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I. INTRODUCTION

Computer programs for the analysis of electromagnetic

coupling between a thin straight conducting wire and an

aperture in an infinite conducting plane are briefly

described and listed in this report. The aperture is of

arbitrary shape and size. The wire is of finite length

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

excitation is either a plane wave incident from the opposite

side of the wire or TEM voltages applied on the wire. The

current distributions in the aperture and on the wire are

computed. In addition, for the case of TEM voltage

excitaton, the power transmitted through the aperture is

computed. For the case of plane wave excitation, we

-evaluatedan 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

of computation are given.

II. COMPUTER PROGRAM DESCRIPTION

There are two main programs: MAINI and MAIN2. MAINI

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,

MULl, and GAUSS. IMP calls subroutine SICI and function
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subprogram P. MATRIX calls subroutines TPARM, SCAINT,

VECINT, and TADJ. SCAINT calls subroutine INTGRL, VECINT

calls subroutine LININT, and CSMINV calls subroutine DTRMNT.

All the main programs, subroutines, and function subprogram

are described briefly as follows.

Table 1. A list of main programs, subroutines, and

function.

IN DATA

GEOM
CURDIR

SICI

IMP

MAINI P

MAIN2 TPARM

MATRIX SCAINT--INTGRL

VECINT--LININT

TADJ

CSMINV--DTRMNT

MUL

MULl

GAUSS



'A- (A) Main Programs MAINI and MAIN2

.' For program MAINI, inputs are defined by DATA

statements. An example is

DATA NNODE/22/,NEDGE/41/,NFACE/20/,NA/1
9 /

DATA D/O.25/,WL/O.4/,NB/20/,RB/O.O01/

DATA HPHI/(-1,0.)/,HTHETA/(O.,O.)/,PHI/90./,THETA/O./

DATA ALAMDA/1./

DATA V1/(1.,O.)/,V2/(O.,O.)/

DATA G1/(0.875,0.)/, G2/(0.667,0.)/

Where

NNODE= the total number of nodes of the triangular

patching used for the aperture.

HEDGE= the total number of edges of the triangular

patching.

4 NFACE= the total number of faces (patches) of the

triangular patching.

NA= the total number of internal edges of the

triangular patching.

" 4' ~ , . X - : , : : ' . . . , . . " . ' . " . ' . . . . . ; , ' , - . , , - , - , - . . - ,4-
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NB= the total number of current expansion functions on

the wire.

D= the distance (in wavelengths) from the wire to the

conducting plane.

WL= the length (in wavelengths) on the wire where the

evanescent current is assumed to exist.

RB- the radius (in wavelengths) of the wire.

HPHI: the 4-component of incident magnetic field (in

units of ampere/meter).

HTHETA= the e-component of incident magnetic field (in

units of ampere/meter).

PHI: the incidence angle 4o (in degrees)

THETA= the incidence angle e0 (in degrees)

ALAMDA: the wavelength (in meters).

Vl ,V2z the amplitudes of TEM voltages (in units of 2Zo, Z0

is the characteristic impedance of the trasmission

line formed by the wire and the conducting plane)

propagating in the +z and -z directions,

respectively.
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GI ,G2= the reflection coefficients rI and F 2 . (GI: G2= 0.

when the wire is matched to Z0 or is infinitely

long. )

Outputs of program MAINI 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 I/O unit

number 21.

The minimum allocations are given by

4 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(NFDGE,3),ITRAK(NEDGE),IMIN(NEDGE)

In program MAIN2, inputs are the same as those in

MAINI. However, inputs GI 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 length of one subsection, i.e., WL:L/(1+1/NB). Ouputs

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

circuit is not evaluated. The minimum allocations are given

by
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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/O 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(NNODE,3)

Integer NCONN(NEDGE,3)

- - ; % V *~* ** % %******** **I ~V V ~ V.* .4.. ' %' - ~. V ~f. n
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Subroutine GEOM(NCONN, NBOUND, ITRAK, IMIN, NEDGE) uses

the informations stored in the input array NCONN to form

triangular patches. Inputs are NCONN and NEDGE. Outputs

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

V by
..

Integer NCONN(NEDGE, 3), 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/O unit number 21. Inputs 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 TADJ

" . ..... . . . . . . .. . . . . , ,. . ... v .' " .- .-



II
L

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 lengths

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=1 if the current direction is away from

the triangle. DIR=-1 if the current direction is towards

the triangle. DIR:O if the edge is a boundary edge. The

edge is 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)

CD) Subroutine MATRIX

, .. . . .... .. .



Subroutine MATRIX(NA, NB, NNODE, NFACE, DATNOD, NCONN,

NBOUND, CIA, CIB, T, TT, Y) computes source vectors 1ia andl %ib and matrices [T], ['I, and [Y], which are defined in

[]. 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

4.'

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 Z. Minimum

allocations are given by
-.;

Complex Z(NBNB)

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

integrals

SI sin Uuu0d
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CI f cos udu

X

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

-Jk, z - -,)2
-jk -Y7I 7

- L ir!l n  f(Zmz , ) 2+ P2

n

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

AL: O.5Al n (in wavelengths).

Z: IZm-Z11 (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

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

the integral over a source triangle of area A0,

r te -JkR

CPHI J R dS

A0

where R is the distance between a field point and a source

point in 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. A is stored in the input
0

variable AREA. The Output is CPHI.

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

computes

CAXSI : R dS

A0

CAETA dS

A
0

where and nl are area coordinates of the source triangle

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

are CAXSI and CAETA.S.
.. .N-'. -.--- -'-- ' ' ' ' ; ; ; : .' ? -'. ."-.".. ''""' -.
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.-. Subroutine LININT(XS, ZS, X, Z, POTXSI, POTETA, AREA)

computes

POTETA -adS

A
0

Inputs are XS, ZS, X, Z, and AREA, and outputs are POTXSI

and POTETA.

Subroutine INTGRL(XS, ZS, XF, ZF, POT) computes

POT IJ dS

- A
0

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

and the z 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). Inputs are integers L, M, and N and matrices A and

.4 ' ' \" ,\ ' 'v .

V ~ .
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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)

b4

Subroutine GAUSS(N, A, B, EPS, ISW) solves a linear
system equation AX=B 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 = 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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III. COMPUTER PROGRAM LISTING

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCccccccccCCCCCcCcCCCccccccccc
C MAIN1:MAIN PPOGRA1 FOP TEE PPOELfM CE AN ARBITBAtEIL! LOADED
C OR INFINITELY LONG WIFE BEHIND AN APEPTURE OF ARJ3ITRARY SHAPE
C AND SIZE.
C THE APERTURE IS IN AN INFINITE CCNDUCIING PLANE
C OF ZERO TIIICFNESS.

Aq ~ C THE PLANE IS IN THE X-Z PLANE.
C THE WIRE IS AT Y=D.
C EXCITATION IS EITHER A PLANE WAVE FRCM THE OEPCSITE SIDE
C CF THE WIRE OR TEM VOLTAGES ON THE SIRE.
C INFUTS:lJNODENECGE,NFACENA=THE TOTAL NUMBERS CF
C NODES.EIDGES, FACES (PATCHES) ,INTEBNAL ELGES
C OF TRIANGULAR PATCHING FCH THE PAERTURE.
C NA IS ALSO THE TOTAL NUAIBER OF EXPANSION

* C FIJNCTICNS IN THE APERTUBE.
C D:DISIANCE B3ETWEEN THE WIRE ANI: THE CONDUCTING PLANE
C WL:THE BANGE ON THE WIRE WHERE THE EVANESCENT CURRENT
C IS ASSURED TC EXIST.
C NB:TCTAL NUMBER OF EXPANSICNS CN THE WIRE.
C HPHIH T-HETA,PHITEETA:THEf INCIDENT H-HILECS AND ANGLES.
C ALAflCA:WAVELENGTH(IN METERS) (ALL OTHES DIFENSIONS
C IN UNITS OF ALAIICA)
C VIV2:TE~l VOLTAGE SOURCE APPLIED ON THE WIRE, BEPEED TO
C ZO. (U'NITS OF ZO)
C RE:RAI:ius OF THE WIRE
C G1.G2:RELECTICN COEFFICIENTS OF LOADS
C OUTPUTS: COEFFICIENTS CF CURRENT EIEANSICH FUNCTICNS
C IN THlE APERTURE FOE BOTH EXCITATIONS.
C TIOTAL,"'EM,EVANESC!NT CURRENTS CH THPE SIRE.
C THE TIME-AVE. POWER TRANSMITTEE THROUGH Tli APERTURE,
C FOE TEN EXCITATION.
C AN ECUIVALENT CIRCUIT CF THE APERTURE (SMALL, SYMMETRIC

*C ABOUT Z=O, OR PRODUCING SYMMETRIC TEN CUTWARD TRAVELING
C CUSRENTS) FOR THE TEN MODE ON THE WIRE.
CCCCCCCCCC CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

COMPLEX Y(19,19),Z(62,62).T(19,62),TT(62,19),HPHI,HTHETA
COMPLEX YT(19,62).GZ(62,62).DGZ(62.62).VI(62)

4SJCOMPLEX VM(19),ZZ(62,62),YI(19).AII(2).AI2(2),Z1,Z2,YTI(19)
COMPLEX E5.V1,V2,JK,CIA(19),CIB(19),G1.G2,PT,YY(19,19)
COMPLEX C1,C2,C3,C4,C5
INTEGER NCONN(141,3),ITIAK(41),NBOUND(50,4),IMIN(41)
COMPLEX VE1,VE2
FRAL DATNOD(22,3)
IQUIVALENCE (GZZZ)
COMNON/KKK/AK. P1
CORMON/JKKI/JK
COMMON/L WIRE/:, hL
CONMON/FIELD/HPUI,HTH!TIA.EHI,THETA
COIINON/wFU/wf,u

4 COMI'CN/LCAD/G1,G2
COM1ION/VOLT/V 1,V2
CoflmON/ZCO/ZO
DATA NNO!DE/22/,NED' SE/41/,NFACE/20/.NA/19/
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> DATA D/0. 1/,hL/1.5/.NE/62/,R!!/O.C01/
EATA HPHI/(-1,O.)/,HTHET,'(O.,90.)/,PHI/90.,THETA/90./

