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Preface

The Numerical Electromagnetics Code (NEC) has been developed at the
Lawrence Livermore Laboratory, Livermore, California, under the sponsorship of
the Naval Ocean Systews Center and the Air Force Weapons Laboratory. It is an
advancéd version of the Antenna Modeling Program (AMP) developed in the early
1970's by MBAssociates for the Naval Research Laboratory, Naval Ship
Engineering Center, U.S. Army ECOM/Communications Systems, U.S. Army Strategic
Communications Command, and Rome Air Development Center under Office of Naval
Research Contract NOOOL4-71-C-0187. The present version of NEC is the result
of efforts by G. J. Burke and A. J. Poggio of Lawrence Livermore Laboratory.

The documentaton for NEC consists of three parts:

Part I: NEC Program Descripbion - Theory
Part II: NEC Program Description - Code
Part II{: NEC User's Gulde
' The documentation has been prepared by using the AMP documents as
foundations and by modifying those as needed. In some cases this led to minor
changes in the original documents while in many cases major modifications were
required.
Over the years many individuals have been contributors to AMP and NEC

and are acknowledged here as follows:

R. W. Adams R. J. Lytle

Je« N. Brittingham E. K. Miller
G. J. Burke J. B. Morton
F. J. Deadrick G. M. Pjerrou
K. K. Hazard A. J. Pogglo
D. L. Knepp E. S. Selden

0. L. lLager
The support for the development of NEC-2 at the Lawrence Livermore Laboratory
has been provided by the Naval Ocean Systems Center under MIPR-NOG953376MP.
Cognizant individuals under whom this project was carried out include:
J. Rockway and J. Logan. grevious development of NEC also included the
support of the Air Force Weapons Laboratory (Project Order 76-090) and was
monitored by J. Castillo and TSgt. H. Goodwin.

Work was performed under the auspices of the U.5. Department of Energy

under conltract No. W-7405-Eng-48. Reference Lo a company or product name



does not imply approval or recommendation of the product by the University of
California or the U.S. Department of Fnergy to the exclusion of othérs that

may be suitable,
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Abstract

The Numerical Electromagnetics Code (NEC-2) 1s a cemputer code for
analyzing the electromagnetic response of an arbitrary structure consisting of
wires and surfaces in free space or over a ground plane. The analysis is
accomplished by the numerical solution of integral equations for induced
currents. The excitation may be an incident plane wave or a voltage source on
a wire, while the output may include current and charge density, electric or
magnetic field in the vicinity of the structure, and radiated fields. Hence,
the code may be used for antenna analysis or scattering and EMP studies.

This document is Part Il of a three-part report. It contains a detailed
description of the Fortran coding, including the definitions of variables and
constants, and a listing of the code. The other two documents cover the
equations and numerical methods (Part T) and instructions for use of the code

(Part TIL).

KEY WORDS FOR DD FORM 1473:
EM scattering
EMP
Wire Model

Me thod of moments

Vili



Section |
Introduction

The Numerical Electromagnetics Code (NEC-2)* is a user-oriented computer
code for the analysis of the electromagnetic response of antennas and other
metal structures. It is built around the numerical solution of integral
equations for the currents induced on the structure by sources or incident
fields. This approach avoids many of the simplifying assumptions required by
other solution methods and provides a highly accurate and versatile tool for
electromagnetic analysis.

The code combines an integral equation for smooth surfaces with one
speclalized to wires to provide for convenient and accurate modeling of a wide
range of structures. A model may include nonradiating networks and transmis-
sion lines connecting parts of the structure, perfect or imperfect conductors,
and lumped-element loading. A structure may also be modeled over a ground
rlane that may be either a perfect or imperfect conductor.

The excitation may be either voltage sources on the structure or an
incident plane wave of linear or elliptic polarization. The output may include
induced currents and charges, near electric or magnetic fields, and radiated
fields. Hence, the program is suited to either antenna analysis or scatteringt
and EMP studies.

This document is Vol. TI of a three-part report on NEC. It contains
a detailed description of the Fortran coding. Section IT contains for each
routine: (1) a statement of purpose, (2) a narrative description of the
methodology, (3) definitions of variables and constants, and (4) a listing of
the code. The remaining sections cover the common blocks, system library
functions, array dimension limitations, and subroutine linkage.

The information in Vol. II will be 6f use mainly to persons attempting to
modify the code or to use it on a computer system with which the delivered
deck 1s not compatible.

Vol.I describes the equations and numerical methods used in NEC and
Vol. TII contains instructions for using the code, including preparation of
input data and Interpretation of output. Persons attempting to use NEC for
the first time should start by reading Vol. III. Vol, I will help the new

user to understand the capabilities and limitations cof NEC.
*NEC-2 will be abbreviated to NEC elsewhere in this volume.

-1-



Section Il
Code Description

In this section, each routine in NEC is described in detail. The main
program is described first and 1s followed by the éubroutines in alphabetical
order. For each routine, there is a brief statement of its purpose, a
description of the code, an alphabetized listing and definition of important
variables and constants, and a listing of the code. Variables that are 3in
common blocks, and hence occur in several routines, are usually omitted from
the lists for individual routines. They are defined in Section III under their
common block labels.

Following line MA 495 in the main program, all quantities of length have
been normalized to wavelength. Current is normalized to wavelength throughout
the solution. This changes the appearance of many of the equations. In

particular the wave number, k = 2m/A, usually appears as 27W.



MATIN
MAIN

PURPOSE )

To handle input and output and to call the appropriate subroutines.

METHOD

The structure of MAIN is shown in the flow charts of Figures 1 and 2
where Figure 1 represents the first half of the code to about line MA 459.
Comment cards are read and printed after line MA 72 and subroutine DATAGN is
called at MA 90 to read and process structure data. If a Numerical Green's
Function {NGF) file was read in DATAGN then subroutine FBNFG is called to
determine whether file storage 1s needed for the matrix and to allocate core
storage. When a NGF has not been read the mode of matrix storage cannot be
determined until line MA 464 since it depends on whether a NFG file is to be
written.

The box labeled '"Read data card" in Figure 1 refers to the READ
statement at MA 139. Any of the types of data cards in Table 1l may be read at
this point to set parameters or to request execution of the solution part of
the code.

The integer variables IGP and IFLOW are keys to the operation of the
code. IGP indicates the stage of completion of the solution as listed in
Table 2, wWhen a card requesting execution is read (NE, NH, RP, WG, or XQ) the
solution part of tne code (Figure 2) is entered at the point determined by
IGH (see MA 385, MA 420, MA 429, and MA 457). After the current has been
computed IGP is given the value five. I subsequent data cards change
parameters, the value of IGP is reduced to the value in Table 1 to indicate
the point beyond which the solution must be repeated. FPor example, when an EX
card 1s read IGP is set equal to three if it was greater than three but is
not changed if it was less than three. For cards that request execution "ex."
1s shown Ln Table 1.

IFLOW is used to indicate the typé of the previous data card. When
several cards of the same type can be used together (CP, LD, NT, TL, and EX
for voltage sources) a counter is incremented and data is added to arrays if
the card is the same as the previous card as indicated by IFLOW. If the
previous card was different the counter is initialized and previous data in

the arrays 1s destroyed. IFLOW is also used to indicate what type of card

—3=



MATN

Start of new case

Numerical
Green's

Function data

Read and print comments

(st ,

Figure 1,

Call DATAGN to read
structure data

+

Allocate matrix storage
when NGF is used

Read data card

NX card?

5TOP

Branch to section for
particular card. Store
parameters, adjust IGP

Calculation
request?

Go to B
Figure 2

Flow Diagram of Main Program Input Section



MAIN
O,

Allocate matrix storage
when NGF is oot used

e

Compute interaction matrix
and decompose into LU
or perform NGF manipulations

~t

Set excitation array

Solve for current

Compute input power,
efficiency, etc.

Compute near field,
radiated field if
requested

Yy

Go to A
Figure 1

Figure 2. Flow Diagram of Main Program
Computation Section



MATIN

TABLE 1

I AINCI) GO TO Line el THLOW
1 21 cP 304 202 - 2
2 19 EK 320 194 2 1
3 13 EN STYP 166 - -
4 5 EX 24 275 3 5
5 2 FR 16 172 1 1
6 9 GD 34 389 - 9
7 4 GN 21 245 2 4
8 16 KH 305 187 2 1
9 3 LD 17 221 2 3
10 8 NE 32 370 ex.¥ 8
11 17 NH 208 . 368 ex,¥ 8
12 6 NT 28 321 3 6
13 12 NX 1 69 1 1
14 18 PQ il9 358 - -
15 15 PT 31 348 - -
16 i0 RP 36 398 ex. 10
17 14 TL 28 321 3 6
18 20 WG 322 424 ex. 12
19 7 XQ 37 433 ex. 7 or 11

* NE and NH do not cause execution when multiple frequencies have been
requested on the FR card. This allows computation of both near fields and
radiated fields in a frequency loop.



Tahla 2

MAIN

1GO Completion Point
1 Start
2 Frequency has been set and geometry
sealed to wavelgngth
Interaction matrix filled and factored
4,5 Current computed and printed




MAIN

requested the solution (NE, RP, etc.)}. Cards such as RP may be stacked
together but are not stored since they are acted upon as they are encountered.

The solution part of the code contains a loop over frequency starting at
MA 463 and a loop over incident field direction starting at MA 562. %BLOCKnis
called at MA 465 to determine whether file storage is required for tine
matrix. From MA 466 to MA 493 the structure data are scaled from units of
meters Lo wavelength or from one wavelength to the next when frequency is
changed. Subroutine LOAD is called at MA 497 to fill array ZARRAY for the
given frequency. At MA 520 the Sommerfeld interpolation tables are read from
file TAPEZ2l if this option is used. NXA{l) is set to zero at MA 67 so the
test ensures that the tape 1s read only once,.

When the NGF option is not in use the matrix is filled by subroutine
CMSET at MA 537 and factored by subroutine FACTRS at MA 540. When the NGF is
used the equivalent steps are performed by CMNGF and FACGF. If a NGF file is
to be written, subroutine GFOUT is called at MA 557 to write TAPE20.

Subroutine ETMNS, called at MA 582, fills the excitation array and the
current is computed in subroutine NETWK called at MA 61ll. TIf transmission
lines or two port networks are used NETWK combines the network equations with
driving—point interaction equations derived from the primary interaction
matrix. Otherwise the current is computed directly from the primary matrix.

The remainder of MAIN prints the currents and calls subroutines for near

fields, radiated fields or coupling.

SYMBOL DICTIONARY:

ATIN = mnemonic from data card

ATST = array of possible data card mnemonics

CHAG = magnitude of the current in amperes

CoM = array to store text from comment cards

CURI = current on segment [ in amperes

CVEL = (velocity of light) (10—6) in meters/second

DELFRQ = frequency increment (additive or multiplicative)

DPH = far-field ¢ angle increment in degrees (input
quantity)

DTH = far-field © angle increment in degrees (input
quantity)

-8—



D XNK
DYNR
DZNR
EPH

EPHA
L PHM
EPSC

EPSCF
EPSR
EPSR2
ETH
ETHA
E'THM
EX
EXTIM
EY

EZ

FJ
FMHZ
FMHZS
FNORM

FR
FR2
GNOR

HPOL
IAVP
TAX

811

ICil

MAIN

near-tield observation point increments (input

quantities with multiple meanings -- see NE card)

current component in direction £2 on patch
phase angle of EPH
magnitude of EPH

complex dielectric constant of ground €. = €.~
JU/wEO-)
€, read from file TAPE21
1
r

€. for outer ground region

current component in direction El on patch

phase angle of ETH

magnitude of ETH

x component of current on a patch

time at start of run (seconds)

9 component of current on a patch

z component of current on a patch

/-1

frequency in MHz

frequency in MHz

multiply used array; stores impedances for printing of
the normalized impedance or stores currents in the
receiving pattern case for printing normalized
receiving pattern

(next frequency)/{present frequency)

(FR)(FR)

if non-zero, equals gain normalization factor (dB)
from RP card

array containing polarization types (Hollerith)

input integer flag used in average gain logic (RP card)
ihput integer flag specifying gain type (RP card)
location in array CM for start of storage of submatrix
B when NGF is used

location in array CM for start of storage of submatrix

C when NGF 1s used



MAIN

IDl}
LEXK
IFAR
IFLOW
LFRQ
L[GO

INC
INOR

iPD
IPEQ
1 PTAG
I PTAGF

I PTAGT
IPTFLG

LPTAQ
I PTAQF
LPTAQT
IPTFLQ
LRESRV
IRNGF

ISANT
ISAVE

location 1n CM for submatrix D

flag to select the extended thin-wire kernel

input integer flag specifying type of field
calculation and type of ground system in far field
(RP card)

integer flag used to distinguish various input
sections

input integer flag specifying type of frequency
stepping (FR card)

integer to indicate stage of completion of the
solution

incident field loop index

lnput integer flag used for normalized galn request
(RP card)

input integer flag selects gain type for
normalization (RP card)

input integer flag used for impedance normalization
request (EX card)

lnput integer for priat control equal to segment tag
number {PT card)

input integer for print control specifying segment
placement in a set of equal tags (PT card)

same function as IPTAGF (input, PT card)

loput integer flag specifying type of print control
(PT card)

same as above four variables but for PQ card

lengeh of array CM in complex numbers

storage in array CM that is reserved for later use
when a NGF file is written

array of segment numbers for voltage sources
segment number for normalized receiving pattern

calculation

-10-



ISEG1 (Iﬂ
LSEG?2 (Iﬂ
ITMP1 to ITMPS5
IX

IX11

IXTYP
K COM

LDTAG
LDTAGF

LDTAGT
LDTYP
LOADMX
MASYM
MHZ
MPCNT
NCOUP
NCSEG]
NCTAG
NEAR
NEQ
NEQ2
NETMX
NFEH
NFRQ
NONET
NORMF
NPIUI
NPHIC
NPRINT
NRX
NRY
NRZ
NSANT
NSMAX

MAIN

segment numbers of end 1 and end 2 of the ith

network connecticn

Lemporary storage

array for matrix pivot element information
location in CM of the start of an array in the NGF
solution

excitation type from EX card

number of comment cards read

tag number of loaded segment

number of first loaded segment in set of segments
having given tag

last loaded segment

loading type

maximum number of loading cards

flag to request matrix asymmetry calculation
frequency loop index

counter for data cards

number of excitation points for coupling calculation

excitation segment for coupling calculation

increment option for near field points
order of the primary interaction matrix
number of new unknowns in NGF mode
maximum number of network data cards

0 for near E field, 1 for near H
number of frequency steps

number of network data cards

dimension of FNORM

number of phi steps in incident field
loop index for phi in incident field

print control flag for subroutine NETWK
number of steps in near field evaluation loops

number of voltage sources

maximum number of voltage sources

-11-



MAIN

NTHI
NTHIC
PH
PHISS
PIN

PLOSS

PNET
RFLD

RKH

SCRWLT

SCRWRT

51IG
SIG2

TA

THETIS

THETS

TIM

TMPL to TMP6
XPR1 to XPR6

ZLC
4ZLI
ZLR
Z PNORM

CONSTANTS

l.E-20

number of theta steps in incident field

loop index for theta in incideat field

phase angle of current or charge (degrees)

initial ¢ value for incident field

Pin = total power supplied to a structure by all
voltage sources (X Re(VI*)/2). For a Hertzian
dipole source Pin = n(n/3)|I£/Ai2.

power lost in distributed and point structure loads
in watts

array contains Hollerith transmission line type

if non-zero, equal to input far-field observation
distance in meters

minimum separation for use of approximate
interaction equations

input length of radials in radial wire screen (GN
card) in meters

radius ot wires in radial wire ground screen in
metears

conductivity of ground (0 in mhos/meter on GN card)
conductivity of second medium in mhos/meter (GN and
GD card)

m/130

initial & for incident field

initial 0 for radiated field

matrix computation time (seconds)

temporary iLnput variables

Laput quantities for incident field or Hertzian

dipole illumiaation
input quantities for loading

impedance normalization quantity

used as small value test

-12-



L. 745329252
2367.0067
59.96

299.38

1)

/180
Zﬂqo
II(ZFCEO)
c/106

-13-
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MATN
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52
33
54
55
36

58
59
60
61

63

PROGRAM NEC(INPUT,TAPEﬁ:INPUT.OU?PUT.TAPE11.TAPEiZ.TAPE13.TAPE14.
TTAPE1S,TAPE16 , TAPE20 , TAPE21)

NUMERICAL ELECTROMAGNETICS CODE (NEC2) DEVELOPED AT LAWRENCE
LIVERMORE LAB., LIVERMORE, CA. (CONTACT G. BURKE, 415-422-8414)
FILE CREATED 4/11/8B0, '

‘".'..“..NOTICE.......“.

THIS COMPUTER CODE MATERIAL WAS PREPARED AS AN ACCOUNT OF WORK
SPONSORED 8Y THE UNITED STATES GOVERNMENT. WNEITHER THE UNITED
STATES NOR THE UNITED STATES DEPARTMENT OF ENERGY, NOR ANY OF
THEIR EMPLOYEES, NOR ANY OF THEIR CONTRACTORS, SUBCONTRACTORS, OR
THEIR EMPLOYEES, MAKES ANY WARRANTY, EXPRESS OR IMPLIED, OR
ASSUMES ANY LEGAL LIABILITY OR RESPONSIBILITY FOR THE ACCURACY,
COMPLETENESS OR USEFULNESS OF ANY INFORMATION, APPARATIS, PRODUCT
OR PROCESS DISCLOSED, OR REPRESENTS THAT ITS USE WOULD NOT
INFRINGE PRIVATELY-OWNED RIGHTS.

INTEGER AIN,ATST,PNET,HPOL

COMPLEX CM,FJ,VSANT ,ETH,EPH,ZRATI,CUR,CURI, ZARRAY ,ZRATI2
COMPLEX EX.EY,EZ,ZPED,VQD,VQDS,T1,Y11A,Y12A,EPSC.U, U2, XXT,XX2
COMPLEX AR, AR2 ,AR3 EPSCF,FRATI

COMMON /DATA/ LD.N1,N2,N,NP Mt M2 M, MP,X(300),Y(300),2(300),
1SI(300).B1(300) ,ALP(300),BET(300),ICONT(300)},ICON2(300),
2ITAG(300),ICONX(300) ,WLAM,IPSYM

COMMON  /CMB/CM(4000)

COMMON /MATPAR/ ICASE ,NBLOKS NPBLK,NLAST ,NELSYM, NPSYM,NLSYM, IMAT,
TICASX ,NBBX ,NPBX ,NLBX,NBBL ,NPBL ,NLBL

COMMON/SAVE/TP (600} ,KCOM,COM(13,5) ,EPSR,SIG,SCRWL T, SCRWRT, FMH2
COMMON /CRNT/ AIR(300),ATI(300),BIR(300),BII(300),CIR(300),

! CII(300).CUR(200D)

COMMON /GND/ZRATI,ZRATI2Z FRATI,CL,CH,SCRWL ,SCRWR . NRADL ,KSYMP, IFAR,
{IPERF,Tt,T2

COMMON /ZL0AD/ ZARRAY(300),NLOAD,NLODF
COMMON/YPARM/NCOUP , ICOUP ,NCTAG{5) ,NCSEG{5),Y11A(S5),Y124(20)
COMMON /SEGJ/ AX{30) ,BX(30),CX(30)},4C0(30),JSNO, ISCON(50) ,NSCON,
1IPCON(10),NPCON
COMMON/VSORC/¥QD{ 30}, VSANT{30),vQDS{30), IvaD{30), ISANT(30),
11QDS(30) ,NVQD,NSANT ,NQDS
COMMON/NETCX/ZPED,PIN,PNLS,NEQ,NPEQ,NEQ2Z ,NONET,NTSOL ,NPRINT,
IMASYM, ISEGT(30), ISEGZ(30) . X11R(30) . X11I(30),X12R{30).X12T{%0),
1X22R(30),X22L{30)  NTYP({30Q)
COMMON/FPAT/NTH ,NPH,IPD, IAVP , INOR, TAX, THETS ,PHIS,DTH, DFH,
TRFLD.GNOR,CLT ,CHT,EPSR2,S1G2,IXTYP,XPRE,PINR,PNLR,PLOSS,

INEAR NFEH,NRX ,NRY ,NRZ , XNR, YNR , ZNR , DXNR ,DYNR , DZNR

COMMON /GGRID/ AR1(11,10,4),AR2{(17,5,4),AR3(9,B,4) EPSCF,DXA(3)
IDYA(3) XSA(3),YSA(3) NXA(3) NYA(3)
COMMON/GWAV /U U2 ,XX1 ,XX2 ,R1 ,R2,2MH . ZPH

DIMENSTON CAB{1),SAB{1),X2(1Y,v2(1),22(1)

DIMENSION LOTYP(30),LDTAG(30).L.DTAGF{30),LOTAGT(30),.ZLR(30),
1ZLI(30).Z7LC(30)

DIMENSION AFST(2t).PNET(6) HPOL(3),IX(600)

DIMENSION FNORM(200)

DIMENSION THX{1), FIY{1),T1Z{1), T2X(1),T2¥(1),72Z(1)
EQUIVALENCE {CAB,ALP),(SAB.BET),(X2,5I),(Y2,ALP),(Z2,BET)
EQUIVALENCE (71%X,ST).(T1Y,ALP) {T1Z,BET),(T2X,ICON1),(T2Y,ICON2),
1 (T2Z,ITAG)

DATA ATST/2HCE,2HFR,ZHLD, 2HGN, ZHEX , 2HNT, 2HXQ, 2HNE , ZHGD , 2HRP , 2HCM,
1 ZHNX, ZHEN, ZHTIL,2ZHPT . 2HKH, 2HNH, 2HPQ, 2HEK , ZHWG , 2ZHCP/

DATA HPOL/BHLINEAR ,SHRIGHT ,4HLEFT/

DATA PNET/BH .2H  ,BHSTRAIG,2HHT,6HCROSSE, 1HD/

DATA TA/1.745328252E-02/,CVEL/209.8/

DATA LOADMX NSMAX,NETMX/30,30,30/, NORMF 7200/
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64
65
66
67
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69
70
7
72
73
74
75
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77
78
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81
a2
a3
84

86
a7
a8
a9
20
91
92
93
94
95
96
97
a8
99
100
to1
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
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aoOoo

OO0

326

OO0

CALL SECOND{EXTIM)
FI=(0.,1.)

LD=300

NXA(1)=0

IRESRV=4000

KCOM=0

KCOM=KCOM+1

IF (KCOM.GT.5) KCOM=5
READ(S,125)AIN, (COM(I,KCOM),I=1,13)
IF(KCOM.GT.1)60 TO 3

PRINT 126

PRINT 127

PRINT 128

PRINT 129, (COM{I,KCOM),I=t,13)
IF (AIN.EQ.ATST(11)) GO TO 2
IF (AIN.EQ.ATST(1)) GO 7O 4
PRINT 130

sToP

CONTINUE

D0 5 I=1,LD
ZARRAY(I}=(0.,0.)

MPCNT=0

IMAT=0

SET UP GEOMETRY DATA IN SUBROUTINE DATAGN

CALL DATAGN
IFLOW=1
IF(IMAT.EQ.0)GO TO 326

CORE ALLOCATION FOR ARRAYS B, C, AND D FOR N.G.F. SOLUTION

NEQ=N1+2*M1
NEQ2=N-N142*{M—M1)+NSCON+2 *NPCON
CALL FBNGF(NEQ,NEQ2,IRESRY,I811,ICH1,ID11,IX11)
GO TO 6

NEQ=N+2°*M

NEQ2=0

IBtt=1

ICt1=1

IDt1=1

IXtt=1

ICASXY=0

NPEQ=NP+2*MP

PRINT 135

DEFAULT VALUES FOR INPUT PARAMETERS AND FLAGS

IGO=1
FMHZS=CVEL
NFRQ=1

RKH=1.

IEXK=0
IXTYP=0
NLOAD=0

NONE T=0
NEAR=—1
IPTFLG=-2
IPTFLQ=~1
IFAR=—1
ZIRATI=(1.,0.)
IPED=0
IRNGF=0
NCOUP=0
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79
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83
84

86
a7
88
89
90
91
92
93
94
95
96
Q7
98
99
100
i
102
103
104
105
106
107
108
109
110
111
112
113
114
135
1186
17
118
11¢%
120
121
122
123
124
125
126
127
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128
129
130
131

132
133
134
135
136
137
138
139
140
141

142
143
144
145
146
147
148
149
150
151

152
153
154
155
t56
157
158
159
160
161

162
163
164
165
166

167 15

168
169
170
171

172 16

173
174
175
176
177
178
179
180
181
182
183
184
185
186

187 305

188
189
190
191

- OO0

c
C
c

8

c
c
c

c

ICQUP=0
IF(ICASX.GT.0)GO TO 14
FMHZ=CVEL

NLODF=0Q

KSYMP=1

NRADL=0

IPERF=0

MAIN INPUT SECTION — STANDARD READ STATEMENT - JUMPS TO APPRO-
PRIATE SECTION FOR SPECIFIC PARAMETER SET UP

READ{5,136)AIN,ITMP1 ,ITMP2 ,ITMP3,ITMP4,TMP1,TMP2 K TMP 3, TMP4, TMP5S,
1TMPE

MPCNT=MPCNT+1

PRINT 137, MPCNT ,AIN,ITMP1 ,ITMP2,ITMP3,ITMP4,TMP1,TMP2 ,TMP3, TMP4,
1TMP5, TMPE

IF {AIN.EQ.ATST(2)) GO T
IF (AIN.EQ.ATST(3)) GO T
IF (AIN.EQ.ATST{4)) GO T
IF (AIN.EQ.ATST(5)) GO T

o
o
o
o]

IF (AIN.EQ.ATST(6)) GO TO
IF (AIN.EQ.ATST(t4)) GO TO 28
IF (AIN.EQ.ATST(15)) GO T0 31
IF (AIN.EQ.ATST(18)) GO TO 319
IF (AIN.EQ.ATST(7)) GO TO 37
IF (AIN.EQ.ATST(8)) GO 7O 32
IF (AIN.EQ.ATST(17)) GO TO 208
IF (AIN.EQ.ATST(9)) GO TO 34

IF (AIN.EQ.ATST(10)}) GO
IF {(AIN.EQ.ATST(16)) GO
IF (AIN.EQ.ATST(19)) 6O
IF (AIN.EQ.ATST(12)) GO
IF {AIN.EQ.ATST(20)) GO
If (AIN_EQ.ATST(21)) cO
IF (AIN.NE.ATST{13)) GO
CALL SECOND(TMP1)
TMP1=TMP1-EXTIM

PRINT 201, TMP1

STOP

PRINT 138

sSToP

FREQUENCY PARAMETERS

IFRQ=ITMP1
IF(ICASX.€Q.0)G0D TO 8
PRINT 303, AIN

STOP

NFRQ=ITMP2

IF (NFRQ.EQ.0) NFRQ=)
FMHZ=TMP !

DELFRQ=TMP2
IF(IPED.EQ.)ZPNORM=0.,
160=1

IFLOW=1

GO TO 14

MATRIX INTEGRATION LIMIT

RKH=TMP 1
IF(160.6GT.2)160=2
IFLOW=1

GO TO 14

T0
TO
TG
TO
10
TO
10

16
17
21
24
28

36
305
320
1
322
304
15
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192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
21
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
234
253

c
c
320

WOOOO

18

19

20

NMOOO

10

22

EXTENDED THIN WIRE KERNEL OPTION

TEXK=1
IF(ITMP1.EQ.-1)IEXK=0
IF(IGO.GT.2)}IG0=2
IFLOW=1

GO TO 14

MAXIMUM COUPLING BETWEEN ANTENNAS

IF(IFLOW.NE.2)NCOUP=0
ICOUP=0

IFLOW=2
IF(ITMP2.EQ.0)GO TO 14
NCOUP=NCOUP+1
IF(NCOUP.GT.5)G0 TO 312
NCTAG(NCOUP )=ITMP1
NCSEG(NCOUP )=ITMP2
IF{ITMP4.EQ.0)GO TO 14
NCOUP=NCOUP+}
IF(NCOUP.GT.5)GO TO 312
NCTAG(NCOUP )=ITMP3
NCSEG(NCOUP)=ITMP4

GO TO 14

PRINT 313

STOP

LOADING PARAMETERS

IF (IFLOW.EQ.3) GO TO 18
NLOAD=0

IFLOW=3

IF (IG0.GT.2) IGO=2

IF (ITMP1.EQ.(-1)) GO TO t4
NLOAD=NLOAD+1

IF (NLOAD.LE.LOADMX) GG TO 19
PRINT 139

STOP

LDTYP(NLOAD)=ITMP1
LDTAG(NLOAD)=ITMP2

IF (ITMP4.EQ.0) ITMP4=ITMP3
LDTAGF (NLOAD)=ITMP3
LDTAGT(NLOAD)=ITMP4

IF (ITMP4.GE.ITMP3) GO TO 20
PRINT 140, NLOAD,ITMP3,ITMP4
STOP

ZLR{NLOAD)=TMP1
ZLI{NLOAD)=TMP2
ZLC(NLOAD)}=TMP3

GO TO 14

GROUND PARAMETERS UNDER THE ANTENNA

IFLOW=4
IF{ICASX.EQ.0)GO TO 10
PRINT 303.AIN

STOP

If (IGO.GT.2) 1G60=2

IF (ITMP1.NE.(=-1}) GO TO 22
KSYMP=1

NRADL=0

IPERF=0

GO 70 14

IPERF=ITMP1
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202
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211

212
213
214
215
216
217
218
219
220
21

222
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256

257

258

259

260

261

262

263

264 314
265

266

267 23
268
269
270
27
272
273
274
275
276
277
278
279
280
281 25
282

283

284

285

286

287

288

289

290

291

292 205
293

294 206
295

296 26
297

298

299 207
300

301

302

303 27
304

305

306

307

308

309

310

311

312

313

314

315

316

317

318 C
319 C

NOOO

NRADL=ITMP2

KSYMP=2

EPSR=TMP1

SIG=TMP?2

IF (NRADL.EQ.0) GO TO 23
IF(IPERF.NE.Z)GO TO 314
PRINT 390

STOP

SCRWLT=TMP3

SCRWRT=TMP 4

GO TO 14

EPSR2=TMP3

SIG2=TMP4

CLT=TMP5

CHT=TMP6

GO TO 14

EXCITATICN PARAMETERS

IF (IFLOW.EQ.5) GO TO 25

NSANT=0

NYQD=0

IPED=0

IFLOW=5

IF (IGD.GT.3) IGO=3

MASYM=ITMP4/10

IF (ITMP1.GT.O.AND.ITMP1.NE.5) GO TO 27
IXTYP=ITMP1

NTSOL=0

IF(IXTYP.EQ.0)GO TO 205

NVQD=NvQD+1

IF(NVQD.GT . NSMAX)GO TO 206
IVQD(NVQD)=TISEGNO{ITMP2 ,ITMP3)
YQD(NVQD ) =CMPLX{ TMP1, TMP2)
IF(CABS{VQD(NVQD)}.LT.1.E~20)VAD(NVQD}=(1.,0.)
GO TO 207

NSANT=NSANT+1

IF (NSANT.LE.NSMAX) . GO TO 26

PRINT 141 :

sSTOP

ISANT(NSANT }=ISEGNO(ITMP2,ITMP3)
VSANT(NSANT }=CMPLX( TMP1,TMP2)

IF {CABS(VSANT(NSANT}).LT.1.E-20) VSANT(NSANT)=(1.,0.)
IPED=ITMP4-MASYM*10

ZPNORM=TMP 3

IF (IPED.EQ.1.AND.ZPNORM.GT.0) IPED=2
GC TO 14

IF (IXTYP.EQ.0.OR.IXTYP.EQ.5) NTSOL=0
IXTYP=ITMP1

NTHI=ITMP2Z

NPHI=ITMP3

XPR1=TMP1

XPR2=TMP2

XPR3I=TMP3

XPR4=TMP4

XPRS=TMP5

XPR6=TMP6&

NSANT=0

NYQD=0

THETIS=XPR1

PHISS=XPR2

GO TO 14

NETWORK PARAMETERS
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3123
324
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332
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342
343
344
345
346
347
348
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351
3152
353
354
355
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359
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361
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28

29

3o

[N e Ne el

w00

IF (IFLOW.EQ.6) GO TO 29
NONET=0

NTSOL=0

IFLOW=6

IF (IG0.GT.3) IGO=3

IF (ITMP2.EQ.(-1)) GO TO 14

NONET=NONET+1

IF (NONET.LE.NETMX) GO TO
PRINT 142

STOP

NTYP(NONET)=2

IF (AIN.EQ.ATST(6)) NTYP(NONET)=1
ISEG1(NONET)=ISEGNO(ITMP1,TITMP2Z)
ISEG2(NONET)=TSEGNO({ITMP3, ITMP4)

X11R(NONET)=TMP1
X11I(NONET)=TMP2
X12R(NONET)=TMP3
X12I(NONET)=TMP4
X22R(NONET)=TMP5
X22I(NONET)=TMP6

IF (NTYP(NONET).EQ.1.OR.TMP1.GT.0.) GO TO 14

NTYP(NONET)=3
X1 1R(NONET ) =~TMP1
GO TO 14

PRINT CONTRGL FOR CURRENT

IPTFLG=ITMP1
IPTAG=ITMP2

IPTAGF=ITMP3
IPTAGT=ITMP4

IF(ITMP3.EQ.0.AND.IPTFLG.NE.-1)IPTFLG=-2

30

IF (ITMP4.EQ.0) IPTAGT=IPTAGF

GO TO 14

PRINT CONTROL FOR CHARGE

IPTFLOQ=ITMP1
IPTAQ=ITMP2

IPTAQF=ITMP3
IPTAQT=ITMP4

IF(ITMP3 . EQ.C0.AND.IPTFLQ.NE.—1)IPTFLQ=-2

IF(ITMP4.EQ.0)IPTAQT=IPTAQF

GO TO 14

NEAR FIELD CALCULATION PARAMETERS

NFEH=1
GO TO 209
NFEH=0

IF (.NOT.(IFLOW.EQ.B.AND.NFRQ.NE.1)) GO TO 33

PRINT 143
NEAR=ITMPI
NRX=ITMP2
NRY=ITMP3
NRZ=ITMP4
XNR=TMP 1
YNR=TMP2
INR=TMP3
DXNR=TMP 4
DYRR=TMP5
DZNR=TMPE
IFLOW=8
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w OO0

WO 0

HOOO

301

OO0

38

39

IF (NFRQ.NE.1) GO TO 14
GO TO (41.46,53,71,72), IGO

GROUND REPRESENTATION

EPSRZ=TMP 1
SIG2=TMP2
CLT=TMP3
CHT=TMP 4
IFLOW=9
GO TC 14

STANDARD OBSERVATION AMGLE PARAMETERS

IFAR=ITMP1

NTH=ITMP2

NPH=ITMP}

IF (NTH.EQ.Q0) NTH=1
IF (NPH.EQ.0) NPH=1
IPD=ITMP4/10
IAVP=ITMP4-IPD*10
INOR=IPD/10
IPD=IPD-INOR*10Q
IAX=INOR/10
INOR=INOR-IAX*10

IF (TAX.NE.O) TIAX=1
IF (IPD.NE.O) IPD=1
IF (NTH.LT.2.0R.NPH.LT.2) IAVP=0
IF (IFAR.EQ.1) TAVP=0
THETS=TMP1

PHIS=TMP2

DTH=TMP3

DPH=TMP 4

RFLD=TMP5

GNOR=TMP6&

IFLOW=10

GO TO (41,46,53,71,78), IGO

WRITE NUMERICAL GREEN"S FUNCTION TAPE

IFLOW=12

IF(ICASX.£Q.0)G0 TO 301
PRINT 302

STOP

IRNGF=IRESRY/2

GO TO {41,46,52,52,52),IG0O

EXECUTE CARD - CALC. INCLUDING RADIATED FIELDS

IF (IFLOW.EQ.10.AND.ITMP1.EQ.Q) GO TQ 14
IF (NFRQ.EQ.1.AND.ITMP1.£Q.0.AND.IFLOW.GT.7) GO TO 14
IF {(ITMP1.NE.O) GO TO 39

If (IFLOW.GT.7) GO TO 38

IFLOW=7

GO TO 40

IFLOW=11

GO TO 40

IFAR=0

RFLD=0

IPD=0

IAVP=0

INOR=0

IAX=0

NTH=91
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43
44

45
306

245
307

46

NPH=1

THETS=0,

PHIS=0.

DTH=1.0

DPH=0.

IF (ITMP1.EQ.2) PHIS=90.

IF (ITMP!I.NE.3) GO TO 40
NPH=2

DPH=90.

GO TO (41,46,53,71,78), IGO

END OF THE MAIN INPUT SECTION
BEGINNING OF THE FREQUENCY DO LOOP

MHZ =1
CORE ALLOCATION FOR PRIMARY INTERACTCN MATRIX. (A)
IF(IMAT.EQ.0)CALL FBLOCK(NPEQ,NEQ,IRESRY,IRNGF,IPSYM)
IF (MHZ.EG.1) GO TO 44

IF (IFRQ.EQ.1) GO TC 43

FMHZ=FMHZ+DELFRQ

GO TO 44

FMHZ=FMHZ * DELFRQ

FR=FMHZ/FMHZS

WLAM=CVEL/FMHZ

PRINT 145, FMHZ,WLAM

PRINT 196,RKH

IF(IEXK.EQ.1)}PRINT 321

FREQUENCY SCALING OF GEOMETRIC PARAMETERS
FMHZS=FMHZ

IF(N.EQ.0)GO TO 308

DO 45 I=1,N

X{I}=X{I)*FR

Y{I)=Y(I)*FR

Z{I)=Z(I)*FR

SI{I)=SI{I)}*FR

BI(I)=BI(I)*FR

IF(M.£Q.0)G0 TO 307

FR2=FR*FR

J=LD+1

DO 245 I=1.M

J=J-1

X(J)=X{J)*FR

Y(J)=Y(J)*FR

Z(J)=Z(J)*FR

BI(J)=BI{J)*FR2

160=2

STRUCTURE SEGMENT LOADING

PRINT 146

IF{NLOAD.NE.D) CALL LOAD{LDTYP,LDTAG,LDTAGF,LDTAGT,ZLR,ZLI,ZLC)
IF(NLOAD.EQ.O.AND.NLODF . EQ.0)PRINT 147
IF(NLOAD.EQ.O.AND.NLODF .NE.O)PRINT 327
GROUND PARAMETER

PRINT 148

IF (KSYMP.E£Q.1) GO TO 49

FRATI=(1,,0.)

IF (IPERF.EQ.1) GO TO 48
IF(SIG.LT.0.)SIG=-SIG/(59.96%WLAM)
EPSC=CMPLX(EPSR,-SIG*WLAM"S59.96)
ZRATI=1./CSQRT(EPSC)

U=ZRATI

Uz=uyeu

IF {NRADL .EQ.O} GO TO 47

SCRWL=SCRWL T/WLAM
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453
464
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477
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512
513
514
515
516
517
518
319
520
s21

522
523
524
325
526
327
528
529
530
531

332
533
534
535
536
537
538
539
540
541

542
543
544
545
546
547
548
549
550
55t
552
353
554
555
556
557
558
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560
561
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565
566
567
568
569
570
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SCRWR=SCRWRT /WLAM
T1=FJ*2367.067/FLOAT(NRADL)
T2=SCRWR*F LOAT (NRADL )
PRINT 170, NRADL,SCRWLT,SCRWRT
PRINT 149

47 IF(IPERF.EQ.2)GO TO 328
PRINT 391
G0 TO 329

328 IF(NXA(1).EQ.D)READ(21)ARY,ARZ,AR3,EPSCF,DXA,DYA,XSA,YSA NXA,NYA
FRATI=(EPSC—1.)/(EPSC+1.)
IF(CABS({ (EPSCF~EPSC)/EPSC).LT.1.E-3)60 TO 330
PRINT 393,EPSCF,EPSC
sTOP

330  PRINT 392

329 PRINT 150, EPSR.SIG,EPSC

GO TO 50
48 PRINT 151

GO TO S0
49 PRINT 152

50 CONTINUE

C s ® @

c FILL AND FACTOR PRIMARY INTERACTION MATRIX

CALL SECOND (TIM1)

IF(ICASX.NE.O)GO TO 324

CALL CMSET(NEQ.CM,RKH,TEXK)

CALI SECOND (TIM2)

TIM=TIMZ-TIM1

CALL FACTRS(NPEQ,NEQ,CM,IP,IX,11,12,13,14)
GO TO 323

N.G.F. — FILL B, C, AND D AND FACTOR D-C(INV(A)B)

w00

24 CALL CMNGF(CM(IB?1),CM(IC11).CM(ID11).NPBX.NEQ,NEQZ.RKH.IEXK)
CALL SECOND (TIMZ2)
TIM=TIM2-TIMI

CALL FACGF(CM,CM{TIB11),CM(IC11),CM{ID11),CM(IXt1),IP,IX NP, N1, ,MP,

IM1,NEQ,NEQ2)
323 CALL SECOND {TIM1)
TIM2=TIM1~TIM2
PRINT 153, TIM,TIM2
I160=3
NTSOL=0
IF(IFLOW.NE.12)G0 TO 53
c WRITE N.G.F. FILE
52 CALL GFOUT
GO TO 14

c
c EXCITATION SET UP (RIGHT HAND SIDE, ~E INCG.)
c
5

3 NTHIC=1
NPHIC=1
INC=1
NPRINT=0Q
54 IF (IXTYP.EQ.0.0R.IXTYP.£Q.5) GO TO 56
IF (IPTFLG.LE.CQ.OR.IXTYP.EQ.4) PRINT 154
TMPS=TA*XPR5
TMP4=TA*XPR4
IF (IXTYP.NE.4) GO TO 55
TMP1=XPR1 /WLAM
TMP2=XPR2Z /WLAM
TMP3=XPR3 /WLAM
TMP6=XPRE /(WLAM*WLAM}
PRINT 156, XPRI,XPR2,XPR3,xIPR4,XPRS,XPRE
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55

OO0 m

57

58

59
60

.

OO0 ®

62

63

GO TO 56

TMPI=TA*XPR1

TMP2=TA*XPR2

TMP3=TA*XPR3

TMP&=XPRE

IF (IPTFLG.LE.O) PRINT 155, XPR1,XPR2,XPR3 ,HPOL(IXTYP) ,XPR6
CALL ETMNS (TMP1,TMPZ,TMP3,TMP4,TMPS,TMP6,IXTYP,CUR)

MATRIX SOLVING (NETWK CALLS SOLVES)

IF {NONET.EQ.0.CR.INC.GT.1)} GO TO &0

PRINT 158

ITMP3=0

ITMPA=NTYP(1)

DO 59 I=1,2

IF (ITMP1.EQ.3) ITMP1=2

IF (ITMP1.EQ.2) PRINT 159

IF (ITMP1.EQ.1) PRINT 160

DO 58 J=1,NONET

ITMP2=NTYP{J)

IF ((ITMP2/ITMP1).EQ.1) GQ TO 57

ITMP3=ITMP2

GO TO 58

ITMP4=ISEG1(J)

ITMPS=ISEG2(J)

IF (ITMP2.GE.2Z.AND.X11I(J).LE.O.) X11I(J)=WLAM*SGRT{{(X{ITMP5)—
1 X{ITMP4))**2+(Y{ITMPS)~Y(ITMP4))**2+(Z(ITMP5)—Z(ITMP4))**2)
PRINT 157, ITAG(ITMP4),ITMP4 ITAG(ITMPS),ITMPS,X11R(J),X11I(4),
IX12R(J), X12I(J) , X22R(J),X22I{J) . PNET{2*ITMP2~1),PNET(2*ITMP2)
CONTINUE

IF (ITWP3.EQ.0) GO TO &0

ITMPI=ITMP3

CONTINUE

CONTINUE

IF (INC.GT.1.AND.IPTFLG.GT.Q) NPRINT=1

CALL NETWK(CM,CM(IB1t) CM(IC11),CM{IDt1),IP,CUR)

NTSOL=1

IF (IPED.EQ.0) GO TO 61

ITMP 1 =MHZ+4% (MHZ—1)

IF (ITMP1.GT.(NORMF-3)) GO TO 61

FNORM{ ITMP 1 )=REAL{ZPED)

FNORM( ITMP 1 +1 )=ATIMAG({ ZPED)

FNORM(ITMP142)=CABS{ZPED)

FNORM( ITMP 1 +3)=CANG(ZPED)

IF (IPED.EQ.2) GO TO &1

IF (FNORM(ITMP1+2)}.GT.ZPNORM) ZPNORM=FNORM{ITMP1+2)

CONTINUE

PRINTING STRUCTURE CURRENTS

IF{N.EQ.0)GO TO 308

IF (IPTFLG.EQ.(-1)) GO TO &3

IF (IPTFLG.GT.0) GO TO 62

PRINT 161

PRINT 162

GO TO 63

IF (IPTFLG.EQ.3.0R.INC.GT.1) GO TO 63
PRINT 163, XPR3 HPOL{IXTYP),6XPR6
PLOSS=0.

