JK/RN*%2+ 1, /RN*%*3) *CEXP (~JK*EN) *WL/FLOAT (NB-2)
T{M,N1)=T(M,N1) +D4*D22*H1
CIB(M)=AIP*TM¢AIMN*TP+CIE (V)

COMPUTE ADMITTANCE MATRIX Y (M,N)

CONTINUE
Lo 50 1IK=1,3

FOR EACH NODE IK OF THE SOURCE TRIANGLE IJK:
OBTAIN:SOGURCE-EDGE-INDEX N; CUERENT CIRECTION DIRS

N1 1=1IK
CALL TADJ(N11,NA,ES,NS,NCONN,NEDGE,N,DIRS)
IF (DIRS .EC.0.) GO TO S0

COMPUTE SCALR POTENTIAL SECT,VECTOR POTENTIAL IN X. Z. :FX,F2Z
:THE DOT PROLUCT OF POCTENIIALS & IESTING,TF,1S

A2=DIRS*LS(IK)/(4.*PI*AREA*2.)

FX=A2% ( (XS (1)-X5 (LK) ) *CPHI+ (XS (2)~-XS (1)) *CAXSI
+(X5{3)-XS (1) )*CAETA)

PZ=A2% ((ZS(1)-2ZS (IK)) *CPHI* (2ZS (2)-2S (1)) *CAXSI
+{ZS(3)-2S5(1) ) *CAETA)

TP=FX*CT (IR, 1) +FZ*CT (IB,2)

SPOT=-CPHI*A2%2./ (0., 1.) /WU

Y(M,N)=Y (M, N)+4.*DIRJ*LF (IR) *((0.,1.) *§E*TPF-SPCT)

CONTINUE

CONTINUE

CONTINUE

CONTINUE

GALERKIN SOLUTION :Y(M,N)=Y(R,HN)

Lo 90 M=1,NA

LO 90 N=1,HM
Y(N,N)=(Y(N,N) ¢X(N,N)) /2.
Y(N,M)=Y{H,N)

CBTAIN TT (M,N)

Lo 100 N=1,NA

Lo 100 M=1,NE

IT (M, N)==T (N, M)

IP(G?! .BQ. 0. .AND. G2 .EC. 0.) GO TO 2

ADD T1,TNB DUE TO LOADS TC MATBIX T:
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SN LO 110 H=1,NA
e T(M, ) =T (M, 1) +T1(N)
o 110 T(M,N3)=T(M,NE)+TNB (M)

(. 2 CONTINUE
p HETURN
END
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N e

e c INP:FIND IMPEDANCE MATRIX 2 FOR AN INFINITELY-LONG WIRE
2 c INPUT:NB:# EXPANSIGNS.
Ao c RB:RACIUS OF WIRE

C QUTPUT: Z

CCCccceeceeceececececcececceeccececececcececceccccceccececececcecccccecccecccecce
SUBRQUTINE INE (NE,RE,Z)

"‘
G
4 * .