* DATA ALAIIDA/1.O,
**DATA V 1/ (0 0)/, V2/ (0. ,0.)/

EAT& Gl/f0.875,O)/,G2/(O.6667,O)/
E1=3. 14159265
AK=2. *PI/ALAMEA
JK= (0. ,1.) *AX
VEL=3.EOk
AO LIEG A=AKV EL
EPSLON=1. E-09/(36.*PI)
ANU=4. *PI* 1. P-07
UE=ACiIEGA*EPSLON
VUUAOMEGA*A U
NSE=NECGE-NA

* EHI=PHI*EI/180.
2:UETA=TIETA*PI/180.
20=60.*ALOG (2. *D/13)
OP~EN (INIT=20FILE='IN.DA7')
OPEN (UNIT=21I,1E*CUT.tATv)
CALL INDATA(rATNODNCOIEN,NNCDE,NEDGE)
CALL GEOLI(NCCNN, NBOUNC,I'IEAK, IMIN,IDGE,NNODE)
CALL CUaDIR(NCONN,NBCUND.NFACE.NEDGE,InIN,NSE)
OR ITE (2 1 ,100) NA, NB,B, WL ,E

C FIND IMIPEDANCE MlATRIX OF WIEE,Z(NB,NB) ;

CALL IflP(NB.fiB,Z)
C
C FIND COUPLING MATRICES T,TT,ADLIITTANCE YSOURCE CIA,CIB
C

CALL MATBIX(NA,NB.NNODE,NECGE.NFACE,CATNOC*NCONN,
1 OBOIJND,CIACIB,T.'TT.Y)

DO 10 M=1,NA
EO 10 N=1,NA

10 M' =yi,)
CALL CSIIINV(Y,NA,NA)

C
C MATRIX CALCULATIONS:
C

CALL MUL(NA,NA,NB,YTYT)
CALL MUL(NBNA,NBTT,YT,GZ)
EO 20 M=1,NB

k 20DO 20 N=1,NE
20 EGZ(ft.N)=GZ(M.,N)-Z(N.N)
CK:TNICEN ;K2 PLNNAEICDT
C =:E NIET;K2PLNWAEICDN

WR ITE (21, 110)
DO 30 K=1*2

5- £0 32 M=1*NA
32 VM(N)=-CIB(m)

IF(K .EQ. 1) GO TO 35
WRITE (21 ,120)
CO 314 N1.,NA

34 VM(MU=CIA(M)
35 CALL NOUL1(NA.NA,Y,VM.YI)

CALL MUL1(NB*NA.TT,Y[,VI)
CO 40 R11,NB
DO 40 N=1,NB
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Z440 ZZ (M,N) =rGZ I ,N) 16
CALL GAUSS (1E.ZZ.VI,11-11,ISU)
IF(ISW .EQ. 1) GO TO 45
TYPE 101

101 FORMAT (I ISW0.,STOPI)
STOP

45 bRIT1 (21 130)
HRITE(21, 140) (VI (M) ,M= 1 ,NE)
1I 1 (9) =VI (1)
A12(K)=VI(NB)
CALL NULl (NANE,YTVI,YTI)
DO 60 M=1.NA

V11 (M) =VN (MI) (120. *PI)

:0 CONTINUE15O

C FIND HIGH MlODE EL! CURPENI:
C

l1=(NB-2)/2
DO 50 M=2.Nl.1
ZN=NL*FLOAT (2*5-NB-i) /FLCAT (2*NB-4)

.9 N1NB-M,1
!5=C!XP(JZ~N)
vi (M) =VI (M) VI (1) *E5
VI (Ml)=VI (l)-VI (NB) *E5

50 CONTINUE
V2RIT E(2 1,140) (VI (Mi) , N=2. NP1)

C FIND TIME-AVE. POWER TRANSH. THRG. APEB'IUBE,T

IF(K..EQ.2)GO To 30
FT=(O.,0.)
]DO 80 N1.,NA
YTI 01 = (0. A0.)
CO 90 N1.,NA

90 TI (M) =Y Y(itsN) *VNIf(NJ .YTI (1)
80 PT=PT+VM IN) *CONJG (Y7X (M))

PT=0.5*REAL (ET)
VRITE (21, 240) PT

30 CONTINUE
C

c PIND EQUIVALENT NETWORK:Z1,Z2,VEI#VE2 (NOBRALIZED TO ZO)

15=2.#AI1(1) 4A12(1)

IP(CADS(AI1(l)-A12(1))/CABS(AI1(1)) .GT. 1.E-02) GO TO 52

Zl--2.*AI1 (l)*Z0/(l.*Al1(l))

bRITE(21,230) Z1.VE1
GO TO 17

52 CONTINUE
Z2-2.*(1..A12(1) )/E5/(AI1(1)-A12(l))

C TO AVOID ANY POSSIBLE SMALL ERROR(SNALL NEGATIVE RESISTANT)
C DOE TO THE VERY SMALL SCUNDCFF ERROR IN 9EAL(I(1))sR1AL(I(ND))
C



55 REAL(1)/C A ES(ZI) 1

IF( BZ .GT. 0.) GO TO 25 1

IF( ADS(RZ) .GT. 3.E-03 ) GC TO 27
Z1=(0.1-) *AIMAG (Z1)

25 5Z =EAL (Z2)/ICABS(ZW)
IF ( HZ .GT. 0. )GO TO 37
IF(ABS(RZ) .GT. 3.E-03) GC 10 27
Z2=(O..1.)*AIMAG(Z2)

37 CONTINUE
E5=1.Z1.Z2
VE1=-E5*,AI 1(2) ,Z2*AI2 (2)
VE2=ES*A12 (2) -Z2*AI 1142)
VRITE(21,170) ZI.Z2,VEIVE2

27 GO TO 17
27 MRITE(21,210)

100 FOBRfAT(//2X,NAI,I4,1X,'NB=1,I4,1X.'R8',P6.4, 11,
1 IVL=*,F6..4,1X,#D=t,F6.4)

110 FORMAT (/,2X, 'TEM WAVE INCIDENT')
120 FORMAT(/*2X,*PLANE WAVE INCIDENT#)
130 FORMAT(2X,#ELEC. CURRENT ON WIRf.1S7 6 LAST AR! TER AT Z=0-,04')
140 FORNAT(2X,2E)
150 F0BNATO2XWMAG. CURRENT DENSITY ON APEETURE/4120.*PI)'))
170 FOBtIAT(/,2X,'EQrJIVALENI NETWORK(NOBLIALIZED TO 20): @,/,21,@Z1=l

1 2E,2X,'Z2=t,2E,/,2X,#VEI= .2E,21,'V!2=',2E)
210 FORMAI'2X.*0* STOP, NEED LARGER VL 6 NO ***)
220 FORtMAT(2X,'HIGH nODF ELEC. CURRENT ON VIREI)
230 FOBRATf2X,'Z2 IS OPEN',/,* 21%#2E,21,IV!1'92E)
240 FOBNAT(2X*'P0WEB TRANSM. THEO. APEBTUBE,PT=',E)
17 CLOSE (UNIT=20,iILE=IIN.rhTl)

4. CLOSE (UNIT=21,FILE=#CUT.DA7#)
STO P
END



18

C

AC NAIEN2:NAIN PROGHA" FOR TEE PROBLEM CF AN UNLCADED WIRE OF
C FINITE LENGTH BEHINC AN APERTURE Of ARBITRARY SHAPE AND SIZE.
C THE APERTURE IS IN AN INFINITE CONDUCTING PLANE
C OF ZERO 1'IICI(NESS.
C EXCITATICN IS EITHER A PLANE WAVE FRCM THE OEPCSITE SIDE
C OF THE WIRE OR TEL VOLTAGES ON THE WIRE.
C INPUTS:NNODE*NEDGE,NFACE.NA=IHE ICTAL NUMBERS CF
C NODES.EDGES,EACES(PATCHES),INTEENAL EDGES
C OF TRIANGULAR PATCHING FOR THE FAERTUDE.
C NA IS ALSO THE TOTAL NUJMBER Of EXPANSION
C FUNCTIONS IN THE APERTURE.
C D:DISTANCE BETWEEN TEE WIRE INC THE CONDUCTING PLANS
C WL:LENGTH OF WIRE - LENGTH CF CHE SUBSECTION
C NE:TOTAL NUMBER OF EXPANSIONS CN THE WIRE + 2.
C HPHI.HTBETA,PHI,TEETA:.THE INCIDENT H-HILEDS AND ANGLES.

- ~ C ALANDA:WAVELINGTH (IN METERS)
C V1,V2:AMPLITUDES OF TEM VOLTAGES (IN UNITS 0F ZO)
C RB:RALIUS OF THE WIRE
C OUTPUTS: COEfFICIENTS OF CURRENT EXPANSICN FUNCTIONS
C IN THE APERTURlE FORS BOTH EXCITATIONS.
C CURRENTS ON THE WIRE
C THE TIME-AVE. POWER TRANSMITTED THROUGH T8 APERTURE,
C FOR TEN EXCITATION.
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC CCCCCCCCCCCCCCCCCCCCCCCCCCCC

COMPLEX Y(19,19),Z(11,11),T(19,11), T(11,19).HPHI.HTHETA
COMPLEX YT(19,9),GZ(9,9),CGZ(9,9),VI(9)
COMPLEX ZF(9.9),TF(19,9),.7? (9.19)
COMPLEX VM(19),ZZ(9,9),YI(19),AI(2),A12(2),Z1,Z2,YTZ(19)
COMPLEX E5,VI,V2,JK,CIA(19),CIB(19),GIG2,PT.!!(19,19)
INTEGER NCONN(41,3),ITRAK(41),~NBCUNC(5O,4) ,hdhU(41)
BEAL DATNOI2(22,3)
EQUIVALENCE (GZ,ZZ)
CORMON/KKK/AK,PI
COMMON/J(K/J(
CONNON/LWIRE/C.NL
CONIMON/FIELD/HPHIHTaETAPHI,THEIA
CONMON/V EU/N!.MU
COMMON/VOLT/V1 .V2
COMMON/ZOO/Z C
COMMON/LCAD/G1.G2
DATA NNODE/22/,NEDGE/41/,NFACE/20/,NA/19/
DATA D/O.25/,WL/O.45/.NB/11/,RH/O.OO1/
CATA HPHI/(-1.O.)/,HTHETA/(O.,O.)/.PHI/90./,TH!TA/90./
EATA ALARCA/1.O/
EATA V1/(1,O.)/,V2/(O.,O.)/
G1=(O,O)