ITMP1=0

JUMP=IPTFLGHI

DO 69 I=t N

CURI=CUR(I)*WLAM

CMAG=CABS(CURI)
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69

318
Jos

309
1
310

70

71
s

PH=CANG{CURT)

IF (MLOAD.EQ.0.AND.NLODF.EQ.0) GO TO 64

If (ABS(REAL(ZARRAY(I))).LT.1.E-20) GO TO 64
PLOSS=PLOSS+.5°CMAG*CMAG*REAL (ZARRAY (1) }*SI(I)
IF {JUMP) 68,69,65

IF (IPTAG.EQ.0) GO TO 66

IF (ITAG(I).NE.IPTAG) GO TO 69

ITMPI=ITMP1+1

IF (ITMP1.LT.IPTAGF.OR.ITMP1.GT.IPTAGT) GO TO 69
If (IPTFLG.EQ.Q) GO TO 68

IF (IPTFLG.LT.2.0R.INC.GT.NORMF) GO TO 67
FNORM{ INC }=CMAG

ISAVE=I

If (IPTFLG.NE.3) PRINT 164, XPR1,XPR2,CMAG,PH.I
GO TO 69

PRINT 165, I,ITAG(I),X(I),Y(I),Z(I),SI(I).CURI,CMAG,PH
CONTINUE

IF(IPTFLQ.EQ.(~1))GO TO 308

PRINT 315

ITMP1=0

FR=1.E~6/FMHZ

DO 316 I=1,N

IF(IPTFLQ.EQ.{-2))GO TO 318

IF(IPTAQ.EQ.C)GO TO 317

IF(ITAG(I).NE.IPTAQ)GO TO 316

ITMPI=LTMP 141
IF(ITMP1.LT.IPTAQF.OR.ITMP1.GT.IPTAQT)GO TO 316
CURI=FR*CMPLX(-BII(I),BIR(I))

CMAG=CABS (CURT)

PH=CANG{CURI)

PRINT 165,I.ITAG(I),X(I),Y(I),Z(I),SI(I).CURI,CMAG,PH
CONTINUE

IF(M.EQ.0}GO TO 310

PRINT 197

J=N-2

ITMP1=LD+1

DO 309 I=1,M

J=J+3

ITMP =T TMP 11

EX=CUR( J)

EY=CUR(J+1)

EZ=CUR(J+2)
ETH=EX*TIX{ITMP1)+EY*T1Y(ITMP1)+EZ*T1Z(ITMP1)
EPH=EX*T2X(ITMP1)+EY*T2Y(ITMP1)+EZ*T2Z(ITMP1)
ETHM=CABS(ETH)

ETHA=CANG{ETH)

EPHM=CABS{EPH)

EPHA=CANG(EPH)

PRINT 198.I.X(ITMP1).Y(ITMP1).Z(ITMP1).ETHM,ETHA.EPHM.EPHA.EX.EY,

€2
If (IXTYP.NE.D.AND.IXTYP.NE.5) GO TO 70
TMP1=PIN—PNLS-PLOSS

TMP2=100.+TMP1/PIN

PRINT 166, PIN,TMP1,PLOSS,PNLS, TMP2
CONTINUE

1G0=4

IF(NCOUP.GT.0)CALL COUPLE(CUR,WLAM)

IF (IFLOW.NE.7) GO TO 71

IF (IXTYP.GT.O.AND,IXTYP.LT.4) GO TO 113
IF (NFRQ.NE.1) GO TO 120

PRINT 135

GO TO 14

160=5
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~N OO0

~ OO0

113

114

115

116
117

118

119

120

199
204

NEAR FTIELD

CALCULATION

IF {NEAR.EQ.(-1)) GO TO 78

CALL NFPAT
IF (MHZ.EQ.
IF (NFRQ.NE
PRINT 135
GO TO 14

STANDARD FA

NFRQ) NEAR=-1
.1) GO TO 78

R FIELD CALCULATION

IF(IFAR.EQ.-1)G0 TO 113

PINR=PIN
PNLR=PNLS
CALL RDPAT

IF (IXTYP.EQ.0.OR.IXTYP.GE.4) GO TO 119

NTHIC=NTHIC+t

INC=INC+1
XPR1=XPR1+X
IF (NTHIC.L
NTHIC=1

XPRE=THETIS

PR4
E.NTHI} GO TO 54

XPR2=XPR2+XPR5
NPHIC=NPHIC+1

IF (NPHIC.L
NPHIC=1

XPR2Z=PHISS
If (IPTFLG.

NORMALIZED RECEIVING PATTERN PRINTED

E.NPHI) GO 7O 54

LT.2) GO TO 119

ITMP1=NTHI*NPHI

IF (ITMPT.L
TTMP 1 =NORMF
PRINT 1B1

TMP 1 =FNORM{
DO 115 J=2,

IF (FNORM(J).GT.TMP1) TMP1=FNORM(J)

CONTINUE

PRINT 182, TMP1,XPR3,HPOL(IXTYP),XPR6,ISAVE

E.NORMF) GO TO 114

1)
ITMP1

DO 118 J=1,NPHI

ITMP2=NTHI*
DO 116 I=1,

(J-1)
NTHI

ITMP3=T+ITMP2
IF (ITMP3.GT.ITMP1) GO TO 117

TMP2=FNORM(

TTMP3) /TMP1

TMP3=DB20{ TMP2)

PRINT 183,
XPR1=XPR1+X
CONTINUE
XPRI=THETIS
XPR2=XPR2+X
CONTINUE
XPR2=PHISS
IF (MHZ.EQ.
IF (NFRQ.NE
PRINT 135
GO TO 14
MHZ =MHZ +1
IF (MHZ.LE.

XPR1 ,XPR2,TMP3, TMP2
PR4

PR3

NFRQ) IFAR=-1
1) GO TO 120

NFRQ) GO TO 42

IF (IPED.EQ.0) GO TO 123

IF{NVQD.LT.

1)G0 TO 199

PRINT 184,IVQD(NVQD),ZPNORM

GO TO 204
PRINT 184,
ITMPI=NFRQ

ISANT{NSANT) , ZPNORM
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768
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7
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82¢
830
831

121

122

123

125
126
127

128
129
130
135
136
137

138
139

140
141
142
143
145
146
147
148

149
150

151
152
153

154
155

156

157

IF (ITMP1.LE.{NORMF/4)) GO TO 121

ITMP 1 =NORMF /4

PRINT 185

If (IFRQ.EQ.0) TMP1=FMHZ-{NFRQ-1)*DELFRQ

If (IFRQ.E£Q.1) TMP1=FMHZ/{DELFRQ**(NFRQ=-1})

DO 122 I=1,ITMP1

ITMP2=T+4"*(I-1)

TMP2=FNORM({ ITMP2)/ZPNORM

TMP3=FNORM( ITMP2+1}/ZPNORM

TMP4=FNORM( ITMP2+2} /ZPNORM

TMPS=FNORM({ ITMP2+3}

PRINT 186, TMP1, FNORM(ITMP2),FNORM(ITMP2+1),FNORM({ITMP2+2),
1FNORM( ITMP2+3) , TMP2, TMP3, TMP4, TMP5

IF {IFRQ.EQ.0) TMP1=TMP1+DELFRQ

IF {IFRQO.EQ.1) TMP1=TMP1*DELFRQ

CONTINUE

PRINT 135

CONTINUE

NFRQ=1

MHZ=1

GO TO 14

FORMAT (A2,13A6)

FORMAT  (1H1)

FORMAT (///'33x‘35H..0..t“..ttt.."!‘t‘ll...t'...l‘t‘t'//‘5sx'

1 J1HNUMERICAL ELECTROMAGNETICS CODE,//,33X,
2 36H00.t‘0..lllt““.‘.‘tt.l"ﬂ...l.l-l-)

FORMAT (////.37X,24H— — — — COMMENTS - - = — //)

FORMAT {25X,13A6)

FORMAT (///.10X 34HINCORRECT LABEL FOR A COMMENT CARD)

FORMAT (/////)

FORMAT (A2,13,3I5,6E10.3)

FORMAT (1X, tQH***** DATA CARD NO,,I3,3X,A2,1X,13,3(1X,I5),

1 6{1X,E12.5))

FORMAT (///.,10X,45HFAULTY DATA CARD LABEL AFTER GEOMETRY SECTION)
FORMAT (///.10X,4BHNUMBER OF LOADING CARDS EXCEEDS STORAGE ALLOTTE
1D)

FORMAT (///.10X 31HDATA FAULT ON LOADING CARD NO.=,I5,5X,11HITAG S
1TEP1=,15,29H TS GREATER THAN ITAG STEP2=,I5)

FORMAT (///,10X,51HNUMBER OF EXCITATION CARDS EXCEEDS STORAGE ALLO
1TTED)

FORMAT (///.10X,48BHNUMBER OF NETWORK CARDS EXCEEDS STORAGE ALLOTTE
1D}

FORMAT(///,10X,79HWHEN MULTIPLE FREQUENCIES ARE REQUESTED, ONLY ON
1E NEAR FIELD CARD CAN BE USED ~-,/,t0X,22HLAST CARD READ IS USED)

FORMAT (////.33%X,33H- - - - — — FREQUENCY - - — — - - /36X, 1OHFR
TEQUENCY=,Et1.4,4H MHZ,/, 36X, 11THWAVELENGTH=,E11.4,7H METERS)

FORMAT (///.30X,40H — — — STRUCTURE IMPEDANCE LOADING - - =)
FORMAT (/ ,35X,2BHTHIS STRUCTURE IS NOT LOADED)

FORMAT (///.34%,31H- — — ANTENNA ENVIRONMENT - — -, /}

FORMAT (40X ,21HMEDIUM UNDER SCREEN -)

FORMAT (40X .27HRELATIVE DIELECTRIC CONST.=,F7.3,/,40%,13HCONDUCTIV
1ITY=,E10.3,11H MHOS/METER,/, 40X, 2BHCOMPLEX DIELECTRIC CONSTANT=,
12E12.5)

FORMAT (42X, 14HPERFECT GROUND)

FORMAT ( 44X,$10HFREE SPACE)

FORMAT (///.,32X,25H~ - ~ MATRIX TIMING - - —,//,24% ,54FILL=,F9.3,
1154 SEC., FACTOR=,F9.3,5H SEC.)
FORMAT (///.40X,22H- — — EXCITATION - - =)

FORMAT (/,4X, 10HPLANE WAVE,4X ,6HTHETA=,F7.2,11H DEG, PHI=,F7.2,
1 11H DEG, ETA=,F7.2,13H DEG, TYPE -,A6,15H= AXIAL RATIO=,F6.3)
FORMAT (/,31X,17HPOSITION {METERS),14X,1BHORIENTATION (DEG)=/, 28X,
TIHX 12X, 1HY , 12X, 1HZ, 10X, SHALPHA,5X, 4HBETA, 4X, 1 3HDIPOLE MOMENT,//
2 ,4X,14HCURRENT SOURCE,1X,3(3X,F10.5),1%,2(3X,F7.2),4%,F8.3)
FORMAT (4X,4(I5,1X},6(3X,E11.4),3X,A6,A2)
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833
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840
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B44
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BE2
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864
865
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367
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871
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B73
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159
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163

164
165
1686

170

181

182

183
184

185

186

196

197

198
201
315

FORMAT (///,44X,24H- — — NETWORK DATA - - —)

FORMAT (/,6X,18H- FROM - - TO —.11X,17HTRANSMISSION LINE,15X,36
TH- — SHUNT ADMITTANCES (MHOS) — —,14X,4HLINE,/,6X,21HTAG SEG.
2 TAG SEG.,6X,9HIMPEDANCE,6X,6HLENGTH,12X,11H- END ONE —,17X.11H
3- E£ND TWO —.12X,4HTYPE./ L,6X ,21HNOD. NO. NO . NO. ,9X , 4HOHMS
4,BX,6HMETERS .9X, 4HREAL,10X,5HIMAG.,9X, 4HREAL,10X,5HIMAG. )

FORMAT (/,6X,8H- FROM -,4X,6H— TO —,26X,45H— - ADMITTANCE MATRIX
1 ELEMENTS (MHOS) - -—./ J6X,21HTAG SEG. TAG SEG.,13X,9H(ON
2E.ONEY, 19X, GH{ONE,TWO}, 19X ,QH(TWD,TWO),/ ,6X,21HNO. NO. NO

3. NO.,BX,4HREAL,10X,SHIMAG. ,9X,4HREAL, 10X ,5HIMAG. ,9X . 4HREAL
4 10X,5HIMAG.)
FORMAT (///,29%,33H- ~ — CURRENTS AND LOCATION - — -,//,33X,24HDIS
1 TANCES IN WAVELENGTHS)
FORMAT ( //.2X,4HSEG.,2X.3HTAG.4X,21HCOORD. OF SEG. CENTER,SX,
1 4HSEG. ,12X,26H— — — CURRENT (AMPS) - = =,/ 2X,3HNO. ,3X,3HNO.,
25X, 1HX,BX, 1HY ,8X, 1HZ .6X,6HLENGTH,5X , 4HREAL , BX . SHIMAG. , 7X , 4HMAG . ,

3 8X.5HPHASE)

FORMAT (///.33X.40H- - - RECEIVING PATTERN PARAMETERS ~ — —,/ 43
1X,4HETA=,F7.2,8H DEGREES,/,43X.6HTYPE ~,A6,/,43X,12HAXIAL RATIO=,
2 F6.3,//  ,11X,5HTHETA,6X,3HPHI,10X,13H- CURRENT —-,9X,3HSEG,/

3, 11X, 5H(DEG) ,5X ,3H{DEG) . 7X ,9HMAGNITUDE , 4X, SHPHASE , 6X, 3HNO . , /)
FORMAT (10X, 2(F7.2,3X) I1X,E11.4,3%X,F7.2,4X,15)

FORMAT (1X,2I5,3F9.4,F9.5,1X,3E12.4,F9.3)

FORMAT (///.40X,24H— — — POWER BUDGET - - -~ // L 43X, 1SHINPUT PO
IWER  =,E11.4,6H WATTS,/ ,43X,15HRADIATED POWER=,E11.4,6H WATTS,/
2 ,43X,15HSTRUCTURE LOSS=,E11.4,6H WATTS,/ ,43X,15HNETWORK LOSS =,
3 E11.4,6H WATTS,/, 43X, 1SHEFFICIENCY =, F7.2,8H PERCENT)

FORMAT (40X,25HRADIAL WIRE GROUND SCREEN,/, 40X, I5,8H WIRES,/, 40

1%, 12HWIRE LENGTH=,F8.2,7H METERS,/, 40X, 12HWIRE RADIUS=,E10.3,7H ME
2TERS)

FORMAT (///,4X,51HRECEIVING PATTERN STORAGE TOO SMALL,ARRAY TRUNCA
1TED)

FORMAT (///,32X,40H— - — NORMALIZED RECEIVING PATTERN - — —./,41X,
1 21HNORMALIZATION FACTOR=,Ei1.4,/,41X,4HETA=,F7.2,8H DEGREES,/, 41X
2,6HTYPE —~,AB,/.41X . 12HAXIAL RATIO=,F6.3,/,41X,12HSEGMENT NO.=, 15,/
3/,21X ,SHTHETA,6X ,3HPHI ,9X, 134~ PATTERN -./.21X,5H(DEG),5X,5H(DEG
4),8X,2HDH,8X , SHMAGNITUDE , /)

FORMAT (ZOX.Z(FT,Z.SX).1X.F7.2,4X,E1l.4)

FORMAT (///.36X.32H- — — INPUT IMPEDANCE DATA — - -,/ 45X, 18HSO
JURCE SEGMENT NO.,T4,/ ,45X,21HNORMALIZATION FACTOR=,E12.5,//
2,7X,5HFREQ.,13X,34H- — UNNORMALIZED IMPEDANCE - =—,21X,  32H—
3 - NORMALTZED IMPEDANCE - =,/ . 19X, 1OHRESISTANCE , 4X ,9HREACTA
ANCE , 6X , 9HMAGNTTUDE , 4% , SHPHASE ., 7X . 10HRESISTANCE , 4%, 9HREACTANCE , 6X .
5 9HMAGNITUDE, 4X, SHPHASE , / L BX,3HMHZ . 11X, 4HOHMS , 10X , 4HOHMS , 11X,

& 4HOHMS ,5X,7HDEGREES, 47X, 7HDEGREES, /)

FORMAT (///.4X,62HSTORAGE FOR IMPEDANCE NORMALIZATION TOO SMALL, A
IRRAY TRUNCATED)

FORMAT (3X,F9.3,2X,2(2X,E12.5),3%,£12.5,2X,F7.2,2%,2{(2X%,£12.5),3X,
1 E12.5,2X,F7.2)

FORMAT ( //// 20X, S5HAPPROXIMATE INTEGRATION EMPLOYED FOR SEGMENT
1S MORE THAN,FB.3,18H WAVELENGTHS APART}

FORMAT ( //// 41%,3BH~ — — — SURFACE PATCH CURRENTS - ~ — —,//,

1 S0X,23HDISTANCE IN WAVELENGTHS,/,50X,21HCURRENT IN AMPS/METER,

1 //.,2BX,26H~ — SURFACE COMPONENTS — — 19X, 34H~ — — RECTANGULAR COM
TPONENTS — - —,/,6X,12HPATCH CENTER,6X, 16HTANGENT VECTOR 1,3X,
T16HTANGENT VECTOR 2,11X,1HX,19%,1HY, 19X, HZ,/,5X, tHX,6X, 1HY,BX,
11HZ ,5X, 4HMAG. , 7X ,SHPHASE , 3X , 4HMAG . , 7X, SHPHASE , 3(4X, 4HREAL , 6X,

1 BHIMAG. ))

FORMAT(1X,T4,/, 1% .3F7.3,2(E11.4,FB.2),6E10.2}

FORMAT(/,T1H RUN TIME =,7f10.3)

FORMAT(///,34X,28H—- — — CHARGE DENSITIES - - -,//, 36X,

t 24HDISTANCES IN WAVELENGTHS.///.2X 4HSEG.,ZX,3HTAG, 4X,

2 21HCOORD. OF SEG. CENTER,5X,4HSEG.,10X,

3. 31HCHARGE DENSITY (COULOMBS/METERY}./.2X,3HNO. , 3X,3HNO.,5X, 1HX, 8X,

-27-

MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA
MA

MA
MA

MA

832
833
834
835
836
B37
838
839
840
a41

842
843
844
845
846
847
848
849
850
851

852
853
854
855
856
857
858
859
860
861

862
863
864
865
868
867
368
869
870
871

872
873
874
875
8786
877
878
879
B8O
B&1

882
883
BB4
B85
BB6
BB7
1.1
889
890
891

892

893
894

895

MAIN



896
8497
898
89g
900
901
902
903
904
905
906
907
208
909
910

321
303
327
302
313

k110
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392
393

4 1HY,8X,1HZ,6X,6HLENGTH,5X, 4HREAL ,8X ,5HIMAG. ,7X, 4HMAG. , 88X, SHPHASE)
FORMAT( /,20X,42HTHE EXTENDED THIN WIRE KERNEL WILL BE USED)
FORMAT(/,9H ERROR - ,A2,32H CARD IS NOT ALLOWED WITH N.G.F.)
FORMAT(/,35X,31H LOADING ONLY IN N.G.F. SECTION)

F. IN USE. CANNOT WRITE NEW N.G.F.) -

FORMAT(/,62H NUMBER OF SEGMENTS IN COUPLIMG CALCULATION (CP) EXCEE

FORMAT(48H ERROR - N.G.

1DS LIMIT)

FORMAT(78H RADIAL WIRE G. S. APPROXIMATION MAY NOT BE USED WITH SO

TMMERFELD GROUND OPTION)

FORMAT (40X ,52ZHFINITE GROUND.

1)

FORMAT( 40X ,35HFINITE GROUND.

REFLECTION COEFFICIENT APPROXIMATION

SOMMERFELD SOLUTION)

FORMAT(/,29H ERROR IN GROUND PARAMETERS —-,/.41H COMPLEX DIELECTRIC
1 CONSTANT FROM fILE IS$,2E12.5,/,32X,9HREQUESTED,2E12.5)

END
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ARC

PURPUSE
To fill COMMON/DATA/ with segment coordinates for a circular arc of

segments.

METHOD
The formal parameters specify the number of segments, radius of the arc,
starting angle, final angle and wire radius. Segment coordinates are computed

for the arc in the x, z plane with a left hand rotation about the y axis.

S5YMBOL DICTIONARY

ANG = angle of point on the arc (radians, zero on x axis)

ANGL = angle at first end

ANG2 = angle at second end

DANG = angle covered by each segment

EST = pumber of initial segment

ITG = tag number assigned to each segment

NS = pnumber of segments

RAD = wire radius

RADA = arc radius

TA = /180

X5l = x coordinate of first end of segment

X52 = x coordinate of second end of segment

Z51 = z coordinate of first end of segment

%82 = z coordinate of second end of segment
CONSTANTS

.01745329252 = m/180
360.00001 = test for augle greater than 360 degrees
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ARC

1 SUBROUTINE ARC (ITG,NS,RADA,ANG!,ANG2.RAD) AR
N AR
3¢ ARC GENERATES SEGMENT GEOMETRY DATA FOR AN ARC OF NS SEGMENTS AR
4 C AR
5 COMMON /DATA/ LD ,N1,N2Z,N, NP M1 M2 M,MP,X(300),Y(300),Z(300),SI{300 AR
6 1) . BI(300) ALP(300),BET{300),ICONTI{300),ICON2{300),ITAG(300),ICONX( AR
7 2300) ,WLAM,IPSYM AR
8 DIMENSION x2(1), Y2{1), Z2(1) AR
9 EQUIVALENCE (X2,5I), (v2,ALP), (Z2.BET} AR
10 DATA TA/.0174532%252/ AR
11 IST=N+1 AR
|2 N=N+NS AR
13 NP =M AR
14 MP=M AR
15 IPSYM=0 AR
16 IF (NS.LT.1) RETURN AR
17 IF (ABS{ANG2-ANG1).LT.360.00001) GO TO 1 AR
18 PRINT 3 AR
19 STOP AR
20 1 ANG=ANG1*TA AR
21 DANG={ ANG2—ANG1 ) * TA/NS AR
22 XS1=RADA*COS (ANG) AR
23 ZS1=RADA*STN(ANG) AR
24 00 2 I=IST.N AR
25 ANG=ANG+DANG AR
26 XS2=RADA*COS(ANG) AR
27 ZS2=RADA*SIN(ANG) AR
28 X{I)=X51 AR
29 Y(I)=0. AR
30 Z(I)=751 AR
31 X2(I)=x52 AR
32 Y2(I)=0. AR
33 Z2(1)=2s2 AR
34 XS1=X52 AR
35 251=252 AR
38 BI(I)=RAD AR
37 2 ITAG(I)=ITG AR
28 RETURN AR
ig C AR
40 3 FORMAT (40H ERROR —— ARC ANGLE EXCEEDS 360. DEGREES) AR
41 END AR

-30-
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ATCN2

PURPOSE

To return zero when both arguments of a two-argument arctangent function

are zero.

{(Most standard arctangent functions give an error returp when both

arguments are zero.)

METHOD

which case the value zero is returned.

radians) whose sine is X and cosine is Y.

System function ATANZ is used except when both arguments are zero, in

SYMBOL DICTIONARY

e
]

first argument

second argument

CODEE LISTING

-

—- D WD Pp R -

[¢N+]

FUNCTION ATGNZ (X,Y)

ATGNZ IS ARCTANGENT FUNCTION MOODIFIED TO RETURN 0. WHEN X=Y=0.

IF (%) 3,1,3

IF (v) 3.2.3
ATGN2=0,

RETURN
ATGN2=ATANZ{X,Y)
RETURN

END

~31=
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AT
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The value returned is the angle (in
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BLCKOT

PURPOSE
To control the writing and reading of matrix bleocks on files for the out-
of-core matrix solution. The routine also checks for the end-of-file condi-

tion during reading.

METHOD

The routine uses a binary read and write with implied DO loops for
reading and writing variable length strings into and out of various core
locations. The end-of-file condition is checked by a call to function ENF,.

If an unexpected end of file is detected (governed by NEOF) the program stops.

CODING
BLY - BL12 Write a record on file NUNIT.
BL1L - BL20 Read NBLKS records from NUNIT, and check for end of file.
BL21 - BL24 Code if end of File detected.

SYMBOL DICTIONARY

AR = matrix array

ENF = external function (checks end-of-file condition)

I = DO loop index

I1 = implied DO loop limits, inclusive matrix locations written from
I2 or read into

J = implied DO index

NBLKS = number of records to be read

NEOF = EOF check flag, also used to trace the call to BLCKOT
NUNLT

file number

CONSTANT

777 = NEOF when FOF is expected by calling program

=34
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SUBROUTINE BLCKOT (AR,NUNIT,IX1,IX2,NBLKS,NEOF)

BLCKQT CONTROLS THE READING AND WRITING OF MATRIX BLOCKS ON FILES

FOR THE OUT-OF--CORE MATRIX SOLUTION,

LOGICAL ENF
COMPLEX AR

DIMENSION AR(1)

Tt=(IX1+1)/2

I2=(IX2+1)/2

WRITE (NUNIT) (AR(J),J=I1,I2)
RETURN

ENTRY BLCKIN

T1=(IX1+1)/2

I2=(1IX2+1)/2

DO 2 T=1,NBLKS

READ (NUNIT) (AR{J},J=I1.I2)
IF (ENF(NUNIT)) GO TO 3
CONTINUE

RETURN

PRINT 4, NUNIT,NBLKS,NEOF

IF (NEOF.NE.777) STOP

NEOF=0

RETURN

FORMAT (13H €OF ON UNIT,.I3,9H NBLKS=
END

~33-
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CABC

CABC

PURPOSE

To compute the coefficients in the current function on each segment,

given the basis function amplitudes. Surface current components are also

computed.

METIOD

The total current on segment i is

Ii(s) = Ai + Bi sin [k(s - Si)] + Ci cos [k(s ~ Si)] ,

where s is distance along the wire, and s = 8, at the center of segment 1.

The coefficients Ai, Bi’ and Ci are the sums of the corresponding coefficients

in the portion of each basis function that extends onto segment i.

CODING
CB35

CB36 - CBU3

CB4s5 - CBg3

CBOU - CB&S

CBGE - CB79

SYMBOL DICTIONARY

AR,
ccJ
CCX
Csl
Cs2

Al

e et

Call to TBF computes components of basis function I.

The basis function components are multiplied by the basis
function amplitude from array CURX and summed for each
segment.

For a curreant slope discontinuity source, the special basis
function with discontinucus slope, from which the exciting
electric field was computed, is recomputed and added to the
current coefficients. The call to TBF, with the second
argument zero and ICON1(I) temporarily zero, computes a
basis function going to zero with non-zero derivative at
end one of segment I.

Total current at the center of each segment is computed and
stored in place of the basis function amplitudes,

The El and Ez components of surface current for each patch

are expanded to %, y, and z components,

real and imaginary parts of the basis function amplitude
-j/60

. and t_ components of surface current on a patch
1 2 TP

-34—



CURD

CURX

Jcol

JCoz2

JX

SH
TP

CAEC

amplitude of the special basis function for a current slope
discontinuity source

input array of basis function amplitudes that arerreplaced by
values of current at segment centers

number of a segment onto which a basis function extends
array locations of the %l and fz surface current components
for a patch

DO loop index; temporary storage of connection number

array location for patch geometry data

{(half segment length)/A

2%

-35-
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SUBROUTINE CABC (CURX)

CABC COMPUTES COEFFICIENTS OF THE CONSTANT (A), SINE (B), AND

COSINE (C) TERMS IN THE CURRENT INTERPOLATION FUNCTIONS FOR THE
CURRENT VYECTOR CUR.

COMPLEX CUR,CURX,VvQDS,CURD,CCJ,VSANT,VQD.CS1,CS2

COMMON /DATA/ LD.N1.Nz,N.NP.Mt.Mz.M.MP.x(soo).v(soo),z(soo).51(300
1).91(300).ALP(300).BET(soo),xcon1(3oo).rcon2(300).ITAG(zoo).ICONx(
2300) ,WLAM, IPSYM

COMMON /CRNT/ AIR(soo).AII(soo).BIR(soo).811(300).CIR(300).CII(soo
1),CUR(900}

COMMON /SEGJ/ AX(SO),BX(SO).CX{SO).JCO(SD).JSNO,ISCON(SO).NSCON.IP
1CON{ 10) ,NPCON

COMMON /VSORC/ VOD(30).VSANT(SO).VQDS(30).IVOD(30).ISANT(SO).IQDS(
130) ,NVQD,NSANT ,NQDS

COMMON /ANGL/ SALP(300)

DIMENSION T1X(1), T1Y(1), T1Z(1). T2x(1), T2Y(1), 12Z(1)

DIMENSION CURX(1), cCJX(2)

EQUIVALENCE (T1X,SI), (T1Y,ALP), (T1Z,BET), (T2X,ICON1), {T2Y,ICON
12}, (T12Z,ITAG)

EQUIVALENCE (CCJ,CCJX)

DATA TP/6.283185308/,CCJX/0..—0.01666865667/

IF (N.EQ.0) GO TO &

DO 1 I=1,N

AIR(I)=0.

AII(I)=0.

BIR(I}=0.

BIT(I)=0.

CIR(1)=0.

CII(I)=0.

DO 2 I=1,N

AR=REAL(CURX(I))

AI=ATMAG{CURX{I))

CALL TBF {(I,t}

DO 2 JX=1,JSNO

J=JCO(JX)

AIR(J)=AIR{J)+AX({JX)*AR

AII(J)=AII{J)+AX(JX)*AT

BIR(J)=BIR(J)+BX(JX)*AR

BII{J)=BII(J)+BX(JX)*AL

CIR(J)=CIR(J)+CX(JX)I*AR

CII(J)=CII(2)+CX(JX)*AT

IF (NQDS.EQ.0) GO TO 4

DO 3 IS=1,NQDS

I=1003(1S)

JX=ICON1{I)

ICONT(I)=0

CALL TBF (I.0}

ICON1(I)=JX

SH=SI(I}*.5
CURD=CCJ*VQDS(IS)/((ALOG(2.*SH/BI(I))=1.)*(BX(JSNO)*COS{TP*SH}+CX({
TJSNO)*SIN(TP*SH) ) *WLAM)

AR=REAL(CURD)

AI=AIMAG(CURD)

DO 3 JX=1,JSNO

J=JCOo(JX)

AIR(J)=AIR(J)+AX{(JX)*AR

ATI(J)=ATI(J)+AX(JIX)*AI

BIR(+)=BIR(JI+BX{JX)*AR

BII(J)=BII{J)+BX{JX)*AI

CIR{J)=CIR{J)+CX(JX)*AR

CII(J)=CIT(J)+CX(IX)I*AT

DO 5 I=I,N
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CURX(I)=CMPLX(AIR{I)+CIR{I)}.AIL(I}+CII(I))

IF (M.EQ.0) RETURN

CONVERT SURFACE CURRENTS FROM T1,T2 COMPONENTS TO X,Y.Z COMPONENTS

K=LD-M

JCO1=N+2*M+1

JCOZ=JCO1+M

DG 7 I=1 M

K=K+1

JCO1=4C01-2

JCO2=4C02-3

CS1=CURX(JCO1)

CS2=CURX{JCO1+1)
CURX(JCOZ):CSI'T1X(K)+CSZ'T2X(K)
CURX{JCOZ+1)=CS1*TIY(K)+CS2*T2Y(K)
CURX(JCO2+2}=CS1*T1Z(K)+CS2*T2Z(K}
RETURN

END
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CANG

CANG

PURPOSE

-

To calculate the phase angle of a complex number in degrees.

METHOD

z

x + jy

[arctan (y/x)] 57.29577951

SYMBOL DICTIONARY

CONSTA

CODE LISTING

O~ 3WmEAN -

ATMAG
ATGN2
CANG
REAL
Z

NT

external routine (imaginary part of complex number)

external routine (arctan for all quadrants)

¢

external routine (real part of a complex number)

L]

1

input complex quantity

57.29577951 conversion from radians to degrees

(s N+ N3]

FUNCTION CANG (2)

CANG RETURNS THE PHASE ANGLE OF A COMPLEX NUMBER IN DEGREES.

COMPLEX Z
CANG=ATGNZ( AIMAG(Z) .REAL{Z))*57.29577951
RETURN

END
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CMNGF

CMNGF

PURPOSE

To compute and store the matrices B, C and D for the NGF solution.

METHOD
The structure of matrices B, C and D is described in Section VI. The
coding to fill these matrices is involved due to their complex structure, as
shown in Figure 12 of Section VI. The complexity is increased by the need to
divide the matrices into blocks of rows when they are stored on files (see
Section VII).
Much of the coding in CMNGF has to do with connections between new and
NGF segments and patches. When a new segment or patch connects to a NGF
segment the basis function associated with the NGF segment is modified due to
the new junction condition. The amplitude of the modified basis function is a
new unknown assocliated with the B' and D' sections of the matrix. The
modified basis function may extend onto other NGF segments that may or may not
connect directly to new segments. Also, the basis function of the new segment
extends onto the NGF segment to which it connects. Hence fields must be
computed for the currents on some NGF segments as well as all new segments.
Comments in the code should be of some help in understanding the
procedure. The notation D{WS} in the comments corresponds to DSw in
Figure 12. Sowme parts of the code are explained below.
ceel - CG70 TRIO computes the components of all basis functions on
segment J, where J is a new segment, and stores the
coefficients in COMMON/SEGJ/. The array JCO contains the
basis-function numbers which ordinarily are the matrix
columns associlated with the basis functions. If the
basis function is for a new segment then JCO is set at
CG66 to the column relative to the beginning of the
matrix B. TIf the basis function is for a NGF segment
moditied by the connection, then JCO 1s set at CG68 to
the column in B;w relative to the beginning of B.
Thus the calls to CMWW and CMWS may store contributions

1 1
Lo B and B 4as well as B and B .
W S\ W S
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CMNGF

CG90 - CGlo8 In this section the fields are evaluated for NGF segments
that connect to new segments or patches. TRIO finds all
basis functions that contribute to the currenf on the
segment. For & component of a new basis function IR is
set to the column in wa at CG95. For a component of a
modified basis function IR is set to the column in
B;w’ relative to the start of B, at CG99. If the
basis function component is for a NGF basis function that
has not been modified the test at CG98 skips to the end
of the loop. The arrays in COMMON/SEGJ/ are adjusted
from CGLOL to CGlO4 so that CMWW and CMWS will store the
matrix element contributions in the correct locations.

CGl09 - CG119 1If a NGF segment connects to a new segment on one end and
to a NGF patch on the opposite end the modified basis
function extends onto the patch as a singular component
of the patch current. The field due to this component on
the patch is added to the matrix element of the modified
basis function at CGl19,

CGl122-CG136 This is similar to CG90 to CGL08, but evaluates fields of
NGF segments that get contributions from modified basis
functions, but do not connect directly t¢e new segments.
TBF is called, rather than TRIO to compute modified basis
function J on all segments on which it exists. New
segments and NGF segments for which contributions have
already been evaluated are skipped at CG133 and CGl34.

CGl65 - CG263 Filling C and D 1is similar to that for B but fields must
be evaluated for all NGF segments and patches as well as

new segments and patches.

SYMBOL DICTICNARY

c8 = array for matrix B

cC = array for matrix C

cp = array for matrix D

IEXKX = flag to select extended thin-wire kernel
MIEQ = number of patch equations in NGF

MEQ = total number of patch cauations
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NB = row dimension of CB. CB will contain only one block of B when
ICASX = 3 or 4

NC = row dimension of CC (C transposed)
ND = row dimension of CD (D transposed)
NEQN = starting column of DWS, relative|to start of C
NEQP = gtarting column of zeros after wa, relative to start of D
NEQS = starting column of D;rw’ relative to start of D
'
NEQSP = starting column of wa, relative to start of C
RKHX = minimum range for using the lumped current approximation for

the field of a segment
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SUBROUTINE CMNGF (CB,CC,CD,NB,NC,ND,RKHX, TEXKX)

CMNGF FILLS INTERACTION MATRICIES B, C, AND D FOR N.G.F. SOLUTION

COMPLEX CB,CC,CD,ZARRAY EXK,EYK,EZK,EXS,EYS,EZS.EXC,EYC,EZC

COMMON /DATA/ LD,N1,N2,N.NP M1,M2,M.MP,X(300),Y(300),Z(300),SI(300
1).BI(300}.ALP(300) .BET(300) ICONI(300),ICON2(300),ITAG(300},ICONX(

2300) ,WLAM, IPSYM

-

COMMON /ZLOAD/ ZARRAY(300),NLOAD .NLODF
COMMON /SEGJ/ AX(30),BX{30),CX(30),JC0O(30),JSNO,ISCON(5C) ,NSCON, IP

1CON{10) .NPCON

COMMON /DATAJ/ S.B.XJ,YJ,2J,CABJ,SABJ,SALPJ,EXK,EYK, EZK,EXS,EYS,EZ
15,EXC,EYC,EZC.RKH, TEXK, IND1, IND2 , IPGND

COMMON /MATPAR/ ICASE,NBLOKS ,NPBLK,NLAST ,NBLSYM,NPSYM,NLSYM, IMAT, I
1CASX ,NBBX ,NPBX ,NLBX ,NBBL ,NFBL ,NLBL

DIMENSION CB(NB,1), CC(NC,1), CO(ND,1)

RKH=RKHX
TEXK=TIEXKX
M1EQ=2*M1
M2EQ=MI1EQ+1
MEQ=2*M

NEQP=ND—-NPCON*2
NEQS=NEGP-NSCON

NEQSP=NEQS+NC
NEQN=NC+N-N1
ITX=1

IF (NSCON.GT.0} ITx=2

IF (ICASX.EQ.1

REWIND 12
REWIND t4
REWIND 15

) GO TO 1

IF (ICASX.GY.2) GO TO 5

DO 4 J=1,ND
DO 2 I=1,ND

CD(I.J)=(0..0.

DO 3 I=1,NBH

CB(I, )=(0..0.
CcC(r.4)=(0..0.

CONTINUE
IST=N-N1+1
IT=NPBX
ISV=—-NPBX

)

)
)

LOOP THRU 24 FILLS B. FOR 1CASX=1 OR 2 ALSO FILLS D{ww), D(ws)
DO 24 IBLK=1,NABX

ISV=ISV+NPBX

IF (IBLK.EQ.NBBX) IT=NLBX
IF (ICASX.LT.3) GO TO 7

DO & J=1,ND
DO & I=1.1IT

€B(I1.,J)=(0.,0.

I1=ISV+1
I2=ISv+IT
IN2=12

)

IF (IN2.GT.N1) IN2=N1

IM1=I1-N1
IM2=I2-N1

IF (IM1.LT.1)
IMX=1

IF (IV1.LE.N1}

IM1:==1

IMX=N1-11+2

IF (N2.GT.N) GG TO 12
FILL B{WW) B(WS). FOR ICASX=1,2 FILL D(WW),D(Ws)

DO 11 J=NZ,.N
CALL TRIO (J)
DO @ I=1,JSNO
J5S=JCO(I)

IF (JSS.LT.N2) GO TO 8
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65
66
&7
68
69
70
71
72
73
74
75
76
77
78
79
8¢
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
11
112
13
114
115
116
1"z
118
119
120
121
122
123

[e:]

10
1t
12

e

124

125

26
127
128

SET JCO WHEN SOURCE IS NEW BASIS FUNCTION ON NEW SEGMENT
JCO(I)=JSS—N1

GO 10 9

SOURCE IS PORTION OF MODIFIED BASIS FUNCTION ON NEW SEGMENT
JCO{I)=NEQS+ICONX(JSS)

CONTINUE

IF (I1.LE.IN2) CALL CMww (J,I1.IN2.CB.NB,CB,NB.O)

IF (IM1.LE.IM2) ZALL CMWS (J,IMI.IMZ.CB(IMX.1).NB.CB.NB.0)
IF (ICASX.GT.2) GO TO 1t

CALL CMww (J.N2.N.CD.ND.CD.ND.1)

IF (M2.LE.M) CALL CMWS (J.MZEO.MEQ.CD(I.IST).ND.CD.ND.i)
LOADING IN D{ww)

IF (NLOAD.EG.0) GO TO 11

IR=J-N1

EXK=ZARRAY(J)

DO 10 I=1,JSNO

JSS=JCO(1)

CD(JSS,IR)=CD(JSS,IR}-(AX(I)+CX{I))*EXK

CONTINUE

IF (NSCON.EQ.0) GO TO 20

FILL B(WW)PRIME

DO 19 I=1,NSCON

J=ISCON(I)

SOURCES ARE NEW OR MODIFIED BASIS FUNCTIONS ON OLD SEGMENTS WHICH
CONNECT TO NEW SEGMENTS

CaLL TRIO (J)

J158=0

DO 15 IX=1,JSNO

IR=JCO(IX)

IF (IR.LT.N2) GO TO 13

IR=IR-N1

GO TO 14

IR=ICONX({IR)

If (IR.EQ.0) GO TO 15

IR=NEGQS+IR

JSS=J55+1

JCo{JsSS)=IR

AX(JdSS)=AX(IX)

BX{JSS)=BX{IX)

CX{JSS)=CX(Ix)

CONTINUF

JSNO=JSS

IF (I1.LE.IN2) CALL CMWW (J,I1,IN2,CB,NB,CB,NB,0)

IF (IM1.LE.IM2) CALL CMWS (J,IM1,IM2,CB(IMX,1) ,NB,CB.NB,D)
SOURCE IS SINGULAR COMPONENT OF PATCH CURRENT THAT IS PART OF
MODIFIED BASIS FUNCTION FOR OLD SEGMENT THAT CONNECTS TO A NEW
SEGMENT ON END OPPOSITE PATCH.

IF (I1.LE.IN2) CALL CMSW (J,I,Ii,IN2,CB,CB,0,NB,—t)

IF (NLODF.EQ.O0) GO TO 17

dX=J-I5V

IF (JX.LT.1.0R.JX.GT.IT) GO TO 17

EXK=ZARRAY(J)

DO t6 IX=1,JSNOQ

JSS=4CO(IxX)

CB(JX.JSS)=CB{JX,JSS)~(AX{IXI+CX{IX))*EXK

SOURCES ARE PORTIONS OF MODIFIED BASIS FUNCTION J ON OLD SEGMENTS
EXCLUDING OLD SEGMENTS THAT DIRECTLY CONNECT TO NEW SEGMENTS.
CALL TBF {(J.1)

JSX=JSND

JSNO=1

IR=4CO(1)

JCO(1)=NEQS+I

DO 19 TIX=1,s5X

IF (IX.EQ.1) GO TO 18
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129
130
131

132
133
134
135
136
137
138
139
140
141

142
143

144

145
1486
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192

19
20

21
22

25

26
27

IR=JCO(IX)
AX(1)=AX{1x)

BX(1)=BX(IX)

CX{1)}=CX{Ix)

IF (IR.GT.N1) GO TO 19

IF (ICONX(IR).NE.C) GO TO 19

IF (It.LE.IN2) CALL CMWW (IR.I1.INZ.CB.NB.CB.NB.O)
IF (IM1.LE.IM2Z) CALL CMWS (IR.IM1.IM2.CB(IMX.1).NB.CB.NB.O)
LOADING FOR B(WW)PRIME

IF (NLODF.EQ.0) GO TO 19

JX=IR-1ISV

IF (JX.LT.+.OR.JIX.GT.IT) GO TO 19

EXK=ZARRAY(IR)

JS5=JCO(1)
CB(JX,JSS)=CB(JX, JSS)~(AX(1)+CX(1))*ExXK
CONTINUE

IF (NPCON.EQ.0) GO TO 22

JSS=NEQP

FILL B(SS)PRIME TO SET OLD PATCH BASIS FUNCTIONS TO ZERO FOR
PATCHES THAT CONNECT TO NEW SEGMENTS

DO 21 TI=1,NPCON

IX=IPCON({E)}*2+N1-ISV

IR=IX—1

JES=455+1

IF (IR.GT.O0.AND.IR.LE.IT) CB(IR,JSS)=(1.,0.)
JSS=J5S+1

IF (IX.GT.0.AND.IX.LE.IT) CB(Ix,Js$s)=(1.,0.)
CONTINUE

IF (M2.GT.M) GO TO 23

FILL B(SW) AND B(SS)

IF {T1.LE.IN2) CALL CMSw (MZ.M.I1.INZ,CB(I.IST).CB.NI.NB.O)
IF (IMl.LE.IMZ) CALL CMSS (M2.M.IM1.IM2.CB(IMX.IST).NB.0)
IF (ICASX.EQ.1) GO TO 24

WRITE (14) ({CB(I,J4),I=1,1IT),J=1,ND)
CONTINUE

FILLING B COMPLETE. START ON C AND D
IT=NPBL

ISV==NPBL

DO 43 IBLK=1,NBBL

ISV=ISV+NPBL

ISVV=ISV+NC

IF (IBLK.EQ.NBBL) IT=NLBL

If (ICASX.LT.S) GO TO 27

DO 26 J=1,IT

DO 25 I=1,NC

CC(I,J)=(0.,0.)

DO 26 I=t.ND

CD(I.J)=(0.,0.)

T1=ISVV+1

I2=ISVV+IT

INT=T1-M1EQ

IN2=L2-M1EQ

IF (IN2.GT.N) INZ=N

IM1=I1-N

IM2=12-N

IF (IM1.LT.MZ2EQ) IMI=MZEQ

IF (IM2Z.GT.MEQ) IM2=MEQ

IMX=1

IF (INI.LE.INZ) IMX=NEQN-I1+2

IF (ICASX.LT.3) GO TO 32

IF (N2.GT.N) GO TO 32

SAME AS DO 24 LOOP TO FILL D(wWW) FOR ICASX GREATER THAN 2
DO 31 J=NZ,N

CALL TRIO (J)
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193
194
195
196
197
198
199
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201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
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28
29

30
3t
32

34
35
36

37

38
39

40
41

42

DO 29 I=t,JSNO
Jss=yco(r)

IF (JSS.LT.N2) GO TO 28

JCO(I)=JSS-N1

GO TO 29

JCO(I)=NEQS+ICONX( JSS)

CONTINUE

IF (INT.LE.INZ) CALL CMww (J,IN].INZ.CD.ND.CD.ND.1)
If (IM1.LE.IM2) CALL CMWS (J.IMI.IMZ.CD(1.IMX).ND.CD.ND.I)
If (NLOAD.EQ.0) GO TO 31

IR=J-N1-ISV

IF {IR.LT.1.0R.IR.GT.IT) GO TO 31

EXK=ZARRAY(J)

DO 30 I=1,JSNO

Jss=yco(I1)

CD(JSS.IR)=CD(JSS.IR)—(AX(I)+CX(I))‘EXK

CONTINUE

IF {M2.GT.M) GO TO 33

FILL D(SW) AND D(SS)

IF (INT1.LE.IN2Z) CALL CMSW (M2, M, INT IN2,CD(IST.1),CD,N1,ND,1)

IF (IM1.LE.IM2Z) CALL CMSS (M2 .M, IM1 . IM2 ,CD(IST,IMX).ND, 1)
If (N1.LT.1) GO TO 39

FILL C(WW) ,C(WS)., D(WW)PRIME, AND D(WS)PRIME.

DO 37 J=1,N1

CALL TRIO (J)

IF (NSCON.EQ.0) GO TO 36

DO 35 IX=1,JSNO

JSS=JCco(IX)

IF (JSS.LT.N2) GO TO 34

JCO(TIX)=JSS+MI1EQ

GO To 35

IR=ICONX(JSS)

TF (IR.NE.O) JCO(IX)=NEQSP+IR

CONTINUE

IF (INT.LE.IN2) CALL CMWW {J.IN1,IN2,CC,NC,CD,ND,ITX)

IF (IM1.LE.IM2) CALL CMWS (J,IM1.IM2,CC(1,IMX) ,NC,CD(1.IMX) ,ND,ITX
1)

CONTINUE

IF (NSCON.EQ.0) GO TO 39
FILL C{WW)PRIME

DO 38 IX=1,NSCON
IR=ISCON(IX)
JSS=NEQS+IX-TSY

IF (JSS.GT.0.AND.JSS.LE.IT) CC(IR,JSS)=(1..0.)

CONTINUE

If (NPCON.EQ.0) GG TO 41

JSS=NEQP-ISV

FILL C{SS)PRIME

DO 40 I=1,NPCON

IX=IPCON(I)™2+N1

IR=TX-1

J3S=US5S+1

IF (JSS.GT.0.AND.JSS.LE.IT) CC(IR,J4SS)=(1.,0.)

JSS=USS+1 :

IF (JSS.GT.0.AND.JSS.LE.IT) CC(IX,JSS)Y=(1.,0.)