4

b COMPLEX Z(NB,NB) ,ZHN{5),P,JK,E,E1,E2
oY DIMENSION DZ (5)
23 COMMON/KKK/AK,P1
2l COMMON/JKK/JK
a COMMON/LWIRE/L,WL
AN COMMON/WEU/WE, WU
s ALB=WL/FLOAT (2% (NB-2))
'-". C
RN C FIND Z(M,N), M,N=(2, NE-1)
- C =2 , THE 1ST SUBSECTICN CN WL, SC M~1 IN MO,N-1 IN NO
ey c (MM, MO, MP) , (NM,NO,NP) ARE THE POINTS ON SUBSECTION B & N
N C
o~ [2=p*2.
L. M=0
o NO=1
NP=2
3 n1=2
Nk M2=NB-1
oo L0 10 #=M1,M2Z
N HO=2% (N-1) =1
o MP=MO+1
ek M1=MO-1
L DZ (1) =ABS (FLCAT (MO-NO) *ALE)
XN DZ (2) =ABS(FLCAT (MP-NE) *ALE)
R [Z (3) =ABS (FLCAT(MP—NH) *ALB)
N DZ (4) =ABS (FLCAT (MM-NP) *ALE)
A DZ (5) =ABS({FLCAT(MN-NN) *ALB)
- po 20 J=1,5
vaoad 20 ZMN (J)=P (ALB,DZ(J) ,RE)-P(ALB,DZ (J) ,D2)
SO Z(8,M1)=(0.,1.) *HUSYSALB**2%ZMN(1)
Ul Z(H, M1)=Z (M, M1) = (0a,1.) /NEX(ZNN(2)~ZHB{3) 2NN (4) +ZNR{5))
gt Z(M1,M)=Z(N,H1)
o Lo 30 J=1,M2-H
r<2ea) Z(NM+J,M14J)=2Z (M, N1)
S 30 Z{N1eI, M) =2 (N, N1)
AR 10 CONTINUE
< c
AN c FIND 2(M,1)=2(1,4),Z (M,NE)=Z (NB,N), BY USING PULSE TESTING
) C OF J (M), M=(2,NB-1)
== c
T ALS=ALSB |
.1 L22=D2%*2
Py L= (NB-1) /241
*.-E\- 1L=WL
n TL2=TL/2.
el E=CEXP (-JK*T12)
: Lo 40 m=2,L
_o] 20=WL*FLCAT (2*M-NB-1) /FLOAT (2*NB-4)
i £Z2= (20)
o DZ 1=ABS(L22¢TL2)
Y D2z 2=ABS (LZ27-TL2)
) ZAN(1)=P (ALB,DZ1,RB)-F (ALB,L21,D2)
Ty ZAN(3)=P (ALB,D22,RB)-P (ALB,D22,D2)

WG R S A G SN 0, ‘-'-:.:'\\'c\'-"';~'-;-\-I:';
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2 2P=(Z0+ALS) 37

e Z8=(Z0-ALS)

£t ZP1=ABS (ZP+TL2)

r 2P 2=ABS (ZP-TL2)

ZM1=ABS(ZM+TL2)
ZM2=ABS(ZM-TL2)
ZMN(2)=P(ALS,2P1,RB)-P(ALS,2P1,D2)

1 -P{ALS,ZM1,RB) ¢+P(ALS,2M41,D2)
ZAN(4)=P(ALS,Z2P2,RB)-P(ALS,2P2,D2)
1 -P(ALS,ZM2,RE) +P({ALS,2M2,L2)

E1=AK/WE#*2.%ALB*E
E2=~- (0., 1.) /RE*E
Z(8,1)=E1*ZMN(1) +E2*ZNN(2)
Z(M,NB)=E1*ZMN (3)-E2*ZMN (4)
2(1,M)=2(N,1)
Z(NB,M)=2Z(M,NE)
M1=NB-M+1
Z(M1,1)=2(4,NB)
Z(M1,NB) =Z(4,1)
Z(1,M)=2Z(81,1)
Z(NB,M1)=Z(M1,NB)

0 CONTINUE

FIND Z(1,1)=Z(NB,NB), Z(1,NB)=Z (NB,1)

X el X J

TL22=TL**2

U0 1=TL#SCRT (TL22+RB**2)

002=TL+SCRT(TL22+D22)

CALL SICI{S1,C1,U01*AK)

CALL SICI(S2,C2,U02%AK)

F=CEXP{~JK*TL)

E1=E/WE

E2=(0., 1<) *E1

Z(1,1)=—-E2* (E(ALS,0.,RE)~F(ALS,0.,C2))

Z(1,NB)=E2#* (P(ALS,TL,RB)-P(ALS,TL,D2))
1 ¢1./HE*AK/ (2.*PI)*(-C14C2+ (0.,1.)*(S1-52))

Z{NB,NB)=2(1,1)

Z(NB,1)=Z(1,NB)