4' G2=(O.O)
NBF=NB-2
EI=3. 14159265
AK2. *PI/ALAMDA
JK=(O. * .) *AK
VBL=3.EOO

4" AOMEGA=AK*VEL
EPSLONl. E.09/(36.*PI)
AM U-4. *PT* 1.F- 07
fi2AOMEGA*EESLCN
1IU=AOAEGA*AMU



MSE=NEGE-NA19

THETA.= THETA* Ell180.
OPEN (rNIT=20,FILE=1'IN.DAI')
OPEN (UNIT=21.PILE='CUT.EAT')
CALL INDATA(DATNOD,NCONINNNCDENEDGE)
CALL GEOM(NCONN,NBOUND,ITBAKININNFDGE,NNOD!)
CALL CURDIfifNCONN,NBCUNDNFACENEDGE,IMINNSE)
WRITE(21,100) NANBBBgIILgC

C FIND IMPEDANCE M ATRIX Of UIRE,Z(NB.IIE);

CALL If'P(NB,BE.Z)
C
C FIND COUPLING flATBICES T,T-T,ADMITTANCE YSOUBCE CIA,CIB
C

CALL NATRIX(NANBNNOCEeNIDGE,NFACEeCATNODNCONN,
1 NBOUNDCIA,CIB,TTT.Y)

EO 10 1N1,NA
DO 10 N=1, NA

10 TY(M,N) =Y (II.N)
CALL CSMINV(YNA,NA)

C
C REDUCE ZUT,TT TO ZF,TFTTF FOR UNLOADED WIRE:
C

DO 500 fl=1.NEF
DO 510 N=1DNBF

510 ZF(NMN)=Z(N41.N*1)
DO 500 N=1.NA
TTP (8,N) =TTI H+1, N)

500 IF (NM) =-TF (MN)
UD=NBF

C MATRIX CALCULATICNS:
C

CALL MULfNA,NANE,TF,Yl)
CALL NUL(NENA.NB,'TTF,YT,GZ)
EO 20 R=I&NB
DO 20 N=INB

20 DGZ(BV)=GZ(MN)-ZF(M.N)
C
C K=1:TER INCICENT ; K=2: PLANE WAVE INCIDENT
C

ZO=6 0. *ALOG (2. *D/R B)
IBIT E(2 1,110)
£0 30 K=1.2
DO 32 f=1.NA

32 IN (a) =-CIB (m)
IF(K .EQ. 1) GO TO 35

4' WRITE (21, 120)
00 34 M=1.NA

34 IN (9)=CIA ()
35 CALL MULI(NANATVl)

CALL MUL1(NB.NAeTTP,!IVI)
DO 40 N=1.NB
DO 40 N-1,NB

40 ZZ (Hpg)=GZ (MN)
CALL GAUSS(NBZZeVIe111,ISH)
IF(IS1 .20. 1) GO TO 45
TYPE 101



101 FOBMAT(f ISW=O.STOPI) 2

45 WRITE (21,130)

CALL MULIL(NANBYTVIYTI)
DO 60 M=1,NA
VI N) =Y1 (N) - YTI (1i)
VII (M) VM (I) /(120. *PI)

60 CONTINUE
WRITE (21, 150)
iBITE(21,1&0) (VMI(11) ,fl1,A)

C
c FIND0 TIME-AVE. POWER TBRAIRSS. Taflo. APEBTURE,PT

-I' C

IF(K.E%).2)GO TO 30
PT-(0., 0.)
D0 80 MI=,NA
YTI(M)=(O. 0.)
CO 90 N=1,NA

90 !TI (M) = (M N) *V M(IN) !I(M)
80 PT=P I+VMIN) *CCNJG (YTI IN))

PT=O. 5*REAL (FT)
WRITE (21,240) PT

30 CONTINUE
100 TOSMAT(//,2XINA-=",I4.,XINB=9,14,IX,OBB=' ,F6.4I8X,

1 9VL=9,F6.I1X,SD=9,6.4)
110 FOBNAT(/,2X,'TEM WAVE INCIDENT$)
120 FORIIAT(/,2X,'PLAE WAVE INCIDEN74)
130 FORAT(2X.'ELEC. CURRENT CN MIRE')
140 FORMAT (2X, 2E)
150 FORII&T(2X,'IIAG. CUBRENT CENSITY ON APERTURE/(120.*PI)=O)
240 FORMAT(2XIPOIER TRANSM. THRO. APERTUREPT=I,E)
17 CLOSE (DNIT=20.FILE='I..DA7')

CLOSE (UNIT--21,FlLE='OUT.EA?')
SI STOP

EN D



CCCC CCC CCC CCCC CCC C ~21
C INDATA:READS TWO SETS OF INPUT DAIA FC6 THE C

*C TRIANGULAR PATCHING OF Ti~E PAERTOUE:(l) NOCE NOS. C
*C WITH COORDINATES, STCRED IN DAINOD. (2) EDGE 505. C
*C AND NODE NOS. CONNECTEr BY THEN, SOTBED IN NCONN C

CcccCcCCccccCCccCccCCCCccCCCCCccccccccCccCCCccCCCCc
SUBROUTINE INCATA (VATNCD,NCCNN,NNODE.NEDGE)
DIMENSION DATNOD(NNODEP3)
INTEGER NCOHN(NEDGE,3)
CO 10 I=1,NNC
READ (20,5) NOCEXZ

5 FORMAT (12,2F9.0)
AN = LO AT (NCDE)
CATNOD (NCDE. 1) =AN

* DATNOD(NCDE,2)=X
EAT NOD (NCDE, 3) =Z

10 CONTINUE
DO 20 I=1.NEEGE
READ (20, 15) NE, NFNT

is 15 FORMAT (13,212)
NCONN(NE,1)=iE
ICONN (NE, 2) =NF
MCONN (NE, 3) =NT

20 CONTINUE
VRITE(21, 18)

18 FORMAT(l)
19 WRITE(21, 19)
19 FORMAT(6X,ITEE FOLLOWING IS THE INFCRMATION CONCERNING NODES

1 AND THEIR COCrCINATES',/)
DO 30 I=1,NNCDE
IDUAMY=IFIX (VATNCD (1,1))
VRITE(21, 21)IDUBIMYDATNOD(I,2),DATNOC(I,3)

*21 FORIIAT(3XINCCE NUMBER=1,I3,3X,WX-COORCINATE=IF7.4,3X,
1'Z-COOREINATE=9,F7 .4)

30 CONTINUE
VRITE(21, 28)

28 FOEMAT(111')
VRITE(21, 29)

29 FORMAT(1OX,ITIIS IS THE INFORIIATICN CCNCERNING EDGES ,NODES*,/)
DO 40 I=1.NEEGE
HRITE(21, 31)NCONN(I,1).NCONN(.I.2),NCON(,3)

31 FORMAT(3X,#EDGF9,I3,lX,.IS CONNECTED FROM NODEI,1I,13,1X,
19TO NODEI.1X,13)

*40 CONTINUE
RETURN
END

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
C GBOM:IJSES INFOSMATIONS IN NCCNN IC FOfN TRIANGULAR C
C PATCHING. DIMENSION OP NECUNE MUST BE INCREASED ICR C
C TOTAL NUMBERS OF FACES > 50. C
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

SUBROUTINE GFOM(NCONN,NBCUND,ITRAK.ININNEDGE)
INTEGER NCONN(NEDGE,3).I4EOUND(50.Q) ,ITBAK(NECGE)
INTEGER IMIN(NEDGE)
COMMON/if/IFACE
IFACE=O
IN110
NF2=0
DO 100 IJ=1.NEDGE
ICOUNT=O



NI=NCQNN(IJ,2)
112=NCONN (I1, 3) 22K CO 10 I=1,NEDGE
DO 10 J=2,.3
IF(I.EQ.IJ)GO TO 10
N&=NCONN 11,J)
IFP(NA.EQ.N1.OB.NA.EQ-N2)GO 10O 6
GO TO 10

6 ICOUNT=ICOUNIT*1

10 CONTINUE
!RABK 1=0
RBK 2=0

75 CONTINUE
1(1=1
Il=ITRAK(KI)
DO 15 I=2.ICOUNT
IF(ITRAKII).L'T.I1)GO TO 12
GO TO 15

12 I1=IIRAK 41)

i5 CONTINUE
IF (MARK 1-EQ. ICOUNT) GO 10 100
IF(I1.GT..IJ)GC TO 20
GO TO 31

20 CONTINUE
13=NCONN(I112)
N4=NCONNEI1.3)
IF(N3.EQ.N1.CB.N3.EQ.N2)GC TO 21

21 IF(N4..E0.N1.CB.N4.EQ.N2)GC TC 22
21 NB=N4

GO TO 23
22 §B=N3
23 CONTINUE

DO 25 I=1,NECGE
CO 25 J=2,3
IF(I..EQ.I1)GC TO 25
NC=NCONN(I,J)
IF(NC.EQ.NB)GO TO 245
GO TO 25

2*5 ICC=ICO.1
huIN fICO) =1

25 CONTINUE

DO 30 I=1,1CC

IF(N1.EQ.NCONN(IA,2).OE.N1.EQ.NCONN(IA.3))GO TC 29
IF(N2.EQ.NCONN(1A,2).OB.N2.EC.NCONN(IA,3))GO TO 29
GO TO 30

29 121IA
GO TO 32

30 CONTINUE
31 CONTINUE

ITBAK(K1)=tEECGEe1
BABK1NMABK1#1
Go TO 75

32 !F(12.LT.IJ)GO TO 741
IP(IPACE.EQ.0)GO TO 33
N, 1=NBOUND(IFACE, 2)
N3P2=NBOUND (IFACE,3)



33 IF(IJ.EQ.NFI.AND.12.EQ.NF2)GC TC 74 2
IPACE=IFACE+ 1
hBOUND (IF ACE 91) =IFACE
NBOUND(IFACE, 2) =13
hBOUNC (IFACE,3)=1 1
NBCUND (IFACE. 4) =I2
1MARK2=TiA1K2+1

IF(tIARK2.EQ.2)GC TO 100

IBAK (AKl)=NDG1
GO TO 75

74 CONTINUE

iiRITE (21, 98)
98 FOFR1ATO 11)

WRITE(21. 99)
99 FORIIAT(1OX,I HIS IS THE INFORMATICN CCNCEBNING FACES, EDGESI,/)

WRITE(21, 101) 1 (NBOUND(IJ) J=1,4) I=1,IFACE)
101 FORMAT(3X,'FACE',13,lX,'.IS BETWdEEN 'IRE EDGFSI,1,3,

11X.13,1X,13)
DO 120 I=1,IFACE
DO 120 3=2,4
ISEDGE=NOUNV (IJ)
!KCOUNT0

* no 125 K=1.IFACE
DO 125 M1=2,4
lF(I.EQ.K.A~r.J.EQ. )GO IC 125
IF (ISEDGE. EQ. NEOUND (K, 11)) NCOUNT=NCOUNI.1

125 CONTINUE
C IF(I4COUNI.EQ..)iRITE(21, 15O)ISEDGE

A120 CONTINUE
150 FOBAT(/5XI3,2X,'IS A BCUNEABY EVG!')