CONTINUE

TF (M1.LT.1)} ‘GO TO 42

FILL C{SW) AND C(SS)

IF (INT.LE.INZ) CALL CMSW (1.m1,IN1,IN2Z,CC(N2,1),CC,0,NC,1)
IF {IM1.LE.IM2) CaLL CMSS (1,M1,IM),IM2,CC(NZ,IMX) ,NC,1)
CONTINUE

IF (ICASX.EQ.1) GO TO 43
WRITE (12} ((CD(J,I},4=1,ND),I
WRITE (15} ((cC(J,I}),J=1,NC).I

JIT)
1,I7)
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CONTINUE

IF(ICASX.EQ.1)RETURN
REWIND 12

REWIND 14
REWIND 15
RETURN
END
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PURPOSE

CMSET

To control the filling of the interaction matrix.

METHOD
The linear

equations 13, 14
N
2.
j=1
N
2

j:

fu—

where N = number

=
i

= pumber

A. .
x]

B..
1]

equations resulting from the moment method solution of

and the negative of equation 15 in Part T are written as

2M
a.A, o+ b.B., = E., i=1, ... N
374 i 1

j=1

M
€ * z diD, 5 = H, k=1, ... 2M

J=1

of segments

of patches

Ei * (E at ;i due to segment basis function j)

gi. (E at ;i due to current on patch {(j + 1)/2] in

direction uj)

. = =v. = (H at Pl(k+l) /2] due to segment basis function j)

k
*S[(k+1)/2]

= -Gk - (H at ;[(k+l)/2] due to current on patch [{j+1)/2]

~- 1
in di ' =g .
in direction uj) S[(k+l)/2] * 3 K

= -5. + (incident electric field at ri)
i

= v. - (incident magnetic field at E[(k+1)/2]) S[(k+1)/2]

k

= position of the center of segment i
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P, = position of the center of patch i
51 = unit vector in the direction of segment 1
[El if i is odd
us =<1 for pateh [{i+1)/2]
EZ if i 1s even,
t, if i is odd
Gi = for patch [(i+1)/2]
El if i 1s even
Si = 1 tf tl X t2 = n on patch i
-1 if €, ¥ t, = -n on patch i
Ukj = -1 if k = j = odd
+1 1f k = j = even
0 if k # )

The basis function amplitudes aj, bj’ cj and dj are determined later
by solving the matrix equation of order N + 2M.
The matrix elements are computed by calling subroutines CMWW, CMSW,
CMWS, and CMSS for the elements of A, B, C and D respectively. For A and C
the components of all basis functions that extend across segment J are
computed by calling TRIO at CM 52. CMWW and CMWS are then called to compute
the components of A or C due to these basis function components on segment J.
If segment j, with length Aj, is loaded with impedance Zj the

Z .
elements of A are modified as Ajk = Ajk-- E% X (value of basis function k

n

at the center of segment j) for k the numbers of all basis functious that

extend onto segment j. The summation over values of k (k = JSS) for loading
on segment J occurs at CM 68,

The submatrices are stored in the array CM in transposed form. All
references to rows and columns, here, apply to the nontransposed matrices.
"

Thus "'row'" in this discussion refers to the second index of CM in the code.
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If the complete matrix is too large for the array CM then blocks of rows are

filled and wrirten on file 11. A block may then contain rows from A and B,

rows from C and D or a combination. The row of CM at which ¢ and D start is
computed as IST.

For a structure having p symmetric sections the submatrices are stored in

the form

where

represents Ai in the first row of submatrices in equation 108 of Part I.

Each call to CMWW and CMWS may fill elements of Ai or Ci for any value of

i. The column indices in array JCO are adjusted at CM 55 to allow for the
columns occupied by the Bi and Di matrices. Bi and Di are filled for

each value of i in the loop from GM 75 to CM 8l. The Fourier transform of the
submatrices, or the transform for planar symmetry (equation 116 of Part 1) is

computed from CM 85 to CM 100.

SYMBOL DICTIONARY

CM = array for the matrix

Il = number of first equation in a block (patch equation +N for
patches)

12 = number of the last equation im a block

IEXKX = 1l to use extended thin wire kernel on wires, 0 otherwise

IMl = number of first patch equation in a block
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M2 = number of last patch equation in a bloeck

INZ = number of the iast segment equation in a block
ouT = number of real numbers in a block for output
IPR = row in CM (second index) for segment J

IsT = row in CM of the first patch equation

ISV =1l -1

IT = number of rows in a block

IXBLK1 = block number

JM1 = number of first patch in a symmetric section

JM2 = aumber of the last patch in a symmetric section

JST = column in CM of the first patch equation for a symuetric block
MP2 = number of patch equations

NEQ = total number of equations

NOP = number of symmetric sections

NPEQ = number of equations in a symmetric section

NROW = row dimensions of the transposed CM array

RKHX = minimum interaction distance at which the infinitesimal dipole

approximation is used for the field of a segment

Z./4A.
J/ J

i

ZAJ
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SUBROUTINE CMSET (NROW.CM.RKHX.IEXKX)

CMSET SETS UP THE COMPLEX STRUCTURE MATRIX IN THE ARRAY CM

COMPLEX CM,ZARRAY,ZAJ,ETK,ETS,ETC,EXK

1EZC,SSX,0,DETER
COMMON /DATA/ LD,N1,N2,N,NP, M1

+EYK,EZK ,EXS,EYS,EZS,EXC,EYC,

M2, M. MP.X(300).¥(300),2(300),SI(300

1).BI(SOO).ALP(SOO).BET(SOO),ICON1(300).ICON2(300).ITAG(300).ICONX(

2300) ,WLAM, IPSYM

COMMON /MATPAR/ ICASE.NBLOKS.NPBLK.NLAST,NBLSYM.NPSYM.NLSYM.IMAT.I

1CASX ,NBBX ,NPBX ,NLBX ,NBBL ,NPBL,NLBL

COMMON /SMAT/ SSX(16,18)
COMMON /SCRATM/ D{600)

COMMON /ZLOAD/ ZARRAY(300),NLOAD,NLODF
COMMON /SEGJ/ AX(SO).BX(SO),CX(30).JCO(30).JSNO.ISCON(SD),NSCON.IP

TCON{10) ,NFCON

COMMON /DATAJ/ S,B.XJ,YJ,ZJ,CABJ,SABJ ,SALPJ ,EXK,EYK,EZK,EXS.EYS,EZ
15,EXC,EYC,EZC,RKH,TEXK,IND1,IND2,IPGND

DIMENSION CM({NROW,1)
MP2=2*MP

NPEQ=NP+MP2

NEQ=N+2*M

NOP=NEQ/NPEQ

If (ICASE.GT.2) REWIND 11
RKH=RKHX

IEXK=TEXKX
TOUT=2*NPBLK*NROW
IT=NPBLK

CYCLE OVER MATRIX BLOCKS

DO 13 IXBLK1=1,NBLOKS
ISV=(IXBLK1—1)*NPBLK

If (IXBLKT.EQ.NBLOKS) IT=NLAST
D0 1 I=1,NROW

DO 1 J=1,IT
CM(I.4)=(0..0.)

T1=ISV+i

I2=ISV+IT

IN2=I2

IF (IN2.GT.NP) IN2=NP
IMI=I1-NP

IM2=I2-NP

IF (IM1.LT.1) IM1=1

IST=1

IF (I1.LE.NP) IST=NP-It+2
IF (N.EQ.0) GO TO &

WIRE SOURCE LOOP

DO 4 J=1,M

CALL TRIO ()

DO 2 I=1,JSNO

T4=J4CO(1)
JCO(IY=({IJ~1)/NP)*MPZ+1)

IF (I1.LE.IN2) CALL CMww (J,I1,IN2,CM,NROW,CM,NROW,1}
IF (IMt.LE.IM2) CALL CMWS (J,IM1,IM2,CM(1,IST}.NROW,CM,NROW, 1)

IF (NLOAD.EQ.0) GO TO 4

MATRIX ELEMENTS MODIFIED BY LOADING

IF (J.GT.NP) GO TO 4
IPR=J-IS5V

IF (IPR.LT.1.0R.IPR.GT.IT) GO TO 4
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[ 2 1. RN Y]

ZAJ=ZARRAY( L)
DO 3 I=1,JSNO

JS5=4C0(T1)
CM(JSS.IPR)=CM(JSS.IPR)&(AX(I)+CX(I))'2AJ
CONTINUE

IF (M.EQ.0) GO TO 7

MATRIX ELEMENTS FOR PATCH CURRENT SOURCES
JM1=1-MP

JM2=0

JST=1-MP2

LO 6 I=1,NOP

JM1=JM1+MP

IM2=JM24MP

JST=JST+NPEQ

IF (I1.LE.IN2) CALL CMSW (JMI.JMZ.II.IN2.CM(JST.1).CM.O.NROW,i)
If (IM1.LE.IM2) CALL CMSS (JM1.JMZ,IMI.IMZ.CM(JST.IST).NROW.1)
CONTINUE

IF (ICASE.EQ.1) GO TO 13

IF (ICASE.EQ.3) GO TO 12

COMBINE ELEMENTS FOR SYMMETRY MODES

DO 11 I=1,IT

DO 11 J=1,NPEQ

DO 8 K=1,NOP

KA=J+(K—1)*NPEQ

D(K)=CM(KA,T)

DETER=D(1)

DO 9 KK=2,NOP

DETER=DETER+D(KK)

CM(J,I)=DETER

DO 11 K=2, NOP

KA=J+{K—1)*NPEQ

DETER=D(1)

DO 10 KK=2,NOP
DETER=DETER+D{KK)*SSX(K, KK)
CM({KA,I)=DETER

CONTINUE

IF (ICASE.LT.3) GO TO 13

WRITE BLOCK FOR OUT-OF-CORE CASES.

CALL BLCKOT (CM,11,1,I0UT,1,31)

CONTINUE

IF (ICASE.GT.2) REWIND 11

RETURN

END
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PURPOSE

To compute and store matrix elements representing the H field at patch

centers due to the current on patches.

METHOD

CMSS computes the matrix elements ij defined in the description of
subroutine CMSET. Subroutine HINTG is called to compute the magnetic field at
the center of patch I due to current on patch J. H due to the current t] on
patch J is stored in EXK, EYK and EZK, while H due to current EZ is stored
in EXS, EYS and EZS. The term 0.5 ij in ij 1s added at CM 61 and CM
62 for odd and even equations. The matrix elements are stored in array CM

from S563 to 5578 in either normal or transposed order. Elements for both the

even and odd equations are stored if both equations are within the block.

SYMBOL DICTIONARY

cM = array for matrix storage

Gll = ij for k odd, j odd

Gl2 = ij for k odd, j even

Gzl = ij for k even, j odd

G212 = Dy s For k even, j even

Il = patch number for first equation

I2 = patch number for last equation

icomMp = equation number for the odd numbered equation for

observation patch I

[rl = location of the odd numbered equation in CM

112 = location of the even numbered equation in CM

1L = array location for coordinates of patch I

Ml = patch equation number for first eguation in block
M2 = patch eguation number for last equation in block

L TRP = (0 or 1 to select normal or transposed filling of CM
J1 = number of first source pateh

JZ = pumber of last source patch

CMSS



CM55
JJl = column in non-transposed matrix, of the first

equation for patch J

JJ2 = column of second equation for patch J
JL = array location for coordinates of pateh’ J
NROW = row dimension of CM

TL1XT, TLYI, T12t

T2X1, T2YI, T2ZI} = x, y and z components of El or Ez'for patch I
T1lXJ, TivyJ, TlzJ or J

TZXJ, T2YJ, T2ZJ

X1, YI, Z1 = coordinates of center of patch I

54~
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SUBROUTINE CMSS (Jl.J2.IM1.IMZ.CM,NROW.ITRP)

CMSS COMPUTES MATRIX ELEMENTS FOR SURFACE-SURFACE INTERACTIONS.
COMPLEX G11,612,G21,622,CM,EXK,EYK,EZK,EXS,EYS, EZS,EXC,EYC,EZC
COMMON /DATA/ LD, N1, N2 ,N NP M1 ,M2,M WP, X(300),Y(300),Z(300),5I({300

l),BI(300),ALP(}OO).BET(SOO).ICONl(SOO),ICONZ(SOO).ITAG(SOO).ICONX(
2300) ,WLAM, IPSYM
COMMON /ANGL/ SALP(300)
COMMON /DATAJ/ S.8,XJ,YJ,ZJ,CABJ,SABJ ,SALPJ, EXK, EYK,EZK,EXS ,EYS . EZ
1S ,EXC,EYC,EZC,RKH, IEXK, IND1,IND2, IPGND

DIMENSION CM({NROW,1)

DIMENSION TtxX{1), T1v(1), T1Z{1}y, T2x{1), T2v(1), 12Z(%)
EQUIVALENCE (T1X,SI). (T1Y,ALP), (T1Z,BET), {T2X,ICON1}., (T2Y,ICON
12), (T72Z,ITAG)

EQUIVALENCE (T1XJ,CABJ), (T1YJ,SABJ), (T1ZJ,SALPJ), (T2XJ,8), (T2Y
1J,IND1), (T2ZJ,IND2)

LDP=LD+1

I1=(IM1+1)/2

I2=(IM2+1)/2

ICOMP=T1+2-3

IT1=-1

IF (ICOMP+2.LT.IM1) II1=-2

LOOP OVER OBSERVATION PATCHES

DO 5 I=I1,I2

IL=LDP-I

TCOMP=ICOMP+2

ITN=IT1+2

II2=II1+1

TIXI=T1X(IL)*SALP(IL)

TIYI=T1Y(IL)*SALP(IL)

T1ZI=T1Z(IL)*SALP(IL)

T2XI=T2X(IL)*SALP(IL)

T2YI=T2Y(IL)*SALP(IL)

T2ZI=T2Z(IL)*SALP(IL)

XI=X(IL)

YI=Y(IL)

Z1=Z(IL)

JJr=—t

LOOP OVER SOURCE PATCHES

DO 5 J=Jd1.,J2

JL=LDP~J

Jd1=JJ142

Jd2=4d1+1

S=BI(JL)

XJ=X(JL)

YJI=Y(JL)

ZJ=Z{JL)

TtXJ=T1X(JL)

TiYJd=T1Y(JL)

T1ZJ=T1Z(JL)

T2XJ=T2X(JL)

T2YJ=T2Y(JL)

T2ZJ=T2Z{JL)

CALL HINTG (XI,YI,ZI)

Gi1=—( T2XT*EXK+T2YI*EYK+T2ZIVEZK)

G12=—{ TZXI*EXS+T2YI*EYS+T2ZI%EZS)

G2t =—(TIXI*EXK+TIYI*EYK+TI1ZI*EZK)
022=—(T}XI‘EXS+T1YI‘EYS+T1ZI‘EZS)

IF (I.NE.J) GO TO 1

G11=G11-.5

G22=G22+.5

IF (ITRP.NE.O) GO TO 3

MORMAL FILL

IF (ICOMP.LT,.IM1)} GO TO 2

CM(II1,J41)=G11

-
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€65
€6
€67
68
€9
70
71
72
73
74
75
76

78
79

CM(II1, 42)=G12

If (ICOMP.GE.IM2) GO TO 5

CM(ITI2.J41)=6G21
CM(IT2,442)=G22
GO TO 5

TRANSPOSED FTILL

IF (ICOMP.LT.IMi) GO TO 4

CM(JJ1,IT1)=G11
CM(JJ2,I11)=G12

IF (ICOMP.GE.IM2) GO TO 5

CM{JJ1,TT2)=621
CM(JJ2,I12)}=G22
CONTINUE

RETURN

END
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PURPOSE

To compute and store matrix elements representing the electric field at

segment centers due to the current on patches.

METHOD
SW30 - SW35
SW36 - SW42
SW48 - SW57
SW6l - s5W36
SWB8 ~ 5W96

Coordinates of observation segment are stored.

If either end of the observation segment connects to a
surface IPCH is set to the number of the first of the
four patches at the connection point.

Coordinates of the source patch are stored in

COMMON /DATAJ/.

IF IPCH = J then patch J is the first patch at the point
where segment I connects to the surface. Subroutine
PCINT 1is called to integrate the current over the four
patches at the connection point. The current on the
patches includes the eight basis functions of the four
patches and a portion of the basis function from the
segment. Hence contributions to nine matrix elements are
generated and stored in array EMEL. The field due to the
segment basis function extending onto the patches is
stored in array CW at SW76 or 5W78. The fields due to
the first patch basis function, EMEL(1l) and EMEL(5), are
then stored in array CM at SW80 and SW81 or at SW83 and
SW84. ICGO is then incremented. For the next three
times through the loop over J the call to PCINT is
skipped at SWé63 and the remaining values in EMEL are
stored,

1f segment I and patch J are not connected, subroutine
UNERE is called to compute the electric field due to the
current on the patch with the current treated as Herctzian

dipoles in the directions £, and £,e The matrix

elements are stored in CM.

-57-
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S8W102 - SW138 This is a special section of code to compute the electric

SYMBOL DICTIONARY

CABIL
CM
CW

EMEL
FSIGN
Il

2
I1CGP
IL

e
IPCH
ITRP

J1
J2
JL
J5

NCW

field due to the component of a segment basis function
that extends onto connected patches. 1t is used at line
CGll2 of subroutine CMNGF for the case where the
connected segment and patches are in the NGF file'and a
new segment is connected to the outer end of the NGF
segment modifying its basis funétion. Subroutine PCINT
is called to evaluate the nine matrix elements. Only
EMEL(9Y) is used since the patch basis functions have not

been modified.

x component of i in direction of segment I

array for E due to patch basis functions

array for E due to segment basis function extending onto
surface at connection point

array of matrix elements from integrating over surface

+1 depending on which end of segment connects to surface

number of first observation segment

number of last observation segment

index for matrix elements at connection point
index for segment basis function in CW

l for direct field, 2 for image in ground
number of first patch connecting to a segment
0 for normal matrix £ill

1 for transposed fill

-1 for special NGF case

source patch

first source patch

last source patch

index for source patch in CM

index for patch coordinates

index in CM or CW for observation segment

index offset for CW

~-58-
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NEQS = number of equations excluding NGF

NROW = row dimensions of CM.and CW

PI = pi

PX = sin k(s - 50) for s at the end of the segment
PY = cos ks - sg)| connected to the surface

SABIL = y component of 1 in direction of segment I
SALPI = z component of 1 in direction of segment [
XI, YI, ZI = center of observation segment

~59-
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SUBROUTINE CMSW (J1.J2.I1.IZ.CM.CW.NCW.NROW.ITRP)

COMPUTES MATRIX ELEMENTS FOR E ALONG WIRES DUE TO PATCH CURRENT
COMPLEX CM.ZRATI.ZRATIZ.T1.EXK.EYK.EZK.EXS.EYS,EZS.EXC.EYC.EZC.EME
1L,CwW,FRATI

COMMON /DATA/ LD.N:.N2.N,NP.M1.uz.M.MP,x(soo).Y(soo),z(soo).51(300
1).BI(300).ALP(300).BET(soo).1co~1(300).Icouz(soo).ITAc(soo).Icoux(
2300) ,WLAM, IPSYM

COMMON /ANGL/ SALP(300)

COMMON /GND/ZRATI.ZRATIZ,FRATI.CL.CH.SCRWL.SCRWR,NRADL.KSYMP,IFAR.
1IPERF,T1,T2

COMMON /DATAJ/ 5.8.XJ,YJ,ZJ,CABJ,SABJS,SALPJ EXK,EYK,EZK, EXS,EYS,E2Z
15,EXC,EYC,EZC,RKH, TEXK, IND1, INDZ, IPGND

COMMON /SEGJ/ AX(SO).BX(JO).CX(SO).JCO(SO).JSNO.ISCON(SO).NSCON.IP
1CON{10) ,NPCON

DIMENSION CAB(1). SAB(1), CM(NROW,1), CW(NROW,1)

DIMENSION TI1X(1), T1Y(1), T1Z(1)}, 7T2X(1), T2Y(1), T2Z(1)., EMEL(9)
EQUIVALENCE (T1X,SI), {T1Y,ALP), {T1Z,BET), (T2X,ICON1), (T2Y,ICON
12), (T2Z,ITAG), (CAB,ALP), (SAB,BET)

EQUIVALENCE (T1XJ,CABJ), (T1YJ,SABJ), (T1ZJ,SALPJ), (T2xJ,R), (T2Y
1J,IND1), (T2ZJ4,IND2)

DATA PI/3.141592654/

LOP=LD+1

NEQS=N-N1+2%(M-M1)

IF (ITRP.LT.0) GO TO 13

K=0

ICGO=1

OBSERVATION LOOP

0O 12 I=I1,I2

K=K+1

XI=X(I)

YI=y(I)

ZI=Z(1)

CABI=CAB{(I)

SABI=SAB(I)

SALPI=SALP{I)

IPCH=0

IF (ICON1({I).LT.10000) GO TO 1

IPCH=ICONI(I)}-10000

FSIGN=—1,

IF (ICON2(I).LT.10000) GO TO 2
IPCH=ICON2(I)-10000

FSIGN=1.

JL=0

SOURCE LOOP

DO 12 J=J41,J2

JS=L.DP-J

JL=JL+2

TiXJ=T1x{JS)
T1vJ=T1vY{JS)
T1ZJ=T12(JS)
T2XJ=T2X(JS)
T2YJ=T2Y{JS)
T2Z0=T2Z(JS)

XJ=X(JS)

YJ=Y{JS)

ZJ=Z(J5)

S=BI{JS)

GROUND LOOP

DO 12 IP=1,KSYMP
IPGND=IP

IF (IPCH.NE.J.AND.ICGO.EQ.1) GO TO 9
IF (IP.EQ.2) GO TO 9
IF (ICGO.GT.1) GO TO 6
CALL PCINT (XI.YI.ZI.CABI.SABI.SALPI.EMEL)
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PY=PI*SI(I)*FSIGN

PX=SIN{PY)

PY=COS{PY)

EXC=EMEL(9)*FSIGN

CALL TRIO (I)

If (I.GT.NI) GO TO 3

TL=NEQS+ICONX(T)

GO TO 4

IL=I-NCW

IF (T.LE.NP)Y IL=((IL-1)}/NP)}*2*MP+IL

IF (ITRP.NE.O) GO TO 5

CW(K,IL)=CW{K IL)+EXC*{AX(JSNO)+BX{ JSNO)}*PX+CX(JSNO)*PY)
GO TO &
CW(TIL,K)Y=CW({IL,K)+EXC*{AX(JSNO)+BX{JSNO)*FPX+CX{JSNO)*PY)
IF (ITRP.NE.Q) GO TOQ 7

CM{K,JL—1)=EMEL({ICGQ)

CM(K,JL)=EMEL{ICGO+4)

GO 10 8

CM{JL-1 ,K)=EMEL{TCGO}

CM{JL,K)=EMEL(ICGO+4)

ICGO=ICGO+1

IF (ICGO.EQ.5) ICGO=1

GO TOo 11

CALL UNERE (XI,YI,ZI)

IF (ITRP.NE.QO) GO TO 10

NORMAL FILL

CM(K, Ji=1 )=CM{K, JL~1 }+EXK*CABI+EYK*SABI+EZK*SALPI
CM{K, JL)=CM{K,JL)+EXS*CABI+EYS*SABI+EZS*SALPL
GO TO 11

TRANSPOSED FILL

CM(JL—1 ,K)=CM(JL—-1 K)+EXK*CABI+EYK*SABI+EZK*SALPI
CM(JL, K)=CM{JL ,K)+EXS*CABI+EYS*SABI+EZS*SALPI
CONTINUE

CONTINUE

RETURN

FOR OLD SEG. CONNECTING TO QLD PATCH ON ONE END AND NEW SEG. ON
OTHER END INTEGRATE SINGULAR COMPONENT (9) OF SURFACE CURRENT OMNLY
IF (J1.LT,I1.0R.J1.GT.I2) GO TO 16
IPCH=ICON1{J41)

IF (IPCH.LT.10000) GO TO 14

TIPCH=IPCH-10000

FSIGN=-%.

GO TO 15

IPCH=ICONZ(J1}

If (IPCH.LT.10000) GO TO 16

IPCH=IPCH~10000

FSIGN=1.

IF (IPCH.GT.M1) GO TO 16

JS=LDP-IPCH

IPGND=1

TIXJ=F1X{JS)

T1YJd=T1Y(J3)

T1Z2J=T1Z(JS)

T2XJ=T2X(J45)

T2Y4=T2Y(JS)

T224=T2Z(JS)

XJ=x(JS)

YJ=Y(J4S)

2J=2(Js)

S=RI{JS)

XI=x{J1}

YI=Y{J1}

ZI=2(J1)

CABI=CAB(J1)
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129
130
131
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SABI=SAB(41)
SALPI=SALP(.J1)

CALL PCINT (XI.YI,7T.CABI,SABI,SALPI.EMEL)

PY=PI*SI(J1)*FSIGN
PX=SIN{PY)

PY=COS(PY)

EXC=EMEL (9)*FSIGN
IL=JCO(JSNO)

K=J1-T1+1

CW(K, IL)=CW(K,IL}+EXC*
RETURN

END

(AX(JSNO)+BX(JSNO)‘PX+CX(JSNO)‘PY)
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PURPOSE

To compute and store matrix elements representing the magnetic field at

patch centers due to the current on wire segments.

METHOD

Matrix elements are computed for patch equations numbered Il through I2
with the source segment J. For odd numbered equations the matrix element
represents the first term on the right side of equation 14 of Part I. For
even numbered equations it is the negative of the first term on the right side
of equation 15. For equation Il and for all odd numbered equations subroutine
HSFLD is called to compute the H field at the center of the patch due to
constant, sin k(s - sg) and cos k(s - sg) currents on segment J. The
required component of the field, _EZ ‘' H or 'EL * H for odd or even
equations respectively, is computed from WS49 to WS5l. Multiplication by
SALP(JS) reverses the sign when (El’ EZ’ fi) nas a left-hand orientation on
a patch formed by reflection. The field component for each basis function
component on segment J is computed and stored for WS56 through WS75. Storage

of the matrix elements is similar to that in subroutine CMWW.

SYMBOL DICTIONARY

CM = array for matrix elements

CW = array for matrix elements (NGF only)

ETK = ~E2 *'Hor —El * H due to current of constant,
ETS sin k(s - SO), or cos k(s - 50) respectively
ETC

L = equation number

Il = nuinber of first equation

L2 = number of second equation

K =0 if I is5 even, L 1f I is odd

[PATCH = patch number for equation 1

LPR = relative matrix location for equation I. Position in complete

matrix depends on the address of CM in the call to CMWS
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ITRP

J5
JX
LDP
NR

TX
TY
TZ

Xll
YI
ZIJ

[t}

0 for non-transposed fill

l for transposed fill

2 for transposed fill for NGF

source segment number

location.in COMMON/DATA/ of parameters for patch J
matrix index for a particular basis function
LD + 1

row dimension of CM

row dimension of CW

X, ¥, and z components of £, or t,

X, ¥y and z coordinates of the center of the patch at

which the field is computed
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SUBROUTINE CMWS (J, 11 LI2,CM NR . CW, NW,ITRP)

O~ b N -

o]

[sNrNeNel

ws

ws
CMWS COMPUTES MATRIX ELEMENTS FOR WIRE-SURFACE INTERACTIONS WS

WS
COMPLEX CM,CW, ETK ETS ETC,EXK,EYK,EZK.EXS . EYS,EZS,EXC,EYC,E2C, WS
COMMON /DATA/ LD,N1,N2,N, NP, M1 M2 ,M,MP X(300),7(300),Z(300),SI{300 WS
1).8I(300),ALP(300) ,BET(300).ICON1(300),ICON2(300),ITAG(300),ICONX{ WS
2300) ,WLAM, IPSYM ws
COMMON /ANGL/ SALP(300) ws
COMMON /SEGJ/ AX(30),BX(30},CX(30),JCO(30),JSNC,ISCON(50),NSCON,IP WS
1CON(10) ,NPCON ws
COMMON /DATAY/ S,B,XJ,YJ,ZJ,CABJ,SABY,SALPJ,EXK,EYK,EZK,EXS,EYS,E2 WS
1S.EXC,EYC,EZC,RKH, TEXK, IND1, IND2 , IPGND WS
DIMENSION CM{NR,1). CW(NW,1), CAB(1), SAB(1) WS
DIMENSION TIX(1), TtY(1), T1Z(1), T2x(1), T2Y{1), T2Z(1) wS
EQUIVALENCE (CAB.ALP), (SAB,BET), (T1X,SI), (T1Y,ALPY, (T1Z,BET) WS
EQUIVALENCE (T2X,ICON1), (T2Y,ICON2), {T2Z,ITAG) WS
LDP=LD+1 ws
S=SI(J) ws
8=BI(J) ws
XJ=x(J) ws
YJ=Y(dJ) ws
ZJ=Z(4) WS
CABJ=CAB({J) ws
SABJ=SAB{J) ws
SALPI=SALP(J) ws

ws
OBSERVATION LOOP ws

ws
IPR=0 WS
DO 9 I=I1,I2 ws
IPR=IPR+1 WS
IPATCH=(TI+1)/2 w3
IK=I-(1/2)+*2 WS
IF (IK.EQ.O.AND.IPR.NE.1) GO TO 1 ws
JSTLDP-IPATCH WS
XI=x{JS) WS
YI=Y(JS) ws
ZI=Z(Js) WS
CALL HSFLD (XI,¥I,ZI.0.) wS
If (IK.£Q.0) GO TO I WS
TX=T2X(J3) WS
TY=T2Y(43) ws
TZ=T12Z(J43) WS
GO TO 2 WS
TX=T1x{JS) WS
TY=T1Y(JS) ws
TZ=T1Z(4S) ws
ETK=—(EXK* TX+EYK*TY+EZK*TZ)*SALP( 4S) w3
ETS=—(EXS*TX+EYS*TY+EZS*TZ)*SALP{J5) w3
ETC=~(EXC*TX+EYC*TY+EZC*TZ}*SALP(JS) WS

ws
FILL MATRIX ELEMENTS. ELEMENT LOCATIONS DETERMINED BY CONNECTION Wws
DATA. ws

w3
IF (ITRP.NE.O) GO TO 4 WS
NORMAL FILL ws
DO 3 IJ=1,JSNO WS
JX=J4Co(1J) ws
CM(IPR, JX)=CM(IPR, JX)+ETK*AX(TJ)+ETS*BX(TJ)+ETC*CX{I4) ws
GO TO 9 WS
IF (ITRP.EQ.2) GO TO 6 WS
TRANSPOSED FILL WS
00 5 TJ=1,J5NO WS

W~ p N -
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65
66
67
68
69
70
71
72
73
74
75
76
77
78
79

JX=JCco(IJ)
CM(JX,IPR)=CM(JX.IPR)+ETK‘AX(IJ)+ETS'BX(IJ)+ETC°CX(IJ)
GG TO 9

TRANSPOSED FILL ~ C(WS) AND D(WS)PRIME (=Cw)

DO B8 IJy=1,JSNO

JX=4CO(1J)

IF (JX.GT.NR) GO TO 7
CM(JX.IPR):CM(JX.IPR)+ETK‘AX(IJ)+ETS‘BX(IJ)+ETC‘CX(IJ)
GO TO 8

JX=JX~-NR
CW(JX,IPR)=CW(JX.IPR)+ETK‘AX(IJ)+ETS'BX(IJ)+ETC‘CX(IJ)
CONTINUE

CONTINUE

RETURN

END
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CMW

PURPOSE
To call subroutines to compute the electric field at segment centers due

to current on other segments and to store matrix elements in array locations.

METHOD
WW17 - WW24 Parameters of source segment (J) are stored in
COMMON/DATAJ/.
WW27 - WW43 First end of segment J is tested to determine whether the

extended thin wire approximation can be used. It cannot

be used at a junction of more than two wires (WW30), at a
bend (WW37), at a change in radius (WW38), or at the base
of a non-vertical segment connected to the ground (WW33).

WWisd - WW60 Second end of segment J is tested.

WW66 Loop over observation segments ranges from Il to I2. The
index IPR starts at 1 so the matrix element for Il is
stored in the first row or column of the array CM. The
location ia the complete matrix is determined by the
address given for CM when CMWW is called.

WH76 EFLD computes the electric fields at (XI, YI, ZI) due to
segment J and stores them in COMMON/DATAJ/.

WW77 ~ WW79 Electric field tangent to segment I is computed.

WW84 — WW103  Matrix elements are formed by combining the field

components.
WW86 - WwWas Matrix elements are stored in non-transposed order.
WWI92 - WW94 Matrix elements are stored in transposed order.

WW97 - WW104 When the source segment is from a NGF file the matrix
elements will normally be stored in submatrix C of the
NGF matrix structure. When the segment connects to a new
segment, however, contributions to submatrix D result.
The C and D contributions are stored in CM and CW,

respectively, in transposed order.
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SYMBOL DICTIONARY

Al = radius of observation segment

CABI = ® component of unit vector im direction of segment
CM = array for matrix elements

CW = array for matrix elements (NGF ounly)

ETK = £ field tangent to segment I due to current of
ETS constant, sin k(s - 50) and cos k(s - sg)

ETC distribution, respectively, on segment J.

Il = first observation segment

12 = final observation segment

1J = 0 for special treatment when I = J

IPR = relative matrix location for observation point
ITRP = 0 for non-transposed fill

1 for transposed fill
2 for transposed fill for NGF

J = source segment number
JX = matrix index for a particular basis function
NR = row dimension of CM
NW = row dimension of CW
SABY = y component of unit vector in direction of segment
SALPI = z component of unit vector in direction of segment
X1, YI, 21 = coordinates of center of segment I,
CONSTANTS
0.999999 = test for collinear segments
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SUBROUTINE CMW (J,I1,I2,CM.NR,CW,NW,ITRP)
CMAMW COMPUTES MATRIX ELEMENTS FOR WIRE-WIRE INTERACTIONS

COMPLEX CM,CW,ETK,ETS,ETC,EXK,EYK,EZK,EXS,EYS,E25,EXC,EYC,EZC
COMMON /DATA/ LD,N1,NZ,N,NP ,M1,M2,M,MP,X(300),Y(300),2(300),SI{300

1).BI(300) ,ALP(300).BET(300),ICON1(300),ICON2(300),ITAG(300),ICONX(
2300) ,WLAM, IPSYM

00~ NN -

COMMON /ANGL/ SALP(300)

COMMON /SEGJ/ AX{30).BX{30),CX(30},JC0(30).JSNO,ISCON(50),NSCON,IP

1CON( 10} ,NPCON

COMMON /DATAJ/ S,B.XJ,YJ,ZJ,CABJ,SABJ,SALPJ,EXK,EYK,EZK,EXS,EYS, EZ

1S,EXC,EYC,EZC,RKH, TEXK, IND1,IND2,IPGND
DIMENSION CM(NR.1}, CW(NW,1), CAB(1), SAB(1)
EQUIVALENCE (CA8,ALP), (SAB,BET)

SET SOURCE SEGMENT PARAMETERS

S=SI{J}

8=81(J)

XJ=X(J)

yJd=v{J}

Zu=2(J)

CABJ=CAB(J)

SABJ=SAB(J)

SALPJI=SALP(J)

IF (IEXK.EQ.0) GO TCO 16

DECIDE WETHER EXT. T.W. APPROX. CAN BE USED
IPR=ICON1{J)

IF {IPR) 1.6,2

IPR=-IPR

IF (-ICON!{(IPR).NE.J) GO TO 7

GO 10 4

IF (IPR.NE.J) GO T0 3

IF {CABJ*CABJ+SABJ*SABJ.GT.1.E-8) GO TO 7
GO TO 5

IF (ICONZ(IPR).NE.J} GO TO 7
XI=ABS{CABJ*CAB{IPR}+SABJ*SAB{IPR)+SALPJ*SALP(IPR))
IF (XI.LT7.0.999999) GO TO 7

IF (ABS(BI(IPR}/B-1.).GT.1.E—6) GO TO 7
IND1=0

GO T0O 8

INDi=1

GO TO 8

IND1=2

IPR=ICON2(J)

IF {IPR) 9,14,10

IPR=-IFPR

IF (-ICON2(IPR).NE.J) GO TO 15

GO TO 12

IF (IPR.NE.J) GO TO 11

IF (CABJ*CABJ+SABJ*SABJ.GT.1.E-B) GO TO 15
GO TO 13

IF (ICONT(IPR).NE.J) GO TO 15
XI=ABS{CABJ*CAB({IPR)+SABJ*SAB(IPR)+SALPJ*SALP(IPR))
IF (XI.LT.0.999999) GO TO 15

IF (ABS{BI{IPR)/B—-1.).GT.1.E-6) GO TO 15
IND2=0

GO TO 16

IND2=1

GO TO 16

IND2=2

CONTINUE

OBSERVATION LOOP
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65
66
67
68
69
70
71
72
73
74
75

77
78
79
80
-}
82
83
84
85
B6
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107

OO0

O

19

20

21

22
23

IPR=0

DO 23 I=1I1,12

IPR=IPR+1

LJ=1-J

XI=x(I)

YI=Y(I)

ZI=Z(1)

AI=BI(I)

CABI=CAB(I)

SABI=SAB(I)

SALPI=SALP{I)

CALL EFLD (XI,YI,ZI,AI.IJ)
EYK=EXK*CABT+EYK*SABI+EZK*SALPI
ETS=EXS*CABI+EYS*SABI+EZS*SALPI
ETC=EXC*CABI+EYC*SABI+EZC*SALPI

FILL MATRIX ELEMENTS. ELEMENT LOCATIONS DETERMINED BY CONNECTION

DATA.

IF (ITRP.NE.O) GO TO 18
NORMAL FILL

DO 17 I4=1,JSNO
JX=4C0(1J)

CM{IPR, IX)=CM({IPR, JX}+ETK*AX(IJ)+ETS*BX(TJ)+ETC*CX{Id)

GO TO 23

IF (ITRP.EQ.2) GO TO 20
TRANSPOSED FILL

DO 19 IJ=1,JSNO
JX=JCO({I1J)

CM{ JX, IPR)=CM( JX, IPR)+ETK*AX(IJ)+ETS*BX(TJ)+ETCCX(TJ)

GO To 23

TRANS. FILL FOR C{(Ww) — TEST FOR ELEMENTS FOR D(WW)PRIME.

DO 22 I4=1,JSNO
JX=JCO(1J)
IF (JX.GT.NR) GO TO 21

CM{JX,IPR)=CM(JX, IPR)+ETK®AX(TJ)+ETS*BX(TJ)+ETCACX{TJ)

GO TO 22
JX=JX-NR

CW(JX, IPRY=CW(JX, IPRY+ETK*AX(TJ}+ETS*BX(TJ)+ETC*CX(IJ)

CONTINUE
CONTINUE
RETURN
END
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CONECT
CONECT
PURPOSEL

To locate segment ends that contact each other or contact the- center of

a surface patch.

METHOD

The ends of each segment are identified as end 1 and end 2, defined
during geometry input. The connection data for segment I is stored in array
variables TCON1 (I) for end 1 and ICON? (I) for end 2.

Four conditions are possihle at each segment end: (1) no connection {a
free end), (2) connection to one or more other segments, (3) connection to a
ground plane, or (4) connection to a surface modeled with patches. These

conditions are indicated in the following way for end 1 of segment I:

(1> no conmection . . . . . . . . . . ... . ICON1 (L) =0

(2) connection to segment J . . . . . . . . . ICON1 (1) = +J

(3) connection to a ground plane . . . . . . ICON1 (I). =1

(4) connection to patch K . . . . . . . . . . ICONl (I) = 10000 + k

In case 2, if segment J has the same reference direction as segment I (end 2
of segment J connected to end 1 of segment I), the sign is positive. For
opposed reference directions (end 1 to end 1) the sign is negative. If several
segments connect to end 1 of segment I, then J is the number of the next
connected segment in sequence.
If segment I connects to patch K, the segment end must coincide with the
patch center. Patch K is then divided into four patches numbered K through
K + 3 by a call to subroutine SUBPH. _
The conmection data is illustrated in the following listing for the six

segnents in the structure in Figure 3.

ICONL (I) [ LCON2 (I)
10000 + K 1 2

1 2

4 3 0

0 4 -5

G 5 6

2 & 0
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a4
5
- 3
6
2
A
® ®
K+2 2 K#+
2
)
4
) )
K+3 K

Figure 3. Structure for Illusctrating
Segment Connection Data.

Connections between patches are not checked, since, except where a wire

connects te a surface, the current expansion function om a patch does not

extend beyond that patch.

CODING

CN16

CNLO

CNLo

- CN27

~ CNu6

- CN60O

Initialize and adjust symmetry conditions if necessary
when ground is present.

Check whether end 1 of segment I is below ground plane
(exror) or contacting ground plane. If the separation of
the segment end and the ground is less than SMIN multiplied
by the segment length, ICON1 is set to I and the z coor-
dinate of the segment end is set to exactly zero.

Check other segments from I + 1 through N and then 1
through T - 1, until a comnected end is found. The
separation of segment ends is determined by the sum of the

separations in x, y, and z to save time.
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CN95 - CN126 Search for segments connected to patches. Only new

patches (not NGF) are checked. 1If a connection is found
the patch is divided into four patches at its present
location in the data arrays and patches following it are
shifted up by three locations. This is done by calling
SUBPH, an eantry point of subroutine PATCH.

CN129 - CN162 Search for new segments connected to NGF patches. 1If a
connection is found four patches, covering the area Of.
the original patch, are added to the end of the data v
arrays by calling SUBPH. The original patch retains its
location but the z coordinate at its center is changed to
10G00.

CN182 - CN258 The loop through 44 locates segments connected to
junctions.

CN183 - CNL90 Parameters are initialized to find all segments connected
to first end of segment J.

CN191 ~ CN215 Connected segments are located. If the number of any
connected segment 15 less than J the loop is exited at
CN200. Thus each junction is processed only once.

CN216 - CN230 The connected ends are set to the average of their

‘ previous values to ensure that they have ideatical values.

CN232 - CN244 1If the junction includes new segments (NSFLG = 1) and IX
is a NGF segment an equation number, NSCON, is assigned
for the modified basis function of segment IX. The
equation number is stored in array ICONX and the segment
number is stored in ISCON.

CN245 -~ CN247 Segment numbers are printed for junctions of three or
more segments.

CN248 - CN257 The loop is initialized for the second end of segment J
and the steps from CN191 on are repeated.

CN262 - CN275 Equation numbers for modified basis functions are

assigned for old segments that connect to new patches.

SYMBOL DICTIONARY
IGND = 1 to adjust symmetry for ground and set ICON (I) =

I; -1 to adjust symmetry only; 0 for no ground

-73-



CONECT
JMAX

NPMAX

NSFLG

NSMAX

CONSTANT
L.E~3

maximum number of segments connected to a junction
maximum number of NGF patches connecting to new
segments

1 if the junction includes any new segments when NGF
1s 1n use

maximum number of NGF segments connecting to new
segments

approximate separation of segment ends

maximum separation allowed for connection

maximum separation as a fraction of segment length

coordinates of end 1 of segment

coordinates of end 2 of segment

coordinates of patch center

maximum separation tolerance for connected segments

as fraction of segment length.
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10
11

12
13
14
5
16
17
18
19
20
21

22
23
24
25
26
27
28
29
30
31

32
33
34
35
36
37
38
39
40
41

42
43
44
45
46
47
48
49
50
51

52
53
54
55
56
57
58
59
60
61
62

64

OO0

OO0

SUBROUTINE CONECT (IGND)

CONNECT SETS UP SEGMENT CONNECTION DATA IN ARRAYS ICON1 AND ICON2

BY SEARCHING FOR SEGMENT ENDS THAT ARE IN CONTACT.

COMMON /DATA/ LD,NI,N2,N,NP M1 ,M2,M,MP,X(300),Y(300),2(300),SI(300
1).81(300).ALP(SOO).BET(SOO).ICON1(300).ICON2(300).ITAG(SOO).ICONX(

2300) ,WLAM, IPSYM

COMMON /SEGJ/ AX(30),8X(30).CX(30),JCO(30),SNO,ISCON(50),NSCON, IP

1CON(10) ,NPCON

DIMENSION X2(1), Y2(1)}. z2(1)
EQUIVALENCE (X2.SI), (Y2,ALP), (Z2,BET)
DATA JMAX/30/,SMIN/1.E~3/,NSMAX/50/,NPMAX/10/
NSCON=0

NPCON=0

IF (IGND.EQ.0) GO TO 3

PRINT 54

IF {IGND.GT.0) PRINT 55

IF (IPSYM.NE.2) GO T¢ 1

NP=2*NP

MP=2*MP

IF (IABS(IPSYM).LE.2) GO TO 2
NP=N

MP=M

IF {NP.GT.N) STOP

IF (NP.EQ.N.AND.MP.EQ.M) IPSYM=0
IF (N.EQ.0) GO TO 26

DO 15 I=1,N

ICONX(1)}=0

XI1=X{1)

YI1=Y(1)

ZI1=2(1I)

XI2=X2(1I)

¥I2=y2(I)

2I2=72(1)

SLEN=SQRT((XI2-XI1)**2+(YI2-YI1)**2+(ZI12-Z11)**2)*SMIN

DETERMINE CONNECTION DATA FOR END t OF SEGMENT.

IF (IGND.LT.1) 6O TO 5

IF (ZI1.GT.-SLEN) GO TO 4

PRINT 56, I

STOP

IF (ZI1.GT.SLEN)} GO TO 5

ICON1 (I)=I

2(1)=0.

GO TO 9

IC=I

DO 7 J=2,N

IC=ICH1

IF (IC.GT.N) IC=1
SEP=ABS(XI1-X{IC))+ABS(YI1-Y{IC))+ABS(ZI1-Z(IC}))
IF (SEP.GT.SLEN) GO TO &

ICON1(I)=-IC :

GO TO 8
SEP=ABS(XI1-X2(IC))+ABS(YI1-Y2(IC))+ABS(ZI1-Z2(IC))
IF (SEP.GT.SLEN) 60 TO 7

ICON1(I)=IC

Go TO 8

CONTINUE

IF (I.LT.N2.AND.ICONt(I).GT.10000) GO TO 8
ICON1({I)=0

DETERMINE CONNECTION DATA FOR END 2 OF SEGMENT.
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85
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
8%
84
85
86
87
88
ags
a0
91
92
93
g4
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
P11
12
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128

10

1

17

18
19

IF (IGND.LT.1) GO TO 12

IF (ZI2.GT.-SLEN) GO TO 10

PRINT 56, I

STOP

IF (ZI2.GT.SLEN) GO TO 12

IF (ICON1(I).NE.I) GO TO 11

PRINT 57, I

STOP

ICON2{I)=I

Z2(I)=0.