BETURN

END
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CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCLCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCe
c SICI:COMPUTES SINE ANLC COSINE INTEGRALS. INPUT IS X;
c OUTPUTS ARE SI, CI.
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
SUBROUTINE SICI(SI,CI,X)
2=ABS (X)
IP(2-4.) 1, 1,4
1 Y=(4.-2) % (4.+2)
SI=X* ((({(1.753141F-9%Y+1.568988E~7) *Y¢1.374168E-5)
1 *Y+46.939889E-4)*Y+1.964882E-2) *Y+4.395509E~1)
CI=((5.77215€E-1+ALOG(Z) ) /Z-2% (((((1.386985E-10%Y
1 ¢1.584996B-8)%Y+1.725752F~6)*Y+1. 185999E-4)*1+
2 4.990920F-3)*Y+1.315308E-1)) *Z
BETURN
4 SI=SIN(Z)
¥=CO0S (2)
z:uo/z
U= ((((((((4%. 048069E-3%2-2.279143E-2)#2+5.515070E-2)
*2-7.2616U2E-2)*2+4.987716E~-2) #2-3.332519F-3) *2~
2.314617E-2) #2~ 1. 134958E-5) #2+6.2500 11E~2) #2Z+
2.583989EF-10 ‘
V=000 ((-5.108699F~3%2+2.819179E-2) *2Z-6.537283E~2)
#247.902034E=2) *2-4.400416E-2) $2-7.945556F~3) *Z+
2.601293F-2) #2-3.7640C00E-4) *2-3. 1224 18F~2) %2~
6.646441E-7) *2+2,.500000E~1
CI=2% (SI*V-Y*U)
SI==Z%(SI*U+1#V) +1.570796
BETURN
END
CCCCCCCCCCCCCCCCCCCCCTCCCCCCCCECCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
P:FIND THE IKTEGRAL OF 1/ (4*PI*2%AL) #CEXP(~JK*B) /R IN A
SUBSECTICN OF S*aL
2=DIST. IN 2 BETWEEN FIELD & SCURCE PIS.
ZL=DIST. IN ZL (=SQRT (X#*2¢Y%*%2))
AL=HALF SUBSECTION LENGTE
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCe
COMPLEX FUNCTION P(AL,Z,ZL)
COMPLEX PO,JK
FEAL 11,12,13,1I4,LR,KL
COMMON/KKK/AK,PI
COMNON/JRK/JK
B=SORT (ZL¥#24Z%%2)
FO=CEXP (~JK*R)/ (4. *PT)
IF(R .LT. (10%AL)) GC TO 30

W N -

Wi -

(X2 K2 Xz Kz X2

FOR R >= 10%AL, FIND P=P (AO,A1,A2,A3,A4)

KL=AK*AL

LR=AL/R

ZR2=(Z/R) *%2

ZRU= (Z/R) **4

200=—1,43.%2R2

‘o 133.-30- *ZR2+3 SC‘ZR“
A0=1.+LR*%2 /€. *A00¢+LR**4,U0.*A01
A1=LR/6.*¥A00¢LR**3/40.%A01
A2==2ZR2/€.-LR**2,/40.%(1.~12.%2R2¢15.%2R4)
A3=LR/60.* (3.%ZR2-5.*ZRY)

A4=ZRU/120.

P=PO/R* (A0+ (0. ,1.) *KL*A1+KL#*%2%22+ (0., 1.) *KL*23&73+KLE**4*AU)
GO TO 40 -

A NN N A Y N N e
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o

.o C FOR R< 10*AL, FIND P=P(I1,I2,I3,I4):
C
3

0 Z21=Z+AL

Z22=2~-AL
( G1=SORT (ZL**2+Z 1%%2)
X G2=SORT (ZL*%2+¢Z22%%2)

FOR Z<= AL:

s NoNo)

IT=ALOG((Z1+G1)* (-22+G2) /ZL**2)
IF(Z .LE. AL) GO TO 5¢C

FOB Z > AL:

RN
nOn

I1=ALOG((Z1¢G1)/(Z2+G2))
50 12=2.*AL

13=Z1/2.%G1-22/2.%G24ZL**2/2 %11

TU=2.%AL*ZL**2¢ (2 % AL*#3 46 % ALRZ%%2) /],

P=P0/(2.%AL) * (I11-JK* (I2-R*I1)