FETURN
END

cCccCCCCCcccCcccccccccccccccCccccccccccCCcCCccCCCcCccCc
C IPARM:OBIAINS PARAIIETEPiS CF A TRIANGLE c

'.C INPLJT:N:TRIANGLE NUMBHER CCNSIDEU!D C
C DATNOD(NNODE,3):NODE #,X.Z.COG FOR ALL NODES Of C
C S YS T EM C
C NCON(NNODE.3):ECGE N.,NOCE N.(FROM-TO) C
C NBOUND(50,4):FACE #,EDGE #S PCH ALL IBIAbGLES C? C
C SYSTEM c
C OUTPUT:EN(3):EGE # OF THE IRIANGLEfSANE ORDER AS C
C INFUT BY USER) C
C NN(3) :NCDE# (ORDERED AS NODE DETUN.EN(1) ,(2) ;(2)o C
C (3) ;(3) ,(1) C
C XN(3),ZN(3): X, Z- COCR. OF VEEIICES
c C LN(3) :L ENGT H OfP DGEPS OPPOS IT E NO! E E05(1)s, (2) t(3)
CCCCCcCcccccccCCcCccccccccccCCCCCcccccccccc~CcccCCCccCc

SUBROUTINE TEAEII (N,rATNCCNCCNN,NECUNr.NNOCE,NICG!,
1 ENNN,XNZNLN)

INTEGER EN (3),*NN (3)
INTEGER NCONN(NEDGE,3),NBCUND(50,4)
PEIL LN(3) .XN(3) ,ZN(3) ,DA NCD(NNOE3)
CO 10 M=1,3

10 EX(MV=NBCUND(NtI.1)
CO 20 1=1,3



IF (12.GT.3) 12=1
12=EN (12)
INN (11) =NCON N (11.2)
IF(NCONN(I1,2).EQ.NCONN(12,2)) GO 'IC 20
IF(NCONN(11,2).EO.NCOi4N(12,3))GO To 20
lN (N)=NCONN (Il 3)

20 CONTINUE
V £O 30 M=1,3

XN (11 DATNCD INN (MI) *2)
30 ZN (M) DATNOD NN(Ml) o3)

LN (1) =SQBT fIN (2) -XN (3) )**24 (ZN (2) -ZN (3))j**2)
LN(2)=SQRTU(XN(3)-XN(1))**2#-(ZN(3)-ZN(1))**2)
LN(3)=SQRTL(IN(1)-XN(2))**2.(ZN(1)-ZN(2))**2)
SETURN
END

cccCcccccccccccccccccCCCCccCCCCCcccccCCCCcCCCcccCcCcccCcccc
C TADJ:ADJTJST EDGE NO. S.T. N1 OPPOSITE NODE N; ADJUST INDEX H,
C S.T. M STARTS AT I AND EXCLUDES BOUNDARY EDGE; OBTAIN DIN, THE
C DIRECTION OF THE CURRENT TEIDO THE EEGE, DIR=1l IF CURRENT lA!
C THE TRIANGLE,-l IF TOWARDS THE TRIANGLE,0 IF IT IS BCUNDAEY.
C INPUT:N-POINTEB OF NODE NC CONSIDERED IN A TBIAHGLE=1*203
C ISE:# OF SURFACE (BOUNDARY) EDGES
c EN(3):EDGE # OF THE TRIANGLE (=1,2,..vNEDGf)
C NN43):NODE # OF THE TRIANGLE .SAME ODDER AS IN TPARM
C ITHAK(HEDGE):AUXILARY VECTOR
C NCONN (HErGE,3): NODE
C NErGE: I CE EDGES
C OUTPUT:
C f:INDEX
C DIE:DIRECTION OF CURRENT (=I,-1,0)
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

SUBROUTINE TADJ(NNAEN.NN,HCONN,NEDGE,5.DIR)
INTEGER bCONN(NECGE,3),lEH() DNN(3)
Irr=o.

C
C ADJUST EDGE #,S.T. M DENCIES THE DEG! S OPPOSITE NODE N
C IF K IS A BOUNDARY ECGE.JUME OUT

' *1 C
IFjH .EQ. 1) ! =EN(3)
IF(N .EQ. 2) H=EN(1)

40 IF(N .EQ. 3) MHEN(2)
IF(M.GT..NA) RETURN

C
C FIND DIR:
C

N2=N,1
N3=N+2
IF(ff2 .GT. 3) N2=N2-3
IF(N3 .GT. 3) H3=N3-3
EC1B1.0
IF(NCONN(M,3).EQ.NN(N2) AhNC. NCONN(H,2).Eg.HN(N3))DIR=-1.
RETURN
END

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
C VECINT:THISVITH LININT*EVALUTES VECTOR POTENTIAL INTEGRAL

qj C VZR A TRIANGLE REGION
C INPtJT:COOR. OF 3 VERTICES OF THE TRIANGLE (XS(3),ZS(3))
C CBVEBATICN POINT (X.Z), ARE& (CF THE IRIANGLE)



COUTPUT:INTEGRAL IN CAXSI,CAETA 25

SUBROUTINE VECINT (XSZS.X,Z,CAXSI,CAEII,ADEA)
IPLICIT COMPLEX (C)

REAL CABS,COS.XS(3).ZS(3)
COMMON/K(K/AIPI
COMMON/V EC/XSI1 (7) ,ETA (7)
CF=CRPLX(0. ,0.)
CG=CMPLX( 0. *C. )
DO 120 I=1,7
il=((X-XS(1))-(XS(2)-XS(1))*XSI(I)-(XS(3)-XSf1))*ETA(I))**2
92= I(Z-ZS (1) )- (ZS (2)-ZS (1) ) *XSI (I)- (ZS (3) -ZS (1)) *ETAh (I)) **2
ft=SQH'!(B 1+R2)
CR=CIIPLX (0.0,-1.0*AK*R)
IF(CAES(CB) .LE. 1.OE-06)GO TO 102
CA=(CEXP(CE)-CMPLX(1..0,0.0))/CNPLX(9,0.)
CFW1CMPLX (XSI (1) ,.0.) *CA
CG1=CMPLX (ETA (1) .0.) *CA
GO TO 103

.~. *~.102 CFI=CM!PLX(0.,-AK*XSI(1))
CG 1CIPLX(0. v-AK*ETA (1))

103 IF(I.EQ..1)GO TC 105
IF(I.EQ.2 .O3. I.EQ..3 .OR. I.EV.'I)GC TO 110
CF=CF.CFI*CflPlX (0.1259392,0.)
CG=CG*CGI*CMPLX(0. 1259392,0.)
GO TO 120

105 CF=CF+CF1*CMIPLX(0.225.0.)
CG=CG.CG1*CMFLX (0.225, 0.)
GO TO 120

110 CF=CF+CFI*CNPLX(0.1323942,0.)
CG=CGCGI*CNPLX (0.1323942,0.)

120 CONTINUE
CALL LININT(XS.ZSX.Z.POIXSIPOTETA.AB!A)
CA.XSI=CF*CflPLX(AREA,0.),Cl FLX(POTXSI.0O.)
CAETA=CG*CIPLX(AREA,0.),CNPLX(POTETA,0.)

150 CONTINUE
RETURN
END

CCccccccccccccccCCCcCCCcCcceccCCCCcccccccCCcccCcccccccCcCCCCc
C SCAINT:THIS SOBROUTINE,WITH SUPICUTINE INTGRI,EYALUAII
C THE SCALE POTENTIAL INTEGRAL OVER A TIANGLE SIGICI.
C IMPOT:COCR. OF VERTICES CE TRIANGLE XS(3),ZS(3)
C AREA OF THE TRIANGLE, AREA;CBSEBVATION POINT (X,Z)
C AK.PI IN CCNHON KKKK
C OUTPUT:SCALAR POTENTIAL INTEGRAL OVER AR!ASTORED IN CP11
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC CCC CC CCCCCCCCC CCCCCCCCCCCCCCCCCCCCCCC

SUBROUTINE SCAINT(XSIPZS,X*ZCPHIAR!A)
IMPLICIT COMPLEX (C)
DEAL CABSCOSXS(3),ZS(3)
COflKON/KKK/AKPI
COMMON/VC/XSI(7) .EIA (7)
ISI(1)=1.0/3.O
X11(2) =O. 0 5 9 7 15 87
ISI (3) -0. 470184206
131 (4)=XSI (3)
151 15) =0.797842699
ISIM6)0.10128651

ITA(1)=XSI(1)
ETA (2)-XSI (3)



ETA (4) =XSI (2) 26

ETA(6)=XSI(5)
ETA (7) =X11(7)
CF=CNPLX (0. 0,0. 0)

51O 120-S 1 (ZS (2) -ZS (1)*XSI (I) - (IS (3) -IS (1)) *ETA (1)) **2

P=((Z-ZS(1 (Z(2-Z(1 XI(1-(Z(3-Z1)*T()*2
R=SQET (R 1+R2)
CR=CNPLX (0. 0,-.*AK*B)
IF(CABS(CR).LE. 1.OE-06) GO 10 102
CF1= (CEXP (CR) -CMPLX (1.0,0.0)) /CNPLX (P.0.0)
GO TO 103

102 CFI=CMPLX(0.0,-AK)
103 IF(I .EO. 1) GO TO 105

IF(I.Eo.2 .On. I.EQ.3 Ofi. I.EC.4)GO TO 110
CF=CF*CF1*CMPLX (0.1259392,0.0)
GO TO 120

105 CF=CFCFI*CIPLX (0.225. 0. C)
GO TO 120

110 CF=CF+CF1*CMPLX(0.1323942,0.0)
120 CONTINUE

CALL INTGRL(XS,ZS.X.Z.POI)
CPICF*CI1PLX (AREAO.0) 'CNFLX (P07,0.0)