GO TO 15

IC=I

DO 14 J=2 N

IC=IC+1

IF {IC.GT.N) IC=1
SEP=ABS(XI2-X(IC))+ABS(YI2-¥(IC))+ABS(ZI2~Z(IC))
IF (SEP.GT.SLEN) GO TO 13

ICON2(I)=IC

GO TO 15
SEP=ABS(XI2-X2(IC))+ABS(YI2-Y2{IC))+ABS(ZI2~Z2({IC))
IF (SEP.GT.SLEN) GO TO 14

ICONZ2{I)=-IC

GO TO 15

CONTINUE

IF (I.LT.N2.AND.ICON2(I).GT.10000) GO TO 15
ICONZ{I)=0

CONTINUE

IF (M.EQ.0) GO TO 26

FIND WIRE-SURFACE CONNECTIONS FOR NEW PATCHES
IX=LD+1-MI

I=M2

IF (I.GT.M) GO TO 20

IX=IX—1

XS=X(IxX)

YS=Y(1IX)

Z5=Z(IX)

DO t8 ISEG=1,N

XIt=xX(ISEG)

YI1=Y(ISEG)

ZI1=Z{ISEG)

XI2=X2({ISEG)

YI2=Y2(ISEG)

2I2=Z2(ISEG)
SLEN=(ABS(XI2-XIt}+ABS(YI2Z~YI1)+ABS(2T12-2I1))*SMIN
FOR FIRST END OF SEGMENT
SEP=ABS(XIt—-XS)+ABS{YI1-YS)+ABS(ZI1-25)

IF (SEP.GT.SLEN) GO TO 17

CONNECTION - DIVIDE PATCH INTO 4 PATCHES AT PRESENT ARRAY LOC.

ICON1T(ISEG)=10000+1I
IC=0

CALL SUBPH (I.IC.XI1.YI®,ZI1,XI2,YI2,Z12,XA,YA,ZA,X$,YS,ZS)

GO-TO 19
SEP=ABS{XI2-XS)+ABS(YI2-YS)+ABS(ZI2-25)
IF (SEP.GT.SLEN) GO TO 18
ICON2(ISEG)=10000+I

IC=0

CALL SUBPH (I.IC.XI1.YI1,ZI1.XIZ,YIZ.ZIZ,XA.YA.ZA.XS.YS.ZS)
GO TO 19

CONTINUE

I=I+1

GO TO 16

REPEAT SEARCH FOR NEW SEGMENTS GONNECTED TO NGF PATCHES.

IF (M1 .EQ.0.0R.N2.GT.N) GO TO 26
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132
133
134
135
136
137
138
139
140
141

142
143
144
145
1486
147
148
149
150
151

152
153
154
155
156
157
158
159
160
161

162
163
164
165
166
167
168
169
170
171

172
173
174
175
176
177
178
179
180
181

182
183
184
185
186
187
188
189
190
191
192

21

22

23

24

25

26

27

28

29

30

31

IX=LD+1

I=1

IF (I.GT.M1) GO TO 25
IX=IX~1

XS=X(IX)

YS=Y(IX)

ZS=Z(1x)

DO 23 ISEG=N2,N

XI1=X{ISEG)

YI1=Y{ISEG)

ZI1=Z(ISEG}

XI2=X2(T1SEG)

YI2=Y2(ISEG)

212=72(ISEG)
SLEN=(ABS({XI2-XI1)+ABS(YI2-YI1)+ABS({ZI2-711))*SMIN
SEP=ABS(XI1-XS)+ABS(YI1-YS)+ABS({ZI1~2S)
IF (SEP.GT.SLEN) GO TO 22
ICONI(ISEG)=10001+M

Ic=1

NPCON=NPCON+1

IPCON(NPCON)=T

CALL SUBPH (I.IC.XI1.YI1.ZI1.XIZ.Y12.ZIZ.XA.YA.ZA.XS.YS.ZS)
GO TO 24
SEP=ABS(XI2-XS)+ABS(YI2-YS)+ABS({ZI2-7S)
IF (SEP.GT.SLEN) GO TO 23
ICON2(ISEG)=10001+M

IC=1

NPCON=NPCON-+1

IPCON{NPCON)=T

CALL SUBPH (I,IC,XI1,¥I1,211 XxT2,YI2,ZI2 XA, YA, ZA XS,YS,ZS)
GO TO 24

CONTINUE

I=T+1

GO TO 21

IF (NPCON.LE.NPMAX) GO TO 26
PRINT 62, NPMAX

STOP

PRINT 58, N,NP,IPSYM

IF {M.GT.0) PRINT 61, M,MP
ISEG=({N+M) /(NP+MP )

IF (ISEG.EQ.1) GO TO 30

IF {IPSYM) 28,27,29

STOP

PRINT 59, ISEG

GO TO 30

IC=ISEG/2

IF (ISEG.EQ.B) IC=3

PRINT 60. IC

IF (N.EQ.0) GC TO 48

PRINT SC

ISEG=0

ADJUST CONNECTED SEG. ENDS TO EXACTLY COINCIDE. PRINT JUNCTIONS

OF 3 OR MORE SEG. ALSO FIND OLD SEG. CONNECTING TO NEW SEG.
DO 44 J=1 N

TEND=-1

JEND=-1

IX=ICON1(J)

IC=1

Jeo(1)=-J

XA=X{J)

YA=Y(J)

ZA=Z(J)

IF (IX.EQ.0) GO TO 43
IF (IX.EQ.J)} GO TO 43
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134
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136
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138
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140
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143
144
145
146
147
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157
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160
161
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193
194
195
i96
19/

198 0

194
200
201

202
203
204
205
2086
207
208
209
210
211

212
213
214
215
216
217
7218
219
220
221

222
223
224
225
226
227
228
229
230
231

232
233
234
235
236
237
238
234
240
241

242
243
244
245
246
247
r4e
249
250
R

152
253
254
255
256

36

37

38

39

40

41
42

45

IF (IX.GT.10000) GO T
MSTLG=D

TF {IX) 33,49 34
IX=~1X

GO TO 35

JEND=-JEND

IF (IX.EQ.J) GO TO 3/
IF (IX.LT.J) GO TO 43
TC=IC+1

IF {IC.GT.JMaX) GO To
JCO{IC)Y=TX*JEND

IF (IX.GT.N!) NSFLG=1
IF (JEND.EO.1) GO TO
XA=XA+X{IX)
YA=YA+Y(IX)
ZA=ZA+Z(IX)
IX=ICON1{IX)

GO TO 32

XA=XA+X2(IX)
YA=YA+Y2({IX)
ZA=ZA+Z2(IX)
TX=TCON2{IX)

GO TO 32

SEpP=IC

AA=XA/SEP

TA=YA/SEP

IA=ZA/SEP

00 39 I=1,IC
IX=JCco(I)

TF (IX.GT.0) GO TO 38
IX=-1IX

C(IX)=XA

Y{IX}=YA

Z{IX)=2ZA

GO TO 39

X2({IX)=XA

Y2(IX)=YA

Z2(IX)=ZA

CONTINUE

IF (N1.€Q.0) GO TO 42
IF (NSFLG.EQ.0) GO 10
80 41 I=1,1C
IX=1ABS{JCO(I))

IF (IX.GT.N1) GO TO 4

IF (ICOMX{IX).NE.O) GO TO 41

NSCON=NSCON+ 1

[f (NSCON.LF . NSMAX) GO TO 40

PRINT 62, NSMAX

STOP

[SCON(NSCON)-IX
LCONX{ I X)}=NSCON
CONTINUE

IF (IC.LT.3) GO TO 43
ISEG=ISEG+1

PRINT S1. TS56G,(JCO(I).I=1,IC)

IF (IEND.EQ.1) GO TO
LEND=1

JEND=1

IX=ICONZ{ 1)

ic=1

Jeo{ =4

XA=X2(J}

TA=Y2( )

FA=Z2(J)

0 43

49

36

42

1

44
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46

47
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49

50
31

52
53
54
55
36
57
58
59
60
61

62

GO 10 3
CONTINUE

TF {1SEG.EQ.0) PRINT 52

[¥ "N1.EQ.0.0R.M1.ELQ.M) GO TO 48
FLND OUD SEGMENTS THAT CONNECT TO NEW PATCHES
DO 47 J=1, N1

IX=TCON1(J)

IF (IX.LT.10000) GO TO 45
IX=IX-10000

IfF (IX.GT.M1) GO TO 48
IX=ICONZ(J)

IF (IX.LT.10000) GO TO 47
IX=IX~-10000

IF (IX.LT.M2) GO TO 47

IF (ICONX(J).NE.Q) GO TO 47
NSCON=NSCON+1

ISCON{NSCON)=J

ICONX(Jd)=NSCON

CONTINUE

CONTINUE

RETURN

PRINT 53, IX

STOP

FORMAT (//.9X,27H— MULTIPLE WIRE JUNCTIONS -,/ 1X ,BHJUNCTION, 4X,36
THSEGMENTS (- FOR END 1, + FOR END 2))

FORMAT (1X,I5,5X,20I5,/,(11X,20I5})

FORMAT (2X, 4HNONE)

FORMAT (47H CONNECT — SEGMENT CONNECTION ERROR FOR SEGMENT, IS)
FORMAT (/,3X,23HGROUND PLANE SPECIFIED.)

FORMAT (/. 3X,46HWHERE WIRE ENDS TOUCH GROUND, CURRENT WILL BE ,38H
TINTERPOLATED TO IMAGE IN GROUND PLANE.,/)

FORMAT (30H GEOMETRY DATA ERROR—— SEGMENT,IS,21H EXTENDS BELOW GRO
1UND)

FORMAT (29H GEOMETRY DATA ERROR——SEGMENT,IS,16H LIES IN GROUND ,6H
1PLANE . )

FORMAT (/,3X,20HTOTAL SEGMENTS USED=,I5,5X,12HNOC. SEG. IN ,17HA SY
IMMETRIC CELL=,I5,5X,14HSYMMETRY FLAG=,I3)

FORMAT {14H STRUCTURE HAS,I4,25H FOLD ROTATIONAL SYMMETRY, /)
FORMAT (14H STRUCTURE HAS,I2,19H PLANES OF SYMMETRY,/)

FORMAT (3X,19HTOTAL PATCHES USED=,I5.6X,32HNO. PATCHES IN A SYMMET
tRIC CELL=,I5)

FORMAT (B2H ERROR ~ NO., NEW SEGMENTS CONNECTED TO N.G.f. SEGMENTSC
tR PATCHES EXCEEDS LIMIT OF,15)

END
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COUPLE
COUPLE

PURPOSE

-

To compute the maximum coupling between pairs of segments,

METHOD

If a coupling calculation has been requested (CP card) subroutine COUPLE
is called each time that the current is computed for a new excitation. The
code from CPLO to CPl2 checks that the excitation is a single applied-field
voltage source on the segment specified in NCTAG and NCSEG. If the excitation
is correct the input admittance and mutual admittances to all other segments
specified in NCTAG and NCSEG are stored in Y1lA and Y12A from CP1l3 to CP22.

When all segments have been excited {ICOUP = NCOUP) the second part of
the code, from CP24 to CP58 is executed to evaluate the equations in Section

V.6 of Part I.

SYMBOL DICTIONARY

C = L (see Part I, Section V.8)
CUR = array of values of current at the centers of segments
DBC = 10 log(GMAX)

GMAX = GMAX

[5Gl = segment number

I5G? = segment number

J1 = index of YLZ in array Y12A
J2 = index of Y21 in array Y12A
K = segment number

RHO = p

WLAM = wavelength

YLL = Yll

iz =Y, + Y,y,0/2

Y22 = Y22

YIN = YIN

YL = YL

LIN = l/‘fIN

ZL = l/YL

—-80-
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SUBROUTINE COUPLE (CUR,WLAM}

COUFLE COMPUTES THE MAXIMUM COUPLING BETWEEN PAIRS OF SEGMENTS.

COMPLEX YH1A.Y12A CUR,Y11,Y12,Y22.¥L,YIN,ZL ,ZIN,RHO,VYQD,VSANT.VQDS
COMMON /YPARM/ NCOUP,TCOUP ,NCTAG{S} ,NCSEG{5).Y11A(5),Y12A(20)
COMMON /VSORC/ vQD(30),VSANT(30),v0DS(30),IVQD{30)},ISANT(30),IaDS(

130),NVOD,NSANT , NQDS

DIMENSION CUR(1)

IF (NSANT.NE.1.OR.NVQD.NE.O) RETURN
J=TSEGNO(NCTAG(ICOUP+1) ,NCSEG(ICOUP+1))
IF (J.NE.ISANT{1)) RETURN
ICOUP=ICOUP+1

ZIN=VSANT(1)

Y11A( ICOUF )Y=CUR{ J ) *WLAM/ZIN
L1=(ICOUP—1)*{NCOUP—1)

DO 1 I=1,NCOUP

IF (I.EQ.ICOUP) GO FO I
K=ISEGNO{NCTAG(I},NCSEG(T))

Li=L1+1

Y12A{L1)}=CUR(K) *WLAM/ZIN
CONTINUE

IF (ICOUP.LT.NCOUP) RETURN
PRINT 6

NPM1=NCOUP-1

DO 5 I=1,NPM!I

ITT1=NCTAG(T)

ITS1=NCSEG(I)
ISGI=ISEGNO(ITTI,ITS1)

L1=TI+1

DO S5 J=L1,NCOUP

ITT2=NCTAG(J)

ITS2=NCSEG({J)
ISG2=ISEGNO{ITT2,ITS2)
JI=J+(I~1)*NPMI -1
J2=I+(J-1)*NPMI

YHI=Yi1A(I)

Y22=Y11A(J)
Y12=.5*(Y12A(J1)+Yi24(J42))
YIN=Y12%Y12

DBC=CABS(YIN)

C=DBC/(2 . *REAL(Y11)*REAL(Y22)}-REAL{YIN))
IF (C.LT.0..OR.C.GT.1.) GO T0 4
IF (C.LT..01) GO TO 2
GMAX={1,~SQRT(1.-C*C})/C

GO TO 3

GMAX=.5*(C+.25%*C*C*C)
RHO=GMAX*CONJG( YIN}/DBC
YL={(1.-RHO)}/(1.+RHO)+1.)*REAL(Y22)-Y22
ZL=1./YL

YIN=Y11-YIN/{Y22+YL)

ZIN=1./YIN

DBC=DB10( GMAX )

PRINT 7, ITT1,ITS1,ISGT,ITT2,1752,]15G2,0BC,ZL,2IN

GO TO 5

PRINT 8, ITT1,ITSI,ISGT,ITT2,ITS2,ISG2.C

CONTINUE

RETURN

FORMAT (///,36X,26H~- - — ISOLATION DATA - - ~,// B6X,24H- — COUPLIN
16 BETWEEN — —,8X,7HMAXIMUM,15X,32H— - — FOR MAXIMUM COUPLING - - =

2,/.,12% . 4HSEG, , 14X, 4HSEG. ,3X,BHCOUPLING, 4X,25HLOAD IMPEDANCE (2ND S
3EG. Y, 7X, 1S5HINPUT IMPEDANCE,/,2X,BHTAG/SEG.,3X ,3HNO. ,4X,8HTAG/SEG. ,
43X ,3HNC . ,6%X,4H(DB) ,8X,4HREAL ,9X,SHIMAG. ,9X,4HREAL ,9X,SHIMAG. )
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65
66
67
68

FORMAT (2(1x.14,1x.14.lx.Is.zx).ra.s.zx.z(zx.m2.5.1x.E12.5))

FORMAT (2{1X%,I4,1%,I4,1X,15,2X}45H**ERROR** COUPLING IS NOT BETWEE CP
1.

TN 0 AND
END

(=.E12.5,1H))
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DATAGN DATAGN

PURPUSE

To read structure input data and set segment and patch data,

METHOD

The main READ statement is at DA35. The READ statement at DA65 is for
the continuation of wire data (GG card following GW), and the READ at DAL33 is
for the continuation of surface patch data (SC following SP or SM).

The first input parameter GM determines the function of the card as

indicated in the following table:

GM GO T@ FUNCTION
GA 8 define wire arc

GC 6 continuation of wire data

GE 29 end of geometry data

GF 27 read NGF file

GM 26 rotate or translate structure
GR 19 rotate about Z axis (symmetry)
GS§ 21 scale structure

GW 3 define straight wire

GX 18 reflect in coordinate planes (symmetry)
sC 10 continuation of patch data

SM 13 define multiple surface patches
sp 9 define surface patch

The functions of the other input parameters depend on the type of data
card and can be determined from the data card descriptions in Part III of this
manual. '

Subroutines are called to perform many of the operations requested by
the data cards. Coding in DATAGN performs other operations, prints
information and checks for input errors. After a GE card is read subroutine
CONECT is called at DA21l to find electrical connections of segments. Segment
and pactch data is printed from DA217 to DA256. Line DA241 tests for segments

"20 _10].)

of zero length (<10 ) or zero radius (<10

-813-



DATAGN
SYMBOL DICTIONARY

Variables have multiple uses which depend on the type of input card
being processed.
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SUBROUTINE DATAGN

DATAGN IS THE MAIN ROUTINE FOR INPUT OF GEOMETRY DaATA.

INTEGER GM,ATST

COMMON /DATA/ LD,N1,N2,N,NP M1, M2,M,MP.X(300).Y(300),7(300),SI(300
1).BI(300).ALP(300) BET(300),ICONT(300).ICON2(300),ITAG(300) , ICONX(

2300) ,WLAM, IPSYM
COMMON /ANGL/ SALP(300)

DIMENSION x2(1). Y2(1), z2(1), T1x(1). T1Y(1), T1z{1), T2x(1), T2y
1(1), T2z(1), ATST(12), IFX(2). IFv{2). IF2(2), CAB(1}, SAB(1), IPT

2(4)

EQUIVALENCE (T1X,SI), (Ti1Y,AL®P), (T1Z,BET), (T2X,ICON1), (T2Y.ICON
12), (72Z,ITAG), (x2,SI), (Y2,ALP). (Z2,BET), (CAB,ALP), (SAB,BET)
DATA ATST/2HGW,2HGX, 2HGR, 2HGS , ZHGE , 2HGM , 2HSP , ZHSM , 2HGF , ZHGA , 2HSC , 2

tHGC/
DATA IFX/1H VHX/. IFY/IH MY/, IFI/1H ,1HZ/

DATA TA/0.01745329252/,TD/57.29577951/,IPT/1HP, THR, 1HT, 1HQ/

IPSYM=0
NWIRE=0
N=0
NP=Q
M=0
MP=0
N1=0
N2=1
M1=0
M2=1
ISCT=0
IPHD=0

READ GECMETRY DATA CARD AND BRANCH TO SECTION FOR OPERATION

REQUESTED

READ (5.42) GM,ITG,NS,XW1, YW1 K ZW1 XW2, YW2,ZW2,RAD
IF (N+M.GT.LD) GO TO 37

IF (GM.EQ.ATST(9)) GO TO 27
IF (IPHD.EQ.1) GO TO 2

PRINT 40

PRINT 41

IPHD=1

IF (GM.EQ.ATST(11)) GO TO 10
ISCT=0

IF (GM.EQ.ATST(1)) GO TO 3
IF {GM.EQ.ATST(2)) GO TO 18
IF (GM.EQ.ATST(3)) GO TO 19
IF (GM.EQ.ATST(4)) 6O TO 21
IF {(GM.EQ.ATST(7)) GO TO 9
IF (GM.EQ.ATST{B)) GO TO 13
IF (GM.EQ.ATST(S5)}) GO TO 29
IF (GM.EQ.ATST(6)) GO TO 26
IF (GM.EQ.ATST(10)) GO TO 8
GO TO 36

GENERATE SEGMENT DATA FOR STRAIGHT WIRE.

NWIRE=NWIRE+!

T1=N+1

I2=N+NS

PRINT 43, NWIRE,XW1, YW1, ZW1 XW2 YW2 ,2W2 RAD,NS,I1,I2,ITG
IF (RAD.EQ.0) GO TO 4

XSi=t.
YSi=t.
Go To 7
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DA
DA
DA
DA
DA
DA
DA
DA
DA
DA
DA
DA
DA
DA
DA
DA
DA
DA
DA
DA
DA
DA

DA
DA
DA
DA
DA
DA
DA
DA
DA
DA

DA
DA
DA
DA
DA
DA
DA
DA
DA
DA
DA
DA
DA
DA
DA
DA
DA
DA
DA
DA
DA
DA
DA
DA
DA
DA
DA
DA
DA
DA

W~ BN W) -

DATAGN



DATAGHN

65 4
66

67 5
68

69 6
70
71
72
73
74
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77
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80
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w00

89
90
91
92
93
94
95
96 10
97
98
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100
101
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104
105
106
107
108
109
110
t11
112
113
114 1t
115
116
117
118
119
120
121
122
123
124 12
125
126
127 C
128 C

READ (5,42) GM,IX,TY,XS1,YS1,ZS1

IF (GM.EQ.ATST(12)) GO TO &

PRINT 48

sTopP

PRINT &1, XS1,YS1,ZS}

IF (YS1.€Q.0.0R.Z51.€Q.0) GO TO 5

RAD=YS1

YS1=(ZSI/YSI)"(}./(NS—I.))

CALL WIRE (XWE.YWI.ZWI.XW2.YW2.ZW2.RAD.XS1.YST.NS.ITG)
GO TO 1

GENERATE SEGMENT DATA FOR WIRE ARC

NWIRE=NWIRE +1
I1=N+1

I2=N+NS - L L -
PRINT 38, NWIRE,XW1,YW1,ZWi XW2,NS,I1,12,.1TG
CALL ARC (ITG,NS,XWI, YW1, ZW1, Xw2)

GO TO 1

GEMNERATE SINGLE NFW PATCH

L1=M+1

NS=NS+1

IF (ITG.NE.Q) GO TO 17

PRINT 51, I1.IPT(NS).XWF,YWI.ZW1.XWZ.YW2,ZW2
IF (NS.EQ.Z.OR.NS.EQ.4) ISCT=1
IF {(NS.GT.1) GO TO 14
XW2=XW2*TA

YW2=YW2*TA

GO TO 186

IF (ISCT.EQ.0Q) GO TO 17

I1=M+1

NS=NS+1

IF (ITG.NE.Q) GO TO 17

IF (NS.NE.Z.AND.NS.NE.4) GO TO 17
XS1=X4

YSi=Y4

IS1=274

X52=X3

¥YS2=Y3

I52=Z3

X3=Xw1

Y3=YW1

Z3=2ZwW1

IF {NS.NE.4) GO TO 11

X4=XW2

Y4=YW2

Z4=ZW2

XW1=X51

YW1=Y351

IWI=ZS1

XW2=X52

YW2=¥52

IW2=252

IF (NS.EQ.4) GO TO 12
XA=XW14+X3-XW2

Y4=YWI4+Y3I-YW2

ZA=IWI1 +73-7W2

PRINT 51, I1,IPT(NS),XWI, YW1l K ZW1 K XW2,6YW2,KZW2
PRINT 39, X3,Y3,23.X4,Y4,74
GO TC 18

GENERATE MULTIPLE-PATCH 3URFACE
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185
186
187
188
189
190
191
192

o
13

22
23

C

IV=M+1

PRINT 59, Il.IPT(Z).XW1.YWI,ZW!.XWZ_YWZ.ZWZ.ITG,NS
IF (ITG.LT.I.OR.NS.LT.1) GO FQ 1/

READ (5,42) GM,IX,IY.X3,Y3,73 X4,Y4,74

IF (NS.NE.Z.AND.ITG.LT.1) GO 10 15

X4=XWI X3 -Xw2

Y4=YWT+Y3-ywW2

ZA4=IW1+Z3-7IW2

PRINT 39, X3,Y3,Z3,X4,Y4, 74

IF (GM.NE.ATST(11)) GO TO 17

CALL PATCH (ITG.NS.XWI,YW!.ZWI,XWZ.YWZ,ZWZ.XS.Y3.23.X4.Y4.Z4)
GO TO 1

PRINT &0

STCP

REFLECT STRUCTURE ALONG X,Y, OR Z AXES OR ROTATE TO FORM CYLINDER.

IY=NS/10

IZ=NS-1v*10

IX=1Y/10

IV=IY-IX*10

IF (IX.NE.O) IX=1

IF (IY.NE.O) Iv=1

IF (IZ.NE.D) Iz=1

PRINT 44, IFX(IX+1),IFY(IY+1),IFZ(IZ+1),1I7C

GO TO 20

PRINT 45, NS,ITG

IX=—1

CALL REFLC (IX,IY,IZ.1TG,NS)
GO TO 1

SCALE STRUCTURE DIMENSIONS BY FACTOR Xwt.

IF (N.LT.N2) GO TO 23
DO 22 I=N2.N
X(I)=X(I)*Xwi
Y(I)=Y(I)*xwi
Z(I)=Z(TI)*xw1
X2(I)=x2(T)*xwi
YZ2{I)=Y2(I)*XwWt
ZZ2{I)=22(1)"xwi
BI{I)=BI(I)*XwI

IF (M.LT.M2) GO TO 25
YW1 =XW1 *XW1

IX=LD+t—M

Iv=LD-M!

DO 24 I=IX,IY
XET=X(I)*xwi
Y{I)=y{T)*xw1
Z(IY=Z(I)*xw1
BI{I)=8I(I)*vwi

PRINT 46, XWi1

GO TO |

MOVE STRUCTURE OR REPRODUCE ORIGINAL STRUCTURE IN NEW POSITIONS.

PRINT 47, ITG,NS,XW1, YW1 ZW1 XW2,6 YW2, K ZW2,RAD
XWI=XW1*Ta

YW1 =YW19TA

IWI=ZWI1*TA

CALL MOVE (XW! YW1 ZW1, XW2,YW2 ZW2  INT{RAD+.5) ,NS,ITG)
G0 10 1
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193 ¢ READ NUMERICAL GREEN'S FUNCTION TAPE DA 193
194 € _ DA 194
19% 27 IF (N+M.EQ.0) GO TO 28 DA 195
196 PRINT 52 DA 198
197 sToP DA 97
198 28 CALL GFIL (ITG) DA 198
189 NPSAV=NP DA 199
200 MPSAV=MP DA 200
201 IPSAV=IPSYM DA 201
202 GO YO | DA 202
203 ¢ DA 203
204 C TERMINATE STRUCTURE GEOMETRY INPUT. DA 204
205 C DA 205
206 29 IX=N1+M1 DA 206
207 IF (IX.EQ.0) GO TO 30 DA 207
208 NP=N DA 208
209 MP =M DA 209
210 IPSYM=0 DA 210
211 30 CALL CONECT (ITG) DA 211
212 IF {(IX.EQ.D0) GO TO 31 DA 212
213 NP=NPSAY DA 213
214 MP=MPSAYV DA 214
215 IPSYM=IPSAV DA 215
216 31 IF (N+M.GT.LD) GO TO 37 DA 216
217 IF {N.EQ.0) GO TO 33 DA 217
218 PRINT §3 Da 218
219 PRINT 54 DA 219
220 DO 32 I=1,N ' DA 220
221 XW1=X2(TI)-x{I)} DA 221
222 YW1=Y2(I}-Y(I) DA 222
223 IW1=Z2(1)-Z(I) DA 223
224 X(I)=(X{I)+X2(I))*.5 DA 224
225 Y(E)=(Y{I)+Y2(TI))}*.5 DA 225
226 Z(I)=(Z(I)+z2(1))*.5 DA 226
227 XW2=XWI* XW1+YWT* YW1 +ZW1 * ZW1 DA 227
228 YW2=SQRT(xw2) DA 228
229 YW2=( XW2Z/YWZ+YW2)* .5 DA 229
230 SI{I)=Yw2 0A 230
231 CAB(I)=xw1/Yw2 DA 231
232 SAB(I)=YWt/YW2 DA 232
233 XW2Z=ZW1 /Yw2 DA 233
234 IF (XW2.G6T.1.) Xw2=1. DA 234
235 IF {(XW2.LT.~1.) XWw2=—1, DA 235
236 SALP(I)=xw2 DA 236
237 XW2=ASIN(XW2)*TD DA 237
238 YWZ=ATGN2( YW1 ,XW1)*TD DA 238
239 PRINT 55, I.X(I).Y(I).Z(I).SI(I).XW2.YW2.BI(I).ICONT(I).I.ICONZ(I) DA 239
240 1.ITAG(I) DA 240
241 If (SI(I).GT.I.E—20.AND.BI(I).GF.1.E—101) GO TO 32 DA 241
242 PRINT 56 DA 242
243 sTOP DA 243
244 32 CONTINUE DA 244
245 33 IF {M.EQ.0) GO TO 35 DA 245
246 PRINT 57 DA 248
247 J=LD+1 DA 247
248 DO 34 I=t.M DA 748
249 J=J-1 DA 249
250 xw1=(ITY(J)'TZZ(J)»le(J)-IZY(J))-SALP(J) DA 250
251 YW1=(T1Z(J)'TZX(J)MTTX(J)'TZZ(J))‘SALP(J) DA 251
252 ZW1=(T1X(J)'T2Y(J)—T1Y(J)‘TZX(J))'SALP(J) DA 252
253 PRINT 58, I.X(J),Y(J).Z(J),XWI,YW!.ZWt.BI(J),T1X(J).T1Y(J).T1Z(J), DA 253
254 1T2X(Jd),12Y(4),T2Z() DA 254
255 34 CONTINUE DA 255
256 35 RETURN DA 256
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257
258
259
260
261

262
263
264
265
266
267
268
269
270
271

272
273
274
275
276
277
278
279
280
281

282
283
284
285
2846
287
288
289
290
291

292
293
294
295
296
297
298
299
300
k1e)}
302
303
304
305
306
307

36

37

38

39

40

41

42
43
44

45

46
47

48
49

50

51
52
53

5S4

55
56
57

58
59

60
61

PRINT 48

PRINT 49, GM.ITG.NS,XW1.YW1.ZW1.XW2.YW2.ZW2.RAD
STOP

PRINT 50

STOP

FORMAT (1X,I5,2X,12HARC RADIUS =,F9.5,2X,4HFROM,FB.3,3H TO,F8.3 8H
! DEGREES, 11X, F11.5,2X.15,4X,15,1X,15,3X,15)

FORMAT (BX,3F11.5,1X,3F11.5)

FORMAT (////.33X,35H— — — STRUCTURE SPECIFICATION - — -.//.37X,28H
VCOORDINATES MUST BE INPUT IN./, 37X,29HMETERS OR BE SCALED TO METER
25./.37X,31HBEFORE STRUCTURE INPUT IS ENDED, //)

FORMAT (2X,4HWIRE,79X,6HNO. OF ,4X ,SHFIRST, 2X,4HLAST,5X, 3HTAG, /, 2X,
13HNG. , BX, 2HX1,9X, 2HY1,9X, 2HZ1, 10X, 2HX2,9X,2HY2 89X, 2HZ2 , 6X , BHRADIUS
2,3X,4HSEG. ,5X,4HSEG. ,3X,4HSEG. ,5X, 3HNQ. )

FORMAT (A2,I3,I5,7F10.5)

FORMAT (1x.15.3F11.5.tx.4F11.5.2x.15.4x,15.1x.15.3x,I5)

FORMAT (6X,34HSTRUCTURE REFLECTED ALONG THE AXES ,3(1X A1) ,22H. Ta
1GS INCREMENTED BY,IS)

FORMAT (6X,30HSTRUCTURE ROTATED ABOUT Z-AXIS,I3 30H TIMES. LABLES
1 INCREMENTED B8Y,I5)

FORMAT (6X,2BHSTRUCTURE SCALED BY FACTOR,F10.5)

FORMAT (6X,49HTHE STRUCTURE HAS BEEN MOVED, MOVE DATA CARD IS -/6X
1,13,1I5,7F10.5)

FORMAT (25H GEOMETRY DATA CARD ERROR)

FORMAT (1x,A2,I3,15,7F10.5)

FORMAT (69H NUMBER OF WIRE SEGMENTS AND SURFACE PATCHES EXCEEDS DI
tMENSTION LIMIT.)

FORMAT (1X,I5,A1,F10.5,2F11.5,1%,3F11.5)

FORMAT (44H ERROR — GF MUST BE FIRST GEOMETRY DATA CARD)

FORMAT (////33% .33H- — - — SEGMENTATION DATA — — - —,//,40X,21HCOO
TROINATES IN METERS,//,25X,50HI+ AND I— INDICATE THE SEGMENTS BEFOR
2E AND AFTER I,//)

FORMAT (2X,4HSEG.,3X,26HCOORDINATES OF SEG. CENTER,5X,4HSEG.,5X,18
THORIEMTATION ANGLES, 4X, 4HWIRE,4X,1SHCONNECTION DATA,3X,3HTAG,/,2X,
23HNO . ,7X, THX, 9%, THY ,9X, 1HZ, 7X ,6HLENGTH, 5X, SHALPHA , 5%, 4HBETA, 6X, 6HR
3ADIUS, 4X . 2ZHI~,3X,1HI,4X ,2HI+, 4%, 3HNO. )

FORMAT (1X,I5,4F10.5,1X,3F10.5,1X,315,2X,15)

FORMAT (19H SEGMENT DATA ERROR)

FORMAT (////.44%,30H- — - SURFACE PATCH DATA -~ - —,//,49%,21HCOORD
TINATES IN METERS,//,1X,S5HPATCH,5X,22HCOORD. OF PATCH CENTER,7X.18H
ZUNIT NORMAL VECTOR,BX,SHPATCH,12X,34HCOMPONENTS OF UNIT TANGENT VE
3CTORS, /., 2X,3HNO. ,6X, THX 9%, tHY 9%, 1HZ ,8X, THX, 7X, 1HY ,7X, 1HZ ,7X, 4HAR
AEA, X 2ZHX 1, 6X, 2HY1, 86X, 2HZ1 7%, 2HX2,6X, 2HY2,6X,2HZ2)

FORMAT (1X,14,3F10.5,1X,3F8.4,F10.5,1X,3F8.4,1X,3F8.4)

FORMAT (1X,I5,A1,F10.5,2F11.5,1X,3F11.5,5X,9HSURFACE ~,TI4,3H BY,I3
1,8H PATCHES)

FORMAT (17H PATCH DATA ERROR)

FORMAT (9X,43HABOVE WIRE IS TAPERED. SEG. LENGTH RATIO =,F9.5,/,3
13X, 1 {THRADIUS FROM,F9.5,3H TO,F9.5)

END
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JB10

DB10

PURPOSI.

To convert an input magnitude quantity (field) or magnitude squared

quantity {power)} into decibels.

METHOD

For a squared quantity, the decibel conversion is

2

2 .
Qp =10 10810 QT (@ tnpur)

and for an unsquared quantity,

de = 20 log10 qQ .

DB10 is used for the squared quantity while the entry DB20 1is used for

the quantity which is not squared.

SYMBOL DICTIONARY

ALOG10 = external routine (log to the base 10)
DB10 = de
F = scaling term
X = input quantity
CONSTANT

-999.99 = returned for an input less than 10_20

CODE LISTING

1 FUNCTION DB10 (X) [+]: I
2 ¢ 08 2
3¢ FUNCTION DB--~ RETURNS DB FOR MAGNITUDE (FIELD) OR MAG**2 (POWER) I DB 3
ac DB 4
5 F=10. DB 5
6 GO TO 1 DB 6
7 ENTRY DB20 pB 7
8 F=20. _ pE B
9 1 IF (X.LT.1.E-20) GO TO 2 DB 9
10 DB1O=F*ALOG1O(X) pa 10
11 RETURN 0B 11
12 2 DB10=-999.99 DB 12
13 RETURN b8 13
14 END 0B 14—
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EFLD

PURPOSE
To compute the near electric field due to constant, sine, and cosine

current distributions on a segment in free space or over ground.

METHOD

The electric field is computed at the point XTI, YI, ZI due to the
segment defined by parameters in COMMON/DATAJ/. Either the thin wire or
¢xtended thin wire formulas may be used. When a ground is present, the code
is executed twice in a loop. 1In the second pass, the field of the image of
the segment is computed, multiplied by the reflection coefficients, and added
to the direct field. The reflection coefficients for the reflected ray from
the center of the source segment are used for the entire segment.

The field is evaluated in a cylindrical coordinate system with the
gource segment at the origin, along the z axis. The p coordinate of the
field evaluation point is computed for the surface of the observation segment
as

p' = (p% + 2H2,
where p is the distance from the axis of the source segment to (XI, YI, ZI)
and a is the radius of the observation segment. The field is computed in p

and z components as
o= it
E = Ep(p/p )+ Ezi .

Use of p' avoids a singularity when (XI, YI, ZI) is the center of the source
segment. In the addition of field components, p/p' is used rather than

P, since Ep is the field in the direction P' Lo one side of the

observation segment.

Wwhen the Sommerfeld/Norton option is used for an antenna over ground the
electric field at r due to the current on a segment 1is evaluated in three

terins as
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I
E(r) = Ey(r) + ———

7
K+ ky

3

EI(E) * S(E)

[NE1 N SR N

ED is the direct field of the segment in the absence of ground, and EI is
the field of the image of the segment reflected in a perfectly conducting

ground. These field comonents are evaluated in EFLD between EF1Y and EF150.
2 2 . . . .
The factor (kL - k;)/(kl + kg) 1s contained in the variable FRATI.

The field ES, due to the Sommerfeld integrals is evaluated from EFLS55
to EF227. 1If the separation of the observation point and the center of the
source segment is less than one wavelength, subroutine ROM2 is called at EF191
to integrate over the segment. ODMIN is set to the magnitude of the first two
terms in E divided by 100 as a lower limit on the denominator of the relative
error test in the numerical integration. This relaxes the relative accuracy
requirement when ES is small compared to the first two terms.

If the separation of the source segment and observation point is greater
than a wavelength, SFLDS is called at EFL97 to evaluate ES by the Norton
approximation.

To compute ES with the thin wire approximation applied in a manner
consistent with that for EI: the field is evaluated at a point displaced
normal to the image of the source segment and normal to the separation R. If
the direction of the image of the source segment is ] the displacement is D

where

D = :aa for z «d * ¢
d = (] x R)/i] x Ri
a = rvadius of observation segment

This displaced observation point (X0, YO, Z0O) is computed from EF166 to
EFl8l. Some of the complexity is needed Lo make the result independent of

orientation of segments relative to the coordinate axes.
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To adjust the p component of field for the factor Ip/p'l the

field E' is computed as

E' = FE + (1 - F)(E . )]

2 2 1/2

“where F = [p2/(p? + ad)]

p? = 1112

-® - Pt
This is done from EF204 to EF218 but is skipped if F (DMIN) is greater than
0.95.

CODING
EF23 Loop over direct and image fields.
EF29
EF33 - EF40 Components of p/p' computed.

EF31 Components of p.

EF46 - EF62 Electric field of the segment computed by infinitesimal

dipole approximation.

EF68 Field computed by thin wire approximation.

EF70Q Field computed by extended thin wire approximation.
EF72 - EF80 Field converted to x, y, and z components.

EF89 - EF1l11 Reflection coefficients computed.

EF112 - EF129 1Image fields modified by reflection coefficients.
EF130 - EF138 Reflected fields added to direct fields.

SYMBOL DICTIONARY
Al = radius of segment on which field is evaluated
CTH = cos 0; 0 = angle from axis of infinitesimal dipole or angle

between the reflecting ray and vertical

EGND = components of Eg (see EQUIVALENCE statement)

EPX = x and y components of (E . ;); (see PX)

EPY

ETA = n= (/)2

1J = IJX = flag to indicate field evaluation point is on the
source segment (IJ = 0)

PI =T
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PX
PY

REFPS
REFS
RFL
RH
RHOSPC

RHOX
R HOY
RHOZ
RMAG
SALPR

SHAF
TERC]
TERS
TERK |
TEZC]
TEZS
TBZK|
TP
TXC
TYC
TZC
XS
™S
TS
TXK
TYK
TZK
xrl

YI
at

* and y components of uait vector normal to the plane of
incidence of the reflected wave {(p)

distance from field evaluation point to rhe center of the
Source segment

reflection coefficient for a horizontally polarized field
reflection coefficient for 4 vertically polarized field

+1 for direct field, -1 for reflected field

pt

distance from coordinate origin to the point where the ray
from the source to (XI, YI, ZI) reflects from the ground

X, ¥, and 2z components of p or p/p' or I xR

2TR or R or dipole moment for sin ks current

Z component of unit vector in the direction of the source
segment or its image

half of segment length

P component of field due to cos ks, sin ks,

and constaat currents, respectively

z component of field due to cos ks, sin ks, and

constant current, respectively

2w

X, ¥, and z components of field due to cos ks,

sia ks, and constant current

X, ¥, 2z coordinates of field evaluation point
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X1J = components of distance from source to observation

YILJ point

VAN

X0 ’

YO = coordinates of field evaluation point for Eg

40

XSPEC = %, y coordinates of ground plane reflection point

YSPEC

XYMAG = horizontal distance from center of source segment to
observation point

Zp = projection of the vector from the source segment (X1, YI, 21)
onto the axis of the source segment

ZRATX = temporary storage for ZRATTL

ZRSIN = (1 - Z: sin2 6)1/2 for ground

ZSCRN = quantity used in computing reflection coefficient for radial
wire ground screen

CONSTANT

3.141592654 =1

376.73 = n = /e,

6.283185308 = 2n
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64 3

SUBROUTINE EFLD«(XI.YI.ZI.AI.IJ)

COMPUTE NEAR E FIELDS OF A SEGMENT WITH SINE, COSINE, AND

CONSTANT CURRENTS. GROUND EFFECT INCLUDED.

COMPLEX TXK.TYK.TZK.TXS.TYS.TZS.TXC.TYC,TZC.EXK.EYK.EZK.EXS.EYS.EZ
TS,EXC.EYC.EZC.EPX.EPY.ZRATI.REFS.REFPS.ZRSIN.ZRATX.Tl,ZSCRN,ZRATIZ

2.TEZS.TERS.TEZC.TERC.TEZK.TERK.EGND.FRATI

COMMON /DATAJ/ S.B,XJ.YJ.ZJ.CABJ.SABJ.SALPJ,EXK,EYK,EZK.EXS.EYS.EZ

1S.EXC,EYC.EZC.RKH.IEXK.IND1.INDZ,IPGND

COMMON /GND/ ZRATI.ZRATIZ,FRATI,CL.CH.SCRWL.SCRWR.NRADL.KSYMP.IFAR

1,IPERF,T1,72
COMMON /INCOM/ XO,Y0,Z0,SN,XSN, YSN, ISNOR
DIMENSION EGND(9)

EQUIVALENCE (EGND(1),TXK). (EGND(2),TYk), (EGND(3),TZK)., (EGND(4),
1TXS), (EGND(S),TYS), (EGND(6),TZS), {EGND(7),TxC), (EGND(8),TYC),

2(EGND(%).TZC)

DATA ETA/376.73/.P1/3.141592654/.TP/6.283155308/
XIJ=XI-X!

YId=YI-YJ

TJUX=IJ

RFL=—1.

DO 12 IP=1,KSYMP

If (IP.EQG.2) IJx=1

RFL=-RFL

SALPR=SALPJ*RFL

ZI¥=ZI-RFL*ZJ
ZP=XIJ*CABJ+YIJ*SABJ+ZIJ*SALPR
RHOX=XIJ-CABJ*ZP
RHOY=YIJ-SABJ*ZP
RHOZ=ZIJ-SALPR*ZP
RH=SORT(RHOX’RHOX+RHOY‘RHOY+RHOZ‘RHOZ+AI'AI)
IF (RH.GT.t E-10) GO TO 1
RHOX=0.

RHOY=0.

RHOZ=0.

GO TO 2

RHOX=RHOX /RH

RHOY=RROY /RH

"RHOZ=RHOZ /RH
R=SQRT(ZP*ZP+RH*RH)

IF (R.LT.RKH) GO TO 3

LUMPED CURRENT ELEMENT APPROX. FOR LARGE SEPARATIONS

RMAG=TP*R
CTH=ZP/R

PX=RH/R

TXK=CMPLX (COS (RMAG) , ~SIN(RMAG))

PY=TP*R*R

TYK=ETA*CTH* TXK*CMPLX(1..-1 . /RMAG) /PY
TZK=ETA*PX*TXK*CMPLX (1. ,RMAG~1./RMAG)/(2.%PY)
TEZK=TYK*CTH-TZK*PX

TERK=TYK*PX+TZK*CTH

RMAG=SIN(PI*S)/PI

TEZC=TEZK*RMAG

TERC=TERK*RMAG

TEZK=TEZK*S

TERK=TERK*S

TXS=(0.,0.)
TYS=(0.,0.}
TZS=(0..0.)
GO TO 6

IF (IEXK.EQ.1) GO TO 4
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EKSC FOR THIN WIRE APPROX. OR EKSCX FOR EXTENDED T.w. APPROX.

CaLL EKSC (S.ZP.RH.TP.IJX.TEZS.TERS.TEZC.TERC.TEZK.TERK)

GO TOo 5

CALL EKSCX (B,S,ZP,RH,TP,I.x,IND1

1RK)
TXS=TEZS*CABJ+TERS*RHOX
TYS=TEZS*SABJ+TERS*RHOY
TZS=TEZS*SALPR+TERS *RHOZ
TXK=TEZK*CABJ+TERK®RHOX
TYK=TEZK*SABJ+TERK*RHOY
TZK=TEZK*SALPR+TERK*RHDZ
TXC=TEZC*CABJ+TERC*RHOX
TYC=TEZC*SABJ+TERC*RHOY
TZC=TEZC*SALPR+TERC*RHOZ
IF {IP.NE.2) GO TO 11

IF (IPERF.GT.0) GO TO 10
ZRATX=ZRATI

RMAG=R

XYMAG=SQRT(XTJ*XIJ+YIJ*YIJ)

,INDZ.TEZS.TERS.TEZC.TERC,TEZK.TE

SET PARAMETERS fOR RADIAL WIRE GROUND SCREEN.

IF (NRADL.EQ.0) GO TO 7

XSPEC=(XI*ZJ+ZI*XJ)/(Z2I+2))
YSPEC=(YI*ZJ+ZI*YJ)}/(ZI+ZJ)
RHOSPC=SQRT(XSPEC*XSPEC+YSPEC*YSPEC+T2*T2)
IF (RHOSPC.GT.SCRWL) GO TO 7

ZSCRN=T1*RHOSPC*ALOG({RHOSPC/T2)

ZRATX=(ZSCRN*ZRATT)/(ETA*ZRATI+ZSCRN)
IF (XYMAG.GT.t.E-8) GO TO 8

CALCULATION OF REFLECTION COEFFICIENTS WHEN GROUND IS SPECIFIED.

PX=0Q,

PY=0.