1 <=AK*%2/2,.8(I3-2.%R*I2+R**2%]1)
2 4(0.,01.)*AK**3/6.% (I4~3.*R* I3+ 3. ¥F*#2¢I2-Re¢* 2T 1))
40 RETURN
A END
2 CCCCCCCCLCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCe
5 c CSMINV:INVERTS MATRIX A CF LIMENSION NXN (N=HDIM) ,AND STORES
RS CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
3 c RESULTS IN A
SUBROUTINE CSMINV(A,NDIN,N)

. CONMPLEX A(NDIM,NDIM),PIVOT(60),AMAX,T,SWAE,DETERM
M COMPLEX U,CMPLX,CONJG
: INTEGER*4 IFIVOT (60) ,INDEX (60,2)
A BEAL TEMP,ALEHA(60),CABS
3 COMPLEX CTEME,CALPHA (60)
IEFR=0
IF(NDIM .LE. 60) GO TO 5
& I1ERR=1
& SRITE (3,4) NCINM
. N FORMAT (*OCSMINV ERRCR, ATTEMET T0 INVERT A MATRIX®
: 1 1I4," ON A SICE,*/' WHEN 60 X 60 IS THE MAXIMUM ALLOWED®)
w GETURN

1

EEZ L
B e Se2x

3 5 CONTINUE
W DETERN=CHPLX (1.0, 0. 0)
Wt SUMAXA=0.
o\ L0 20 J=1,N
n ALPHA (J)=0.0

CALPHA({(J)=(0.0,0.0)

s SUNROW=0.

53 Lo 10 1=1,N

s CALPHA (J)=CALPHA (J) +A(J,I)*CONJG (A(J,1))
’gg ALPHA (J) =REAL (CALPHA (J))

% 10 SUMROW=SUMROK+CABS (A (J,I))

AL PHA {(J) =SORT (ALPHA (J))
o IF (SUMRON .GT. SUMAXA) SUMAXA=SUMROWN
o 20 IPIVOT(J)=0
e £O 600 I=1,N
T AMAX=CMPLX (0.0,0.0)
e CO 105 J=1,N
e IF(IPIVOT(J) -1) 60, 105,6C
= 60 Lo 100 K=1,N

RISAY \;_\‘ ST YRR Y
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80
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100
105

%o

200

260

330

350
380

400

850
550
600
620

630

705
710

900
910

------------

IP(IPIVOT(K)-1) 60,100,740
CTEMP=ANAX*CCNJG (AMAX) -A (J, K) *CONJIG {A {J,K))
TENP=REAL (CTENP)

IF(TENP) B5,85,100

IRON=J

ICCLU M=K

AMAX=A(J,K)

CONTINUE

CONTINUE

IPIVOT (ICOLUM) =IPIVOT (ICCLUN) ¢1
IF ( IROW - ICCLUM) 140,260,140
DETERM= -DETERNM

L0 200 L=1,N

SHAP=A(IEOW,L)
A(IROW,L)=A(ICCLUN,L)
A(ICOLUM,L)=SWAP

SWAP=ALPHA (IFCW)
ALPHA(IRGW) =ALPHA (ICCLUN)
CALPHA (ICOLUM)=SHAP

ALPHA (ICOLUM) =REAL (CALEHA (ICOLUN))
INDEX (X, 1)=IROW
INDEX (I, Z)=ICCLUM

EIVOT (I)=A (ICCLUM,ICCLUN)
0=PIVOT(I)

ALPHAI=ALPHA (ICCLUN)

CALL DTRMNT (DETERM,U,ALPHAI)

CT EMP=PI VOT (I) *CCNJG (FIVCT (1))
TENP=REAL (CTEMP)

IF(TEMNP) 330,720,330
A(ICOLUM,ICOLUM)=CMPLX (1.0,0.)
Lo 350 L=1,N

U=PIVOT (1)
A(ICOLUN,L)=A(ICOLUN,L) /U

LO 550 L1=1,N

IF (LY - ICCLUM) 400, 550,400
I=A{L1,ICOLUN)

A(L1,ICOLUN) =CMPLX(0.0,0.0)

EO 450 L=1,N

U=A (ICOLUM,L)
A(L1,L)=A(L1,L)~-0U*T

CONTINUE

CONTINUE

DG 710 I=1,N '
L=N¢1-1

IF (INDEX (L,1) - INDEX(L,2)) 630,710,630
JROW=INDEX(L,1)

JCOLUM=INDEX (L,2)

LO 705 K=1,N

SWAP=A(K,JRGH)

A(K, JROW)=A(K,JCOLUM)
A(K,JCOLUN)=SRAP

CONTINUE

CONTINUE

SUMAXI=0.