150 CONTINUE
BETURN
END

CCCcccCCCcccCcCCCcccccccccccccccCccCccCCC cccccccCCcccCCcCCCcccCCc
C LININT:THIS. WITH SUBROUTINE INTGBL,EVIVULATES ISIR IND
C ETA/R INITEGRALS OVER A TRIANGLE fEGION.THE QUANTITIES DEFINED
C HERE ARE THE SAME AS THOSE IN THE RFFERENCW .
C AND POTI FROM INTGRL IS USEC.
ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

SUBROUTINE LINlINT(XS,ZS,X,Z,POTXSI,EOIETAAR!A)
BEAL XS(3).ZS(3)
CON NON/POT EN/POT 1
A= (IS (2)-XS ( 1)) **2, (ZS (2)-%S (1)) **2
8= (XS(3) -XS(1))**2+ (ZS (3) -ZS (1))**2

C=-2. *((X-XS (1) )* (IS ()-XS (1) )+ (Z-ZS (13) (ZS (2)-ZS (1))
D--2. * ((XS -X1) * ( 3XS3-(1) ) (ZS (1)-Z((ZS (3)-ZS ())

F= (X-XS t1) ) **2+ (Z-ZS (1) ) "*2
hl= (2. *B-C.D-E) *SQRT (B+DF) *(2.*AC-D-E) *SQR[(AIC4P)
A2=4.*(A*8-E)
A3=A1/A2
A4=4.*(AC)*(BD*F) #4.*P*(E-C-E)-(C#D.E)**2
A5=8.*SOBT f (A+B-E) **3)
A6=Ak4/A5
lF(ABSlA6),LE.1.E-04)GC TO 5
ALI12.*SOPT (A.B-E) *SQRT (E*DGP)
AL2=2.* SQRT LA.l- E) *SGPT (AOC+F)
AL 3= f2. *E-C E- 1)
AL4= (2.*A.C-D-E)
AJ1=A+AuwALuCitABS((AL1*RL3)/(AL-AL4)))
AJ3=A3+A6*ALCG(AS((AL2.AL4)/(AL1-AL3)))
GO TO 69

5 &J1=Al
AJ 3=A 3

6 Pl=S0RT(A*C.F)



82= ((2.* A.C) *E1-C*SQHT (F) )/1(4. *A)
ANUM=ABS (2.*SQPT (A) *B1*2..*A#C) 27
CEN=ABS (2. *SCBT (A* F) +C)
IF(&NUH.LE.1.E-O'&)GO T10 10
IF(DEN.LE.1.E-0L4)GO TO 10
B3=ABS((2.*SQRT(A)*I+12.*A.C)/(2.*SCBT(A*F)IC))
AB3=ALOG 183)
AJ4=B24(4.*n*F-C**2)*AB3/(8.*SQII(A**3))
GO TO 11

10 AJ4=B2
5 4 =S( RT ( 5+ DF)
B5=f(2.*E+D) *B4-D*SQRT(F))/(4.*B)
INUM=ABS(2.*SQRWT(a)*B4.2.*B#D)
DEN=ABS(2.*SORI (B*F) .D)
IFfANUM.LE.1.E-04)GO TO 15
IF(DEN.LE.1.-04)GO TO 15
B6=ABS ((2.*SORT(B) *B4.2. *8.)/ (2.*SCBT(B*F) *C))
AB6=ALOG (86)
hJ2=B5,(4.*D*E-r**2)*AB6/(8.*SCRT(B**31)
GO TO 16

is1 AJ2=B5
16 CONTINUE

EOTPOT1/ (2. *AREA)
AR 12. *B* (AJ1- AJ2) -E* (A33-AJ4)
hR2=(2.*Ail1-(2.*B*C-E*D)*O)/(4.*A*B-E**2)
POTXSI=2.*AREA*AR2
AR3=4.*&*(AJ33AJ4)-2.s**(AJ1-AJ2)-(2.*A*D-N*C)*PCT
POTETA=(2. *AHEA*AR3) /(4. *A*B-E**2)
BETURN
END

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
C CUBDIR:TC CALCULATE THE NCRMAL VECTOR TO THE SURFACE
C ,BY LISTING THE EDGES ASSOCIATED WITH EACH TRIANGLE
C IN A SEQUENTIAL MANNER.
C INPUT: NCONN,NBOIJND,NFACENErGE,NS!
C OUTPUT:NEOUNEIMIN
ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

SUBROUTINE CURDIR (NCONN. NBCUND,NFAC!.!iEDGE.IF'IN.NSE)

INTEGER NCONN(NEDGE,3) ,NBOUND(50,4) .IHIN(IEDGE)
INTEGER Ii AX (6)
115=1
IMIN(I1)=

DO 999 IJK=1,NFACE
IK=IJK

* CO 2 I=106
IMAX(I)0O

2 CONTINUE
IPLAG=0
DO 4 J=1,IlI
IF(IIJK .EQ. IMIN(J))GO '1C 1
IFIAG= 1

4 CONTINUE
IF (IFLAG. EC. 1) GO TO 99 9

1 31=0
11=0
L 1=0
12=NBOUNC (ZK,2)
13 =NDO UN C (I K.3)



r* - -P - -
-. -' -

-S14=NBOUND(IK,4) 28
l1=NCONN(12,2)

.9. 12=NCONN (12,3
N3=NCONN J13,2)
IF(13.EQ.Nl .OR.N3.E0..N2)GO TO 5
GO TO 10

- 5 13=HCONN f13, 3)
10 CONTINUE

9. 11=1
ZTEMP=12

11 DO 20 IJ=1,NFACE
DO 12 J=1,IM
IF (J .EQ.IMIN(J))GC 10 20

12 CONTINUE
J2=NBOUNC(IJ,2)

4 J3=NBOONE(IJ,3)
J4 =N BO UN (0fIJ ,4)
IF(ITEiMP.EQ.J2 .H~. ITEIIP.EC.J3 ORB. ITEMP.EC.J4)

1 GO TO15
GO TO 20

15 IL=IJ
GO TO 25

20 CONTINUF-
IF (11 .EQ. 1 . AND-. J 1.EC. 1) GO TO 21

-p ~l
ITflIP=13
GO TO 11

21 IF(Il.9O.1 ARND. J1.EQ.l SAND. L1.EC.1) GO TO 23
L11l
IT!5P=14
GO TO 11

23 IF(Ml1.EQ.1) GO TO 999
I! 1N 1. 1

GO TO 1
25 KN 1=NCON N(IT E MP,2)

KN 2=NCO NN (IT!P Pv3)
IF(N1.Eg.KN1 .OS. NI..EC.KN2) GO TO 35
5(N3=N1
GO TO 40

35 IF(N2.EQ.KNI .OR. N2.!Q..KN2) GO TO 36
KU 3= N2
GO TO 40

36 AN3=N3
40 J2=NBOIJN(IL,2)

33NBOUNC (11,3)
J4=NBOUNC(XL,4)
IF(J2.EQ.ITEMP) GO TO 59
IP(NCONN(J2,2).EQ.KN1 .OB.NCONN(J2,2).EQ.KN2)GO TO 57
KN4=NCONW (32,2)

9 GO TO 68
57 KN4=NCONN(J2,3)

GO TO 68
59 rIgNCONNIJ3,2).!Q.KNI .OF. NCONN(J3,2).EQ.KN2) GO TO 61

KN 4-NCON N(WJ3,2)
4G GTO 68

61 KN 4- NCO NN (J3, 3)
68 CDNTINUE

IF(IM.EQ.1) GO TO 115
XF(ITEI1P.E9.IMAXl6)) GC TC 109



IMAX (1) =1IAX (5) 2
IMAX (2) =IIAX (4)
IN AX(3) = IMAX (6)
GO TO 115

109 INAX (1) =IAX 14)
IMAX (2) =IMAX (6)
IMAX (3) =IMAX (5)GOT16

115 IF(Ml.NE.1) GO TO 175

-~ IMAX(1)=NBCUWD(IJK,4)
ILIAX(2)=NI3CUNi(IJK,2)
IMAX (3)-=NBOUNI(IJK,3)

GO TO 175
* 165 IMAX(1)=NBOUN(IJK,3)

INAI (2) =NBOUND (IJK, 4)
* IMAX (3)=NBCUNC (IJK,2)

111=0
175 RDUMMY=KN3

DO 100 I=1,2
IF(I.EQ.1 .AND. IM.NE.1)GC TO 99
IDIl (1- 1) *2
IF(ITEIIP.EQ.12) GO To 79
IF(ITEMP.EQ.IJ) GO TC 89
IF(N1.EQ.KN3 .AWE. N2.fC.KN1) GO TO 69
I[F(N1.EQ.KN1 .AND. N2.EC.KN3) GO TO 69
IMAX(ID)=I3
INAX(ID+2)=12
GO TO 99

69 IMAX(ID)=I2
INAX(ID.2)=13
GO TO 99

79 bNl=NCONN(13,2)
!tN2NCONN(I3,3)
IF (1N1.EC.K?41 .AND. NN2. EC.KN3) GO TO Q1
IF(NN1.Eg.KN3 .AND. NN2..EQ..KN1) GO T0 81

* uIX LID) =14
IN AX (ID.2) =13
GO TO 99

81 IMAX(ID)=13
IN AX (I1D+2) =I14
GO TO 99

89 IF (N1.EQ.KN3 .AND.N2.EC.KN1) GO TO 91
IF(N1.FQ.KNI .AND. N2.EC.KN3) GO TO 91
INAX (ID) =14
IN AX (10+2) =I2
GO TO 99

91 IMAX(ID)=12
IMAX (ID.2) =14

99 KN3=KN4

100 CONTINUET
KN3=KDUIF1Y
NA 1NCONN (IN1 AX ( 1) .2)

A NA2-NCONN lIIAX (1) *3)
WB1=NCONN (IM PX (14) *2)

NB2=NCONA (IMAX (4) 3)
IF(NBI.EQ.NAI .OR.NB1.?,Q.NA2) GO TO 125



1F(NB2.EQ.NA1 .OB. NE2.EC.NA2) GC TO 125 30
IDUMMY=IMAX (6)
IBiX (6)=IMAX (4)
IMAX (14) =IDUMMY1

125 IMAX(2)=ITEIP
1 A X ( 5) = IT E M
IF(Ifl.NE.l) GO TO 149
WBOUND(rK,2)=IlAX (1)
WBOUND(IK,3) =IfAX (2)
NBOUND (IK.a) =InAX (3)