CTH=1.
ZRSIN=(1.,0.)
GO TO 9
PX==YIJ/XYMAG
PY=XTJ/XYMAG
CTH=21J/RMAG

ZRSIN=CSQRT(1.-ZRATX*ZRATX®*(1.~CTH*CTH))
REFS=(CTH-ZRATX‘ZRSIN)/(CTH+ZRATX‘ZRSIN)
REFPS=~(ZRATX*CTH-ZRSIN)/(ZRATX*CTH+ZRSIN)

REFPS=REFPS-REFS
EPY=PX*TXK+PY*TYK
EPX=PX*ELPY

EPY=PY*EPY
TXK=REFS*TXK+REFPS*EPX
TYK=REFS*TYK+REFPS*EPY
TZK=REFS*TZK
EPY=PX*TXS+PY*TYS
EPX=PX*EPY

EPY=PY*EPY
TXS=REFS*TXS+REFPS*EPX
TYS=REFS*TYS+REFPS*EPY
TZS=REFS*TZS
EPY=PX*TXC+PY*TYC
EPX=PX*EPY

EPY=PY*EPY
TXC=REFS*TXC+REFPS*EPX
TYC=REFS*TYC+REFPS*EPY
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- 000

s e N ¢

TZC=REFS*TZC
EXK=EXK~TXK*FRATI
EYK=EYK-TYK*FRATI
EZK=EZK~TZK*FRATI
EXS=EXS~TXS*FRATI
EYS=EYS—-TYS*FRATI
EZS=EZS-TZS*FRATI
EXC=EXC-TXC*FRATI
EYC=EYC-TYC*FRATI
EZC=SEZC-TZC*FRATI
GO TG 12

EXK=TXK

EYK=TYK

EZK=TZK

EXS=TXS

EYS=TYS

EZS=TZIS

EXC=TXC

EYC=TYC

EZC=TZC

CONTINUE

IF (IPERF.EQ.2) GO TO 13
RETURN

FIELD DUE TO GROUND USING SOMMERF EL.D/NORTON

SN=SORT(CABJ'CA8J+SABJ‘SABJ)
IF (SN.LT.1.E-5) GO TO 14
XSN=CABJ /SN

YSN=SABJ/SN

GO TO 15

SN=0,

XSN=1.

YSN=OC.

DISPLACE OBSERVATION POINT FOR THIN WIRE APPROXIMATION

ZIJ=2I+ZJ
SALPR=—-SALPJ
RHOX=SABJ*ZI)-SALPR*YI.
RHOY=SALPR*XIJ—CABJ*ZIJ
RHOZ=CABJ*YIJ-SABJ*XIJ
RH=RHOX * RHOX+RHOY *RHOY+RHOZ * RHOZ
IF (RH.GT.}.E-10) GO TO 16
XO=XI~AL*YSN

YO=YI+AI*XSN

70=71

GO TO 17

RH=AI/SQRT(RH) ‘

IF (RHOZ.LT.D.} RH=-RH
XO=XI+RH*RHOX
YO=YT+RH*RHOY
ZO=ZT+RH*RHOZ
R=XTJ*XTIJ+YIJ*YIJ+ZTJ*ZIJ
IF (R.GT..95) GO TO 18

FIELD FROM INTERPOLATION IS INTEGRATED OVER SEGMENT
ISNOR=1

DMIN:EXK‘CONJG(EXK)+EYK‘CONJG(EYK)+EZK'CONJG(EZK)
DMIN=.01*SQRT(DMIN)

SHAF=.5*S
CALL ROM2 (—SHAF,SHAF,EGND,DMIN)
GO 70 19
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C
c
C
18

19

20

22

NORTON FIELD EQUATIONS AND LUMPED CURRENT ELEMENT APPROXIMATION

ISNOR=2

CALL SFLDS (0..EGND)

GO TO 22
ZP=XIJ*CABJ+YIJ*SABJ+ZIJ*SALFR
RH=R-ZP*ZP

IF (RH.GT.1.E-10) GO TO 20
DMIN=0,

GO TO 21
DMIN=SQRT{RH/(RH+AI*AL))

IF (DMIN.GT..95) 6O TO 22
PX=1.-DMIN

TERK=( TXK*CABJ+TYK*SABJ+TZK*SALPR)*PX
TXK=DMIN®* TXK+TERK*CAB
TYK=DMIN*TYK+TERK*SABJ
TZK=DMIN*TZK+TERK*SALPR

TERS=( TXS*CABJ+TYS*SABJ+TZS*SALPR)*PX
TXS=DMIN* TXS+TERS*CABJ
TYS=DMIN*TYS+TERS*SABJ
TZS=DMIN®*TZS+TERS*SALPR

TERC=( TXC*CABJ+TYC*SABJ+TZC*SALPR) *PX
TXC=DMIN* TXC+TERC*CAB
TYC=DMIN® TYC+TERC*SAB J
TZC=DMIN*TZC+TERC*SALPR
EXK=EXK+TXK

EYK=EYK+TYK

EZK=EZK+TZK

EXS=EXS+TXS

EYS=EYS+TYS

EZS=EZS+TZS

EXC=EXC+TXC

EYC=EYC+TYC

£2C=E£ZC+TZC

RETURN

£ND

~99-

EF
EF
EF
EF
EF
EF
EF
EF
EF
EF
EF
£F
EF
EF
EF
EF
EF
EF
EF
EF
EF
EF
EF
EF
EF
EF
EF
EF
EF
EF
EF
EF
EF
EF
EF
EF
EF

EFLD

193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229



EKSC

EKSC

PURPOSE

To compute the electric field due to current filaments with sin kz,

cos kz and constant distributions.

METHOD

Equations T1 through 7L in Part I are used. The current filament is

located at the origin of a cylindrical coordinate system, oriented along the

z axis, and extending from -A/2 to A/2. The field is computed in p and z

components.

SYMBOL DICTIONARY

CINT

CON
CS
ERS
EZS
ERC
EZC
ERK
EZK
GP1 !
GP2 f
Gz1
GZ2
GZPll
GZPZI
1J

RH
RHK
RKB2

SH
SHK

A/2
j cos (kr)/r dz
-0/2
CONX = jﬂ/(Bﬂz), n = /uoleo
cos (kA/2)

p and z components of field due to sin kz, cos kz, and
constant (S5, C, K, respectively) current distributions

extending from z = -A/2 to z = A/2

-(1 + jkr) Go/r2 for z = -A/2 and A/2, respectively, where
G0 = exp(-jkr)/r

G, for z = ~A/2 and A/2, respectively

BGO/BZ at EKZ21, EK22 and 3G0/3p at EK28, EKZ9 for

z = -A/2 and A/2, respectively

IJX = 0 to indicate that the field point is on the source
segment

P coordinate of field point

kp (k= 2n/Xx, X = 1)

(ko)

A

a/2

kA/2
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SINT

58
XK
Z
Z1
22
ZPK

CONSTANT
4.7713

CODE LISTING

(7B BV - NS IS O & R

AJ2
j sin (kr)/r dz
-A/2

= sin (ki/2)
=k = 2u/A,.where X\ =1

= z coordinate of field point
= ~-A/2 - Z

= A2 - 2

= kz

41189 = n/(87°)

SUBROUTINE EKSC (S.Z.RH.XK.IJ.EZS.ERS.EZC.ERC.EZK,ERK)

COMPUTE E FIELD OF SINE, COSINE, AND CONSTANT CURRENT FILAMENTS BY

THIN WIRE APPROXIMATION.

COMPLEX CON.GZ1,6Z2,GP1,GP2,GZP1,GZP2,EZS,ERS,EZC,ERC,EZK, ERK

COMMON /TMI/ ZPK,RKB2,IJX

DIMENSION CONX(2)

EQUIVALENCE (CONX,CON)

DATA CONX/0.,4.771341189/

IJX=I

ZPK=XK*2Z

RHK=XK*RH

RKB2=RHK*RHK

SH=.5*S

SHK=XK*SH

SS=SIN(SHK)

CS=COS{SHK)

Z2=5H-2

Z1=—(SH+7Z)

CALL GX (Z1,RM.XK.GZ1,GP1)

CALL GX (Z2,RH,XK,GZ2,GP2)

GZP1=GP1*Z1

GZP2=GP2*Z2
EZS=CON*((GZ2-GZ1)}*CS*XK~(GZP2+GZP1)*SS)
EZC=-CON* ( (GZ2+GZ1)*SS*XK+(GZP2-GZP1)*CS)
ERK=CON*(GP2-GP1)*RH

CALL INTX (-SHK.SHK,RHK,IJ,CINT,SINT)
EZK=—CON* (GZP2~GIP1+XK*XK*CMPLX{CINT ,-SINT))
GZP1=GZP1+21

GIP2=GZP2+2Z2

IF (RH.LT.1.E-10) GO TO 1
ERS:—CONo((62P2+Gzpt+czz+cz|)°ss~(zz-czz—2t'cz1)-cs-xx)/RH
ERC=-COMN*( (GZP2-GZPT1+GZ2--G71)*CS+(Z2*GZ2+Z1*GZ1)*SS*XK) /RH
RETURN

ERS=(0.,0.)

ERC=(0.,0.)

RETURN

END
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EKSCX

ERSCX

PURPOSE
To compute the electric field due to current distributions of sin kaz,

cos kz, and constant on the surface of a cylinder by the extended thin wire

approximation.

METHOD

Equations 84 through 87 in Part I are used. The current tube is
centered on the origin of a cylindrical coordinate system, oriented along the
z axis and extending from -A/2 to A/2. The field is computed in p and =z
components.

If INX1 = 2, the field contributions from end 1 of the segment
(z = -A/2) are evaluated by the thin wire approximation for a current
filament on the cylinder axis., INX2 has the same meaning for end 2 of the
segment (z = A/2). The thin-wire approximation is used at an end when there
ls a bend or change in radius from that end to the next segment.

When the p coordinate of the field point (RHX) is less than the radius
of the current tube (BX), then RHX and BX are interchanged and a flag, IRA,
is set to 1 to cause alternate forms for Gl and its derivatives to be used

in routine GXX.

SYMBOL DICTIONARY

a2 = B?

B = radius of the current tube
BK = kB, where k = 2n/A, A =1
BK2 = (BK)2/4

BX = radius of‘the current tube

A2
jﬂ cos (kr)/r dz

CINT =
-A/2
CON = CONX = jﬂ/(Sﬂz), where n = /ES?EE
CS = cos (kA/2)
ERS
?ZS = £ and z cemponents of field due te sin kz, cos kz, and
;;g constant (S, C, K, respectively) current distributions
ERK extending from z = -A/2 to =z = Af2.
EZK |
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CR1
= Gz for z = -A/2 and A/2, respectively

GR2
G

L | 3, /ap
GRK2 | :
GRPL - 3G,/ 0z
GRP2
GZ1 - Gl
G22
CZP1| _ 3G, /32"
GZP2
L[ < a6 /920
GZ22
1J = 1JX = 0 to indicate that the field point is on the source

segment
INXL [ = 2 to use the thin wire form at end 1 or end 2,
1NX2 respectively
IRA = 1 to indicate RHX < BX
RH = p coordinate of the field point or wire radius
RHK = k(RH)
RHX = p coordinate of the field point
RKB2 = (RHK)Z
5 = A
SH = A/2
SHK = kA/2
Al2 ‘
SINT = [ sin (kr)/r d=z
—h/2
35 = sin (kA/2)
XK =k =2n/A, A =1
VA = z coordinate of field point
Z1 = =Af2 - =z
zZ2 = A2 - z
ZPK = kz
CONSTANT

4.77134118 = n/(81%)
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COMPUTE E FIELD OF SINE, COSINE. AND CONSTANT CURRENT FILAMENTS BY

EXTENDED THIN WIRE APPROXIMATION.

COMPLEX CON.GZI.GZZ.GZFI.GZPZ.GR1.GRZ.GRP1.GRPZ,EZS.EZC.ERS.ERCJGR

1K1 ,GRK2 ,EZK ,ERK,GZZ1,6Z22

COMMON /TMI/ ZPK,RKB2,IJX

DIMENSION CONX{2)

EQUIVALENCE (CONX,CON)

DATA CONX/0.,4.771341189/

IF (RHX.LT.BX) GO TO 1

RH=RHX

B=BX

IRA=0

GO TO 2

RH=BX

B=RHX

IRA=1

SH=.5*S

TJx=IJ

IPK=XK*Z

RHK=XK*RH

RKB2=RHK*RHK

SHK=XK*SH

SS=STIN(SHK)

CS=COS{ SHK)

Z2=SH-Z

Z1=—(SH+Z)

A2=8B+B

IF (INX1.EQ.2) GO TO 3

CALL GXX (Z1,RH,B,A2,XK,IRA,GZ1,GZP1,GR1,GRP1,GRK1,GZZ1)
GO TO 4

CALL GX (Z1,RHX,XK,GZ1,GRK1)
GZP1=GRK1*Z1

GR1=GZ1/RHX °

GRP1=GZP1 /RHX

GRK1=GRK1*RHX

GZZ1={0.,0.)}

IF (INX2.EQ.2) GO TO 5

CALL GXX (Z2,RH,B,A2,XK,IRA,GZ2,GZP2,GR2,GRP2,GRK2,GZZ2)
GO TO 6

CALL GX {Z2,RHX,XK,GZ2,GRK2)
GZP2=GRK2+Z2

GR2=GZ2/RHX .

GRP2=GZP2/RHX

GRK2=GRK2 * RMX

62z2=(0.,0.)
£Z5=CON*{{GZ2-GZ1)*CS*XK—-(GZP2+GZP1)*SS)
EZC=~CON*{ (GZ2+GZ1)*SS*XK+{GZP2-GIP1)*CS)
ERS=—CON*( (Z2*GRP2+Z1°GRP1+GR2Z+GR1)*SS—(Z2*GR2Z-Z1°GR1)*CS*XK)
ERC=—CON*({Z2*GRP2-Z1*GRP1+GR2-GR1)*CS+{Z2*GR2+Z1*GR1)*S5*XK)
ERK=CON*(GRK2-GRK1)

CALL INTX (=SHK,SHK,RHK,IJ),CINT,SINT}
BK=B*XK

BK2=BK*BK* 25

EZK=—CON*(GZP2-GZP 1 +XK*XK*(t.-BK2)*CMPLX(CINT ,-SINT}-BK2*(G2Z2-GZ2

1))
RETURN

END
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ENF
ENF

PURPOSE

To check for an end of Ffile.

METHOD

ENF uses the standard Fortran end-of-file test and returns the logical
values ,TRUE. or .FALSE. This separate function is used for convenience in
adapting the code to particular computers, since the Fortran end-of-file test
statements often differ between computers. The form of ENF here is for CDC

computers,

SYMBOL DICTIONARY
ENF = logical value: .TRUE. if end of file was encountered; .FALSE.
otherwise

- NUNIT = logical unit number

CODE LISTING

1 LOGICAL FUNCTION ENF(NUNIT) EN 1
2 IF (EOF ,NUNIT) 1,2 EN 2
31 ENF=, TRUE. EN 3
4 RETURN EN 4
5 2 ENF=.FALSE. EN 5
6 RETURN EN ]
7 END EN 7-
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ETMNS

PURPOSE

To fill the array representing the right-hand side of the matrik

equation with the negative of the electric field tangent to the segments and

with the tangential magnetic field on the surfaces.

METHOD

The array E represents the right-hand side of the matrix equation. For
the ith segment, the right-hand side is the negative of the applied electric
field component tangent to the segment, and is stored in location i in array
E. Tor the ith surface patch, there are two rows in the matrix equation
(from the two components of the vector equations) with locations N + 21 - 1
and N + 2i, where N is the total number of wire segments. The contents of E
for these locations are

E(N+2i-1) = —tl i p i

- (A xH,) =%t + H

E (N + 2i) = €, i 1 i

where ﬁi is the magnetic field applied to patch i. The forms on the right are

used in the code with the plus sign applying when (El, t,, i) forms a right-

hand system and the minus sign when left-hand. To avoidzthe need to check
(?l, Ez, fi), the sign is stored in array SALP where, for patch i, SALP (LD +
97 fi}, with LD the length of the arrays in
COMMON/DATA/. If the structure has symmetry, the entries in E are reordered
by subroutine SOLVES,

1 - i) = *1 according to (El, £

The parameter IPR selects the type of excitation; the meanings of other
parameters depend on the option selected by IPR and are explained below. The
excitations associated with IPR values are:

IPR = O applied field voltage source

1 incident plane wave, linear polarization

2 incident plane wave, right-hand elliptic polarization

3 incident plane wave, left-hand elliptic polarization
4 infinitesimal current element source
5

current slope discontinuity voltage source
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CODING
ET29 ~ ET34
ET36 - E138
ET44 - ET160
ET44 -~ ET58
ETél - ET68

ET70 - ET108

ETMNS

Applied field voltage source (IPR = ().

QDSRC is called for each current slope discontinuity
vqltage source (IPR = 5),.

Incident plane wave. The direction of propagation and
polérization of the wave are illustrated in figure 4 din
which p is the unlt vector normal to k in the plane

defined by k and 2. The plane wave as a function of

position r is

-1 — — — -
E7(t) = EO exp(-jk+r)
EI(;) = i'ﬁ x E exp(-jker)
n 0
where
k = (21/)) &k
k = unit vector in direction of propagation
Eb = El for linear polarization
= (ﬁl - jAﬁz) for right-hand elliptical polarization
= (ﬁl + jAﬁz) for left-hand elliptical polarization
A = ellipse axes ratio
e =/\x/\
E‘.2 k El
PL =8
P2 = ¢
P3 = £
PX, PY, PZ = x, y, z components of ﬁl
WX, WY, WZ = k
=A =AXA
GX, QY, QZ E2 k % El
Ground reflection coefficients computed:
RRH = reflection coefficient for E normal to the plane of

incidence

RRY reflection coefficient for E in the plane of

incidence

Linearly polarized wave (IFR 1).

-107-



ETMNS

ET71

ET75

ET84
ET95

ET113

ET116

ET123
ETL32

ET146

3

m>

o>

N>

x>

X

Figure 4. Coordinate Parameters for the

ET73

ET82

ET93
ET108

ET159

ET121

ET130
ET144

ET139

Incident Plane Wave.

Direct illumination of segments by E field, ARG = -k «r
where ¥i = center point of segment I. E(I) = —(El . i)
exp(~-jk - ri), where i = unit vector in the direction of
segment I,

Illumination of segments by the ground reflected field.
CX, CY¥, CZ = reflected E field

Direct H field illumination of patches.

I1lumination of patches by the ground reflected field.
CX, CY, CZ = reflected H field

Flliptically polarized wave (IPR = 2 or 3).

P6 = ellipse axes ratio = A,

Direct E field illumination of segments,

CX, CY, CZ = %l + jAE2 {(+ for left-hand polarization,

- for right-hand)

Illumination of segments by the ground reflected E field,
I1lumination of patches by the direct H field.

CX, CY, CZ = k X E,

0
Illumination of patches by ground reflected H field.
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ET164 — ET225 Infinitesimal current element source (IPR = 4). A current

element of moment IOQ at the origin of a spherical coor-
dinate system, as shown in figure 5, produces field

components

ER(R) =1 % J%— exp{-jkR) ( - tk) :%>cos 0 R

- — 'k H ~
Ee(R) = 102 4% exp{-jkR) [-']R— + (1 - ECJE)R%] sin 8 8
I4
=0 i S |
H¢ e exp (~jkR) Rz + R sin 6

If the location and orientation of segment i and the
current element with respect to the x, y, z coordlnate

system are

r, = location of segment i
i = orientation of segment 1
D = location of current element
d = orientation of current element
then
-7 %
A S
R = R/ |R]
cos B = ﬁ <« d
, 2 1
sin 6 = [1 - cos” 6] /2

The. orientation of the current element is defined by its
angle of elevation above the x-y plane, a, and the angle
from the x axis to its projection on the x-y plane, b.
Thus, d = cos a cos b x + cos a sin b § + sin a z.

The'ﬁ and 6 field components are converted to B and d
components Ep and Ed, where

4 ER cos 6 - Ee gin O

=3
]

0 ER sin 0 + Ee cos 6

=
]

and the excitation computed as
=_A . A+ 0
E(L) i (Edd Epo) .
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Figure 5, <Coordinate Parameters for
Current Element.

ET164 - ET225 P1, P2, P3 = x, y, z coordinates of current element (D)
P4 = a
P5 = b
2
P6 = IOR/A
ET164 - ET169 WX, WY, WZ = x, y, and z components of 3

DS = (n/2m) Ioﬂjkz

DSH = (1/4m) T 0/A*
ET173 Start of loop over all segments and patches,
ET176 ET179 For patches,

f

IS = location of patch data in geometry arrays
I1, 12 = locations to be filled in E

ET182 PX, PY, PZ = R/A

ET193 R = |R/A]
PX, PY, PZ =

ET180
ET183

I
=

CTH cos {)
S5TH

QX, QY, QZ = R - (d + R)d

it

gin U
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ET196 ~ ET204 QX, QY, QZ = p
11 = exp(—jk R)
LT206 - ET215 F field on segments
T2 = (1 - j/kR)AZ/RZ
FR = E

R

ET = Ee

ERH = E
p

EZH = Ez
CX, CY, CZ = x, y, z components of total E field
ET216 ~ ET224 H field on patches

PX, PY, PZ=d X P = ¢
T2 = tH
¢ =1
CX, CY, CZ = #H
CONSTANTS

1.E-30 = tolerance in test for zero
2.654420938E-3 = 1/n = /Eoluo
6.283185308 = 27
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SUBROUTINE ETMNS (PI,PZ.PS,P4,P5,P6.IPR,E)

ETMNS FILLS THE ARRAY E WITH THE NEGATIVE OF THE ELECFRIC FIELD

INCIDENT ON THE STRUCTURE., € IS THE RIGHT HAND SIDE OF THE MATRIX
EQUATION.

COMPLEX E.CX,CY,CZ,VSANT,TX1,TX2,ER,ET,EZH,ERH,VQD, vaDS, ZRATI, ZRAT
1I2,RRVY ,RRH,T1,TT1,TT2,FRATI

COMMON /DATA/ LD,N1,N2,N,NP M1 ,M2,M.MP,X(300),Y(300),2(300),SI(300
1).BI(300).ALP(300).BET(aoo).100N1(3oo),Iconz(soo).ITAG(soo).Iconx(
2300) ,WLAM, IPSYM

COMMON /ANGL /" SALP{300)

COMMON /VSORC/ VOD(SO).VSANT(SO).VODS(30),IVQD(SO).ISANT(SO),IQDS(
130) ,NVQD,NSANT ,NQDS

COMMON /GND/ZRATI.ZRArlz.FRATI.CL.CH,SCRWL.SCRWR.NRADL.KSYMP.IFAR.
VIPERF,T1,T2

DIMENSION CAB(f), SAB(1), £(600)

DIMENSION Tox{1), T1v(1), T1zZ(1), T2x(1), T2Y(1), T2Z(1)
EQUIVALENCE (CAB,ALP), (SAB,BET)

EQUIVALENCE (t1X,SI), (TtY.ALP), (T1Z.BET), (T2X,ICON1), (T2Y,ICON
12), (T2Z2,ITAG)

DATA TP/6.283185308/ RETA/2.654420938E-3/

NEQ=N+2*M

NQDS =0

IF (IPR.GT.O.AND.IPR.NE.5) GO TO 5

APPLIED FIELD OF VOLTAGE SOURCES FOR TRANSMITTING CASE

DO 1 I=1,NEQ
E(I)=(0.,0.)

IF (NSANT.EQ.0) GO TO 3
DO 2 I=1,NSANT
IS=ISANT(I)
E{IS)=-VSANT(T)/(ST(IS)*WLAM)
IF (NVQD.EQ.0) RETURN

DO 4 I=1.NVQD.
IS=Ivan(I) .

CALL QDSRC (I$.vQD(I).E)
RETURN -

IF (IPR.GT.3):G0 TO 19

INCIDENT PLANE WAVE, LINEARLY POLARIZED.

CTH=COS(P1)
STH=SIN(P1)
CPH=COS(P2)
SPH=SIN(P2}
CET=COS(P3)
SET=SIN(P3) -
PX=CTH*CPH*CET--SPH*SET

PY=CTH*SPH*CET+CPH*SET
PZ=-STH*CET
WX=—STH*CPH
WY=-STH*SPH

=-CTH

QX=WY*PZ~-WZ*PY
QY=WZ*PX-WX*PZ

QZ=WX*PY-WY*PX

IF {KSYMP.EQ.1) GO 7O 7

IF {IPERF.EQ.1) GO TO 6
RRY=CSQRT(1.-ZRATI*ZRATI*STH*STH)
RRH=ZRATI*CTH

RRH={ RRH—-RRV) /{ RRH+RRV)
RRY=ZRATI*RRV
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85
66
67
€8
69
70
71
72
73
74
75
76
77
78
79
80
81
a2
83
84
85
86
a7
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89
20
91
92
83
94
95
96
97
98
9
100
101
102
103
104
105
106
107
108
109
10
11
112
113
14
115
116
117
118
119
120
121
122
123
124
125
128
127
128

-0O00n

14

RRV=—-(CTH-RRY) /{ CTH+RRY)

60 TGO 7

RRV=—(1.,0})

RRH=-(1.,0.)

IF (IPR.GT 1) GO TO 13

IF (N.EQ.0J GO TO 10

DO B I=1,N.

ARG=—TP* (WX*X(I)4WY*Y(I)+WZ*Z(1))

E(I):*(PX'@AB(I)+PY'SAB(I)+PZ'SALP(I))‘CMPLX(COS(ARG).SIN(ARG))

IF (XSYMP.EQ.1) GO TO 10
TT1=(PY*CPH-PX*SPH)*(RRH-RRV)
CX=RRV*PX-TT1*SPH
CY=RRY*PY+TT1*CPH

CZ=—RRV*PZ

DO 9 I=1,N

ARG=—TP* (WX*X(T)4WY*Y(I)-WZ*Z(1))

§(I)=E(I)—(CX‘CAB(I)+CY‘5AB(I)+CZ‘SALP(I))‘CMPLX(COS(ARG).SIN(ARG)

IF (M.EQ.0) RETURN

I=LD+1
I1=N-1

DO f1 IS=1 .M
I=I-1
IN=I1+2
I2=T1+1

ARG=—TP* (WX*X(I)+WY*Y(I)+wWZ*Z(1))
TT1=CMPLX(COS(ARG),SIN(ARG) }*SALP(I)*RETA
E(I2)=(QX*TtX(I)+QY*TIY(I)+QZ*T1Z(I))*TT1
E(T1)=(OX*T2X(I)+QY*T2Y(I)+QZ*T2Z{1))*TT1

IF (KSYMP.EQ.1) RETURN
TT1={QY*CPH-QX*SPH) *{ RRY~RRH)
CX=—(RRH*QX~-TT1*SPH)

CY=={RRH*QY+TT1*CPH)

CZ=RRH*QZ

I=LD+1

I1=N-1

DO 12 IS=1,M

I=1-1

I1=I1+2

I2=T1+1

ARG=—TP* (WX*X( I }+WY*Y(I)-WZ*Z(I))
TT1=CMPLX{COS(ARG),SIN(ARG))*SALP(I)*RETA
E(I2)=E{I2)+(CXeTIX(I}+CY*TIY(I)+CZ*T1Z(I))*TT1
E{I1)}=E(I1)+(CX*T2X(I)+CY*T2Y(I)+CZ*T2Z(I)}*TT1H
RETURN :

INCIDENT PLANE WAVE, ELLIPTIC POLARIZATION.

TT1=—(0..1.)*P6

IF (IPR.EQ.3) TT1=—TT

IF (N.EQ.0) GO TO 16
CX=PX+TT1*QX

CY=PY+TT1%QY

CI=PI+TT1%QZ

DO 14 I=1,N

ARG=—TP* (WX*X{TI)+WyeY{I)+WZ*Z(1))

E(T)=—(CX*CAB(I)+CY*SAB(I)+CZ*SALP(I))*CMPLX(COS(ARG),SIN(ARG))

IF (KSYMP.EQ.1) GO TO 16
TT2=(CY*CPH-CX*SPH)* ( RRH-RRV)
CX=RRV*CX~-TT2%SPH
CY=RRV*CY+TT2*CPH

CZ=-RRV*CZ

DO 15 I=1,N

ARG=—TP® (WX*X(I)+WY*Y(I)-WZ*Z(1))
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129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
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188
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190
191
192

15

16

20

E(T)=E(I)-(CX*CAB(Y}+CY*SAB(I)+CZ*SALP(I))*CMPLX(COS(ARG),SIN(ARG) ET

1)
IF (M.EQ.0} RETURN E¥
CX=QX~TT1*PX
CY=QY-TT1*PY EI
CZ=QZ-TT1*P7 1
I=LD+1 €T
I1=N-1 ET
DO 17 IS=t.M

€T
I=I-1 £t
T1=I1+2 €T
I2=T1+1 €T
ARG=-TP* (WX*X(I)+WY*Y(I)+W2Z*Z({I)) ET
TT2=CMPLX(COS{ARG) ,SIN(ARG))*SALP(TI}*RETA ET
E(I2)=(CX*TIX{T)+CY*TIV(I)}+CZ*TIZ(I)})*TT2 ET
E(I1)=(CX*T2X(I)+CY*T2Y(I)+CZ*T2Z(I))}*TT2 ET
IF (KSYMP.EGQ.1) RETURN ET
TTI={CY*CPH-CX*SPH)*{RRV-RRH) €T
CX=—(RRH*CX-TT1*SPH) : ET
CY=—(RRH*CY+TT1*CPH) ET
CZ=RRH*CZ £T
I=LDH ET
T1=N— ET
DO 18 IS=t M ET
I=1-1 ET
I1t=I1+2 ET
I2=I1+1 ET
ARG==TP* (WX*X(I)+Wr*Y(I)-WZ*Z(I)) ET
TTH=CMPLX(COS(ARG).SIN(ARG))*SALP{I)*RETA ET
E(I2)=E(I2)+(CX*TIX{I)+CY*TIY{I)+CZ*T1Z(I))*TT1 ET
E(IT)=E{I1)+(CX*T2X(I)+CY*T2Y{I)+CZ*T2Z(I))}*TT1 ET
RETURN ET

ET
INCIDENT FIELD OF AN ELEMENTARY CURRENT SOURCE. ET

ET
WZ=COS{P4) ET
WX=WZ*COS(P5) ET
WY=WZ*SIN(PS) ET
WZ=SIN(P4) £T
DS=P6*59.958 ET
DSH=P6/(2.*TP} ET
NPM=N+M ET
IS=LD+1 ET
I1=N=1 ET
DO 24 I=1,NPM ET
11=1 ET
IF (I.LE.N} GO TO 20 ET
I5=15-1 ET
II=IS £T
I1=I1+2 ET
I2=Tt+1 ET
PX=X{II)-P1 ET
PY=Y(II)-P2 £T
PZ=2(IL)-P3 ET
RS=PX*PX+PY*PY+PI*RZ EY
IF (RS.LT.1.E-30) GO TO 24 ET
R=SQRT{RS) ET
PX=PX/R ET
PY=PY/R ET
PZ=PZ/R ET
CTH=PXSWX+PY*WY+PZ*wW: ET
STH=SQRT(}.-CTH®CTH) T
OQX=PX-WX*CTH E;

QY=PY-WY*CTH
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2t

22

23

24

QI=PZ-WI*CTH
ARG:SORT(OX'OX+OY‘0Y+QZ'02)

IF (ARG.LT.1.E-30) GO TO 21

OX=QX /ARG

QY=QY/ARG

QZ=QZ /ARG

GO TO 22

ox=t.

Qr=0.

QZ=0.

ARG=-TP*R

TT1=CMPLX(COS({ARG}.SIN(ARG))

IFf (I.GT.N) GO TO 23
TT2=CMPLX(1.,-1./(R*TP))/RS
ER=DS*TT1*TT2*CTH
ET=.5*DS*TT1*((0.,1.)*TP/R+TT2)*STH
EZH=ER*CTH-ET*STH

ERH=ER*STH+ET*CTH

CX=EZH*WX+ERH*QX

CY=EZH*WY+ERH®*QY

CZ=EZH*WZ+ERH®*QZ
E(T)=—~(CX*CAB(I)+CY*SAB(I)+CZ*SALP(1))
GO TO 24

PX=WY*QZ-WZ*QY

PY=WZ*QX-WX*QZ

PZ=WX*QY-WY*QX
TT2Z=DSH*TT}*CMPLX{1./R,.TP)/R*STH*SALP(II)
CX=TT2*PX

CY=TT2*PY

CZ=TT2*PZ
E(I2)=CXSTIX(II)}+CY*TIY(II)+CZ*T1Z(II)
E{I1}=CX*T2X(I1)+CY*+T2Y(II)+CZ*T2Z(II)
CONTINUE

RETURN

END
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FACGF

PURPOSE

To perform the steps in the NGF solution that do not depend on the
excitation vector.

METHOD

The NGF solution procedure is discussed in Section VI. The steps
performed in FACGF are to evaluate A-IB and D - CA_IB.

The matrix
D - cal

B is then factored into triangular matrices L au!l U. The procedure
is complicated by the possible need to use file storage for the matrices. The
comments in the code and the tables for ICASX = 2, 3 and 4 in Section VII

offer a fairly complete description of the procedure.

SYMBOL DICTIONARY

A = array for matrix A (L U factors) or block of A if file storage

is used
= array for B or block of B

BX = array for B when AT!B is being computed with ICASX = 2. The
array B starts at the beginning of CM in this case. BX leaves
room for AF at the beginning of CM

C = array for C or block of C (matrix transposed)

D = array for D or block of D (matrix transposed)

IBFL = file on which B is stored

ICASS = saved value of ICASE

IP = pivot index array

IX = data on row interchanges in LFACTR

M1 = number of patches in the NGF

MP = pumber of patches in a symmetric section in the NGF
Nl = number of segments in the NGF

N1C = pumber of columns in C (same as order of A)

N1CP = NIC + 1

N2C = grder of matrix D

NBLSYS = saved value of NBLSYM
NIC = jndex increment
NLSYS = gaved value of NLSYM
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number of segments in a symmetric section in the NGF
saved value of NPSYM

sumnation variable for matrix products
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D ~NOWL AN =
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PHN=-DODINIUNENUN =0V IO UNAEWUN—-DOONDDVAEAGCN—OOELNOULEWN=OEO~"NOUEWN=OQ
[+)]

w

SUBROUTINE FACGF (A,B.C,D,BX,IP,IX,NP,NT,MP.M1,NIC,N2C)
FACGF COMPUTES AND FACTORS D-C(INV(A)B).
COMPLEX A,B,C,D,BX,SUM

COMMCN /MATPAR/ ICASE ,NBLOKS ,NPBLK ,NLAST ,NBLSYM,NPSYM,NLSYM, IMAT, T

TCASX ,NBBX ,NPBX ,NLBX ,NBBL ,NPBL ,NLBL

DIMENSION A(1), B(NIC,1), C(N1C,1), D(N2C,1), BX(NIC,1)

1(4)

IF (N2C.EQ.0) RETURN
IBFL=14
IF (ICASX.LT.S) GO TO 1

IP(1), IX

CONVERT B FROM BLOCKS OF ROWS ON T14 TO BLOCKS OF COL. ON T16

CALL REBLK (B,C,N1C,NPBX,N2C)

18FL=16

NPE=NPBL

IF (ICASX.EQ.2) REWIND 14

COMPUTE INV(A)B AND WRITE ON TAPE14

DO 2 IB=1,NBBL

If (IB.EQ.NBBL) NPB=NLBL

IF (ICASX.GT.1) READ (I8FL) ({BX(I,J),I=1,N1C),J=1,NPB)
CALL SOLVES (A,IP,BX,NIC,NPB,NP, N1 ,MP ,MI,13,13)
If (ICASX.EQ.2) REWIND 14

IF (ICASX.GT.1) WRITE (14) ((BX{I,J)},I=1,N1C),J=1,NPB)
CONTINUE

IF (ICASX.EQ.1) GO TO 3

REWIND 11

REWIND 12

REWIND 15

REWIND IBFL

NPC=NPBL

COMPUTE D-C({INV(A)}B) AND WRITE ON TAPE!1
DO 8 IC=1,NBBL

IF (IC.EQ.NBBL) NPE=NLBL

IF (ICASX.EQ.1) GO TO 4

READ (15) ((C(I.,J).I=1,NIC},J=1,NPC)
READ (12} ((D(I,d).I=1,N2C),J=1,NPC)
REWIND 14

NPB=NPBL

NIC=0

D0 7 IB=1,NBBL

IF (IB.E£Q.NBBL) NPB=NLBL

IF (ICASX.GT.1) READ (14} ((B{I.J),I=1.NIC),J=1,NPB)
DO 6 I=1,NPB

II=I+NIC

DO 6 J=1,NPC

SuM=(0..0.)

DO 5 K=1,NIC

SUM=SUM+B{K,I)*C(K ., J)
D(IT,4)=D{II,J)-SuUM

NIC=NIC+NPBL

IF (ICASX.GT.1) WRITE (11) ((D(I,J),I=1,N2C),J=1,NPBL)
CONTINUE

IF (ICASX.EQ.1) GO TO 9

REWIND 11

REWIND 12

REWIND 14

REWIND 15

N1CP=N1C+1

FACTOR D=~C(INV(A)B)

IF (ICASX.GT.1) GO TO 1D

CALL FACTR (N2C,D.IP(NICP),.N2C)

GO TO 13

IF (ICASX.EQ.4) GO TO 12

NPB=NFPBL

IC=0
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13

DO 11 Ia=1,NBBHL

IF (IB.EQ.NBBL) NPB=NLBL
II=IC+1

IC=IC+N2C*NFPB

READ (11) (B(I.1),I=II,IC)

REWIND 11

CALL FACTR (N2C,B,IP(N1CP),N2C)

NIC=N2C*N2C

WRITE (11) (B(I,1),I=1,NIC)

REWIND 11

GO TO 13
NBLSYS=NBLSYM
NPSYS=NPSYM
NLSYS=NLSYM
ICASS=ICASE
NBLSYM=NBBL
NPSYM=NPB1L
NLSYM=NLBL
ICASE=3

CALL FACIO (B,N2C,1,IX(NICP),11,12,16,11)
CALL LUNSCR (B.NZC,1.IP(NlCF).IX(N1CP),12.1I.16)

NBLSYM=NBLSYS
NPSYM=NPSYS
NLSYM=NLSYS
ICASE=ICASS
RETURN

END
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FACIO
FACIO

PURPOSE

r

To read and write matrix blocks needed for the LU decomposition.

METHOD
Sequential access is used on all files. The matrix is initially stored
on file IUl in blocks of columns of the transposed matrix. The block size is
such that two blocks will fit into the array A for the Gauss elimination
process. If the matrix were divided into four blocks, the order for reading
the blocks into core would be
Blocks

1 and 2 will be completely factored
3 and 4 partially factored

O R N e i o
£

factorization of 3 completed
4 partially factored
factorization complete

1

IUl is the initial input file. Partially factored blocks are read from file
IFILE3 and written to IFILE4 where IFILE3 = IU3 and IFILE4 = IU4 when IXBLK1
is odd, and IFILE3 = IU4 and IFILE4 = IU3 when IXBLK1l is even. Completed
blocks are written to file IU2Z. Although the last block may be shorter than
other blocks the same number of words is read or written. The excess words
are ignored in subroutine LFACTR.

Subroutine LFACTR is called to perform the Gauss elimination. For a

symmetric structure the loop from FO18 to F043 factors each submatrix.

SYMBOL DICTIONARY

A = array for matrix storage

11 = location in A of beginning of block 1
12 = location in A of end of block 1

I3 = location in A of beginning of block 2
14 = location in A of end of block 2
IFILE3 = input file

IFILE4 = putput file

LP = array for pivot element indices
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It = pumber of words in a matrix block

1ULl, 1y2, IU3, LU4 = file numbers

[XBLK1 = number of first block stored in A

IXBLKZ2 = numbef of second block stored in A

Ko = first location in IP for submatrix KK

NBM = pnumber of blocks minus one

NOP = number of submatrices for symmetry

NROW = number of rows in a block

T1, T2, TIME = variables to sum total time spent in LFACTR
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SUBROUTINE FACIO (A.NROW,NOP,IP,IUY,IU2,TIU3, IU4)

FACIO CONTROLS I/0 FOR OUT-OF-CORE FACTORIZATION

COMPLEX A

FQ
FO
FO
FO
FO

COMMON /MATPAR/ ICASE ,NBLOKS ,NPBLK ,NLAST ,NBLSYM,NPSYM,NLSYM, IMAT,I FO

TCASX NBBX ,NPBX ,NLBX,NBBL,NPBL ,NLBL
DIMENSION A(NROW,1), IP(NROW)
IT=2*NPSYM*NROW
HBEM=NBLSYM~1
I1=1
12=17
I3=T2+1
T4=2*1T
TIME=0.

REWIND Tuit
REWIND IU2
DO 3 KK=1,NOP

KA={KK—1) *NROW+1
IFTLE3S=TN
IFTILE4=TU3
DO 2 IXBLKI1=t , NBM
REWIND I3
REWIND IU4
CALL BLCKIN (A, ,IFILE3,IY,I2,1.17)
IXBP=IXBLK1+1
DO 1 IXBLK2=IXBP NBLSYM
CALL BLCKIN (A IFILE3,I3.I4,1,18)
CALL SECOND (Tt}

CALL LFACTR {A,NROW,IXBLKI,LIXBLK2,6IP{KA))

CALL SECOND {T2)
TIME=TIME+T2-T1

IF (IXBLK2.EQ.IXBP) CALL BLCKOT (A,IU2,I1,12,1,19)
TF (IXBLK1.EQ.NBM.AND.IXBLK2.EQ.NBLSYM) IFILE4=IU2

CALL BLCKOT (A,IFILE4,T3,T4,1,20)
CONTINUE

IFILE3=TIU3

IFILE4=IU4

If ({IXBLK1/2)*2.NE.IXBLK1) GO TO 2

IFILE3=IuU4
IFILE4=1U3
CONTINUE
CONTINUE
REWIND TUt
REWIND IU2
REWIND IU3
REWIND IU4
PRINT 4, TIME
RETURN

FORMAT (35H CP TIME TAKEN FOR FACTORIZATION = ,E12.5)

END
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FACTR
FACTR

PURPOSE

To factor a complex matrix into a lower triangular and an upper tri-
angular matrix using the Gauss-Doolittle technique. The matrix in this case
is a transposed matrix. The factored matrix is used by subroutine SOLVE to

determine the solution of the matrix equation Ax = B.

METHOD

The algorithm used in this routine is presented by A. Ralston (ref. 1).
The decomposition of the matrix A is such that A = LU, where L is a lower
triangular matrix with 1's down the diagonal, and U is an upper triangular
matrix. The L and U matrices overwrite the matrix A. The computations to
obtain L and U are done using one complex scratch vector {D) and one integer
vector (IP) that keep track of row interchanges when elements are positioned
for size. If positicning for size is not taken into account, the general
procedure is

a =u

11 11

a = R

il 1%y % o.e.m

which gives the first column of the L and U matrices. Then

812 = Y12
ayy = Loyl¥ip T Y22 .
aiz = 211“12 + 212u22 i=3, ..., n

gives the second column. The computations for the successive columns continue

t
in this way, The general equations for the r h column are

alr = Lllr

a5 = Eoue T Uy

+ £

= + + ... +
rr erulr ngUZr r,r-lur-l,r urr

a =9

+ ...
ir i1 L

e’ i=r+1, ..., n
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There are only two differences in the coding used in FACTR and the
coding suggested by Ralston. The first is that double precision variables are
not uscd for the accumulation of sums, since for the size and conditioning of
the matrices anticipated in core, the computer word length is sufficient to
insure accuracy, The second difference is that the row and column indices of

the A matrix in the routine have been interchanged to handle the transposed

matrix.

CODING
The coding is divided into five steps which correspond to the steps
given by Ralston.
FALY4 Loop over columns {(rows with the interchanged indices used
in the routine).

FA18

FA20 Fill D vector with column (row) of A.

FA24 - FA35 Solution for u (i =1,...,7) in the above equations
taking into account positioning.

FA4LO - FAS4 Selecting largest value for positioning.

FA58 - FA62 Solution for Rir (1=r+1,...,n) in the above equations.

FA64 - FA66 Printing of small pivot elements.

SYMBOL DICTIONARY

A = input transposed matrix overwritten with calculated LT and UT
matrices

CONJG = external routine (conjugate of a complex number)

D = scratch vector

DMAX = maximum value in D

ELMAG = intermediate variable
1 = DO loop index
IFLG = small pivot flag

Ip = jinteger vector storing positioning information

J = DO loop index

JP1 =J+ 1

K = DO loop index

N = prder of matrix being factored

NDIM = dimensions of the array where the matrix is stored. NDIM > N
IZN ] = intermediate variable

PR = intermediate variable
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R = DO loop index

REAL = external routine (real part of complex number)
RM1 = R - 1

RP1 =R+ 1
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FACTh

1 SUBROUTINE FACTR (N,A,IP.NOIM) FA
26 FA
lc SUBROUTINE TO FACTOR A MATRIX INTO A UNIT LOWER TRIANGULAR MATRIX FA
4 C AND AN UPPER TRIANGULAR MATRIX USING THE GAUSS—DOOLITTLE ALGORITHM FA
5¢C PRESENTED ON PAGES 411-416 OF A. RALSTON-—A FIRST COURSE IN . Fa
6§ C NUMERICAL ANALYSIS. COMMENTS BELOW REFER TO COMMENTS IN RALSTONS Fa
7cC TEXT. {MATRIX TRANSPOSED. FA
8 C FA
g COMPLEX A,D,ARJ FA

t0 DIMENSION A{NDIM,NDIM), IP(NDIM) FA

1 COMMON /SCRATM/ D{600) FA

12 INTEGER R,RM!,RP1,PJ,PR FA

13 IFLG=0 FA

14 D0 9 R=1,N FA

15 C Fa

16 € STEP 1 FA

17 C FA

18 DO 1 K=1,N FA

19 D{K)=A(R.K) FA

20 1 CONTINUE FA

21 ¢ FA

22 C STEPS 2 AND 3 FA

23 ¢ FA

24 RM1=R—1 FA

25 IF (RM1.LT.1) GO TO 4 FA

26 DO 3 Jd=1,RM1 FA

27 PI=IP(J) FA

28 ARJ=D(PJ) FA

29 A(R,J)=ARJ FA

30 D(PJ}=D(J) FA

X JP1=J+1 FA

32 DO 2 I=JP1,N FA

33 D(I)=D{I}-A(J,I)"ARJ FA

34 2 CONTINUE Fa

35 3 CONTINUE Fa

36 4 CONTINUE FA

37 C FA

3B C STEP 4 FA

39 C FA

40 DMAX=REAL(D(R)*CONJG(D(R)}) FA

41 IP{R)=R FA

42 RP1=R+1 FA

43 IF {RP1.GT.N)} GO TO & FA

44 DO 5 I=RP1,N FA

45 ELMAG=REAL(D(I)*CONJG(D(I)})) FA

46 IF {ELMAG.LT.DMAX)} GO TO 5 FA

47 DMAX=ELMAG FA

48 IP{R)=I FA

49 5 CONTINUE Fa

50 6 CONTINUE FA

5t IF {DMAX.LT.1.E-10) IFLG=1 FA

52 PR=IP(R) FA

53 A(R,R)=D{PR) fa

54 D(PR)=D(R) FA

55 C FA

56 C STEP 5 FA

57 C FA

58 IF (RP1.GT.N)} GO TO 8 FA

59 ARJ=1./A(R,R) FA

60 DO 7 I=RP1.,N FA

61 A(R.I)=D{I)*AR) FA

62 7 CONTINUE ﬁ:

63 8 CONTINUE

64 IF (IFLG.EQ.0) GO TO 9 Fa
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65

66

67 9
68

63 C
70 10
71

PRINT 10,
IFLG=0
CONTINUE
RETURN

FORMAT (1H ,6HPIVOT(,I13,2H)=,E16.8)

END

R, DMAX
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FACTRS

PURPOSE

To call the appropriate subroutines for the LU decomposition of a matrix.