Lo 910 1=1,N

SOUMRON=0.

DO 900 J=1,N
SUMROW=SUMROW®CABS(A(I,J))

IP (SUMROK .GT. SUMAXI) SUMAXI=SUMROW
CONTINUE
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FETURN 41
720 WRITE (3, 730)
730 FORMAT ('0° ,10 (*s%*%*%7) JYOMATRIX IS SINGULAR'/*(Q"
1 '10('*#ttt#l))
W 740 BETURN
{: END
R CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCLCCCCCCCCCCCCCCCCCCCCCCCe
Py c CTRMNT:
fﬂ CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
s SUBROUTINE DTRMNT (DETERMN,U,R)
<o CONPLEX CETERM,U,CMPLX
_ BEAL CABS
N COMMON /SCAFAC/ISCALE
o3 PATA ISCALE/C/
NN IF (CABS (CETEFM) .GT. 1.E-10) GO TG 100
A CETERN=DETERM*1.E10
N ISCALE=ISCALE+1
\ 100 CETERM=DETERM*U/CMPLX (A, C.0)
v RETURN
‘;: END
N, CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCe
-3 C GAUSS:SOLVF FOR X:A(N,N)*X(N)=B(N); STCBED IN E(R)
~ CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCLCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCe
Ak SUBROUTINE GAUSS(N,A,B,EES,ISW)
R COMPLEX A(N,N),B(N),C,T
s FM1=N-1
vy DO 10 K=1,NM1
o C=(0.0,0.0)
0o L0 2 I=K,N
Vo IP (CABS (A (I,K)).LE.CABS{C)) GO TO 2
o C=2(I,K)
s 10=X
0 2 CONTINUE
o IF (CABS(C) .GE.EPS) GO TO 3
g IS§=0
) RETURN
"3 3 1P (I10.EQ.K) GO TO 6
e Lo 4 J=K,N
N T=A (K, J)
Bt A{K,J)=A(I10,J)
B [ A(10,J)=1
. T=B (K)
o B (K)=B (10)
SON E(10)=T
A 6 KP1=K+1
x‘j}. Cc=1./C
S B(K) =B (K) *C
o Lo 10 J=KP1,N
bin) A(K,J)=A {K,J)*C
o Lo 20 I=KP1,N
I;'J 20 A(I.J)=A‘I.J)-A‘I,K)‘l(K,J)
5 10 B(J)=B(J)-A(J,K) *B(K)
39 B(N)=B(N) /A (N,N)
LO 40 K=1,NM1
AL I=N-K
~3 €=(0.0,0.0)
* IP1=1+1
;‘.,;i: LO S50 J=1IP1,N
st 50 C=C+A (I,J)*B({J)
o 40 E(I)=B(I)-C
1

AT T LN e e e

LB 4 A%



] . u2
E§\: ISW=1

i S RETURN

N END

ol CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
e C MUL:C{(L,N)=A(L,N)*B(N,N)

P CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCeCee

- SUBROUTINE MUL({L,M,N,A,B,C)
» COMPLEX A(L,8),E(M,N),C(L,N),H

N [0 20 I=1,L
oA DO 20 K=1,N
' #=(0,0)

" Lo 10 J=1,M
o 10 ¥=A(I,J) *B(J,K) +¥

o 20 C(I,R)=W
S FETORN
h% END
kit CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
- C MUL1:A(L,M)*E(N8)=C(L)
! CCCCCCCLCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCTCCCCCCCCCCCCCCCCCCCCCCCCCCee
- SUBROUTINE MUL1(L,M,A,E,C)
~ COMPLEX A(L,M),B(M),C(L)
QA Po 10 1=1,1L

‘ C(I)=(0.,0.)
ot Lo 10 J=1,H
e 10 C(I)=A(I,J)*B(J) +C(I)
Y RETURN
b END
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