149 NBOUND(IL.2)=IMAX(6)
NBOUND(IL,3)=IqAX (5)
WBOUND(IL,4)=IPI&X(4)

IMIN(I1)=1L
IK=IL
IF(I1I.EQ.NFACE) GO TO 1000
GO TO 1

999 CONTINUE
1000 CONTINUE

IF(NSE.EC.0)GO TO 1001
IRITE421, 98)

98 FOEMAT(' 1')
VRITE(21, 102)

102 FORNAT(IOX,.LIST OF EDGES & VERTICES BOUNDING EACH
1 FACE@)

DO 1999 IJK=1,NFACE
12=NBOUNr (IJ1,2)
13=NBOUNE(IJK, 3)
14=NBOUND (IJK,4)
IP(NCONN(12.2).EQ.NCONN(13,2)) GC TO 1005
IlF(NCONN(12,2).EQ.NCNN(I3,3)) GO TO 1005
Nl=NCONN (12,3)
GO TO 1006

1005 N1=NCONN1I2.2)
1006 IF(NCONNjI3,2).E0.NCONN(I4,2)) GC TO 1010

IF(NCONN(.3,2)..EQ.NCONN(I14,31) GO TC 1010
12=NCONN 113,3)
GO TO 1011

1010 52=NCONNfI3,2)
1011 IF(NCONN(114,2).EQ..NCONN(12,2)) GO TO 1015

IF(NCONN(114,2).EQ.NCOXN(l2r3)) GO TO 1015
13=NCONN (14.3)

1015 GO TO 1016
1015 3=NCONN(IL4,2)

.~ ~ 1016 NITE(21. 1050)IJK,I2,13.I'4,Nl,N2,N3

1050 FORMAT(/3X9 *FACE',I3,1X,4IS BOUNDED BY ELGEI'.1X
1 13,lXI3,lXI3,2X,'AND VEBTICES%,11,13o1X,13,1X.13)

1999 CONTINUE

1001 RETUIRN

END~..~-.~ri.' ~ . d . ... ,. ~ ~ f%.;



31

C INTGRL:CALCULATE 1/R INTEGRATION OVER A SOURCE TRIANGLE
C INPUTJS:(XS(3),Z9(3))kCC0RS. CF NCES OF THE TRIANGLE
C XF,ZF:CCCU. CF FIELD PCINI
C CbTPUTS:EOT=EOT1:INTEGAL IFESUL'I
cCccccccccccccc~c~Cc CCcCcccCCcccccccCcccccccCCcCCCcCc

SUBROUTINE INTGEPL(XS,ZS.Xf.ZFPCT)
£ILIENSION XS (3) ZS(3)

C FIND THIE ENDS CF EACHI EALGE(FBCN (XM,Zg) TO (XP,ZP)
C THE EDGE NO IS DEFINFD AS 1,2,3 BETWEEN NCDES(lv2),(2,3).(3,1) A
C AND THE VIRECTICN is DEFINEr
C AS FROM NODES 1-2,2-3,3-1,RFSPECIIVELY.
C

POT0.
DO 10 I=1,3
XL1=XS (I)

11=1+1
IF(I1 .EC. 4) Il=l
IP=XS (Ii)
ZP=ZS(i1)
XPXF=XP-XF
ZPZF=ZP-2F
XPXF=XM-XP
ZfZF=ZM-ZF

AB ABS (XPXF*Vi2F-XMXP*ZPZF)
IF (AR .LE. 1.E-12) GO TO 10
XPXrI2=XPXM**2
.ZPZPI2=ZPZII**2
CL=SORT ( XPXM 24ZPZfI2)
1VO=AR/DL
EL2=DL** 2
XPXMIL=XPXM2/rL2
ZPZflL=ZPZMl2/fL2
DOT= (-KX?*XPXM-Z11Z!*ZEZf)/CL2
XO=XII.DOT*XPXM
ZO=fM+DOTI*ZEZM

DLP= ((XP-XO) *XPXMI+(ZP-ZO)*ZFZ1 )/EL
DLN=((XMI-XO) *XPXM,(ZM-7,0)*ZEZM)/DL
BP=SQ8T(T,02.tLP**2)

RMSQRfT ( 0 2+CLM1** 2)
SIGN=- ((XO-Xt) *ZPZ1- (ZO-ZE) *XPXl )/ (EL*R0)
RATIO=(RP+DLP) /(B!I*DLI)
ITOTPOT.SIGN*R0*ALOG(BATIC)

10 CONTINUJE
FOT=AHS (ECT)
EOT1=POT
EETURN
END

. w * *~* Moe,



32

CCCCccccccc~cccCCCCCCCCCCCCCCCCCCCCCccccccccCcccc
C NATRIX:TO OBTAIN SOURCE VECTORS CIAOCIB,CCUPLING MATRICES T,TT.

* C THE WIRE IS INFINITELY LCNG OR LOADED. THE APERTUJRE IS OF
C ARBITRARY SIZE AND SHAPE,ANV IS IN AN INFINITE

*C CONDUCTING PLANE OF ZERO THICKNESS.
C INPUT:NANB:TOTAL # Of EXPANSIONS IN APERTURE AND 01 HIRE
C NNODENEDGE,NFACE: # OF NODES.EDGES,F&CES OF APERTURE
C DATNOD(NNODE,3):NOCF #, X,Z, COOR. Of ALL NODES
C NCONN(NEDGE.3) :EDGE #,NODE #(FBOM,7O)OF ALL EDGES
C NBOUND(50,4):FACE #,EDGE # OF ALL TRIANGLES
C ETHETA,EPHI,THE.TAPMI:INCIADENT E-FIELD AMPLITUDES $ANGLES
C OUTPUT:CIA(NA),CIB(NA),T(NANB),TT(NB.NA),Y(NANh)

SUBROUTINE IATRIX(Nh.NE,INNOCDE,NECGE,NFACE,CAINOD,NCOUN,
1 NBOUNDCIACIETTT,!)

COMPLEX Y(NANA),CIA(NA),T(NA,NB),aPHI,aTNETA
COMPLEX H1,HX,HZ,FX,FZ,TF,SEOT,CPHIJK,CAXSI,CAETA
COMPLEX CIB(NA),TT(NB,NA)

* COMPLEX C1,C2,C3,C4,CSeG1,G2,V1,V2,AIPeUM,TP,TN,T1 (19) .TNB(19)
REAL DATNOD(NNODE.3),XF(3),ZF(3),LF(3).XS(3),ZS(3),LS(3),CT(3,2)
INTEGER NCONN(NEDGE,3).NBCUND(5014)

* INTEGER fF(3),NFj3)#ES(3),NS(3)
CONNON/LWIRE/C, WL
COtMON/FIELD/HPHI,HTHETA,EHI,TIA

A COflMON/KKK/AJK.PI
COMMON/3FK/J5
CORMON/N EU/NE,WNi

9F~I COMMON/LCAD/G1 .G2
COMMON/ VOLT/V 1.V2
COMMON/ZOO/Z0

C
C NS3ETOTAL NO. OF SURFACE IrGE(BOONDABY); NA=TOTAL NO. OF

NC INTERNAL EDGES
C

NS FNEDGE-NA
DO 60 a=1.NA

9 CO 70 N=1,NA
70 Y(MN)=(O.,0.)

N. CIA(M)=(O...O.)
CIB(M) (0. ,0.)
1I (14) = (0. 0 0. )

TN B (M) =(0. r 00) N
DO 80 N=1.NE
IT (N,M) = (0. ,.0.)

80 Tim N) C. 0.)
60 CONTINUE

CO ST=CO S (T FETA)
SINT=SIN (THEMA
COSP=COs (PHI)
SINP=SIN (PHI)
HX=HTHETA*COST*COSP-HPHI*SINP
HZa-HTHEIA*SINT
C4=G t*G2
C5=1*-C4
Ci=-G /C!
C2=C4/C5
C3=-G2/C5r
C4=2. *C
AIPrn((I.-Gl) *V1.Gl*(1.-G2)*V2)/C4
hIN=(j-;2* (l.-G1) *Vl- (1.-G2) *12) /C4d



DO) 10 IJ=1,NFACE 3
C
C FOR EACH FIELD TRIANGLE IJ,OBTAIN TRIANGLE PARAMETEUS:
C EDGE #:EE(3) ;NCDE # :NF(23); X.Z. COOB. OF NOCES XF(3) .Z?(3) ;
C LENGTH OF EDGES:LF(3)
C OBTAIN:CENTROID:XCZC; TESTING COMPONENTS OF IDGES:C'T(3,2)
C

N1=IJ
CALL TPAEMNl11DATNODNCONNNBCUNDNNCDE,NEDGE,

I EF.IiF,XF,ZF,1P)
ZC= IXF (1) +XF (2) +XF (3) [/3.
ZC= ZF (1) +ZF (2) +Z F(3) )/3.
CT (1, 1)=(XF (2) +XF(3))/2.-XC
CT (1,2) = ZF (2) .ZF (3) )/2. -ZC
CT (2,1) =(XF f3) IF (1))/2.-XC
CT (2,2) = ZF(3) 4ZF (1))/12. -ZC
CT (3, 1) =(XF (1) .XF (2) )/2.-XC
CT (3,2) = ZF (1) +7F (2))/12. ZC
DO 40 IJK=1.NFACE

C
C FOR EACH SOURCE 'TRIANGLE IJK:
C OBTAIN:EEGf PARAMETEES:ECGE # ES(3),NCDE # NS(3),COOR. OF NODES
C XS(3) ,ZS(3); LENGTHI CF EDGES LS(3)
C OBTAIN:ABEAIAREA Of 'TRIANGLE IJK)
C BY TAKING MAGNITUDE OF VECTCB CRCSS PGODUCT OF TWO SIDES
C

511=IJK
CA.LL TPARM(N11DDATNOENCCMN,NBOUNE

1 *NNODENFDGEES,NSXS,ZSLS)
AREA= (XS (2)-IS (1)W (ZS (3)-ZS(1)) -(XS(3) -XSfI)) *(ZS(2) -ZS(1))

AR EA=ABS (AREA) /2-.