METHOD
The operation of FACTRS depends on the mode of storage of the matrix as
determined by the value of ICASE (see COMMON/MATPAR/ in Section III). For
[CASE = 1 subroutine FACTR is called at FS$S16 to factor the matrix. For
ICASE = 2 FACTIR is called for each of the NOP submatrices. IFf ICASE = 3 FACIO
and LUNSCR are called at FS23 and FS24. FACIO reads the matrix from file 1U1l
and writes the result on file IU2. LUNSCR leaves the final result on file IU3.
For ICASE = 4 (symmetry, submatrices fit in core) or ICASE = 5
(symmetry, submatrices do not fit in core) the matrix elements on file IUl are
written in a new order on file IU2 from FS2Y to FS46. The sequence of data on

file IUL is

column 1 of submatrix 1
column 1 of submatrix 2

column 1 of submatrix NOP

column 2 of submatrix 1

column 2 of submatrix NOP

column 3 of submatrix 1

.
-

column NPBLK of submatrix NOP

The matrices are written onto file IU2Z in the sequence

column 1 of submatrix 1
column 2 of submatrix 1
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column NPBLK of submatrix 1

column L of submatrix 2

column NPBLK of submatrix NOP

For ICASE = 4 each submatrix is then read into memory at FS58 and decomposed

into LU factors by calling FACTR at FS60. The factored matrices are written
to file IU3 at FS6L.

For ICASE = 5 the matrices are transferred from file IUZ2 to IUL at FS76
to F577. Subroutine FACIO is then called to factor all of the NOP
submatrices. The result is left on file IU2. LUNSCR reorders the rows of

each matrix and leaves the result on IU3.

SYMBOL DICTIONARY

A = array for matrix storage

12 = number of words in a block

1COLs = number of columns in a block

ip = array for pivot element indices

IR1, IRZ2, TRRl, IRRZ = row indices for reordering columns

[ul, 1U2, 103, LUu4 = file numbers

LX = array of pivot element data

KA = starting location of a submatrix in the array
NOP = nuwber of symmetric¢ sections

NP = number of equations for each symmetric section

(order of submatrix)

NROW = total number of equations (NP x NQP)
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SUBROUTINE FACTRS (NP ,NROW,A,IP,IX,IU1,IU2,TU3,TU4)

FACTRS, FOR SYMMETRIC STRUCTURE,

TRANSFORMS SUBMATRICIES TO FORM

MATRICIES OF THE SYMMETRIC MODES AND CALLS ROUTINE TO FACTOR

MATRICIES.
COMPLETE MATRIX.

COMPLEX A

COMMON /MATPAR/ ICASE ,NBLOKS,NPBLK ,NLAST NBLSYM,NPSYM,NLSYM,IMAT,I

IF NO SYMMETRY, THE ROUTINE IS CALLED TO FACTOR THE

1CASX ,NBBX ,NPBX ,NLBX ,NBBL ,NPBL ,NLBL
DIMENSION A(1), IP(NROW}, IX{NROW)

NOP =NROW/NP

IF (ICASE.GT.2) GO TO 2
DO 1 KK=1,NOP
KA=(KK~1)*NP+1

CALL FACTR (NP,A(KA),IP(KA),NROW)

RETURN
IF (ICASE.GT.3) GO TO 3

FACTOR SUBMATRICIES, OR FACTOR COMPLETE MATRIX IF NO SYMMETRY

EXISTS.

CALL FACIO (A ,NROW,NOP IX,IU1,IU2,IU3,IU4)
CALL LUNSCR (A ,NROW NOP,IP,IX,IU2,IU3,IU4)

RETURN

REWRITE THE MATRICES BY COLUMNS ON TAPE 13

I2=2*"NPBLK*NROW
REWIND TIU2

DO 5 K=1,NOP
REWIND TU1
ICOLS=NPBLK
IR2=K*NFP
IRT=IRZ2-NP+1

DO 5 L=1,NBLOKS

IF (NBLOKS.EQ.1.AND.K.GT.1) GO TO 4

CALL BLCKIN {A,IU1,1,12,1,602)
IF {L.EQ.NBLOKS) ICOLS=NLAST
IRR1=IR1

IRR2=1R2

DO 5 ICOLDX=1,ICOLS

WRITE (IU2} (A{I),I=IRR1,IRRZ)
IRR1=IRR!+NROW

IRR2=IRR2+NROW

CONTINUE

REWIND TUT

REWIND IU2

IF (ICASE.EQ.5) GO TO B
REWIND TU3

IRRI1=NP*NP

DO 7 KK=1,NOP
IRt1=1~NP
IR2=0

DG 6 I=1, NP
IR1=IR1+NP
IR2Z=IR2+NP

READ (IU2) (A(J),J=IR1,IR2)
KA=(KK=1)*NP+1

CALL FACTR (NF,A, IP(KA)},NP)
WRITE (IU3) (A(I),I=1,IRR1)
CONTINUE

REWIND IUZ

REWIND IU3
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66
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72
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74
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76 §

77
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RETURN

I2=2*NPSYM*NP

DO 10 KK=1,NOP

J2=MPSYM

DO 10 L=1,NBLSYM

IF (L.EQ.NBLSYM) JZ=NLSYM

IR1=1~NP

IR2=0

DO 9 J=1,J2

IR1=IR1+NP

IR2=IRZ+NP

READ (IU2) (A(I),I=IR1.IR2)

CALL BLCKOT (A,IU1,1,I2,1,193)

REWIND TU1

CALL FACIQ {A,NP,NOP,IX,IU1,IU2,IU3,IU4)
CALL LUNSCR (A,NP,NOP,IP,IX,IU2,IU3,IU4)
RETURN

END
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FBAR

PURPOSE

To compute the Sommerfeld attenuation function for Norton's asymptotic

field approximations.

METHOD

The value returned for FBAR 1s
F(P) = 1 - 3 /TP exp (-P) [1 - erf(jvP)]

where erf(z) is the error function. If {jVPl € 3 the value of erf(jvP) is

computed from the series

( 1)n In+l
erflz) = —< 2 Tar(ZarD)

For 1j/Pl > 3, F(P) is evaluated from the first six terms of the asymptotic

expansion

iz exp(zz) (1 - erf(z))~1 + :E: (- 1 =3 ... (24 -1)

M=1 (222)M

for z + o, larg(z)I< %ﬂ
SYMBOL DICTIONARY

ACCS = relative convergence test value

FJ = 3= /-1

MINUS = 1 if Re(z) < 0O

P = p

+

pow = (-7 22

SMS = magnitude squared of series

SP =/

SUM = series value
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COMPLEX FUNCTION FBAR(P

FRAR TS SOMMERFELD ATTENUATION FUNCTION FOR NUMERLICAL DISTANCE P

COMPLEX 7,75,.SUM,POW TERM, P, FJ

DIMENSION FJx{2)
EQUIVALENGCE (FJ,TJX)

DATA TOSP/1.128379167/.ACCS/1.E-12/,SP/1.772453851/,F4X/0. 1./

Z=FJ*CSQRT(P)

)

IF (CABS(Z).GT.3.) GO TO 3

SERIES EXPANSION

2S=Z*7

SuM=2

pOW=7

DO 1 I=1.100
POW=—POW*ZS/FLOAT(I)
TERM=POW/(2.*I+1.)
SUM=SUM+TERM

TMS=REAL ( TERM*CONJG(TERM))

SMS=REAL ( SUM*CONJG{ SUM)

)

IF (TMS/SMS.LT.ACCS) GO TO 2

CONTINUE

FBAR=1.—{ 1, -SUM*TOSP)*Z*CEXP{Z3})*SP

RETURN

ASYMPTOTIC EXPANSICN

TF (REAL{Z).GE.0.) GO TO 4

MTINUS=1

7=-1

GO Ta &

MINUS =0

75=.5/(7*7)

SUM=(0..,0.)
TERM=(1t..0.)

DO 6 I=1,6
TERM=-TERM® (2 . *I—1.)*ZS
SUM=SUM+ TFRM

IF (MINUS FQ.1) SUM=SUM-2.*SP*Z*CEXP(Z*2)

FBAR=-SUM
RETURN
END
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FBLOCK

FBLOCK
PURPOSE

To set parameters for storage of the interaction matrix.

METHOD

FBLOCK sets values of the parameters ICASE through NLSYM in
COMMON/MATPAR/. The input parameters NROW and NCOL are the number of rows and
columns in the non-transposed matrix. IMAX is the number of matrix elements
that can be stored in the array in COMMON/CMB/. 1If a NGF file will be written
(WG card) then IRNGF complex locations are reserved for future use. If a NCF
file has not been requested then IRNGF is zero.

LE (NROW)(NCOL) < IMAX ~ IRNGF the complete matrix can be stored in
COMMON/CMB/. TCASE is then 1 for no symmetry or 2 for symmetry. If the

structure has symmetry and one submatrix fits in core but not the complete

matrix,

(NROW) (NCOL) > IMAX - IRNGF

NROW2 < IMAX - IRNGF,

then ICASE 1is 4,

If the matrix cannot fit in core for the LU decomposition then it is
divided into blocks of rows (columns of the transposed matrix) for transfer
between core and file storage. The blocks are made as large as possible so
that one block fits into IMAX - IRNGF locations and two blocks fit into IMAX
locations. Since two blocks are needed in core only during the Gauss

elimination process this makes at least IRNGF locaticns available during the

NGF solution.

CODING
FB810 - FB17 ICASE =1 or 2
FB20 - FB32 ICASE = 3
FB34 - FB4O ICASE = 4 or 5, block parameters for whole matrix
FB42 - FB48 ICASE = 4, block parameters for submatrices
FB49 - FB58 [CASE = 5, block parameters for submatrices
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TBLOCK
FB65 - FB71 S5 watrix for rotational symmetry (Equation LII of Part I)

F875 - FB38 S matrix for plane symmetry

SYMBOL DICTIONARY
ARG = 2n(1 - 1)(J - 1)/NOP

[MAX = number of complex numbers that can be stored in COMMON/CMB/
IMX1 = IMAX - LRNGF

[PSYM = parameter from COMMON/DATA/

IRNGF = array storage reserved for NGF

KA = number of planes of symmetry

NCOL = number of columns in matrix

NOP = number of symmetric sections

NROW = pumber of rows in matrix

PHAZ = 27m/NOP
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SUBROUTINE FBLOCK (NRCW,NCOL,IMAX, IRNGF,IPSYM)
FBLOCK SETS PARAMETERS FOR OUT-OF-CORE SOLUTION FOR THE PRIMARY

MATRIX (A)
COMPLEX SSX,DETER

COMMON /MATPAR/ ICASE ,NBLOKS,NPBLK,NLAST NBLSYM NPSYM NLSYM,IMAT I

1CASX ,NBBX NPBX ,NLBX ,NBBL ,NPEL ,NLBL
COMMON /SMAT/ SSX(16,18)

IMX 1 =IMAX-IRNGF

If (NROW*NCOL.GT.IMX1) GO TO 2
NBLOKS=1

NPBLK=NROW

NLAST=NROW

IMAT=NROW*NCOL

IF (NROW.NE.NCOL) GO TO 1
ICASE=T

RETURN

LCASE=2

GO TO 5

IF (NROW.NE.NCOL) GO TO 3
ICASE=3

NPBLK=IMAX/(2*NCOL)
NPSYM=IMX1/NCOL

IF (NPSYM.LT.NPBLK) NPBLK=NPSYM
IF (NPBLK.LT.1) GO TO 12
NBLOKS={NROW—1) /NPBLK
NLAST=NROW-NBLOKS*NPBLK
NELOKS=NBLOKS+1

NBLSYM=NBLOKS

NPSYM=NPBLK

NLSYM=NLAST

IMAT=NPBLK*NCOL

PRINT 14, NBLOKS,NPBLK,NLAST
GO TO 11

NPBLK=IMAX/NCOL

IF (NPBLK.LT.1) GO TO 12

IF {NPBLK.GT.NROW) NPBLK=NROW
NBLOKS=({NROW-1)}/NPBLK
NLAST=NROW-NBLOKS *NPBLK
NBLOKS=NBLOKS+I1

PRINT 14, NBLOKS,NPBLK,NLAST
If (NROW*NROW.GT.IMX1) GO TO 4
ICASE=4

NBLSYM=1

NPSYM=NROW

NLS YM=NROW

IMAT=NROW* NROW

PRINT 15

GO TO 5

TCASE=5

NPSYM=IMAX/(2*NROW)
NBLSYM=IMX1/NROW

IF (NBLSYM.LT.NPSYM) NPSYM=NBLSYM
IF (NPSYM.LT.1) GO TO 12
NBLSYM={NROW-1)/NPSYM
NLSYM=NROW~NBLSYM*NPSYM
NELSYM=NBLSYM+I

PRINT 16, NBLSYM,NPSYM,NLSYM
IMAT=NPSYM*NROW

NOP=NCOL /NROW

TIFf (NOP*NROW,NE.NCOL) GO TO 13
IF (IPSYM.GT.0) GO TO 7

SET UP SSX MATRIX FOR ROTATIONAL SYMMETRY.
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FRLOCY

65 PHAZ=6.2831853072/NOP FB 65
66 DO 6 I=2,NOP FB 66
67 DO 6 S=I,NOP FB 67
68 ARG=PHAZ*FLOAT(I-1)*FLOAT(J-1) FBE 68
69 SSX(1,J)=CMPLX{COS{ARG),SIN(ARG)) - fB 69
70 & SSX(J,T)=55%(T,J) FB 70
71 Go TO0 11 B 71
7z C FB 72
73 C SET UP SSX MATRIX FOR PLANE SYMMETRY FB 73
74 C FB 74
75 7 KK=1 FB 75
76 SSX{1,1)=(1..0.) FB 76
77 IF ((NOP.EO.Z).OR.(NOP.EO.4).DR.(NOP.EO.B)) GC 10 8 FB 77
78 siop FB 78
79 8 KA=NOP /2 FB 79
80 IF (NOP.EQ.B) KA=3 FE 80
81 DO 10 K=1,KA FB 81
82 DO 9 I=1,KK FE 82
83 DO 9 J=1,KK FB 83
84 DETER=SSX(I.J) FB 84
85 SSX(T,J+KK)Y=DETER FB 85
86 SSX(I+KK, J+KK)=-DETER FB 88
B7 9 SSX(I+KK,J)=DETER FB 87
88 10 KK=KK*?2 FB &8
89 11 RETURN FB 89
90 12 PRINT 17, NROW, NCOL FB 90
91 STOP FB 81
32 13 PRINT 18, NROW,NCOL FB 92
93 STOP FB 93
94 C FB 94
95 14 FORMAT (//35H MATRIX FILE STORAGE - NO. BLOCKS=,I5.19H COLUMNS PE FB 95
96 1R BLOCK=,I5,23H COLUMNS IN LAST BLOCK=,I5) FB 96
97 15 FORMAT (25H SUBMATRICIES FIT IN CORE) FB 87
98 16 FORMAT (38H SUBMATRIX PARTITIONING - NO. BLOCKS=,IS,19H COLUMNS P FB 98
99 1ER BLOCK=,I5,23H COLUMNS IN LAST BLOCK=,I5) FB 99
100 17 FORMAT (40H ERROR - INSUFFICIENT STORAGE FOR MATRIX,2I5) FB 100
101 18 FORMAT (28H SYMMETRY ERROR - NROW,NCOL=,2IS5) FB 101
102 END FB 102-
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FBNGE
PURPOSE

To set parameters for storage of the matrices B, C and D for the NGF

solution.

METHOD

The modes of matrix storage for the NGF solution are described in
Section VIII. FBNGF choses the smallest ICASX (1l through 4) possible given
the size of the matrices A, B, C and D and the space available in the array CM
in COMMON/CMB/. 1If B, C and D must be divided into blocks (ICASX = 3 or 4)
the blocks are chosen are large as possible to minimize the number of input
and output requests. Parameters specifying the number and size of blocks are
stored in COMMON/MATPAR/ (see Section ILI).

FBNGF also sets the locations in CM at which storage of B, C and D
start. For example, CM{ICll) is passed from the main program to subroutines

CMNGF and FACGF as the starting location of array C.

SYMBOL DICTIONARY

Ii31l = location in CM at which storage of B starts

IC1l1 = location in CM at which storage of C starts

ipll = location in CM at which storage of D starts

IMAT = number of complex numbers in AF

iR = gspace available (complex numbers) in CM when AF is not being
used.

IRESRV = total length of CM

IRESX = space availabe in CM when AF i1s being used .

[X11 = location in CM at which storage of B starts when A B 1is
computed (AF occupies space in CM)

NBCD = number of complex numbers in B, C and D combined

NBLN = number of complex numbers in B or C

NDLN = length of D

NEQ = number of rows in B, columns in C

NEQ2 = number of columns in B or D, rows in C or D
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1 SUBROUTINE FBNGF (NEQ.NEQZ.IRESRV.IB?1.IC11.IDI1.IX11) FN
2 C FBNGF SETS THE BLOCKING PARAMETERS FOR THE B, C. AND D ARRAYS FOR FN
3 cC OUT-OF~CORE STORAGE . FN
4 COMMON /MATPAR/ ICASE.NBLOKS,NPBLK,NLAST.NBLSYM.NPSYM.NLSYM,IMAT.I FN
5 1CASX NBBX ,NPBX,NLBX ,NBBL ,NPEL ,NLBL FN
6 IRESX=IRESRV-IMAT FN
7 NBLN=NEQ*NEQ2 FN
8 NDLN=NEQ2*NEQ? FN
9 NBCD=2*NBLN-+NDLN FN
10 IF (NBCD.GT.IRESX) GO TO 1 FN
[ ICASX=1 FN
12 IB1 t=IMAT+1 FN
13 GO TO 2 FN
14 1 IF (ICASE.LT.3) GO TO 3 FN
|35 IF (NBCD.GT.IRESRV.OR.NBLN.GT.IRESX) GO TO 3 FN
16 ICASX=2 FN
17 IB11=1 FN
18 2 NBBX=1 FN
19 NPBX=NEQ FN
20 NLBX=NEQ FN
21 NBBL=1 FN
22 NPBL=NEQ2 Fr
23 NLBL=NEQ2 FN
24 GO TO 5 FN
25 3 IR=TRESRV FN
26 IF (ICASE.LT.3) IR=IRESX N
27 ICASX=3 FN
28 IF (NDLN.GT.IR) ICASX=4 FN
29 NBCD=2*NEQ+NEQ2 N
30 NPBL=IR/NBCD FN
31 NLBL=TR/(2*NEQ2) FN
32 IF (NLBL.LT.NPBL) NPBL=NLBL FN
33 IF (ICASE.LT.3) GO TO 4 FN
34 NLBL=IRESX/NEQ FN
35 IF {NLBL.LT.NPBL) NPBL=NLBL FN
36 4 If¥ (NPBL.LT.1) GO TO & FN
57 NBBL=(NEQZ-1)/NPBL FN
58 NLBL=NEQZ-NBBL*NPBL FN
59 NBBL=NBBL+1 FN
40 NBLN=NEQ*NPBL FN
41 IR=IR-NBLN FN
42 NPBX=IR/NEQ2 FN
43 IF (NPBX.GT.NEQ) NPBX=NEQ FN
44 NBBX=(NEQ-1)/NPBX FN
45 NLBX=NEQ-NBBX*NPBX FN
46 NBBX=NBBX+1 FN
47 IB11=1 FN
48 IF (ICASE.LT.3) IB11=TMAT+! FN
49 3 IC11=IB11+NBLN FN
50 ID11=IC114+NBLN FN
51 IX11=TIMAT+1 N
52 PRINT 11, NEQZ? FN
53 IF {ICASX.EQ.1) RETURN FN
54 PRINT 8, ICASX FN
55 PRINT 9, NBBX.NPHX NLBX FN
58 PRINT 10, NBBL,NPBL,NLBL FN
57 RETURN FN
58 6 PRINT 7, IRESRV,IMAT ,NEQ,NEQ2Z FN
59 STOP FN
60 C FN
61 7 FORMAT (55H ERROR — INSUFFICIENT STORAGE FOR INTERACTION MATRICIES FN
62 1,24H IRESRV,IMAT ,NEQ,NEQ2 =,415) FN
61 8 FORMAT (4BH FILE STORAGE FOR NEW MATRIX SECTIONS - ICASX FN
64 9 FORMAT (19H B8 FTLLED BY ROWS —,15X,12HNO. BLOCKS =,13,3X,16HROWS P FN
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65
66
67
&8
69

10

"

TER BLOCK =,13,3X,20HRCWS IN LAST BLOCK =,13})

FORMAT (32H B BY COLUMNS, C AND D BY ROWS —.2X,12HNO. BLOCKS =,I3,
14X 15HR/C PER BLOCK =,13,4X,19HR/C IN LAST BLOCK =,I3)

FORMAT (//.35H N.G.F. —~ NUMBER OF NEW UNKNOWNS 1s,14)

END
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FFLD

PURPQOSE
To calculate the radiated electric field due to the currents on wires

and surfaces in free space or over ground. The range factor exp(—jkro)/

(rD/A) is omitted.

METHOD
Equation (126) of Part I is used to evaluate the radiated field of wires
and surfaces. The surface part of the equation is evaluated in subroutine

FFLDS, however. For wires, the field equation is

inexp(-3key)

_ _ _5 . w T
E(ry) e n o k=D s Flrg)
V]
F(;b) = 27 _[lexp(j§j~;) [T(s)/A] ds/A
L
where
o =_lro|f
ko= ro/fr,l
k = 2m/\
k = kk
E(s) = current on the wire at s
I = identity dyad
1 = contour of the wire
T = position of the point ar s on the wire

The dot product with the dyad kk - T results in the component of F transverse
to k. This is accomplished in the code by computing the dot products with the
unit vectors @ and @, normal to i.

For a wire structure consisting of N atraight segments, r on segment i

is replaced by

o
|

= location of the center of segment i

=
i

= unit vector in the direction of Ssegment i
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Then, I is evaluated as

—_—— N — —— f—
F(ro) = 32% exp(jk 'ri) Q

Aif2

Q = 2my ]

exp[jzm(fc-ai)] I,(e)/)\ de
-Ai/2 +

where Ai is the length of segment i normalized to A. With

Ii(t)/A = Ai + Bi sin (27t} + C, cos (2mt) ,

i

the integral can be evaluated as

5 -0 la 2 sin (ﬂwiAi) - sin [w(l - wi)Ai] ) sin [7w(1 + wi)Ai]
i i i W, i {1 - wi) (1 + wi)

1

+C +

sin [m(l -~ wi)Ai] sin [w(l + wi)Ai]
i (r - wi) (1L + wi)' ’

where wi = =k = ui.

The effect of a ground is included by computing the field of the image of

each segment and modifying it by the Fresnel reflection coefficients. The
coding here differs from section II-4 of Part I in some respects. Rather than
reflecting each segment in the ground plane, the direction of observation, ﬁ,
is reflected for the image calculation. Thus, the sign of the z component of
k is changed at the start of the image calculation. The z component of the
image [ield must also be changed in sign at the ena of the calculation.

Also, the change in sign of the image field due to the change in sign of
charge on the image is combined with the reflection coefficients. Thus, the
ref lection coefficients are the negative of those in Part I.

The code allows for a change in ground height and electrical parameters
at a fixed radial distance from the origin (circular cliff) or at a fixed
distance in x (linear cliff). In these cases, the reflection point of the
ray from the center of each segment is computed, and the reflection coeffi-
cients and phase lag are computed for the appropriate ground. Effects from

the region of change, such as diffraction from the edge, are not included,
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however. A radial wire ground screen may also be included by the reflection

coefficient approximation described in section II-4 of Part I.

CODING
FF30
FF34
FF38
FFrée4
FF65

F¥F75
FF102
FF110

FF156

FF161

FF166
FF169
FF177
FF179
FF180
FF186

t

l

FF164

FFl64

FF63

FF70

FF9é

FF104
F¥149

FF159

FF163

FF167

FF208
FF203

FF202

SYMBOL DICTIONARY

A
ARG

BOO
BOT

CAB
SAB
SALP

L]

Calculation of field due to gegments.

Loop over direct and image fields.

Reflection coefficients computed.

k reflected in ground for image,

Direct fields saved, and CIX, CIY, CIZ initialized before
image calculation,

Field of segment I computed.

Summation of fields for direct field or uniform ground.
Appropriate reflection coefficient determined and field
summed for reflected field from two-medium ground or
radial-wire ground screen.

Image field multiplied by reflection coefficients for
uniform ground and added to direct field.

Reflected field added to direct field for two-medium
ground or radial wire ground.

Dot products of F with 9 and $ for wires only,
Calculation of field due to surface patches,

Loop over direct and image fields.

Q reflected for image.

FFLDS calculates field.

Field multiplied by reflection coefficients for uniform

ground only.

2 sin (WwiAi)/wi (a series 1s used for small Wi)
k - r,
1

= coefficient of Bi in ai
= sin [T(1 - wi)Ai]/["ﬁ(l - wi)Ail

= m(l - wi).f_\i

= coefficient of Ci in 61

= x,

v, =z components of Gi
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CCX

CCY = variables for summation of x, y, and z components of F
cCz

CDP = (F - DR, - R)

CIX

CIY = variables for summation of x, y, and z components of F
CIZ

CONST = CONSX = -jn/4m

b = distance of ray reflection point from origin
DARG = phase increment due to change in ground level
EL = mﬁi

EPH = ¢ component of (rO/R)exp(jkrO) E(ro)

ETH = 6 component of (rO/A)exp(jkrO) E(ro)

ETA =n = vil/e

EX

EY = (rO/A)exp(jkrO) E(;b) for patches

EZ

EXA = Qi

GX

Gy = (rO/A)exp(jkrO) EI?b) for direct and reflected fields of patches
GZ

1 = segment number

OMEGA =,

PHI = ¢

PHX, PHY = x and y components of $

PIL =1

RFL = *]1 for direct or image field of patch

RI = imaginary part of Qi

ROX

ROY = x, ¥, and z components of ﬁ

ROZ

ROZS = saved value of ROZ

RR = real part of Qi

RRIL = —RH

RRH1 - Ry for first ground medium

RRH2Z = —RH for second ground medium
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RRV = -R,
RRV1 = ‘RV for first pround medium
RRV?2 = —RV for second ground medium
RRZ = z component of E ’
SILL = W A,
ii N
THET = 0 (angle from vertical to k)
THX
THY = 6
THZ
TIX ‘
TIY = Qi for image in ground
TIZ
TOO = gin[m(l + wi)ai]/[n(l + wi)Ai]
TOP = n(l + w, )A,
1771
TP = 2n
TTHET = tan 6 )
. -1/2 _
ZRATI = [er - jo/(weg) ] €5 0= ground parameters
ZRSIN = [1 - (zBATD)? sin® 071172
ZSCRN = surface impedance of ground with radial wire ground screen
CONSTANTS
-29.97922085 = -jn/(4m)
3.141592654 =1
376.73 =n
6.283185308 = 27
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SUBROUTINE FFLD (THET.PHI.ETH.EPH)

FFLD CALCULATES THE FAR ZONE RADIATED ELECTRIC FIELDS,
THE FACTOR EXP(J*K*R)/(R/LAMDA) NOT INCLUDED

COMPLEX CIX.CIY.CIZ.EXA.ETH.EPH.CONST.éCX,CCY.CCZ.CDP.COR

COMPLEX ZRATI.ZRSIN.RRV.RRH.RRV!,RRHI,RRVZ.RRHZ.ZRATIZ.TIX.TIY.TIZ

1. T1.ZSCRN,EX ,EY ,EZ,GX,GY,GZ .FRATT

COMMON /DATA/ LD.NT.N2Z,N,NP M1.M2,M,MP ,X(300),Y(300),2(300),SI(300
1).81(300){ALP(300),Bsr(soo).ICONf(soo),Ic0N2(5oo).ITAG(soo).ICONx(

2300) ,WLAM, IPSYM
COMMON /ANGL/ SALP(300)

COMMON /CRNT/ AIR(300),AII(300),BIR(300),BII(300),CIR(300),CII(300

1).CUR(900)

COMMON /GND/ZRATI.ZRATIZ.FRATI.CL.CH,SCRWL.SCRWR.NRADL.KSYMP.IFAR.

TIPERF,Tt,T2

DIMENSION CAB(1), SAB(1), CONSX(2)

EQUIVALENCE (CAB,ALP), (SAB,BET), (CONST,CONSX)
DATA PI.TP.ETA/3.141592654,6.283185308,376.73/
DATA CONSX/0.,-29.97922085/

PHX=-STN{PHI)

PHY=COS{PHI)

ROZ=CGS{ THET)

ROZS=R0O7

THX=ROZ*PHY

THY=-ROZ *PHX

THZ=-SIN(THET)

ROX=—THZ *PHY

ROY=THZ*PHX

IF (N.EQ.0) GO TO 20

LOOP FOR STRUCTURE IMAGE IF ANY
DO 19 K=1,KS5YMP
CALCULATION OF REFLECTION COEFFECIENTS

IF (X.£EQ.1) GO TO 4
TF (IPERF.NE.1) GO TO f

FOR PERFECT GROUND

RRV=-(1,.,0.)
RRH=-(1t.,0.)
GO TO 2

FOR INFINITE PLANAR GROUND

ZRSIN=CSORT(1.-ZRATI*ZRATI*THZ*THZ)
RRV=—{ROZ-7RATI*ZRSIN}/(ROZ+ZRATI*ZRSIN)
RRH=( ZRATI*ROZ~ZRSIN)/(ZRATI*ROZ+ZRSIN)
IF (IFAR.LE.1) GO TQO 3

fOR THE CLIFF PROBLEM, TWO REFLCTION COEFFICIENTS CALCULATED

RRV1=RRY

RRH1=RRH

TTHET=TAN(THET}

IF (IFAR.EQ.4) GO T0O 3
ZRSIN=CSQRT(1.—-ZRATIZ*ZRATI2*THZ*THZ)
RRV2=—(ROZ-ZRATI2*ZRSIN}/(ROZ+ZRATIZ*ZRSIN)
RRH2~{ ZRATIZ24ROZ-ZASIN)/{ZRATI2*ROZ+IRGIN)
DARG=~TP*2,*CH*ROZ

ROZ=-R0OZ
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65
66
67
&8
69
70
71
72
73
74
75
76
77
78
79
80
81
82
B3
84
85
86
87
88
89
80
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
[ B
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128

SO

[}

OO0 —=-00000

[N eXs]

CCX=CTX

CeY=CIy

Cer=C12

CIX=(0..0.)

CIv=(0..0.)

C1Z=(0..0.)

LOOP OVER STRUCTURE SEGMENTS

00 17 I=1,N
OMEGA=-(ROX*CAB(I)+ROY*SAB(I)+ROZ*SALP(I))
EL=PI*SI(I)

STLL=OMEGA*FL

TOP=EL+SILL

BOT=EL-SILL

IF (ABS(OMEGA).LT.1.E-7) GO TO 5
A=2 *SIN(SILL)/OMEGA

GO TO &
A=(2.-OMEGA*OMEGA*EL*EL/3.)*EL

IF (ABS(TOP).LT.1.E-7) GO TO 7
TOO=SIN(TOP)/TOP

GO T0 8

TGO=1.-TOP*TOP/6,

IF (ABS{(BOT).LT.1.E~-7) GO TO 9
BOO=SIN(BOT)/BOT

GO 7O 10

BOO=1.-BOT*ROT/6.

B=EL*(BOO-TOO)

C=EL*(BOO+T0O)
RR=A*AIR(I)+B*BII(I}+C*CIR(TL}
RI=A*AII(I)-B*BIR(I)}+C*CII{I)
ARG=TP*{X{L)*ROX+Y{I)*ROY+Z(I)*ROZ)
IF (K.EQ.2.AND.IFAR.GE.2Z) GO TO 11
EXA=CMPLX(COS(ARG),SIN(ARG))*CMPLX{RR,RI)

SUMMATION FOR FAR FIELD INTEGRAL

CIX=CIX+EXA*CAB(I)
CIY=CIY+EXA*SAB(I)
CIZ=CIZ+EXA*SALP(I)
GO TO 17

CALCULATION OF IMAGE CONTRIBUTION IN CLIFF AND GROUND SCREEN

PROBLEMS .
DR=Z(I)*TTHET
SPECULAR POINT DISTANCE

D=DR*PHY+X(I)

IF (IFAR.EQ.2) GO TO 13
D=SQRT{D*D+(Y(I)-DR*PHX)**2)
IF (IFAR.EQ.3) GO TO 13

IF ((SCRWL-D).LT.0.) GO TO 12

RADTAL WIRE GROUND SCREEN REFLECTION COEFFICIENT

D=D+T2

ZSCRN=T1*D*ALOG(D/T2)
ZSCRN=(ZSCRN'ZRATI)/(ETA‘ZRATI+ZSCRN)
ZRSIN=CSQRT(1.~ZSCRN*ZSCRN*THZ*THZ)
RRV=(ROZ+ZSCRN*ZRSIN)/{-ROZ+ZSCRN*ZRSIN)
RRH=(ZSCRN*ROZ+ZRSIN)/{ZSCRN*ROZ-ZRSIN)
GO TO 16
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65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
8%
84
a5
86
87
ag
a9
Q0
91
92
93
94
95

97

98

99
100
101
102
103
104
105
106
107
108
109
110
Tt
112
113
114
115
116
17
118
119
120
121
122
123
124
125
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129
1306
139
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
154
152
i53
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192

t3
14

OO0 0 -

20

OO N

22

23

IF (IFAR.EQ.4) GO TO 14

IF (IFAR.EQ.5) D=DR*PHY+X{[)
IF ((CL-D).LE.0.) GO TO 15
RRV=RRV 1

RRH=RRH 1

GO TO 16

RRV=RRY2

RRH=RRH2

ARG=ARG+DARG

EXA=CMPLX(COS(ARG),SIN(ARG))‘CMPLX(RR.RI)

CONTRIBUTION OF EACH IMAGE SEGMENT MODIFIED BY REFLECTION COEF.

FOR CLIFF AND GROUND SCREEN PROBLEMS

TIX=EXA*CAB(I)

TIY=EXA*SAB(I)

TIZ=EXA*SALP(I)
COP=(TIX*PHX+TIY*PHY)*(RRH-RRV)
CIX=CIX+TIX*RRV+CDP*PHX
CIY=CIY+TIY*RRV+CDP*PHY
CIZ=CIZ-TIZ*RRY

CONTINUE

If (K.EQ.1) GO TO 19

IF (IFAR.GE.Z) GO TO 18

CALCULATION OF CONTRTBUTION OF STRUCTURE IMAGE FOR INFINITE GROUND

CDP={CIX*PHX+CIY*PHY)* (RRH-RRV)
CIX=CCX+CIX*RRV+CDP*PHX
CIY=CCY+CIY *RRV+COP*PHY
CIZ=CCZ-CIZ*RRY

GO TO 19

CIX=CIX+CCX

CIY=CIY+CCY

CIZ=CIZ+CC2Z

CONTINUE

IF (M.GT.0) GO TO 21
ETH=(CIX*THX+CIY*THY+CIZ*THZ }*CONST
EPH=(CIX*PHX+CLY*PHY)*CONST

RETURN
CIX=(0..0.)
CIY=(0.,0.)
CIZ=(0.,0.)
ROZ=ROZS

ELECTRIC FIELD COMPONENTS

RFL=-1.
Do 25 IP=t KSYMP
RFL=—RFL

RRZ=ROZ*RFL
CALL FFLDS (ROX,ROY,RRZ,CUR(N+1),6X,GY,6Z)
IF (IP.EQ.2) GO 7O 22

EX=GX

EY=GY

£Z=GZ

GO TO 25

IF (IPERF.NE.]) GO TO 23

GX=—-GX

GY=—-GY

62=-GZ

GO FTO 24 .
RRV:CSQRT(F.—ZRATI'ZRATI‘THZ‘THZ}
RRH=ZRATI®ROZ
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129
130
131
132
133
134
135
136
137
138
139
140
41
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
L57
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
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193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210

24

25

RRH=(RRH-RRV}/{ RRH+RRY)
RRV=ZRATI*RRY
RRV=—(ROZ-RRV) /(ROZ+RRV)
ETH=(GX *PHX+GY*PHY }*(RRH-RRV)
GX=GX*RRV+ETH*PHX
GY=GY*RRV+ETH*PHY
GZ=GZ*RRY

EX=EX+GX

EY=ET+GY

£Z=EZI-GZ

CONTINUE

EX=EX+CIX*CONST
EY=EY+CIY*CONST
EZ=E7+CIZ*CONST
ETH=LX*THXH+EY*THY+EZ*THZ
EPH=EX*PHX+EY*PHY

RETURN

END
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FrLDS
PURPOSE

To calculate the x, ¥» z components of the far electriec field due to

surface currents. The term exp(—jkro)/(rO/A) is omitced,

METHOD
The field is computed using the surface portion of equation (126) in

Part I, With lengths normalized to the wavelength, the equation is

o n exp(—ikr ) e _ _ . 9
E(ro) = 2-—**:i;nr*—— (klk - 1) - JQ Js(r)exp(jk + 1) dA/AT

where
Yo = Irol_
k :-¥0/|r0|
ko= 2n/A
k = kk
jé = surface current on surface S
I = identity dyad

The dot product with the dyad ki - T results in the component of the integral

F(5p) = [ T.(Dexp(ik - 7) an/a?
G )
5
transverse to k. The integral is evaluated by summation over the patches

with the current assumed constant over each patch.

SYMBOL DICTIONARY

ARG = k -?i, r. = center of patch I
CONS = CONSX = jn/2 ’
CT = exp(jk ';;) dA/)\2 at FL18
= k = F(ro) at F[L24
EX .
EYl = X, v, z components of F(ro) at FL22

uz] = (r/\exp (ke E(E,) ac FL27

! = array location of patch data
J = patch number
K = current array index
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ROX
ROY ;=
ROZ
S(1)
SCUR
TP1
XS
YS
VA

h

CODE LISTING

O m e~ s N -

x, y, z components of k

(area of patch I)/)\2

array containing surface current components
2w

arrays containing center point coordinates of pateches normalized

to wavelength.

SUBROUTINE FFLDS (ROX,ROY,ROZ,SCUR,EX,.EY,E2)

CALCULATES THE XYZ COMPONENTS OF THE ELECTRIC FIELD DUE TO

SURFACE CURRENTS

COMPLEX CT,CONS,SCUR,EX,EY,.EZ

COMMON /DATA/ LD,N1,N2,N,NP,M1,M2.M,MP,X(300},Y(300),7(300),SI(300
1).BI(300),ALP(300),BET(300),ICON1(300),ICON2(300),1TAG(300} , ICONX(
2300) ,WLAM, IPSYM

DIMENSION XS(1), YS(1), ZS(1), S(1), SCUR(1), CONSX(2)

EQUIVALENCE (XS$,X), (¥S.Y), (ZS,Z). (S.BI), (CONS,CONSX)

DATA TPI/6.283185308/,CONSX/0.,18B.365/
£X=(0.,0.)

EY=(0.,0.)

EZ=(0.,0.)

I=L0+1

DO 1 J=1,M

I=I-1

ARG=TPI*{ROX*XS{L)+ROY*YS(I)+ROZ*ZS(1))
CT=CMPLX{COS{ARG)*S(T) ,SIN{ARG)*S(I))
K=3*J

EX=EX+SCUR(K-2}*CT
EY=EY+SCUR(K—1)*CT

EZ=EZ+SCUR(K)*CT

CONTINUE

CT=ROX*EX+ROY*EY+ROZ*EZ

EX=CONS* (CT*ROX—EX)
EY=CONS*(CT*ROY-EY)
EZ=CONS*{CT*ROZ-EZ)

RETURN

LND
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PURPOSE

To supply values of the integrated function exp(jkr)/(kr) to the

numerical integration routine INTX.

METHOD

The geometry parameters for integration over a segment are shown 1in

the following diagram.

o

L

in which

r(z") = [p? + (2" - 2)4)1/2

If the field point (p,z} is not on the scurce segment, the integrand value is

G(z') = M .

kr(z")

if the field point is on the source segment (p = 0, z = 0), the integrand

value is

exp[jkr(z')} - 1
kr(z')

G(z') =

In the latter case, 1if kr is less than 0.2, then (cos kr)/kr is evaluated by

the first three terms of its Taylor's series to reduce numerical error.

SYMBOL DICTIONARY

co = teal part of G{(z')
COS = external function (cosine)
LJ = flag to indicate when field point is on source segment (by IJ = 0)

R = kr
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RKB2

S1

STN

SQRT

ZDK

ZK

ZPK

CONSTANTS
—-1.38888889E~3

4.16666667E-2 = constants in series for (cos kr - 1)/kr

0.5

1]

]

CODE LISTING

W R~NIHO NN =

[e NN

2
(kp)
imaginary part of G(z')

external function (sine)

external function (square root)

kz' - kz
kz'
kz

SUBROUTINE GF (ZK,CO,SI)

GF COMPUTES THE INTEGRAND E£XP(JKR)/(KR) FOR NUMERICAL INTEGRATION.

COMMON /TMI/ ZPK,RKB2,TJ
ZDK=ZK-ZPK
RK=SQRT(RKBZ+ZDK*2DK)
SI=SIN{RK)/RK

IF (TJ) 1,21
CO=COS(RK)/RK

RETURN

IF (RK.LTV..2) GO TO 3
CO=(COS(RK)=1.)/RK
RETURN

RKS=RK *RK

CO=((~-1.38888BBIE-3*RKS+4.16666667E-2)*RKS~.5)*RK

RETURN
END
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PURPOSE

To read the NGF file and store parameters in the proper arrays.

METHOD

GL22 Miscellaneous parameters are read.

GI30 - G148 Segment coordinates were converted to the form involving
the segment center, segment length, and orieantation (see
Section III, COMMON/DATA/) with dimensions of
wavelength., They must be converted back to the
coordinates of the segment ends so that subroutine
CONNECT can locate connections. Dimensions are converted
to merers. |

GI52 ~ GL62 Patch coordinates are converted from units of wavelength
to meters since they will be scaled back to wavelengths
along with the new segments and patches.

GI63 atrix blocking parameters are read.

G164 Interpolation tables for the Sommerfeld integrals are
read if the Sommerfeld/Norton ground treatment was used.

GI74 Matrix AF is read for in-core storage (ICASE = 1 or 2).

G178 - GI8lL AF 1s read for ICASE = 4.

G183 - GI88 AF is read for ICASE = 3 or 5.

GI92 - GIL13 A heading summarizing the NGF file is printed.