C OBTAIN SCALAR & VECTOR POTENTIAL INTERALS(1/2*ABFA EXCLUDED) :
C CPHI , CAXSICAETA
C

CALL SCAINT(XSZS.XC9 ZCCEHIABEA)
CALL VECINT(XSZSXCZC,CAXSICAEIAABEA)
DO 20 IR=1.3

C
C FOR EACH NODE IR OF THE HIELD TRIANGLE IJ:

*C OBTAIN:FIELD-EDGE-TESTING INDEX:M;DIUJECTICN OF CURIEUT:DIRJ
C

* C

CALL TADJ (N 11, NA, EF, NFNCO NNEDGE, 1D1,1)J
XF(JCIRJ .EC.0.) GO TO 20
17(IJK. NE. 1) GO TO 1

C
*C COMPUTE SOURCE VECTOR CIA(M): INCIDENT PLANE WAVE IN REGION A

RC=XC*SI NT*COSP.ZC*CCST
H1(ICT(IR.1) *HX.CT(IB,2)*HZ)*CEXP(JK*RC)
CrA(M) =CIA (M),2.*JDIRJ*LF(IB)*Hl

c
C COMPUTE COUPLING MIATRIX T(M,N) * SOURCE CIB(N) FOR TER IN REGION B
C

C22=D**2 ,XC**2
IL-VL
IL2ZTL/2.
ZCT-ZC#TL2
01=SORT (ZCT**2 +E2 2)



D4=LF (IR) *DIEJ*E*CT (IF. 1)/(2. *PI*C22)

TM=DLI*2. *CEXP (-JK*ZC)

TNBfNV=C2*TMC3*TP, INB (M)
Tffl1)=T(M,1)+4*H
ZCI=ZC-T12
RI=SQRT(ZCT**2+D22)
Hl=( 1. CT/B 1)*EXP (-JK* (N 1TL2) )

IN, NB) =LI tiE) ,CL4*HI
Do 30 N1=2,NE-1
ZN=iIL*FLCAT (2* H-NB-1),FLCAT (2*NB-4)
HN=SQRT(E22. (ZC-ZN) **2)

30 H1 (JK/EN**2+1./BN**3) 'CEXP (-JK*HN) *WL/FLOAT (NB-2)
30 TIMNl)=T(MNl),D4*D22*H1

CIB (L) =AIP*TtM4AIfl*TP+CIE (I)
C
C COMIPUTE ADMITITANCE MATRIX Y(M,N)
C
I CONTINUE

DO 50 IK=1,l
C
C FOR EACH NODE IK 0F THE SOURCE TRNIANGLE 13!:
C OBTAIN:SOURCE-EDGE-INDEX N; CURRENT DIRECTION DIES
C

Ni 1=1K
CALL TADJ(N11,NAESNS.NCONN,NEDGENDIBS)
IF (DIES .EQ.0.) GO TO 50

C
c COIIPUTR SCALE POTENTIAL SFOT[,VECTOE POTENTIAL IN 1. Z. :FI,FZ

C :THE DOT PRODUCT OF POIEBTIALS & IESIINGTP,IS
* C

A2=DIBS*LS(IK)/ (4.*PI*AEEA*2.)
FX=12* I(XS (1)-XS (IK) )*CIHI,(XS (2)-XS (1) *CAXSI

I + (XS(3)-XE (1) )*CAETA)
1 ZA2*(f(ZS (1)-ZS (IK) )*CPHI,(US (2)-ZS (1)*CAXSI

I +(ZS(3)-ZS())*CAETA)
TF=FX*CT (IR, 1) .PZ*CT (11.2)
SPOT--CPHI*A2*2./ (0. 1.) ,WU
!(N.N)=Y(L,N),4.*DIBJ*LF(IR)*((0.,l.)*E*TP-SPOT)

s0 CONTINUE
20 CONTINUE
460 CONTINUE
10 CONTINUE
C
C GALERKIN SOLUTION :Y(fl,N)=Y(N,M)
C

CO 90 N1I,NR
Do 90 N=I.N
Y(N,N)=(Y(M, N).! (N,M) )/2.

90 Y(N,R).Y IN.N)

C MDAIN T r(11N)
DO 100 N=1,NA
CO 100 [=11NE

100 TT (MN)=-T(N,I )
IEF(Gl .EQ. 0. .AND. G2 .1C. 0..) GO TO 2

C
C ADD T1,TNB DUE TO LOADS 7C MATRIX T:



F ¢35

-C Co 110 M=I- NA
-T- T(9, 1) =T (M, 1) TI1(14)

110 1 ( M, N8) =T (M, NE) +TNB (M)Fi 2 CONTINUEN
SETUPN
END
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36
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCc
C IMP:FIND IMPEDANCE RATRIX Z FOR AV INFINITELY-LONG WIRE
C INPUT:NB:# EXPANSIONS.
C RB:RACIUS OF WIIB
C OUTPUT:Z
CCcCCcccc CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

SUBROUTINE IIIP(NE,RP,Z)
COMPLEX Z(NBNB) ,ZMN15) ,PJKE,E1,E2
DIMENSION DZ 15)
COMMON/KKK/AK,PI

COMON/LIRE/DUL
COlM1ON/WEU/WEIdU

p ALB=WL/FLOAT (2* (NB-2))
C
C FIND Z(M.N) * M,N=(2, tIE-1)
C M=2 , THE 1ST SUESECTICN CN IdL, SO Ml-i 119 O,N-1 IN NO
c (MMM~O*.NP) *(NM,N0,NP) ARE THE POIN7S ON SUBSECTION 11 6 N
C

£2 =D* 2.

NO= 1
VP=2

212=NB- 1
CO 10 M=111,12
110=2* (- 1)-i1

* Np=nO+1
81=110-1
VZ (1) ABS (ELCAT (MO-NO) *ALB)
12Z (2) =ABS (FLCAT (LIP-NP) *ALE)
10 (3)=ABS(FLCAT(flP-Nf)*ALB)
DZ (4) =ABS (FLCAT (M11-NP) *ALE)
DZ (5) =ABS (FLCAI (IM-NM) *AIB)
DO 20 J=1.5

20 ZSN(J)=P(ALBDZ(J),RE)-P(ALB.DZ(J).D2)
Z(5.,Ml1.1.)*U*4*AB**2*ZMN(l)
Z (fl, M)=ZVIMM1) - (0. ,1.)/.E* (ZMN (2) -ZBN (3) -ZMN (4I) *ZflU 15))

Do 30 J=1,M2-1

30 Z(fl1J, mi J)=z (M1,M1)

10 CONTINUE
S C

C FI ND Z (M*)=Z(1 , M) Z (MNE)=Z (NBl) , BY USING PULSE TESTING
C OF J (M) , M1(2, NB-1)
C

ALS=ALB
r22.D2**2
L=(NB-1)/2+1
7L=WL
TL2=TL/2.
I=CEXP (-JK*T 12)
EO 40 M=2,L
ZO=idL*FLCAT(2*M-NB-1) /ELOAT (2*NB-4)
rzz=fzo)
DZ IABS (CZZ*TL2)
DZ 2ABS (CZ7.-TL2)
ZSN f1)=P (ALB vDZ 1,RB) -F (ALB,EZ I,D2)
ZNN (3) P (ALBDZ2,RB) -P (ALB, DZ2.,D2)



ZP=(Z04ALS) 37
ZM=(ZO-&LS)

* ZPI=ABS(ZP.TL2)
ZP2=AJS (ZP-TL2)
ZN 1=ABS(ZM+TL2)II Zf2ABS (2f-TL2)
ZNN(2)=P (ALSZP1,RB)-P (ALS,ZP1,D2)

;: . 1-P (ALSZM1,RB)+P (ALS,ZMI D2)
ZMN(4)=P(ALs.ZP2.RB)-P(AtS,7P2,D2)

1 -F(ALS,ZM'2,BE)+P(ALSZL12,E2)
E!1AK/WE*2. *ALB*E

*E2=-(0. ,1. )/E*E
Z(R, 1)=E 1*ZIN (1) ,E2*ZIN (2)
Z(M, NRB[E*ZMN (3) -E2*ZMN (4I)
Z(fl)=Z (N 1)
Z ( NB ,M) =Z ( M , N B)
MN=NB-M+ I

Z (M1,NB) =Z (M.9 1)
4' Z(1.N)=Z(ft11)

Z (N B, M1) =Z (1,N B)
40 CONTINUE

c ~FIND Z(1,1)=Z(NB,NB), Z(1,NE)=Z(4B.1)

C
TL22--TL**2
UOI=7L.SCRT(TL22,RB**2)
110 2TL+SCRT (TL22+D22)
CALL SICI(S1.CIJO*AK)
CALL SICI(S2,C2.E102*AK)
E=CEXP(-JK*TL)
E11E/WE

Z (1, 1) =-E2* (E (ALS,O., BE) -F(ALSO., C2))
Z( 1.NB)=E2*(P(ALS,TLRa)-P (ALSTLD2)

1 *1./NE*AK/ (2.*PI)* (-C1.C2. (0.,* .) *(SI-S2))
Zi ZNBNB)Z (1. 1)

SETURN
END



Elm. 38

C SICI:COIPUTES SINE AND COSINE INTEGRALS. INPUT IS X;
~%,W4C OUTPUTS ARE SI, CI.

SUBROUTINE SICI(SICIX)
2=185 (X)

2Z1 T=(4.-Z)*(4..Z)
SI=X*(((((1.753 141E-9*Y.1.568988E-7) *Y*1. 374168E-5)

1 *Y.6.939889E-4) *Y.1.964882E-2) *Y.4.3955091-1)
CI=((5.77215CE-1*£LOG(Z)),Z-Z*gcg((1.3e69e5E-1o*Y

1 .1.584996E-8)*Y.1..725752E-6)*Y41.185999E-4).'Y*
2 4. 99 09 20F- 3)* Y +1.315 30 8E- 1))*Z

RETURN
4 51=51N(Z)

Y=COS(Z)
Z=4./Z
11= (U(((((4. 048069E-3*Z-2.279143E-2) *z.5.515070E-2)

1 *Z-7. 261642E-2) *Z44.9877 16E-2) *Z-3. 332519E-3) *Z-
2 2. 314617E-2) *Z- 1. 134958E-51)*Z,6.25001 IE-2) *Z.
3 2.583989E-10

V=((((((((-5.18699E-3*Z2.819179E-2)*Z-6.53283E-2)
1 *Z.7.902034E-2)*Z-4.1400416E-2)*Z-7.945556E-3)sZe
2 2..601293E-2)*Z-3.7640COE-4)*Z-3.122418E-2)*Z-
3 6.646441E-7)*Z.2.500000E-1

CZLZ* (SI*V-Y*U)
El1-Z*(SI*U4!*V) .1.570796
RETURN
END

CCCCCCCCCCcCc cCCCCcccccCcCcCCcccccccccCCCCCCCcccCCCCCCCCCCc
C P:FIND THE IINTEGBAL Of 1/(4*PI*2*AL)*CEXP(-JIK*fl)/R IN A
C SUBSECTION OF S*AL
C Z=DIST. IN Z BETWEEN FIELD & SOUBCE PIS.
C ZL=DIST. IN ZL(=SQET(X**2GY**2))
C AL=HALF SUBSECTION LENGTH
CCCCCccccccccccccCCCCCCCCCCccCCCCCCCCCCCC CcccCC~CC~cCCcCCCCCCcCC

COMPLEX FUNCTION P(AI,ZZL)
COMPLEX PO,JX

'A REAL 11.12,I3,X4.LR.KL
C01950N/KK1(/AKPI
COMON/JKK/JK
B=SQRT (ZL**2+Z**2)
E0=CEXP(-JK*P)/(4.*PI)
IF(R .LT. (10*AL)) GO To 30

C
C FOR R >= 1O*AL, FIND P=P(AOA1,A2,A3,A4)
c

KL=AK*AL
LB=AL/B
Z12= (Z/R) **2II Z84=(7/R)**4

£0 13.-30. *ZR2+3 5.*ZB4
A0=1. LR**2/6.*AOO.LR**4/40.*AOI
A1ZLR/6. *AOO.LP**3/4O.*A01
A2=-ZR2/t.-LBt**2/40.*(1.-12.*ZR2.15.*284)
A3=LR/60.* (3.*ZR2-5.*ZR4)
A4ZB4/1 20.
POPO/R* (AO+(0.,1.)*KL*A1,KL**2*A2.(0.. 1.) *KL**3*A3.KL**4*A4)
GO TO 40



39

C FOR R< 10*AL, FIND P=P(Il,12,I3,14):
C
30 Z1=Z+AL

22=Z-AL
Gl=SQRT (ZL**2*Z 1 **2)
G2=SORT (ZL**2,Z2**2)

C
C JOB Z<= AL:
C

I1=ALOG( (Z1+G,1)* (-Z2.G2)/ZL**2)
IF(Z .LE. AL) GO TO SC

C
C FOB Z > AL:

I1=ALOG ((Z 1 G 1) /(Z2.G2))
s0 12=2.*AL

13=z 1/2. *G 1- Z2/2. *G2*ZL**2/2.*I I
14=2.*AL*ZL**2, (2.*AL**3.6.*AL*Z**2),/3.
P=P0/(2.*AL) * (I -JK* (12-8*11)

1 -AK**2/2.*(13-2.*R*I2+B**2*I1)
2 *(O.,1.I*AK**3/6.*(I4-3..*R*I343.*B**2*I2-B**3*11))

40 RETURN
END

C CSMINV:INVERTS MATRIX A Of rIIIENSION NXN (N=5DIBf),AND STORES

~t.C RESULTS IN A
SUBROUTINE CSMINV(A,NDIM,N)
COMPLEX A(IDIMNDIf).PIOT(60),AMAX.T.SVAP,DETJRM
COMPLEX UCMPLX,CONJG
INTEGER*L$ IPIVOT (60) ,INDEX (60,2)
BEAL TEMP,ALPHA(60),CABS
'COMPLEX CTEI5P,CALPHA(60)
IEER0O
IF(NDIM .LE. 60) GO TO 5
IERR1l
bRITE(3,4) NCIM

4 FORMAT(OCSMINV ERROR, A'I7EMPT 10 INVERT A MATRIX'
1 14.1 ON A SIEE,0/' WHEN 60 X 60 IS 111! MAXIMUM ALLOVEDI)

SETURN
5 CONTINUE

DST ER hIC MPLX (1 .0, 0. 0)
SUMAXAO0.
rO 20 .7= 1, N
ALPHA (W) =0. 0
CALPJA (J)=(0.0,0.0)
SURON~O.
EO 10 1=1,N
CALPHA (3)=CALPHA (3)*A (3l) *CONJG (A(3Ii))
ALPHA (J) =REAL (CALPHA (J) )

10 SUMROSIJMRO+CAS (A(,I1))
ALPHA (J) =SORT (ALPHA (3) )
IF (SUMROV .GT. SUMAXA) SUMAXA=SUNROW

20 IPIVOT(J)=0
DO 600 I1.,N
AMAI=CNPLX (0.0, 0.0)
DO 105 3=1,N
IF(IPIVOT(J) -1) 60,105,6C

60 Co 100 K=1,N



1P(IPIVOT(K)-l) 80,100,740
80 CTEftP=AIIAX*CCNJG (AMAX) -A (JK)*CONJGJA (J.K))

IENP=BEAL (CTEPIP)
I?(TEMP) 85,85,100

a5 IROU=J
IC OLUM[= K
AflAX=A (JK)

100 CONTINUE
105 CONTINUE

IPIVOT(ICOLUN) =IPIVOT(ICCLon) .1
IF ( IROW - ICCIUI) 140,260,140

140 DETERM= -DETERI
CO 200 L=1,N
SWAP=A(IEOW*L)

'C, A(IROW,L)=A(ICCLUM,L)
200 A(IC0LUML)=SWAP

SWAP=ALPHA (IBCW)
ALPHA (IBOW) RLPHA (ICCLUI)
CALPHA(ICOLOH)=SWAP
AL PIA (ICOLUN)=REAL (CALFHA (ICOLUN))

260 INDEX(I.1)=IBOW

PIVOT (I) =A (ICCLUM,ICCLUM)
U=PIVOT(X)
ALPHAI=ALPHA (ICCLUM)
CALL DTRIINT(DETERRU.ALPHAI)
CTEIIP-PIVOT (1) *CGNJG (El VCT (I))
TEPREAL (CT iMP)
IF (TEMP) 330,720, 330

330 Af ICOLUM,ICOLUM)=CMPLX (1.0,0.)
EO 350 L1.,N
U=PIVOT (I)

350 A(ICOLUN.,L)=A(ICOLUll,L)/U
380 Co 550 Ll=1,N

.IF(Li - ICOLUM) 4100, 550,400
400 l=A(L1.ICOLUM)

A (Li ,IC(JLUL) =CMPLX (0. 0.0.0)
EO 450 L=1.N
U=A (ICOLUML)

4150 A(LlL)=A(LlL)-U*T
550 CONTINUE
600 CONTINUE
620 DO 710 I=1,N

L=N*1-I
IF(ZNDEX(L,1) - INDEX(L.2)) 630,710,630

630 JROWaI14DEX(L,l)
JCOLUM=INDEX (L,2)
CO 705 K1.IN
SWAP=A(K,JFON)
A (I, JliOW) =A (K, JCOLU M)
A (K,JCOLUI) =SIAP

705 CONTINUE
710 CONTINUE

SUMAXI=0.
CO 910 1=1.14

DO 900 31I,N
900 SUNROW=SUNMlON.CABS(A(I,J))

IF(SJMROW .GT. SUMAXI) SUNAXI=SU19ROW
910 CONTINUE



RETURN ~41
720 WE IT E f3. 730)
730 FORMAT('OI,10('******I)/'OMATBIX IS SINGULARV/0'

1 *10(1******$))
7140 RETUJRN

EN D
CccCCCccccCCCcccccCcCccccccccccCCCccCCCccccccccCcccc
C IDTRMNT:
CCCCCCCCCCCCCCCCCcCCCCCCCCCCCCCCCCCCCCCCCCCCCCCcCCCCCCCCCCCCCCCCC

SUBROUTINE DTRMNT(DETEBlM,UA)
COMPLEX EETEBIU,CMPLX
BEAL CABS
COMMNC~ /SCAFAC/ISCALE
DATA ISCALE/C/
IF (CABS (DETEPH) .GT. i.E-10) GO TO 100
DET ERN=DET ERN* 1.E 10

* ISCALE=ISCALI+ 1
100 CETEBM=DETEB1*U/CNPLX(AC.0)

RETURN
END

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
C GAUSS:SOLVE FOR X:A(N,N)*XI(N)=B(N); SICBED 1d Fl(l)
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

SUBBOUTINE GAUSS(N,A,BEFSISN)
COMPLEX A(N,W),E(N),CoT
NM1=N-1
DO 10 K=1,NMI
C=(0.0,0.0)
DO 2 I=K.N
IF (CABS (A (1,K)) LE.CABSIC)) GO TO 2
C=A(X,K)
10=1

2 CONTINUE
IF (CABS (C).GE. EPS) GO TO .3
IS 1=0
RETURN

*13 IF (I0.EQ.K) GO TO 6
VO 4 J=KN
I=A(K.3)

.4 A(K,J)=A(IO.J)
14 A(I0,J)=T

1 D (K)
BK=(10)

A E(IO0VT
6 P1=K~l

C=1./C
E(K)=B (K)*C
co 10 J=KIiN
A(K.3)=AIKJ)*C
Co 20 I=KP1,N

20 A(X3)=A(IJVAI,K)*'A(KJ)
10 P(J)=B(J)-A(JK)*B(K)

B(N)=B(N)/A(NN)
CO 40 K=1,NNI
t1N-K'1 C= (0.0,..)
1P11,1l
CO 50 J=IP1,N

so C=C*A (I,.J) *B W3)
40 (z(I-



L ISN1l
~II% RETURN

ERD

C HEL: C (LK) = A(L , M) *B(MN)
cccccCcccccccccccccccccccccccccc cccccccccccccccccc ccccccccccccccc

SUBROUTINE !UL(L,M,NAUB,C)
COMPLEX A(L.L),B(M,N),C(L,N),M
tO 20 1=1,L
VO 20 K=1,N
W=(0,0)
ro 10 j=i,1m

10 V=A(I,J)*B(JK)+N
20 CI.K)=M

FETURN
END

cCCccccCCcccccccccCCCCc CCccccCCcccccCccCCccccccccCCCCCcCccccc
C MUIL:A(L,t1)*E(fl)=C(L)

SUBROUTINE MUL1CL,IIDAEC)
COMPLEX A(LM).5(M)#C(L)
DO 10 1=1.1
C(I)=(0. ,.)
r.0 10 31I,N

10 C (I)=A (IJ) * B(J)+c (I)
RETURN
END
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