SYMBOL DICTIONARY

DX = nalf segment length (meters)

IGFL = file number for NGF file

Lout = number of elements in matrix

IPRT = 1 to print coordinates of ends of segments

NBLZ = two times number ¢of blocks in matrix AF (since Ag 15

stored twice, in ascending and descending order)

NEQ = order of the NGF matrix

NOP = pnumber of symmetric sections

NPEQ = number of unknowns for a symmetric section

XI, YI, 2L = coordinates of the center of a segment or patch
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1 SUBROUTINE GFIL (IPRT) GI
2c GI
3¢ GFIL READS THE N.G.F. FILE GI
4 C CI
5 COMFLEX CM,SSX,ZRATI,ZRATIZ,T1,ZARRAY,AR1, ARZ, AR3,EPSCF,FRATI GI
& COMMON /DATA/ LD.N1.N2.N.NP,M|.MZ.M.MP,X(soo).Y(300).Z(300).51(500 GI
7 1),BI(SOO}.ALP(SOO),BET(SOO).ICON1(300).ICONZ(BOO).ITAG(SOO).ICONX( GI
8 2300) \WLAM, IPSYM GI
g COMMON /CMB/ CM{4000) GI
10 COMMON /ANGL/ SALP{300) GI
11 COMMON /GND/ZRATI,ZRATI2,FRATI,CL,CH,SCRWL,SCRWR.NRADL ,KSYMP,TFAR, GI
12 1IPERF,T1,T2 GI
13 COMMON /GGRID/ AR1(11,10,4),AR2(17,5,4),AR3(9,8,4),EPSCF,DXA(3),DY GI
14 TA(3).XSA(3),VYSA(3) . NXA(3),NYA(3) GI
15 COMMON /MATPAR/ ICASE,NBLOKS,NPBLK,NLAST ,NBLSYM,NPSYM,NLSYM,IMAT,I GI
16 1CASX ,NBBX ,NPBX ,NLBX ,NBBL ,NPBL ,NLBL GI
17 COMMON /SMAT/ SSX(16,16) GI
18 COMMON /ZLOAD/ ZARRAY(300),MLOAD,NLODF GI
19 COMMON /SAVE/ IP(600),KCOM,COM(13,5),EPSR,SIG,SCRWLT,SCRWRT .FMHZ 6T
20 DATA IGFL/20/ GI
21 REWIND IGFL GI
22 READ (IGFL} N1,NP,M1.,MP ,WLAM,FMHZ, IPSYM,KSYMP, IPERF,NRADL .EPSR,SIG GI
23 1,5CRWLT,SCRWRT ,NLODF , KCOM GI
24 N=N1 GI
25 M=M1 GI
26 N2=N1+1 GI
27 M2=M1+1 GI
28 IF {(N1.EQ.Q) GO TO 2 GI
29 C READ SEG. DATA AND CONVERT BACK TO END COORD. IN UNITS OF METERS GI
30 READ (IGFL) (X(I),I=1,N1),(¥(I),I=1,N1),(Z(I),I=1,N1) GI
31 READ (IGFL) (ST{I).I=1,N1),(BI{I),I=1,N1)},(ALP(I).I=1,N1) GI
32 READ (IGFL) (BET(I}.I=1,Nt).(SALP{I),I=1,N1) GI
13 READ (IGFL) {ICONI{I),I=%,N1),(ICONZ2(I),I=1,N1) GI
34 READ (IGFL) (ITAG(I),I=1,N1) GI
35 IF (NLODF.NE.0) READ (IGFL) (ZARRAY(I),I=1 N1} GI
36 DO 1 I=t,Ni GI
37 XI=X({1)}*WLAM GI
38 YI=Y{I)*WLAM GI
39 ZI=2({TI}*WLAM GI
40 DX=SI{I)*.5*WLAM GI
41 X(I)=XI-ALP(I)*DX GI
42 Y{I)=YI-BET(I)*DX Gl
43 Z{I)=ZI-SALP{1)+*DX GI
44 SI{I)=XI+ALP(I)*DX Gl
45 ALP{I)=YI+BET(I)*DX GI
46 BET{I}=ZI+SALP{I)*DX GI
47 BI(I}=BI(I)*WLAM GI
48 1 CONTINUE GI
49 2 IF (M1.EQ.0) GO TO 4 GT
50 JSLD-M1+1t GI
51 ¢ READ PATCH DATA AND CONVERT 7O METERS GI
52 READ (IGFL) {X(I).I=J,tD),(¥{I),I=J,LD).{Z(I),I=J.LD) G1
53 READ (IGFL) (SI(I},I=J,LD).{BI{I),I=J,LD),(ALP{L),I=J,LD) GI
54 READ (IGFL) (BET(I).I=J,LD),(SALP{I),I=J,LD) GI
55 READ {IGFL) (ICON1(I).I=J.LD).(ICONZ2(I),I=J,LD) 51
56 READ (IGFL) (ITAG(I),TI=J,LD) GI
57 DX=WLAM*WL AM GI
58 DO 3 1=J,LD GI
59 X{I)=X(TI)*WLAM I
60 Y{I)=Y(I)"WLAM GI
1 Z{IY=Z(1)*WLAM GI
61 3 BI(I}=BI{I)*Dx GI
63 4 READ (IGFL) ICASE,NBLOKS,NPBLK,NLAST NBLSYM,NPSYM, NLSYM, IMAT GI
64 IF (IPERF.EQ.2) READ (IGFL) ART.AR2,AR3 EPSCF,DXA,DYA,XSA,YSA NXA, GI
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65
66
€7
68
69
70
71
72
73
74
75
76
77
78
79
80
&1
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
1z
1S
114
115
16
117
118
19
1206
12
122
123
124
125
126
127
128

10

i1

12

15
16
17
16

{9
20

1

NYA 61
NEQG=M1+2*M1 I
NPEQ=NP+2*MP ol
NOP=NEQ/NPEQ G1
LF (NOP.GT.1) READ (IGFL) ((SSX({I.J),I=1,NOP},J=1 NOP) GI
READ (IGFL) (IP{I},I=1,NEQ),COM GI
READ MATRIX A AND WRITE TAPE13 FOR OUT OF CORE GI
If (ICASE.GT.2) GO TO 5 GI
IOUT=NEQ*NPEQ cI
READ (IGFL) (CM(I},I=1,I0UT) GI
GO TO {0 GI
REWIND 13 GI
IF (ICASE.NE.4) GO TO 7 GI
I0UT=NPEQ*NPEQ GI
DO 6 K=1,NOP GI
READ (IGFL) (CM(J),J=1,I0UT) GI
WRITE (13) (CM(J4),J=1,I0UT) GI
GO TO & GI
TOUT=MPSYM*NPEQ®*2 Gl
NBL2=2*NBLSYM GI
DO 8 IOP=t,NOP GI
DO 8 I=1,NBL2Z GI
CALL BLCKIN (CM,IGFL,1,I0UT,1,208) GI
CaLt BLCKOT (CM,13,%,I0UT,1,205) GI
REWIND 13 GI
REWIND TGFL GIT
PRINT N.G.F. HEADING GI
PRINT 16 GI
PRINT 14 GI
PRINT 14 GI
PRINT 17 GI
PRINT 18, N1.,M1 GI
TIF (NOP.GT.1} PRINT 19, NOP GI
PRINT 20, IMAT,ICASE GI
IF {ICASE.LT.3) GO TO 11 GT
NBL2=NEQ*NPEQ GI
PRINT 21, NBL2 GI
PRINT 22, FMHZ GI
IF (KSYMP.E£Q.2.AND.IPERF.EQ.1) PRINT 23 GI
IF (KSYMP.EQ.2.AND.IPERF.EQ.0) PRINT 27 GI
IF (KSYMP.EQ.2.AND.IPERF.EQ.2) PRINT 28 GI
IF (KSYMP.EQ.2.AND.IPERF.NE.1) PRINT 24, EPSR,SIG 61
PRINT 7 GI
DO 12 J=1,KCOM GI
PRINT 15, (COM(I,Jd),I=1,13) GI
PRINT 17 GI
PRINT 14 GI
PRINT 14 GI
PRINT 16 Gl
IF {TPRT.EQ.0) RETURN GI
PRINT 25 GI
00 13 I=1,Ni GI
PRINT 26, L,X(I),Y(I},Z(1).SI{I),ALP(I),BET(I) GI
RETURN GI

GI
FORMAT (sx'SOH!“-i“.l.l".tltt'ltl.!tt‘.‘ttt‘tttl!.lll..Ot!l‘.“‘_3 GI
4Ho..t#‘tt.l.‘l.‘.a.t.lt"t.itl"tti) GI
FORMAT {5X,3H"* ,13A6,3H **) GI
FORMAT (////) Gl
FORMAT (5X,2H"* ,BOX,ZH*") GI
FORMAT (5X,29H** NUMERICAL GREEN'S FUNCTION,53X.2H**,/.5X.17H** NO GI
1. SEGMENTS =,I4,10X,13HNG. PATCHES =,T4,34X,2H%*) GI
FORMAT (SX,Z?H“ NO. SYMMETRIC SECTIONS =,14,51%,2H"") GI
FORMAT {5X,34H** N.G.F. MATRIX - CORE STORAGE =,I7,23H COMPLEX NU GI
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129
130
131
132
133
134
135
136
137
t38
139
140
141
142
143
144

21
i2
23
24

25

26
27

28

IMBERS, CASE,I2,16X,2H**)

FORMAT (5X,2H** 19X, 13HMATRIX SIZE =,17.16H COMPLEX NUMBERS, 25X .2H
Il.)

FORMAT (5X,14H®* FREQUENCY = E12.5,5H MHZ. 51X,2H%+)

FORMAT {5X,17H** PERFECT GROUND,65X,2H**)

FORMAT (5X,44H** GROUND PARAMETERS - DIELECTRIC CONSTANT =.F12.5 2
16X, 2H*, /. 5X.2H** 21X, 1 4HCONDUCTIVITY =, E12.5,8H MHOS/M.,25X,2H**)
FORMAT (39X .31HNUMERICAL GREEN'S FUNCTION DATA./.41X,27HCOORDINATE
IS OF SEGMENT ENDS./,51X.BH{METERS),/.5X,4HSEG.,11X,19H— — ~ END ON
2E = = -~,26X,19H- — - END TWO - — —,/ 6X,3HNO. ,6X,1HX, 14X, 1HY, 14X, §
5HZ.|4X.'HX.14X,1HY.I4X.IHZ)

FORMAT (1X,I7.6E15.6)

FORMAT (5X,55H** FINTTE GROUND. REFLECTION COEFFICTENT APPROXIMAT
1ION, 27X, 2H**)

FORMAT (5X,38H** FINITE GROUND. SOMMERFELD SOLUTION, 44X ,2H**)
END
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PURPOSE
To compute the electric field at intermediate distances from a radiacing

Structure over ground, including the surface-wave field component .

METHOD

Approximate expressions for the field of a horizontal or vertical current
element over a ground plane were derived by K. A. Norton (ref. 2). These
expressions are used to evaluate the field of each segment in a structure and
the components summed for the total field of the structure. To evaluate
Norton's expressions for segment i, a local coordinate system (x', y', z') is
defined (fig. fa) with origin on the ground plane and the vertical z axis
passing through segment i. In the (x, y, z) coordinate system (fig. 6 b) the

location and orientation of segment i are

st
li
»
X

+
-
<

+
N
N

e
|

=cos &% cos B x+ cos o sin B y + sin o z

and the field observation point is at (p, ¢, z). The origin of the primed
coordinate system is at (xi, Yo 0) in the umprimed coordinates, and the x'
axis is along the projection of the segment on the ground plane.

Norton's expressions give the electric field in p', ¢', and z' components
for infinitesimal current elements either vertical or horizontal, and directed

1

along the x' axis. To evaluate the field of a segment, the segment current

is decomposed into horizontal and vertical components, and the fields of the
infinitesimal current elements are integrated over the segment. Each field

component for the infinitesimal current element has the form
~ L 1 1 — L] T —_ 1 1 1 -
L', ' 2" = Fl(p', ¢', z')exp( jkR}) + FZ(O » ¢, z')exp(=JkR,) ,

tor
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a
Q/ v
]
Af
a z ¢
R
‘§;;¢ ’ S'
x Image of.
segment i
{a) Norton’s Coordinates
z
Segment i
P
Y
¢
?

B>

(b} NEC Coordinates

Figure 6. Coerdinate Systems Used ta Evaluate Norton's Expressions for the
Ground Wave Flelds in the NEC Program,
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where Fl and F2 are algebraic functions of Rl and R2 and can be considered
constant lor integration over the segment as long as Rl and R2 are much

greater than the segment length. To integrate the exponential factors over

the segment, Rl and R2 are approximated as

Rl T R - R1 * (r, + is)

~

= R 2 =’L— R R =_’ ® — i' = i
where R = |R]|, R, Rl/]R1|, R, R2/|R2[, ri, i position and orientation
of image of segment i, and & = variable of length along the segment (s = 0 at

segment center). The current on the segment is

L,(s) = A, + B, sin ks + C. cos ks.
1 1 1 1

With Fl and F2 considered constant, each vector component of the field

produced by segment i involves an integral of the form

AS2N T, (s) Af2X Ii(s)
E =TF! / 1A exp{-jksw) d ; + Fé_[ T exp(-jksw') d(s/A) ,
C=A/2) -Af2)
where
2 . 4 o
Fi = A Fl exp[-jk(R - R1 . ri)]
Fé = AZFZ exp[~jk(R - ﬁ2 . ;;)]
we R -
w' = —ﬁz -1

A = segment length
The integrals can be evaluated as

FA/20 L (s)
G = ll exp(-j2m w s/A) d
Tz

s

A
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Bifsin (7 (1 - wd]  sin (1 (0 + w)d]
A (1 -~ w) (1 + w)

o Cifsin [m (1 - w)d] , sin (m (1 + w)d]
A (L - w) (1 + w

where d = A/A.  The integral for 62 (the coefficient of Fé) is the same with

T, and i reflected in the ground plane. The terms G, and G2 and other

1
necessary quantities are passed to subroutine GWAVE through COMMON/GWAV/.

GWAVE returns the field components

v
E‘.[J = p' component of field due to vertical current component

v

E? = z component of field due to vertical current component

h ] ,

ED = p" component of field due to horizontal current component
h , , .

E¢ = ¢' component of field due to horizontal current component

h , .
Ez z component of field due to horizontal current component

The common factor exp{-jkR) occurring in Fi and Fé is omitted from the field
components and included in the total field after summation.

These f{ield components are then combined to form the total field in
X, ¥, #z components and summed for each segment. The field is finally converted
to r, 0, ¢ components in a spherical coordinate system ceinciding with the
X, ¥, 7 cecordinate system.

The approximations involved in the calculation of the surface wave are

. . 2
valid to second order in u , where

= k/k
/ 2
k = wave number in [ree space
k2 = wave number in ground medium

The approximations are valid for practical ground parameters. To ensure that
the expressions are not used in an invalid range, however, the surface wave is
not computed if |u| is greater than 0.5. Rather, subroutine FFLD is called,
and the resulting space wave is multiplied by the range factor exp(-~ikR)/
(R/A). The radial field component will be zero in this case. FFLD is also

5
called if R/A is greater than 107, or if there is no ground present.
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SYMBOI, DICTIONARY

A
ABS
ARG
ATAN

BOO
BOT

CAB(I)
CABS
CALP
CBET
CIX
CLY
CIZ
CMPLX
Cos
CPH
DX
DY
DZ
EL
EPH
EPI
ERD
ERH
ERV
ETH
EX
EXA

EY
EZH
EZV

coefficient of Ai/k in 2mG. and 27G

1 2

external routine (absolute value)

argument of exp( ) for phase factor

external routine (arctangent)

coefficient of Bi/A in 217G, and 271G
sin (BOT)/BOT

(1l - w)d

coefficient of Ci/A in 2mG. and 276G

1 2

1 2

cos ¢ cos B for segment I

external routine (magnitude of complex number)

cos o

cos B

X

*

y, z components in summation for field

external routine (forms complex number)

external routine (cosine)

cos ¢'

X, vy, z components of i

Td

Eg or Eg cos o {¢' component of total field of segment i)

¢ component of field of structure

R component of field of structure

Eh
0]
EV
P

and p' component of total field of segment i

9 component of field of structure

x component of field for segment i

phase factor at GD30 and GD130:

Gl exp(Jle . ri) or G, exp(jkR

+ ') at GD109
2 i

2

vy component of field for segment i

L
E

[SIR= S = o

and z component of total field of segment i
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FFLD = external routine (computes space wave)
GWAVE = external routine (computes Eg, Eg sena)
L = DO loop index (i)

K = DO loop Index (loop over segment and image)
KSYMP = 1 if ground is present: 0 otherwise
OMEGA = w

PHI =9

PHX = X component of $

PHY = y component of $

PI =T

R = R/A

RFL = sign factor to reflect segment coordinates in ground
RHO = gfA

RHP = p'/A

RHS = (p'/M)°

RHX = x component of p'

RHY = y component of a'

RI = imaginary part of ZTrGl or 2'!TG2

RIX = x component of Rl/A or RZ/X

RIY = y component of RI/A or RZ/A

RIZ = z component of Rllk or RZ/A

RNX

RNY = X, ¥y, z components of ﬁl or ﬁZ or ﬁ
RNZ

RR = real part of ZHGl or 21TG2

RX = x component of p/A

RXYZ = RI/R or Rz/l (for s = 0)

RY = y component of p/A

RZ = ozfA

SAB(L) = cos a sin B

SBET = sin B

SILL = Tdw

SIN = external routine (sine)

SPH = gin ¢’
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SQRT = external routine (square root)
THET = 0 in spherical coordinate system
THX = X component of 6
THY = y component of 0
THZ = z component of é
TOO = sin (TOP)/TOP
TOP = w(l + w)d
TP = 2
u = u
Ux = u
U2 = u2
XX1 =6 exp(jkﬁl . ?i)
XX2 = G2 exp(jkﬁz . ri)
CONSTANTS
1.E-20 = tolerance in test for zero
1.E-7 = tolerance in test for zero
1.E~6 = tolerance in test for zero
0.5 = upper limit for |uf

3.14159265%4 = w
6.283185308 = 27
1.E+5 = upper limit for RA
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11

12
13
14
15
16
17
18
19
20
21

22
23
24
25
26
27
28
29
30
31

32
33
34
35

37
38
39
40
41

42
43
a4
45
46
47
48
49
50
51

52
53
54
55
56
57
58
59
60
61

62
83
64

o}

- OO0

OO0

@]

SUBROUTINF GFLD (RHO,PHT,RZ ETH,EPT ,ERD,UX,KSYMP)
GFLD COMPUTES THE RADIATED FIELD INCLUDING GROUND WAVE .

COMPLEX CUR,EPT . CIX,CIY,CIZ EXA,XX1 ,XX2,U,U2,ERY,EZV,ERH,EPH

COMPLEX EZH.EX,EY,ETH,UX,ERD

COMMON /DATA/ LD,NT,N2,N,NP M1 ,M2,M,MP,X(300),Y(300),Z{300),SI(300
1),BI(300).ALP(300),8ET(300),ICON1(300),ICON2(300),ITAG{300) . ICONX(

2300) ,WLAM, IPSYM
COMMON /ANGL/ SALP({300}

COMMON /CRNT/ AIR(300),AII(300),BIR(300),BII(300),CIR(300),CII{300

1), CUR{900)

COMMON /GWAY/ U,U2,XX1,XX2,R1,R2,ZMH, ZPH
DIMENSION CAB(1), SAB(1)

EQUIVALENCE (CAB{1),ALP{1)), (SAB(1),BET{1))
DATA PI,TP/3.141592654,6.283185308/
R=SQRT{RHO*RHO+RZ*RZ)

IF (KSYMP.EQ.1) GO TO 1

IF (CABS{UX).GT..5) GO TO {

IF (R.GT.1.E5) GO TO 1

GO TO 4

COMPUTATION OF SPACE WAVE ONLY

IF (RZ.LT.1.E-20) GO TO 2
THE T=ATAN{ RHO/RZ)

GO TO 3

THET=PI".5

CALL FFLD (THET,PHI,ETH,EPI)
ARG=-TP*R
EXA=CMPLX(COS(ARG),SIN(ARG)}/R
ETH=ETH*EXA

EPI=EPI*EXA

ERD=(0.,0.)

RETURN

COMPUTATION OF SPACE AND GROUND WAVES.

U=UX

u2=Usy
PHX=—SIN(PHI)
PHY=COS(PHI)
RX=RHO*PHY
RY=-RHO*PHX
CIX=(0.,0.)
CIv=(0.,0.)
CIZ=(0..0.)

SUMMATION OF FIELD FROM INDIVIDUAL SEGMENTS

DO 17 I=1,N
DX=CAB(I)

DY=SAB(1)
DZ=SALP(TI)
RIX=RX-X{I)
RIY=RY-Y(1)
RHS=RIX*RIX+RIY*RIY
RHP=SQRT{RHS)

IF {(RHP.LT.1.E-6) GO TO 5
RHX=RIX/RHP
RHY=RIY/RHP

GO 1O 6

RHX=1 .

RHY=0
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65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81

82
33
84
85
86
87
88
89
90
9t

92
93
94

95 .

96
97
98
99
100
101
102
123
104
105
106
107
108
109
110
111
vE2
113
114
115
116
117
118
119
120
121
i22
123
124
125
126
127
128

o

SO0 0

11
12

13
14

OO0 —

l9}

CALP=1.-D7*DZ

IF (CALP.LT.1.E-6) GO TO 7
CALP=SQRT(CALP)
CBET=DX/CaALP
SBET=DY/CALP
CPH=RHX*CBET+RHY*SBET
SPH=RHY*CBET—RHX*SBET
GO TO 8

CPH=RHX

SPH=RHY

EL=PI*SI(I)

RFL=-1.

INTEGRATION Of (CURRENT ) * (PHASE FACTOR) OVER SEGMENT AND IMAGE FOR
CONSTANT, SINE, AND COSINE CURRENT DISTRIBUTIONS

DO 16 K=1,2
RFL=-RFL

RIZ=RZ-Z(I)*RFL
RXYZ=SQRT(RIX*RIX+RIY*RIY+RIZ*RIZ)
RNX=RIX/RXYZ

RNY=RIY/RXYZ

RNZ=RIZ/RXY2
OMEGA=~(RNX*DX+RNY*DY+RNZ*DZ*RFL)
SILL=OMEGA*EL

TOP=EL+SILL

BOT=EL-STILL

IF (ABS{OMEGA).LT.1.E-7) GO TO 9
A=2 *SIN{SILL)/OMEGA

GO TO 10

A=(2. -OMEGA*OMEGA*EL*EL/3. }*EL

IF (ABS(TOP).LT.1.E-7) GO TO 1i
TOO=SIN(TOP)/TOP

GO TO 12

TGO=1.-TOP*T0OP /5.

IF (ABS(BOT).LT.1.E~7) GO TO 13
BOO=SIN{BOT)/BOT

GO TO 14

BOO=1.-BOT*BOT/6.

B=EL*{BOO-T0OO)

C=EL*{BOO+TO0O)
RR=A*AIR(I)+B*BII(T}+C*CIR(I)
RI=A*AII(I)-B*BIR(I)+C*CII(I)
ARG=TP*{X{I}*RNX+Y(I)*RNY+Z(I)*RNZ*RFL)
EXA=CMPLX{COS(ARG) ,SIN{ARG})*CMPLX(RR.RI}/TP
IF (K.EQ.2) GO 1O 15

XX1=EXA

R1=RXYZ

IMH=RTZ

GO TO 16

XX2=EXA

R2=RXYZ

ZPH=RIZ

CONTINUE

CALL SUBROUTINE TO COMPUTE THE FIELD OF SEGMENT INCLUDING GROUND

WAVE .

CALL GWAVE (ERV,E2V,ERH,EZH,EPR)
ERH=ERH*CPH*CALP+ERV*DZ
EPH=EPH*SPH*CALP
EZH=EZH*CPH*CALP+EZV*DZ
EX=ERH*RHX -EPH*RHY
EY=ERH*RHY+EPH*RHX
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129
130
131
132
133
i34
135
136
157
138
139
140
41
142
143
144
145
146
147

CIX=CIX+EX

CIY=CIY+EY

CIZ=CIZ+EZH

ARG=—TP*R
EXA=CMPI.X{COS(ARG) ,SIN(ARG))
CIX=CIX*EXxaA

CIY=CIY*EXA

CIZ=CIZ*iXA

RNX=RX/R

RNY=RY/R

RNZ=RZ/R

THX=RNZ*PHY

THY=-RNZ *PHX

THZ=-RHO/R

ETH=CIX®* THX4+CIY*THY+CIZ*THZ
EPI=CIX*PHX+CIY®PHY
ERD=CIX*RNX+CIY*RNY+CIZ*RNZ
RETURN

END
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GFoUT
GFOUT

PURPOSE
Te write the NGF fite.

METHOD

The contents of the COMMON blocks in GFOUT are written to file 20. TIFf
ICASE is 3 or 5 the blocks of the LU decomposition of matrix A are on file 13
in ascending order and on file 14 in descending order. Both files are written

to fi1le 20.

SYMBOL DICTIONARY

IGFL = NGF file number

[OUT = number of elements in matrix

NEQ = order of matrix A

NOP = number of symmetric sections

NPEQ = number of unknowns for a symmetric section
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GFOUT

1 SUBROUTINE GFOUT 4]
2 C GO
3¢ WRITE N.G.F. FILE GO
4 C GO
5 COMPLEX CM,SSX,ZRATI,ZRATI2,T1,ZARRAY, AR1,AR2,AR3, EPSCF,FRATI GO
6 COMMON /DATA/ LD,NT,N2Z,N,NP,M1,M2,M,MP X(300),Y(300),Z(300),5I{300 GO
7 1},BI{300},ALP(300},BET(300),ICON1{300),TCON2(300},ITAG(300),ICONX({ GO
8 2300) ,WLAM, IPSYM GO
g COMMON /CMB/ CM(4000) GO
10 COMMON /ANGL/ SALP(300) GO
11 COMMON /GND/ZRATI,ZRATI2,FRATI ,CL,CH,SCRWL,SCRWR,NRADL ,KSYMP,IFAR, GO
12 {IPERF,T1,T2 GO
13 COMMON /GGRID/ AR1(11,10,4},AR2(17,5,4),AR3(9,8,4) ,EPSCF,DXA(3),DY GO
14 TA(3),XSA{3).YSA(3) . NXA(3),NYA(3) GO
15 COMMON /MATPAR/ ICASE ,NBLOKS ,NPB8LK,NLAST,NBLSYM,NPSYM,NLSYM,IMAT,I GO
16 1CASX ,NBBX ,NPBX ,NLBX ,NBBL ,NPBL ,NLBL GO
17 COMMON /SMAT/ SSX(16.16) GO
18 COMMON /ZLOAD/ ZARRAY(300),NLOAD,NLODF GO
19 COMMON /SAVE/ IP(600),KCOM,COM(13,5),EPSR,STIG,SCRWLT,SCRWRT,FMHZ GO
20 DATA IGFL/20/ GO
21 NEQ=N+2*M GO
22 NPEQ=NP+2*MP GO
23 NOP=NEQ/NPEQ GO
24 WRITE (IGFL) N,NP.M,MP ,WLAM,FMHZ ,IPSYM ,KSYMP,IPERF ,NRADL,EPSR,SIG, GO
25 TSCRWLT , SCRWRT ,NLOAD, KCOM GO
26 IF (N.EQ.0) GO TO 1 GO
27 WRITE (IGFL) (X(I).I=t,N).(Y{(I).I=1,N),{2(1).I=1.N) GO
28 WRITE (IGFL) (SI(I).I=1.N)},{BI(I).I=1.N).(ALP(I),I=1.N) GO
29 WRITE (IGFL) (BET{I).I=1,N},(SALP{I),I=1,N} GO
30 WRITE (IGFL) (ICONT({I),I=1,N)},{ICONZ2(I),I=1,N) GO
3 WRITE {(IGFL} (ITAG(I),I=1,N) GO
32 IF {(NLOAD.GT.0) WRITE (IGFL) (ZARRAY(I),I=1,N) GO
33 1 IF (M.EG.0) GO TO 2 GO
34 J=LD-M+1 GO
35 WRITE (IGFL)Y (X(I),I=J,LD).(Y(I},I=J,LD).(2(1),I=4.LD) GO
36 WRITE (IGFL) (SI(I),I=J.LD).(BI(I).I=J,LD),.{ALP(I),I=J,LD) GO
37 WRITE (IGFL) {(BET(I),I=J.LD),(SALP(I),I=J,LD) GO
38 WRITE (IGFL) (ICON1(I),I=J,LD),(ICON2(I),I=J,LD) GO
39 WRITE (IGFL) (ITAG(I).I=J,LD) GO
40 2 WRITE (IGFL) ICASE,NBLOKS,NPBLK,NLAST ,NBLSYM,NPSYM, NLSTM, IMAT GO
41 IF (IPERF.EQ.2) WRITE {IGFL) AR1,ARZ,AR3,EPSCF,DXA,DYA,XSA,YSA,NXA GO
42 1,NYA GO
43 IF {NOP.GT.1) WRITE (IGFL) ((SSX(I.J).I=1,NOP),J=1,NOP) GO
44 WRITE (IGFL) (IP(I),I=1,NEQ},COM GO
45 IF (ICASE.GT.2) GO TO 3 GO
46 TOUT=NEQ*NPEQ GO
47 WRITE (IGFL) (CM(I),I=1,IOUT) GO
48 GO TO 12 GO
49 3 IF (ICASE.NE.4) GO TO 5 GO
50 REWIND 13 GO
51 I=NPEQ*NPEQ GO
52 DO 4 K=1,NOP GO
53 READ (13) (CM(J).,J=1,T) GO
54 4 WRITE (IGFL) (CM(J),J=1,1I) GO
55 REWIND 13 GO
56 GO TO 12 GO
57 5 REWIND 13 GO
58 REWIND 14 GO
59 IF {ICASE.EQ.5) GO 10 8 GO
60 TOUT=NPBLK*NEQ®2 GO
61 DO 6 I=1,NBLOKS GO
62 CALL BLCKIN (CM,13,1,I0UT,1,201) GO
63 & CALL BLCKOT (CM,IGFL,!1,IOUT,1,202) GO
64 DO 7 I=1,NBLOKS GO
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CALL BLCKIN (CM,14,1,I0UT,1,203)
CALL BLCKOT (CM,IGFL,1,I0UT,1,204)
GO TO 12

TOUT=NPSYM*NPEQ®*2

DG 11 IOP=1,NOP

DO 9 I=1,NBLSYM

CALL BLCKIN (CM,13,1,I0UT,1,205)
CALL BLCKOT {(CM,IGFL.t.IOUT,1,206)
DO 10 I=1,NBLSYM

CALL BLCKIN (CM,14,1,I0UT,1,207)
CALL BLCKOT (CM,IGFL,1,I0UT,1,208)
CONTINUE

REWIND 13

REWIND 14

REWIND IGFL

PRINT 13, IGFL,IMAT

RETURN

FORMAT (///.44H ****NUMERICAL GREEN’S FUNCTION FILE ON TAPE,I3,5H
1**%% /.5X,16HMATRIX STORAGE —,I7,16H COMPLEX NUMBERS,///)

£ND
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GH

aH

PURPOSE
To compute the function that is numerically integrated for the near H

ficld of a segment.

METHOD

The value returned by GH is

1 J

G = 3 + 5 exp(-ikr) ,
(kr) (kr)
where
o= p'2 + {(z - z')zll/2
p' = p coordinate of the field observation point inacylindrical coor-

dinate system with origin at the center of the source segment and
z axis oriented along the source segment

z coordinate of the field observation point in the cylindrical

™
[

coordinate system
z coordinate of the integration point on the source segment

2/ A

™
I

k

SYMBOL DICTIONARY
CKR = cos kr
HR

real part of G
Hi

imaginary part of G
R = kr
'y 2
RHKS = {kp')
RR2 = l/(kr)2
RR3 = ll(kr)3

RS = (kr)2
SKR = gin kr
ZK = kz

ZPK = kz'
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SUBROUTINE GH (ZK,HR,HI)
INTEGRAND FOR H FIELD OF A WIRE
COMMON /TMH/ ZPK,RHKS
RS=ZK-ZPK

RS=RHKS+RS*RS

R=SQRT{RS)

CKR=COS(R)

SKR=SIN(R)

RR2=1./RS

RR3=RR2/R
HR=SKR*RR2+CKR*RR3
HI=CKR*RR2-SKR*RR3
RETURN

END
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GWAVI

GWAVE

PURIOSE
To compute the components of electric field due to an electric current

element over a ground plane at intermediate distances, including the surface

wave field.

METHOD

Approximate expressions for the electric fleld of a vertical or
horizontal infinitesimal current element above a ground plane, including
surface wave, were derived by K. A. Norton (ref. 2). The geometry is shown
in figure 6a for a current element at height a above the ground plane and
field observation point at p. The cﬁrrent element 1s located on the z' axis,
and the horizontal current element is directed along the x' axis. The

vertical current element produces z' and p' field components given by

(~jkR.) exp(-3kR,)
v _  jnidg 2, %P 1 2
Ez Y lcos v — R + Rv cos Y R
1 2
2 exp(_ijz)
+ (1 - Rv) cos F-—-7;;—--
exp(-jkR,)
+ u \/& - u2 cos2 P sin p 2 ﬂ-———~§—g—
SR,
exp(-jkR.)
+ = 1 jklk + L 3 (1 -~ 3sin2 $')
1 1 (ijl)

exp(-jkR,)
+ 2 ( S ) A - 3sin> Pl o,

Ry JkRy (ij2)2
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where

7

erfe(z)

erf(z)

P

CWAVE

_ognide | ., exp(-jkR,) exp(-jkR_)
= 05 sin ' cos Y' ——— = i 2
3 ptocos ¢ Rl + Rv sin Y cos ¢ T
2
exp(-jkR,)
- cos PY(lL - R ) u \/g - u2 cos2 Y F — 2
v R2

exp (-JkR,)

sin Y cos ¢ (1 - Rv)

2
ij2
exp{(-jkR_)
+ 3 gin §' cos §' ;; + 1 5 1
JkRy (3KR ) Ry
exp (-jkR,)
-~ cos u‘\/& - u2 cos2 Y (1 -R) 2
Y 2ikr)
exp(-jkR,)
+ 3 sin Y cos @ .Qﬁ + L 7 R 2 »
155, (jkR,) 2

1 -] Vi exp(-w) erfc (jvw)
1 - erf(z)

A
2/#?'~[ exp(—tz) dt (error function)
()

ﬁpll(l - Rv)2

—jkR u2 (1 - u2 cos2 ¢)/(2coéab)

2

sin Y - u V& - u2 c032 Y

gin ¢ + u JE - u? cos? Y

k/k2

wave number in free space

wave number in lower medium

(z + a)/R2
(z - a)/R1
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The horizontal current element directed along the x' axis produces pn',

¢', and z' field components given by

. exp(-jkR. )
Eh = lﬂlg&-cos ¢' ! sin Y' cos ' — 1
z 2 R
1
exv(—ijz)
- R sin Y cos ¢ + —™—
v R
2
2 ) exP(-ijz)
+cos P (1 -R )uy/l - u” cos”  F———
v R2
exp (-] kR2 )
+ sin Y cos P (1 - R ) —~
v 'kR2
155
exp(-jkR,)
+ 3 sin ' cos ' ';ﬁ + 1 3 R 1
S (JkR)) 1
2 2 exp(—ijz)
+ cos P (L -R) u\/g - uocos Y ———p—
v \
2ikR
2
1 1 exp(—ijz)
- 3 sin ¥ cos kR + 7 R »
SR (kR,) 2
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o —jnldg \ L2 exp(—ijl) 2 EXP(—ijZ)
Bo = Ton o cos ' {sin” TR, TR sin” oy ——t
1 2
. - exp (-~ jkR,)
- (1l - uzcos%P) u (l-R)F _
v R2
exp (~jkR, )
+ k]i{ + L 2 (1 -3 (1082 w') —'—-R—l-—
% (JkR)) 1
- 7§%f—+ —m—j;—75 (1 -3 cos? Y) [1 — 1+ Rv)-uz(l-Rv)F]
JER, (jkR,)
exp{-jkR,)
2 2 1
X TRt u cos Y (1- Rv) (% + JKK )
2 2
exp(-jkR.)
2 2 2 2 1 1 2
X |Ffu (1 - u” cos” ¢) - sin P+ ) - s
( JkR, JKR, R,
exp(—jkR_) exp(~-jkR, )
h = M L4 F_—._.l__ - __..._..._2
By 25 Sin ¢ R, Rn R,

exP(-ijz) 1 exp(—ijl)
+ (Rh +1) G e A )

2 kR iji
exp(-jkR.)
(g -0 @Ry - @ - rpE —
kR, JKRZ
u2(l R.)
T 2 2 2 ., 2 1 1
- F(; (1 - u” cos” ¢) - sin” y + ijz) - Eiig
exp(—ijz)
X*- 2 >
JkR2

=177~



SWAVE

wlig re

G = [L - ] /v exp(-v) erfe (j /N1,

<
il

4q1/ (1 + Rh)2

2

a, = -jkr, (1 - u® cos? Y)/(2u? cos? )

Rh =

Ji - u2 cos2 Y - u sin ¥

Ji - u:2 cos Zw +u sin Y

The approximations in these expressions are valid for R1 and Rz

greater than about a wavelength and to second order in uz. In each

equation, the first term represents the direct space wave field of the current

element, the second term is the space wave field reflected from the ground,

and the following higher order terms involving F and G represent the ground

wave. IL may be noted that the coefficients Rv and R, are the Fresnel

reflection coefficients for vertical and horizontal polarization, respectively.
To obtain the field due to a structure, these expressions are integrated

over each segment and the fields of the segments are summed in subroutine

GFLD. For integration, Rl and Rz are the distances from the integration

point 4L on the segment to point p. Since R. and R, are assumed large

1 2
compared to the segment length, Rl’ R, Yy, and ' are considered
constant during integration over the segment except wherte ijl and jkuz

occur in exponential functions. Thus, 1f s represents distance along the
segment, the integral of each expression over the segment is obtained by
replacing (1d4/A%) exp(-jkR ) and (Id&/A%) exp(-jkR,) by XXl

and XX2 from subroutine GFLD. A factor of exp(-jkR) is omitted from the
fields and 1s i1ncluded after summation in GFLY. Including a factor of
I/AZ in XXl and XX2 makes a factor of A available to normalize R, and

R2 tu the denominators of the field expressions. The factors sin ¢' or
cos ¢' are omitted from the fields due to a horizontal current element in

GWAVE and are supplied later.
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SYMBOL DICTIONARY

cep = cos @
CPPP = cos y'
CPPP2 = cos? '
CPP2 = cos2 P
ECON = -jn/2 (n = impedance of free space)
EPH = Eh/sin ¢
¢
ERH = En/cos 9'
p
ERV = E'
)
EZH = E:/cos '
EZV = EY
F = F
FJ = j = /=1
G = G
OMR = L - R,
PI =7
Pl = pi
QL =4
RH = R,
RKL = -jkR
RK2 = -jkRy
RV = R,
RL = Ry/A
R2 = Ry/A
SPP = sin
SPPP = sin Y'
SPPP2 = sin? y'
Spp2 = gin? Y
TPJ = 27)
Tl = 1 - u? cos? Y
T2 = /Tl
T3 = ~(1/(3kR}) + L/(jkRp)?]
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T4 = ~11/GkR,) + 1/CkR)
0) = u
U2 = uz
Y = v
W = W
XRL = XXL/(R/A)
XR2 = XX2/(R/A)
X¥1 = G exp(jkﬁl ©ri)
XX2 = G, exp(jkR, . Ei')
X1)
X2
X3
X4 > = first, second, ..., seventh term in each field expression
X5
X6
XZJ
ZMH =z — a
“PH =z + a
CONSTANTS
(0., 1.) = j = /1
(0., 6.2831853) = 2nj
(0., -188.363) = -jnf2
3.1415926 = 7
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SUBROUTINE GWAVE (ERV.EZV.ERH,EZH.EPH)

GWAVE COMPUTES THE ELECTRIC FIELD, INGLUDING GROUND WAVE, OF A
CURRENT ELEMENT OVER A GROUND PLANE USING FORMULAS OF K.A. NORTON

(PROC. IRE. SEPT., 1937, PP.1203,1236.)

COMPLEX FJ,TPJ.UZ.U.RK1.RKZ.T1.T2.T3,T4,P1.RV.OMR,W.F.QI.RH.V.G.XR
11.XR2,X1.XZ.X3‘X4.X5.X6,X7.EZV.ERV.EZH.ERH.EPH.XX1.XXZ.ECON.FBAR

COMMON /GWAY/ U, U2,XX1,XX2,R1,R2,ZMH.ZPH
DIMENSION Fux(2), TPJx{2), ECONX({2)
EQUIVALENCE (FJ,FJx), (TPJ,TPJX), {ECON,ECONX )
DATA PI/3.141592654/.FJX/0.,I./.TPJX/O..6.283185308/
DATA ECONX/0.,—188.367/
SPPP=ZMH/R1

SPPP2=SPPP*SPPP

CPPP2=1.-SPPP?2

IF (CPPP2.LT.1.E-20) CPPP2=1,E-20
CPPP=SQRT{CPPP2)

SPP=ZPH/R2

SPP2=SPP*SPP

CPP2=1,-S5PP2

IF (CPPZ.LT.1.E-20) CPP2=1.E-20
CPP=SQRT(CPP2)

RK1=~TPJ*R1

RKZ2=—TPJ*R2

T1=1.-U2*CPP2

T2=CSQRT(T1)

T3=(1.-1./RK1)/RKI1
T4={1.-1./RK2)/RK2
P1=RK2*U2*T1/(2.%CPP2)
RV=(SPP-U*T2)/(SPP+U*T2)

OMR=1.-RY

W=1./0MR

W=(4.,0.)"P1*wW*w

F=FBAR(W)

QI=RK2+T1/(2.%U2*CPP2}
RH=(T2-U*SPP)/(T2+U*SPP)
V=i./(1.+RH)

V=(4.,0.)*Q1*vey

G=FBAR(V)

XRE=XX1/R1

XR2=XX2/R2

X1=CPPP2+XR1

~ X2=RV*CPP2*XR2

X3=OMR*CPP2*F*XR2
X4=U*T2*SPP*2 . *XR2/RK2

XS=XR1*T3*().-3, *SPPP2)

X6=XR2*Ta*(1.-3 *SPP2)

EZV=(X1 +X2+X3-X4—-X5-X6)*ECON

X1=SPPP*CPPP*XR)

X2=RV*SPP*CPP*XR2

X3=CPP*OMR*U*T2%F *XR2

X4=SPP*CPP*OMR*XR2/RK2

X5=3.*SPPP*CPPP*T3*XR1
X6=CPP*U*T2*OMR*XR2 /RK2* .5
X7=3.*SPP*CPP*T4*XR2
ERV=—(X1+X2-X3+X4-X5+X6-X7 ) *ECON
EZH=-(X1-X2+X3-X4-¥5-X6+X7 }*ECON

X1=SPPP2*XR1

X2=RV*SPP2*%R2

X4=UZ*T1*OMR*F*XR2

XS5=F3*(1.-3.*CPPP2)*XR1
X6=T4*(1.~3.*CPP2)*(1.-U2"(1.+RV)-U2*OMR*F)*XR2
X7=UZ*CPP24OMR* (1. -1, /RK2)*(F*(U2*T1-SPP2—1./RK2Z)+1./RK2)*XR2
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GWAVE
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ERH=(X1-X2-X4-X5+X6+X7)*ECON

X1=XR1
X2=RH*XR2
X3={RH+1.)*G*XR?2
X4=TI*XR1

X5=T4%(1.~U2% (1. +RV)—U2*OMR*F ) *XR2
X6=.5*U2*OMR*(F*(U2*T1-SPP2-1./RK2)+1 . /RK2)*XR2/RK2
EPH==(X1-X2+X3-X4+X5+X6 ) *ECON

RETURN
END
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PURPOSE

To evaluate terms for the field contribution due to segment ends in the

thin wire kernel.

SYMBOL DICTIONARY

GZ = exp(-jkr)/r = G0

GZP = —(1 + jkr) exp(—jkr)/r3
=r

R2 = r2 = p + 22

RH = p

RK = kR

XK = 2m/A

22 = =z

CODE LISTING

1 SUBROUTINE GX (2Z,RH,XK,GZ,GZP) GX 1
2 ¢ SEGMENT END CONTRIBUTIONS FOR THIN WIRE APPROX. GX 2
3 COMPLEX GZ.GZP GX 3
4 R2=ZZ*ZZ+RH"RH GX 4
5 R=SQRT(R2) Gx s
6 RK=XK*R GX 6
7 GZ=CMPLX{COS(RK),-SIN(RK))/R Gx 7
B GZP=—CMPLX(1.,RK}*GZ/R2 GX 8
9 RETURN GX 9
10 END GX 10
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GXx
GXX

PURPOSE
To evaluate terms for the field contribution due to segment ends in the

extended thin wire kernel.

METHOD
Equations 89 through 94 in Part I are evaluated for p>a, and
equations 99 through 103 for p <a. Several variables are used for storage

of intermediate results before being set to their final values.

SYMBOL DICTIONARY
A = radius of source segment, a
A2 = a2
€l =1+ jkry
22

Cc2 = 3(1 + jkro) -k ro

. 2 2 .

C3 = (6 + Jkro)k ro - 15¢(1 + Jkro)
Gl = Gl

G1P = BGllaz'

G2 = G2

G2P = BGZ/BZ'

Gy = acl/ap

GZ = GO

GZP = aGO/az'
IRA = 1 to indicate p < a

R = Iy
R2 = r02
R4 = roa
RH = p
RH2 = pz
w2 -
0
TL = a202/4r4
T2 = a2/2r2
¥K = k = 20/A
77 = z' - =%
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11
12
13
14
15
16
17
18
19
20
21

22
23
24
259
A
27
28
29
30
31

52
33
34
35
36
37
38
39
40

SUBROUTINE GxX (ZZ.RH.A.AZ.XK.IRA.Gl.G1P.G2.GZP,G$.GZP)
SEGMENT END CONTRIBUTIONS FOR EXT. THIN WIRE APPROX .
COMPLEX GZ.C1.C2,03.G1,61P,G2,G2P,G3,GZP
R2=ZZ*ZZ+RH*RH

R=SQRT(R2)

R4=R2*R2

RK=XK*R

RK2=RK*RK

RH2=RH*RH

T1=.25%A2*RH2/R4

T2=.5*A2/R2

C1=CMPLX (1. ,RK)

C2=3.*C1-RK2
C3=CMPLX(6.,RK)*RK2~15.*C1
GZ=CMPLX{COS(RK),-SIN{RK))/R
G2=GZ*{1.+T1%C2)
G1=G2-T2*C1+GZ

GZ=GZ/R2

G2P=GZ*(T1+C3-C1)
GZP=12%C2*GZ

G3=G2P+GZP

GIP=G3*Z2

If {(IRA.EQ.1) GO YO 2
G3=(G3+GZP)*RH
GZIP=-2Z*Ci*GZ

[F {(RH.GT.1.E~10) GO TO 1
G2=0.

G2P=0.

RETURN

G2=G2/RH

G2P=G2P*ZZ/RH

RETURN

T2=.5%A

G2=—T2*C1*GZ

G2P=T2%GZ*C2/R2
G3=RH2*G2P-A*GZ*C1
G2P=G2P*27

GIP=-27*CI*GZ

RETURN

END
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HUFK

HFK

PURPOSE

To compute the near H field of a uniform current filament by numerical

integration.

METHOD

The H field of a current filament of length A with uniform current
distribution of magnitude I = X is

. kAJ2
H¢ = E%_ J' 1 7+ 1 5 exp(-1kr) d(kz) ,
-kA/2 | (kr) (kr)

where r, p', z'

and z are defined in the description of subroutine GH. The
numerical Integration is performed by the method of Romberg quadrature with
variable interval width, which is described in the discussion of subroutine

INTX. The integral is multiplied by kp'/2 at HF79 and HF80 in the code.

SYMBOL DICTIONARY

This listing excludes those variables used in the numerical quadrature
algorithm, which are defined under subroutine INTX.

RHK = kp'

RHKS = (kp')?

SGI = imaginary parﬁ of H¢

SGR = real part of Hg
ZPK = kz' (2' = z coordinate of observation point)
ZPKX = ZPK
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12
13

SUBROUTINE HFK (EL1,EL2,RHK, ZPKX,5GR,SGI)
HFK COMPUTES THE H FIELD OF A UNIFORM CURRENT FTLAMENT BY
NUMERICAL IMTEGRATION

COMMON /TMH/ ZPK ,KRHKS

DATA Nx.NM.NTs.Rx/1.65556.4,1.E—4/
IPK=ZPKX

RHKS=RHK*RHK

Z=EL?

ZE=E{2

S=2k-2

EP=S/{10.*NM)

ZEND=ZE-EP

SGR=0.0

SGI=0.0

NS=NX

NT=0

CALL GH (Z,G1R,GtI)

DZ=5/NS

IP=2+DZ

If (ZP-ZEY 3.3,2

DZ=ZE-Z

If (ABS{DZ)-EP) 17,17.3
DZQT=DZ*.5

ZP=Z+DZOT

CALL GH (ZP,G3R,G3I)

IP=Z+D7

CALL GH (ZP,G5R,65I)
TOOR={Gt1R+G5R)*DZOT
TOOI=(G1I+G5I)*D20T

TO1R=( TOOR+DZ*G3R}*0.5
TO1I=(TOOI+DZ*G31)*0.5
T10R=(4.0*TOIR-TOOR)/3.0
T10I=(4.0*TO1I-TOOI)/3.0

CALL TEST (TOIR,TI1OR,TEIR,TOVI,T10I,TE11,0.)
IF (TE1I-RX) 5,5.6

IF (TE1R-RX) 8,8.6
IP=Z2+4D7*%0.25

CALL GH (ZP,G2R,G2I)
ZP=2+DZ*0.75

CALL GH (ZP,.G4R,G4I)
TOZR=(TOIR+DZIOT*(G2R+G4R)})*0.5
TO2I=(TO1I+DZOT*(G2I+G4I})*0.5
T11R=(4.0*TO2R-TO1R)/3.0
Ti1I=(4.0*T02I~T0O1I)/3.0
TZOR=(16.0*T11R-T10R}/15.0
T20I=(16.0*T11I-T10I}/15.0
CALL TEST (T11R,T20R,TE2R,T111,T20I,TE2I.0.)
IF (TE2I-RX) 7.7.14

IF (TE2R-RX) §9.,9,14
SGR=SGR+T10R

SGI=SGI+T10]

NT=NT+2

GO TO 10

SGR=SGR+T20R

SGI=SGI+T20I

NT=NT+1

2=2+D2

IF (Z-ZEND) 11,17,17

G1R=G5R

G11=G5I

IF (NT-NTS) 1,12,12

IF (NS-NX) 1,1,13

NS=NS/2

NT=1
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HFI

65
66
&7
€8
69
70
71
72
73
74
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77
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79
80
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83
84

14

15

16

6O To
NT=0

IF (NS-NM) 16,15,15
PRINT 18, 2

GO TO 9

NS=NS*2

DZ=S/NS

DZOT=DZ*0.5

G5R=G3R

G5I=G3I

G3R=G2R

G3I=G2I

GO TO 4

CONTINUE
SGR=SGR*RHK* .5
SGI=SGI*RHK*.5
RETURN

FORMAT (24H STEP SIZE LIMITED AT Z=,F10.5)

END
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HINTG

PURPOSI:

To compute the near magnetic field due to a single patch in free space

or over ground.

METHOD

The magnetic field is computed at the point, XI, YI, ZI due to the patch
defined by parameters in COMMON/DATAJ/. The H field at r = (XI)X + (YI)§ +

(ZI)z due to patch i, centered at‘;i, is approximated as:

H(r) = - -= [+ jxry =RCIR L Hginy o 7] a2
A (R/J\)B i i

where R é'? - ;i, and Ai is the area of patch 1. This expression treats the
surface currents as lumped at the center of the patch. H is computed for unit
currents along the surface vectors Eli and 221'

When a ground is present, the code is executed twice in a loop. In the
second pass, the field of the image of the patch is computed, multiplied by

the reflection coefficients, and added to the direct field.

SYMBOL DICTIONARY
CR = cos (kR)
CTH = cos 0, 0 = angle between the reflected ray and the normal to
the ground

EXC
EYC } = x, y, and z components of H excluding (X 3;) term
EZC
EXK
EYK | = H for J, 11
EZK

EXS

EYS ! = H for J, = t.,
i 21

f
rt

D

EZS
F1X
F1¥ = H
FlZz

~

tli; direct or reflected field contribution

m
=
w
l
)
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F2X

F2Y = H for 3; = €2i; direct or reflected field contribution
F22Z

FPI = 47

CAM =4 excluding the term (R/A) x 3;

IP = 1 for direct field, 2 for reflected field

IPERF = 1 for perfect ground, 0 otherwise
KSYMP = 1 for free space, 2 for ground

:: = unit vector normal to plane of incidence for reflected ray 8
R = R/A

RFL = +1 for direct field, -1 for reflected field

RK = kR; k = 2mw/X

RRH = RH

RRV = Ry

RSQ = R%/A%

RX

RY = R/A

RZ

S = Ai/A2

SR = gin (kR)

T1XJ

T1YJ; = tli

T1Z.J

T2XJ

T2YJ § = tsy

T2ZJ

T1ZR = z component of Eli for patch i or for the image of patch i

reflected in the ground
T2ZR = same as T1ZR for the ¢t

21
TP = 2m
XI
Yl = field evaluation point /A
z1
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XJ

Y. = position of center of patch ;ifl

ZJ

XYMAG = magnitude of R/A projected on the x-y plane
CONSTANTS

12.56637062 = 47

6.283185308 = 27
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SUBROUTINE HINTG {XI,YI,.ZI)

HINTG COMPUTES THE H fIELD OF A PATCH CURRENT
COMPLEX EXK.EYK.EZK.EXS,EYS.EZS.EXC.EYC,EZC.ZRATI.ZRATIZ.GAM.F1X.F

VIY P12 F2X,F2Y ,F2Z.RRV ,RRH, T1 FRATI

COMMON /DATAJ/ S.B,XJ,YJ, 24 ,CABJ,SABJ SALPJ ,EXK, EYK,EZK  EXS,EYS,EZ

IS, EXCLEYC.EZC,RKH,IEXK,IND1,IND2 , IPGND

COMMON /GND/ZRATI.ZRATIZ.FRATI.CL.CH.SCRWL,SCRWR.NRADL.KSYMP.IFAR,

1IPERF . T1,T2

EQUIVALENCE (T1XJ,CABJ), (T1YJ,SABJ), (THZ4,SALPJ), (T2xJ,B), (T2Y

1J,IND1), (T2ZJ,IND2)

DATA FPI/12.56637062/,TP/6.283185308/
RX=XTI-XJ

RY=YI-YJ

RFL=-1.
£XK=(0.,
£YK=(0.
EZK=(0.
£xs=(0.
EYS=(0..
EZs=(0.,
Do 5 IP=1,
RFL=-RFL
RZ=ZI-ZJ*RFL
RSQ=RX*RX+RY*RY+RZ*RZ

IF (RSQ.LT.1.£-20) GO TO 5
R=SQRT{RSQ)

RK=TP*R

CR=COS(RK)

SR=SIN{RK)

ccoooo
T e N et e s SN

SYMP

GAM=-( CMPLX(CR, ~SR)+RK*CMPLX(SR,CRY}/(FPI*RSQ*R)*S

EXC=GAM*RY
EYC=GAM*RY

EZC=GAM*RZ
T1ZR=T1ZJ*RFL
T2ZR=T2ZJ*RFL
FIX=EYC*TIZR-EZC*T1YJ
FIY=E2C*TIXJ-EXC*T1ZR
F12=EXC*TIYJ-EYC*TIXJ
F2X=EYC*T2ZR-EZC*T2YJ
F2Y=EZC*T2XJ-EXC*T2ZR
F2Z=EXCAT2YJ-EYCHT2XJ
If (IP.EQ.1Y GO TO 4

If (IPERF.NE.1) GO TO 1

FiXx= {1X
Fly=-T1Y
F17-F1Z
F2X=~F 2X
F2Y=-F2¥
FRz=-F2¢
GO O 4

XYMAG=SORT{RX*RX+RY*RY)

IF {XYMAG.GT .1 .£-6) GO 10 2
PX:=0,

PY=0,

CiH=1.

RRV={1..,1.)

GO 1o 3§

PX- ~RY/XYMAG

PY =RX /X YMAG

CTH=R:/R
REV=CSQRTIN . —7RATT*Z2RATITI*(1.-CTH*CTH))
RRH=ZRATI*CIH

RRH=( RRH~RRV) / (RRH+RRV )

Py =FRATL*RRY
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RRV=~(CTH-RRV)/(CTH+RRV)
GAM=(F1A*PX+F1Y*PY)*(RRY~RRH)
F1X=F 1 X*RRH+GAM*PX
FIY=F1Y*RRH+GAM®*PY
C3Z=F1Z*RRH
GAM=(F2X*PX+F2Y*PY)* (RRV-RRH)
F2X=F2X *RRH+GAM*PX
F2Y=F2ZY*RRH+GAM*PY
F2Z=F2Z*RRH

EXK=EXK+F1X

EYK=EYK+F1Y

EZK=EZK+F1Z

EXS=EXS+F2X

EYS=EYS+F2Y

EZS=EZS+F27

CONTINUE

RETURN

END
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HSFLD

USFLD

PURPOSE
To compute the near magnetic field due to constant, sine, and cosine

current distributions on a segment in free space or over ground.

METHOD

The magnetic field is computed at the point XI, YI, ZI due to the
segment defined by parameters in COMMON/DATAJ/. The fields computed by
routine HSFLX are stored in /DATAJ/. When a ground is present, the code is
executed twice in a loop. In the second pass, the field of the image of the
segment is computed, multiplied by the reflection coefficients, and added to
the direct field.

The field is evaluated in a cylindrical coordinate system with the
source segment at the origin. The radius of a segment on which the field is
evaluated is treated in the same way as for the electric field in subroutine
EFLD. When the field evaluation point is not on a segment, the observation
segment radius is set to zero in the call to HSFLD. Thus, as for the electric
field, the p coordinate of the field evaluation point is computed for the

2.1/¢ ,
surface of the observation segment as p' = (02 + a’) /Z, where p is the
distance from the axis of the source segment to (XI, YI, ZI) and a is the

radius of the observation segment. The resulting H field is multiplied by

plp'.

SYMBOL DICTIONARY
Al = radius of observation segment, if any
CTH = cos 0, 8 = angle between the ray reflected from the ground

and vertical

ETA =n = Jule

HPC

HPK = H¢ du¢ to cosine, constant, and sine current, respectively
HPS

PHX .

PHY = (p/p")d in the cylindrical coordinates of the source segment
PHZ or its image
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PX

PY

QX

QY

Qz

RFL

RH
RHOSPC

RHOX
RHOY
RHOZ
RMAG

RRH
RRV
SALPR

Xll
YI
ZII
X1J
YTJ
ZLJ
XSPEC

YSPEC
XYMAG

ZP

ZRATX

HSFLD

unit vector normal to the plane of incidence of the reflected

~

ray, p
p/p' [RH$ + (RV - RH)($ « p)pl for reflected ray

+1 for direct field, -1 for reflected field
pl
distance from coordinate origin to the point where the ray

from the source to (XTI, YI, ZI) reflects from the ground
p or p/p'

distance from the field evaluation point to the center of the
source segment

Ry

Rv

z component of unit vector in the direction of the source

segment or its image

X, ¥, z coordinates of the field evaluation point

X, ¥, z components of distance from center of source segment

to field observation point

X, y coordinates of the ground plane reflection

point

horizontal distance from the source segment to the field
observation point

projection of the vector (XIJ, YIJ, Z1IJ) on the axis of'the
source segment

témporary storage for ZRATI
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SUBROUTINE HSFLD (KI.YI,Z1.A1)

HSFLD COMPUTES THE H FIELD FOR CONSTANT. SINE, AND COSINFE CURRENT

ON A SEGMENT INCLUDING GROUND EFFECTS.

COMPLE X EXK‘EYK.EZK.EXS.EYS.EZS.EXC.EYC.EZC,ZRATI.ZRATIZ.T1.HPK.HP

1S,HPC,QX,0Y,Q7 ,RRV ,RRH, ZRATX ,FRATI

COMMON /DATAJ/ S,B.XJ.YJ.ZJ,CABJ.SABJ.SALPJ.EXK.EYK.EZK.EXS.EYS.EZ

15, EXC.EYC,EZC ,RKH , TEXK, IND1 , INDZ, IPGND

COMMON /GND/ZPATI,ZRATI2.FRATI.CL.CH.SCRWL.SCRWR.NRADL.KSYMP.IFAR.

1IPERI,T1.72

DATA ETA/376.73/

XTJ=XT-X}

YLJ=YT-YJ

RFL=—1,

DO 7 IP=1,KSYMP

RFL=-RFL

SALPR=SALPJ*RFL
ZTJ=ZI-RFL*ZJ
IP=XIJ*CABJ+YLJ*SABJ+Z[J*SALPR
RHOX=XIJ-CABJ*ZP
RHOY=YTJ-SABJ*ZP
RHQZ=ZI.J-SALPR*ZP

RH=SQRT( RHOX * RHOX+RHOY *RHOY +RHOZ*RHOZ+AT*AT)
IF (RH.GT.1 E-10) GO TO 1
EXK=0.

EYK=0.

EZK=0.

EXS=0.

EYS=0.

EZS=0.

EXC=0.

EYC=0.

EZC=0.

GO 10 7

RHOX=RHOX /RH

RHOY=RHOY /RH

RHOZ=RHOZ /RH
PHX=SABJ*RHOZ-SALPR*RHOY
PHY=SALPR*RHOX-CABJ*RHOZ
PHZ=CABJ*RHOY—SABJ*RHOX
CALL HSFLX (S,RH,ZP,HPK,HPS,HPC)
IF (IP.NE.2) GO TO &

IF (IPERF.EQ.1) GO TO 5
IRATX=ZRATI
RMAG=SQRT{ZP*ZP+RH*RH)
XYMAG=SORT{XTJ*XIJy+YIJd*¥YIJ)}

SET PARAMETERS FOR RADIAL WIRE GROUND SCREEN.

If (NRADL.EQ.0) GO TO 2
XSPEC=(XI*ZJ+ZI*XJ)/(ZI+ZJ)
YSPEC=({YI*ZJ+Z10Y4)/(2I+ZJ)
RHOSPC=SQRT{XSPEC*XSPEC+YSPEC*YSPEC+T2%T2)
IF (RHOSPC.GT.SCRWL) GO TGO 2
RRV=T1*RHOSPC*ALOG{ RHOSPC/T2)
ZRATX=(RRV"ZRATI)/{ETA*ZRATI+RRV)

IF {XYMAG.GT.1.E-6) GO TO 3

CALCULATION OF REFLECTION COEFFICIENTS WHEN GROUND

PX=0.
PY=0.
CTH=1,
RRV=(1..,0.)
GO 70 4
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&7
68
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72
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89
90
91
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PX=—YIJ/XYMAG
PY=XTJ/XTMAG
CTH=ZTJ/RMAG

RRY=CSQRT(1.-ZRATX*ZRATX*(1.-CTH*CTH))

RRH=ZRATX*CTH

RRH=—( RRH-RRV } /( RRH+RRV)

RRY=ZRATX*RRY

RRV=( CTH-RRV)/{CTH+RRY)

QY=(PHX*PX+PHY*PY)*(RRV-RRH)

OX=QY*PX+PHX*RRH
QY=0Y*PY+PHY*RRH
QZ=PHZ*RRH
EXK=EXK~HPK*QX
EYK=EYK-HPK*QY
EZK=EZK~-HPK*QZ
EXS=EXS-HPS*QX
EYS=EYS-HPS*QY
EZS=EZ5-HPS*0Z
EXC=EXC—HPC*QX
EYC=EYC-HPC*QY
EZC=EZC-HPC*QZ
GO TO 7
EXK=EXK-HPK®PHX
EYK=EYK~HPK*PHY
EZK=EZK-HPK*PHZ
EXS=EXS-HPS*PHX
EYS=ZEYS—KPS*PHY
EZS=EZS—HPS*PHZ
EXC=EXC~HPC*PHX
EYC=EYC—HPC*PHY
EZC=EZC~HPC*PHZ
GO TO 7
EXK=HPK*PHX
EYK=HPK*PHY
EZK=HPK*PHZ
EXS=HPS5* PHX
EYS=HPS*PHY
EZS=HPS*PHZ
EXC=HPC*PHX
EYC=HPC*PHY
EZC=HPCYPHZ
CONTINUE

RETURN

END
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HSFLX

PURPOSE

To compute the near H field of filamentary currents of sine, cosine, and

constant distribution on a segment.

METHOD

The wire segment is considered to be located at the origin of a local
cylindrical coordinate system with the point at which the H field is computed
being (p, ¢, z). The coordinate geometry for a filament of current of length
A is shown in figure 7. For a sine or cosine current distribution, the field

can be written in closed form. For a current

sin kz'
I 3
0 cos kz'
the field is
~jIL_/A
_ 0 cos(kh/2) . cos(kA/S2)
He (P 2) = 55 ‘e"p(’jkrz) [—sin(kA/2)] - exp(-jkry) [Sin(mlz)]

- j(kz - kA/2)

exp(-jkr,) [sin (kA/Z)]

kr, cos (kA/2)

exp(-jkr,) o
+ i(kz + kA/2) ——m [ sin (k‘ﬁfz)]l

krl cos (ka/2)

IO/A = 1 is assumed in this routine.
For small values of p with |z| > A/2, this equation may produce large
numerical errors due to cancellation of large terms. Hence, for z > 0 and

plf(z - 4/2) < 10—3, a more stable approximation for small p/(z * A/2) is used:

_ {p/A) (Lo/N) s 2n _ 21 1
Hy(Po2) = =gy exp (-Jkz) I:(z &I (a - A/Z)/)\] [—jjl
exp(jkA/2) (sin (kA/Z)) _ exp(-jkA/2) (—sin (kA/2))
(z =2y 2 p 2 \eos GIDT iy nay2yp? A eos (A/D)
For z < 0, the above equation is evaluated for H¢(p, - z). The field of a

sin kz' current is multiplied by -1 in this case, since it is an odd function

of =z.
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“ARY

Figure 7.

Coordinates for Evaluating H Field of a Segment.

The field due to a constant current is obtained by numerical integra-

tion, which is performed by subroutine HFK.

ties are set to zero, since H

SYMBOL DICTIONARY

CDK = cos(kA/2)
CONS = -3/(2kp)
DH = A/2

DK = ka/2

EKR1 = exp(—jkrl)
EKR2 = exp(—jkrz)
FJ = j

FJK = =927

HKR, HKI =

HPC

HPK =

HPS

HSS = sign of =z
PI8 = 8m

R1 = rl

R2 =,

RH =p

RH2 = pz

RHZ = p/(z - £/2)

is undefined.

¢
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If p is zero, all field quanti-

real and imaginary parts of H¢ due to a constant current

H¢ due to cosine, constant, and sine currents, respectively
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SDK
TP
Z1
z2
FAY

TS
sin{kA/2)

21

z + Af2
z - N2

zZ
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SUBROUTINE HSFLX (S.RH,ZPX,HPK,HPS ,HPC)

CALCULATES H FIELD OF SINE COSINE, AND CONSTANT CURRENT OF SEGMENT
COMPLEX FJ, FJK,EKR1,EKR2Z,T1,T2,CONS,HPS HPC,HPK

DIMENSION FJX{2). FJKX{2)
EQUIVALENCE (FJ,FJX}, (FJK,FIKX)

DATA TP/6.283185308/,FJX/0. 1./ ,FIKX/0., -6 283185308/

DATA PIB/25.13274123/

IF (RH.LT.1.E-10) GO TO &

IF (ZPX.LT.0.) GO 70 1

ZP=ZPX

HSS=1.

GO TO 2

ZP=-ZPX

HSS=-1.

DH=.5%%

Z1=ZP+DH

Z2=7P-DH

IF (Z2.LT.1.E-7) GO TO 3

RHZ=RH /22

GO TO 4

RHZ=1.

DK=TP*DH

CNK=COS(DK)

SDK=SIN(DK})

CALL HFK (-DK,DK,RH*TP,ZP*TP HKR HKI)
HPK=CMPLX (HKR ,HKI)

IF (RHZ.LT.1.E-3) GO TO 5
RH2=RH*RH

Rt=SQRT(RH2+Z1771)
R2=SQRT(RH2+Z2%Z2)
EKR1=CEXP({FJK*R1)
EKR2=CEXP(FJK*R2)

Ti=Z1*EKRt/R1

T2=2Z2*EKR2/R2
HPS=(COK*(EKR2-EKR1)-FJ*SDK*{T2+T1})*HSS
HPC=—SDK* (EKR2+EKR1)-FJ*CDK*(T2-T1}
CONS=—FJ/(2.*TP*RH)
HPS=CONS*HPS

HPC=CONS*HPC

RETURN
EKR1=CMPLX{CDK,SDK)/(22%Z2)
EKR2=CMPLX(CDK,=SDK)/(Z1*21)
TI=TP*(1./2%-1./22)
T2=CEXP(FJK*ZP)*RH/PIS8

HPS=T2*{ T1+(EKR1+EKR2)*SDK)*HSS
HPC=T2*{-FJ*T1+{ EKR1—EKR2}*CDK)
RETURN

HPS=(0..0.)

HPC=(0..0.)

HPK=(0.,0.}

RETURN

END
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INTRP

INTIRP

PURPOSE
To evaluate the Sommerfeld integral contributions to the field of a

source over ground by interpolation in precomputed tables.

METHOD

The interpolation region in R, and § is covered by three grids as
shown in Figure 12 of Part I. The interpolation tables and the number of data
points and the boundaries of each grid are read from file 21 and stored in
COMMON/GGRID/ by the main program. In subroutine INTRP the variable x
corresponds to R, and y to 6.

The three interpolation tables are stored in the arrays AR1, ARZ and AR3
in COMMON/GGRID/. For grid i, ARi(I,J,K) is the value at

x. =s. + (L -1) &, , I=1, ... N,
I 1 1 1
y; =g ot (3 -1 By, J=1, ... M
where s, = xsa(i) , Ax.l = DXA(L) , N, = NXA(1L)
£, = Ysa(i) , by, = DYA(L) M, = NYA(L)
. v .V _H H .
Each array contains values for Ip’ Iz, Ip and I¢ from equations 156 through 159

of Part I for K equal to 1 through 4, respectively. The grid boundaries and
density of points can be varied but the relative positions of the three grids
must be as shown in Figure 12 of Part I for the logic for choosing the correct
grid to work correctly. 1In particular, XSA(1l), YSA(l) and YSA(2) must be
zero; and XSA(2) and XSA(3) must be equal.

. v
For a given x and y the values of Iz, Iz, Iﬁ and Ig are found by

bivariate cubic interpolation and returned in the variables Fl, F2, F3 and
F4. The grid containing (x,y) is determined and a four by four point region
contalining (x,y) is selected. If X, and y,  are the minimum values of x

and y in the four by four point region then four interpolation polynomials in

X are computed for y = yj with j = k, k + 1, k + 2, k + 3. These are
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. 3 2
Ei500) = a; 80+ byl F e iby v dyg
where &i = {x - xi+l)/Ax
a.. = + (F - F + 3(F - F )}
i3 7 6 Wi, 5~ Fyj ivl,j5 ~ Fie2,j
1
i T2 i,y 7 Fian,g * Fieg, !
- _1
4 7 Pz, T8 [Fiyy T it Fras, )
d., =F. _ .
1] 1+1, }
F. .= F(x., y.
3,5 " Flxp vy

A cubic polynomial in y, fit to the points fij(x) for j = k, ... k + 3 is

then evaluated for the given y to obtain the interpolated value Flx,y)

. 1 3 2
F(x,y) = & (pyTy + poM + P3Ny + 2y

o= Cy -y, /0y

P, = fi,k+3(x) - E LX) 3 [fi,k+1(X) - fi,k+2(x)]
P, = 3[fi,k(x) - 2fi’k+1(x) + fi’k+2(x)]
Py = 6fi,k+2(X) - Zfi,k(X) - 3fi,k+1(X) - fi,k+3(X)
Pp = £ kel
To reduce computation time the coefficients aij’ bij’ €53 and dij are

saved as long as successive points (x,y) fall in the same four by four point
region of a grid. 1In addition the four by four point interpolation regions
are restricted to starting indices 1 and klwith values 3n + 1, n =20, 1 ....
Thus the regions do not overlap. This is less accurate than centering the
region on each x,y point but requires less frequent computation of the
coefficients. At the outer edges of a grid the regions are chosen to extend
to the edge but not beyond. If x,y is out of the entire three grid region the
nearest four by four point region is used for extrapolation.

The coefficients aij’ bij’ cij
dimensional arrays from IT 106 te IT 109.

and dij are stored in two

When they are used, from IT 118 to
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IT 149 they are used as simple variables (A(1,1) = All) to save time. Also
the three dimensional arrays ARL, AR2, and AR3 are used as linear arrays from
IT 92 to IT 105. The cquivalent three subscripts are shown in the comment at
IT 91.

SYMBOL DICTIONARY

Alj = A(i,]) = 3 5
AR1 = ARLL = grid 1
AR2 = ARL2 = grid 2
AR3 = ARL3 = grid 3
Bij = B(i,]j) = bij
Cij = C(i,3) = °ij
Dij = D(i,j) = dij
DX = Ax for grid being used
DXA = array of Ax values for the three grids
DY = Oy for grid being used
DYA = array of Ay»values
EPSCF =€ - jo/weo
v
Fl = Ip
F2 = [g
H
F3 = Ip
F4 = 1$
FX1 = fi,j(X)
FX2 = fi’j+l(x)
FX3 = fi,j+ZCX)
FX4 = fi,j+3(x)
IADD = index for linear arrays ARLLl, etc.
LADZ = initial value for TADD
IGR = grid number for present X,y
IGRS = grid number for last x,y
IX = x 1ndex of the grid coordinate just less than x
IXEG = x index of the upper edge of the last normally

located interpolation patch when a patch out of the
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ND
NDA

NDP
NDPA

NXA
NXM2
NXMS

NYA, NYM2, NYMS

Pl,
X
X5
X512
X5A
XX
Xz

YSs
¥s3
Y5A
YY
YZ

P2,

P3,

1YS5

A

normal locations is used at the outer edge of a grid,
-10000 otherwise

Il plus the x index of the lower edge of 4 by &4 point
lnterpoiation patch

same for y as IX, IXEG and IXS

1, 2, 3, & for IZ' 1y, 12, 13

NDA for the particular grid

array containing the first dimensions of ARL, AR2 and
AR3

NDPA for a particular grid

array containing the product of the first two
dimensions in AR1l, AR2Z and AR3

number of x values in each grid

NXA - 2 for a particular grid

upper x index of the last normally located patch at
the edge of a grid

same for y as NXA, NXM2 and NXMS

P1» Pp» P3s Py

X

XS54 for the present grid

XSa{2) through equivalence

array of values of x at lower edge of each grid (si)
X. for computing Ei

¥YSA for present grid

YSA(3) through equivalence

array of values of y at lower edge of each grid (ti)
n

k
Yirl for computing N,
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o000 n

D000

=000

SUBROUTINE INTRP (X.Y,F1,F2,F3,F4)

INTRP USES BIVARIATE CUBIC INTERPOLATION TO OBTAIN [HF VALUES OF

4 FUNCTIONS AT THE POINT (X,Y).

COMPLEX Fl.FZ.Fs,F4.A.B.C.D.FX1.FXZ.FXS.FX4.P1.P2.P3,P4,A11,A12.A1
13.A14,A2l.A22.A23.A24.A31.A52,A33.A34.A41.A42.A43.A44.B11.BIZ.BIS.
ZB|4.BZI.822.325.324.831.832.333.934.341.B42.B43.B44.CI!.C12.C13.C1
34.C21.C22.C23.C24.C31,C32,C53.C34,C4T.C42.C43.C44.D1|.Di2.D13.D14.
4021.022.023.024.031.052.035.034.041.D42.D43.D44

COMPLEX AR1,AR2,AR3,ARL1,ARL2,ARL3,EPSCF
) \AR3(9.8,4),EPSCF,DXA(3),DY

COMMON /GGRID/ AR1(11,10,4),AR2(17.5,4
1A(3)  XSA(3),YSA{3) . NXA(3),NYA(3)
DIMENSION NDA(3), NDPA(3)

DIMENSION A(4,4), B(4,4), C(4,4), D(4,4), ARL1(1). ARL2(1), ARL3(1

1)

EQUIVALENCE (A(1,1),A11),
EQUIVALENCE (A(2,1),A21),
EQUIVALENCE (A{3,1),A31),
EQUIVALENCE (A(4.1),A41),
EQUIVALENCE (B(1.1).B11),
EQUIVALENCE (B(2.t),821),
EQUIVALENCE (B(3,1),B31),
EQUIVALENCE (B(4.1),B41),
EQUIVALENCE (C(t,1),C11),
EQUIVALENCE (C(2.1).C21),
EQUIVALENCE (C(3,1).C31),
FQUIVALENCE (C(4,1),C41),
EQUIVALENCE (D(1,1),D11}),
EQUIVALENCE (D(2.1).D21),
EQUIVALENCE (D{3,1},D31),
EQUIVALENCE (D(4,1).D41),

(A(1,2),a12),
(A(2,2).A22),
(A(3.2),A32),
(A(4.2),A42),
(8(1.2),812),
{8(2.2),822),
{8(3,2).832),
(B(4,2).B42),
(c(1,2),c12),
(c(2,2).c22),
(€(3.2).c32).
{C(4,2),ca2),
(D(1,2),D12),
(D(2,2).022),
(D{3.2),032),
(D(4.2),042),

(A(1,3).A13),
(A(2,3).A23),
(A(3,3),A33),
(A(4,3),A43),
(B(1.,3).,B13),
(B(2.3),B823),
(B(3,3),833),
(B(4,3).843),
(c(1.3),c13),
(c(2.3),c23),
(€(3.3).c33),
(C(4.3),ca3),
{D(1.3),D013),
{0{2,3),023),
(0(3.3),033),
(D(4.3),D043),

(A(1,4) Ar4)
(A(2,4),A24)
(A(3,4),A34)
(A(4.4).844)
(8(1,4).B14)
(B(2,4).B24)
{(B(3,4),B34)
(B(4,4),044)
(C(1,4),C14)
(C(2,4),C24)
(C(3,4).C34)
(C(4,4),C44)
(D(1.4),014)
{D(2,4),024)
(D(3,4),D34)
(D(4,4),D44)

EQUIVALENCE (ARL1.ARY), (ARL2,AR2)}, (ARL3,AR3), (X$2,XSA(2)). (Y¥S3

LYSA(3))

DATA IXS,IYS,IGRS/~10,-10,-10/,DX,DY,XS,YS/1..1.,0..0./
DATA NDA/11,17.9/,NDPA/110,85,72/,IXEG,IYEG/0,0/

IF {X.LT.X5,0R.Y.LT.¥S} GO TO 1
IX=INT((X-XS)/DX)}+1
IY=INT({Y-Y¥S)/DY)+1

IF POINT LIES IN SAME 4 BY 4 POINT REGION AS PREVIOUS POINT, OLD

VALUES ARE REUSED

If (IX.LT.IXEG.OR.IY.LT.IYEG) GO TO 1

IF (IABS(IX—IXS).LT.2.AND.IABS(IY-I¥S).LT.2) GO 70 12

DETERMINE CORRECT GRID AND GRID REGION

IF (X.GT.XS2) GO TO 2
IGR=1

GO TO 3

IGR=2

IF {(Y.GT.¥YS3) IGR=3
IF (IGR.EQ.IGRS) GO TO 4
IGRS=IGR

DX=DXA{IGRS)
DY=DYA{IGRS)
XS=XSA{IGRS)
YS=YSA(IGRS)
NXM2=NXA(IGRS)-2
NYM2=NYA(IGRS)~2
NXMS=( (NXM2+1)/3)%3+1
NYMS={ {NYM2+41}/3)034+1
ND=NDA{ IGRS}
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OO0 0

1"

- O000

NDP=NDPA{ IGRS)
IX=INT({X-XS)/0X}+1
IY=SINT({Y=¥YS)/DY)+1
IXS=((IX-1)/3)"3+2

IF (1XS.LT.2) IXS=2
IXEG=—10000

IF (IXS.LE.NXM2) GO TO §
IXS=NXM2

IXEG=NXMS
IYS=((Iv-1)/3)*3+2

IF (IYS.LT.2) IvsS=2
IYEG=—10000

IF (IYS.LE.NYM2) GO TO 6
IYS=NTM2

IYEG=NYMS

COMPUTE COEFFICIENTS OF 4 CUBIC POLYNOMIALS IN X FOR THE 4 GRID

VALUES OF ¥ FOR EACH OF THE 4 FUNCTIONS

IADZ=IXS+(IYS—3)*ND-NDP
DO 11 K=1,4
IADZ=IADZ+NDP

IADD=IADZ

DO 11 I=1,4
TADD=IADD+ND

GO TO (7.8.9), IGRS
P1=AR1(IXS~t IVS—2+1 ,K)
P1=ARL1(IADD-1)
P2=ARL1{IADD)
P3=ARL 1 { IADD+1)
P4=ARL1({IADD+2)

GO TO 10
P1=ARL2{IADD-1)
P2=ARL2{IADD)

P3=ARL2{ IADD+1)
P4=ARL2({IADD+2)

GO TO 10
P1=ARL3({IADD-1)
P2=ARL3( IADD)
P3=ARL3{IADD+1)
P4=ARL3({IADD+2)

A(I ,K)=(P4-P143.*{P2-P3))*.1666666667
B{I,K)=(P1-2.*P2+P3)*.5
C{I,K)=P3—(2.*P1+3.*P24P4)* 1666666667
O(I,K)=P2
XZ=(IXS—1)*DX+XS
YZ=(IYS—1)*0Y+YS

EVALUATE POLYMOMIALS IN X AND THEN USE CUBIC INTERPOLATION IN Y

FOR EACH OF THE 4 FUNCTIONS.

XX=(X-XZ)/DX

YY=(Y-YZ)/DY
FXT1=({ATI*XX+B3 1) *XX4CHT1 ) ®XX+D1
FR2={{A21*XX%+B21 )*XX+C21)*XX+D21
FX3=2((AIT*XX+B31 )" XX4C31)*X(+D31
FXA=({A41*XX+B41)*XX+C41)*XX+D41
PI=FX4—FX1+3.*(FX2-FX3)
P2=3.*{FX1-2,*FX2+FX3)
P3=6.*FX3~2.*FX{-3 %FX2-FXx4
FI=((PY*YY+P2)}*YY+P3)*YY* 666566667 +FX2
FRIS{(AT12*XX+B12 ) *XX+C12)*XX+D12
FX2=((A228XX+B22}*XX4+C22)*XX+D22
FX3=({A32*XX+B32}*XX+C32)*XX+D32
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129
130
13

132
133
134
135
1386
137
138
139
140
141

142
143
144
145
146
147
148
149
150
151

FXA={ (A42%XX+B42 )*XX+C42)}*AX+042
PI=FX4-FX1+3_*(FX2-FX3)
P2=5.*(FX1-2.*FX2+FX3)

P3=6.%FX3-2. *FX1-3.*FX2-FX4
F2=((P1*YY+P2)*YY+P3)*VY* 1666666667 +FX2
FXT=((A13*XX+BI3)*XX+CT13) *XX+D13
FX2=((AZ3*XX+B23)*XX+C23)*XX+D23
FA3=((A33*XX+B33)*XX+C33) *XX+D33
FXA=((A43*XX+B43)*XX+C43)*XX+D43
P1=FX4-FX1+3. *({FX2-FX3)

P2=3 *(FXi-2.*FX2+FX3)
P3=6.%FX3~2.*FX1-3.*FX2-FX4
F3=({P1*YY+P2)*YY4+P3)*YY* 1666666667 +FX2
FXT=((AT42XX+B14)*XX+C14)*XX+D14
FX2=((AZ24*XX+B24)*XX+C24)*XX+D24
FX3=((AL42XX+B34)*XX+C34)*XX+D34

FXA=( (A44*XX+B44)*XX+Ca4)*XX+D44
PI=FX4-FX1+3.*(FX2-FX3)

P2=3_ *(FX1-2.*FX2+FX3)

P36 . "FX3-2.°FX1-3.*FX2-FX4
FA4=((P1*YY+P2)*YY4+P3}*YY* 1666666667 +FX2
RETURN

END
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TNTX

PURPOSE

To numerically compute the integral of the function exp(jkr)/kr.

METHOD

For evaluation of the field due to a segment, a local cylindrical
coordinate system is defined with origin at the center of the segment and z
axis in the segment direction. This geometry is illustrated in the discussion
of subroutine GF. Subroutine INTX is called by subroutine EFLD to evaluate

the integral

kA/2
¢ = [ s)spﬁjhad(kz)

“=kA/2

1

where

' + (z - 21)2}Y/2

-
il

and other symbols are defined in the discussion of subroutine GF,

The numerical integration technique of Romberg integration with variable
interval width is used (refs. 3 and 4). The Romberg integration formula is
vbtained from the trapezoidal formula by an iterative procedure (ref. 1). The
trapezoidal rule for integration of the function £(x) over an interval (a, b)

k . . :
using 2~ subintervals is

Tok = [{(b-a)/N]I[(1/2) fo + fl + ...+ EN_l + (1/2)EN] .

where
N = 2k
f(xi)

= a + i(b - a)/N

L}
]

5
|I

These trapezoidal-rule answers are then used in the iterative formula

IS L
“m,n \

)/(4m-1>.

m-1,n+1 - Tm--l,n
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The results Tm , may be arranged in a triangular matrix of the form

0,0
To,1 Y10
To,2 T1,1 Ta,0

where the elements in the first column, represent the trapezoidal rule

ok’
results, and the elements in the diagonal, TkO’ are the Romberg integration
results for 2k subintervals.

Convergence to increasingly more accurate answers takes place down the
first column and the diagonal, as well as towards the right along the rows.
The row convergence generally provides a more realistic indication of error
magnitude than two successive trapezoidal-rule or Romberg answers.

This convergence along the rows is used to determine the interval width
in the variable interval-width scheme. The complete integration interval is
first divided into a minimum number of subintervals (presently set to 1) and
The relative

T01’ and T,, are computed on the first subinterval.

Too®
difference of T

10

01
criterion, Rx’ T10
gration proceeds to the next interval,
Toz> T1y #nd Ty
is then computed, and if less than Rx’ T

and Tl is then computed, and if less than the error

0
is accepted as the integral over that interval, and inte-

If the difference of T and T is

0l 10

The relative difference of Tll

is accepted as the integral

too great, and

Ty0

over the subinterval.

are computed.

20

If the difference of T11 and T20

interval 1is divided in half and the process repeated starting with T

is too great, the sub-

00 for the

left hand, new subinterval. The subinterval is repeatedly halved until con-

vergence to less than Rx is found. The process is repeated for successive
subintervals until the right-hand side of the integration interval is reached,
When convergence has been cobtained with a given subinterval size for a few
the routine attempts doubling the subinterval size to maintain the

Thus,

times,
largest subinterval size that will give the redquired accuracy. the
routine will use many points in a rapidly changing region of a function and
fewer points where the function is smoothly varying.

Since the function to be integrated is complex, the convergence of hoth
real and imaginary parts is tested and both must be less than Rx' The same

subinterval sizes are used for real and imaginary parts,
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When the field of a segment is being computed at the segment's own

center, the length r becomes

= 24z - 2 M

where b is the wire radius. TFor small values of b, the real part of the
integrand is sharply peaked and, hence, difficult to integrate numerically.

Hence, the integral is divided into the components

kA2

e = f eg(—-j:;r) -1 d(kz)
-kA/2 r
kA/2 1
G" = ]‘ r d(kz)
-xa/2 <
G _ G' + GH

G' must be computed numerically; however, the integrand is no longer peaked.

G", which contains the sharp peak, can be computed as
Vb2 + a2 + &
G" = 2 log 5

To further reduce integration time for the self term, the integral of G' is

computed from -kA/2 to 0, and the result doubled to obtain G'.

SYMBOL DICTIONARY

ABS = external routine (absolute value)

ALOG = external routine (natural log)

B = wire radius, b/A

DZ = subinterval size on which TOO’ TOl’ ... are computed
DZOT = 0.5 DZ

EL1 = -kA/2

EL2 = kA/2

EP = tolerance for ending the integration interval
FNM = real number equivalent of NM

FN5 = real number equivalent of NS

GF = external routine (integrand)

GlI = imaginary part of f1

GIR = real part of fl

=211~
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G21
G2R
G311
G3R
G4l
G4R
G51
G5R
L

NS
NT
NTS
NX
RX

SGI

SGR

SQRT
TEST
TE1I
TELR
TE21
TE2R
TOOIL
TOOR
TO1T
TOLR
TO21
TO2R
T10T
T10R
T11T

T11R =

T201
T20R

imaginary
real part
imaginary
real part
imaginary
real part
imaginary

real part

part of f

2
of E2
part of EB
of f3
part of E4
of f4
part of f5
of f5

indication of self term Iintegration when equal to zero

minimum allowed subinterval size is kA/NM

present subinterval size is kA/NS

counter to control increasing of subinterval size

larger values retard increasing of subinterval size

maximum allowed subinterval size is kA/NX

R

X
ASA
imaginary

real part

part of G
of G

external routine (square root)

external routine {(computes relative convergence)

relative difference of T
relative difference of T
relative difference of T

relative difference of T

imaginary
real part
imaginary
real part
imaginary
real part
imaginary
real part
imaginary
real part
imaginary

real part

ol and T

ol and T

11 and T

11 and T

part T

T00

part T

TOl

part T

00

01l

02

To2

part T

of TIO

part of T

10

11
£ T
°t T

part of TZO

of T20
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Z = integration variable at left~hand side of subinterval
ZE = ki/2
ZEND = kA/2 - EP; EP = tolerance term
Zp = integration variable
CONSTANTS
65536 = 216 = limit of minimum subinterval size (NM)

1.E~4 = error criterion, Rx
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SUBROUTINE INTX (EL1,EL2.B.IJ,SGR,SGI) IN

1 1
2 cC N 2
3 cC INTX PERFORMS NUMERICAL INTEGRATION OF FXP(JKR)/R BY THE METHOD OF IN 3
4 C VARIABLE INTERVAL WIDTH ROMBERG INTEGRATION., THE INTEGRAND VALUE IN 4
5cC IS SUPPLIED BY SUBROUTINE GF . IN 5
6 C IN 6
7 DATA NX,NM ,NTS,RX/1,B5536,4,1.E~4/ : IN 7
8 I=ELt IN 8
9 ZE=EL2 IN <]
10 If (1J.EQ.0) Z£=0. IN 10
bt S=ZE-Z IN 11
12 FNM=NM IN 12
13 EP=5/(10.%FNM) IN 13
14 ZEND=ZE-EP IN 14
15 SGR=0. IN 15
16 SGI=0. IN 16
17 NS=NX IN 7
18 NT=0 IN 18
19 CALL GF (Z,G1R,GI11) IN 19
20 1 FNS=NS IN 20
21 DZ=5/FNS IN 21
22 ZP=Z2+DZ IN 22
23 IF (ZP-ZE) 3,3.,2 IN 23
24 2 DZ=ZE-Z IN 24
25 IF {ABS(DZ)-EP) 17,17,3 IN 25
26 3 DZOT=DZ*.5 IN 26
27 IP=Z+DZ0T IN 27
28 CALL GF (ZP,G3R,G3I) IN 28
29 IP=Z+D7 IN 29
30 CALL GF (ZP,G5R,G51) IN 30
31 4 TOOR=(GIR+G5R}*DZOT IN 31
32 TOOI=(G1I+G5I}*DZOT IN 32
33 TOIR=(TOOR+DZ*G3R)*0.5 IN 33
34 TO1I=(TOOI+DZ*G3I)*0.5 IN 34
35 T10R=(4.0*TOIR-TOOR) /3.0 IN 35
36 T10I=(4.0°TO1I-TQOI)/3.0 IN 36
37 C IN 37
38 C TEST CONVERGENCE OF 3 POINT ROMBERG RESULT. IN 38
39 C IN 38
40 CALL TEST (TO?R.T10R.TE1R.TOII,TIOI.TE1I.0.) IN 40
41 IF (TE1TI-RX) 5,5.6 IN 41
42 5 IF (TEIR-RX) 8.8.6 IN 42
43 6 IP=2+DZ*0.25 IN 43
44 CALL GF (ZP,G2R,G2IL) IN a4
45 IP=Z+DZ*0.75 , IN 45
46 CALL GF (ZP,G4R,G4I) IN 46
47 TO2R=(TO1R+DZ0OT*{G2R+G4R) }+0.5 IN 47
48 TO2I=(TOV1I+DZOT*(G2I+G41})*0.5 IN 48
49 TI1R=(4.0*TO2R-TO1R) /3.0 IN 49
50 T11I=(4.0*T02I-TO1I)}/3.0 IN 50
51 T20R=(16,0*T11R-T1OR)}/15.0 IN 51
52 T20I={16.0*TH1I-T10I)/15.0 IN 52
53 C IN 53
54 C TEST CONVERGENCE OF 5 POINT ROMBERG RESULT, IN 54
55 C IN 55
56 CalLlL TEST (!IIR.[20R.TE2R,I11E.T20I.TEZI.O.) IN 58
57 IF (TE2I-RX) 7.7,14 ‘ IN &7
58 7 IF (TE2R-RX) 9.9.14 IN 58
59 8 SGR=SGR+T10R IN 59
60 SGI=SGI+T10I IN B0
61 NT=NT+2 IN 61
62 GO TO 10 IN B2
63 9 SGR=SGR+T20R IN 63
64 SGI=SGI+T20I IN 64
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82
83
84
85
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101
i02
103
104
105

NT=NT+]
1=1+D?

IF (Z-ZEND) 11,17
G1R=G5R

611=G5I

IF (NT-NTS) 1,12,
IF (NS-NX) 1,1,13

DOUBLE STEP SIZE

NS=NS /2
NT=1
GO TO0 1
NT=0

7

12

IF (NS-NM} 16,15,15

PRINT 20, Z
GO TO 9

HALVE STEP SIZE

NS=NS+2
FNS=NS
DZ=S/FNS
DZOT=DZ*0.5
GSR=G3R
GST=G5T
G3R=G2R
G3TI=G21

GO TO 4
CONTINUE

IF (IJ) 19,18,19

ADD CONTRIBUTION OF NEAR SINGULARITY FOR DIAGONAL TERM

SGR=2 . *(SGR+ALOG( (SQRT{B*B+S*S)+S}/B))

SGI=2.*5G1
CONTINUE
RETURN

FORMAT (24H STEP SIZE LIMITED AT Z=,F10.5)

END
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ISEGNO

PURPOSE
To determine the segment number of the mth segment ordered by increasing
segment numbers in the set of segments with tag numbers equal to the given tag

number. With a given tag of zero, segment number m is returned.

METHOD

Search segments consecutively and check their tag numbers against a given

tag.

SYMBOL DICTIONARY

I = DO loop index

ICNT = counter

ITAGL = input tag number (given tag)

M = input quantity specifying the position in the set of segments

with the given tag

CODE LISTING

1 FUNCTION ISEGNO (ITAGI,MX) IS 1
2cC IS 2
3cC ISEGNO RETURNS THE SEGMENT NUMBER QOF THE MTH SEGMENT HAVING THE Is 3
4 C TAG NUMBER ITAGI. IF ITAGI=0 SEGMENT NUMBER M IS RETURNED. IS 4
5 C IS 5
6 COMMON /DATA/ LD,N1,N2Z,N,NP M1 M2,M,MP,X(300),Y(300),2(300),SI(300 IS &
7 1),8I{300),ALP(300).BET{300),ICON1(300),ICON2(300),ITAG(300),ICONX{ IS 7
8 2300) ,WLAM,IPSYM IS 8
9 IF {MX.GT.0) GO TO 1 IS 9
10 PRINT 6 IS 0
11 STOP IS 11
12 1 ICNT=0 IS 12
13 IF (ITAGI.NE.Q) GO TO 2 IS 13
14 ISEGNO=MX IS 14
15 RETURN ) IS 15
16 2 IF (N.LT.1) GO TO 4 IS 16
17 DO 3 I=1.N IS 7
18 IF (ITAG(I).NE.ITAGI) GO TO 3 IS 18
19 ICNT=ICNT+1 IS 19
20 If (ICNT.EQ.MX} GO TO 5 IS 20
21 3 CONTINUE Is 21
22 4 PRINT 7, LTAGI Is 22
23 STOP IS 23
24 5 ISEGNO=T IS 24
25 RETURN IS 25
26 C IS 26
27 6 FTORMAT {(4X,91HCHECK DATA, PARAMETER SPECIFYING SEGMENT POSITION IN IS 27
28 1t A GROUP OF EQUAL TAGS MUST NQT BE ZERO) IS 28
28 7 FORMAT (///.10X,26HNO SEGMENT HAS AN ITAG OF ,I5) IS 2%
30 END IS 30-
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LFACTR

PURPOSE

To perform the Gauss-Doolittle factorization calculations on two blocks
of the matrix in core storage. This routine in conjunction with FACIO factors
a matrix that is too large for core storage into an upper and lower triangular
matrix using the Gauss-Doolittle technique. The factored matrix is used by
LUNSCR and LTSOLV to determine the solution of the transposed matrix equation
xTAT = BT.

METHOD

The basic algorithm used in this routine is presented by Ralstom in
ref. 1 on pages 411-416. A brief discussion is also given under FACTR in this
manual. The main difference between LFACTR and FACTR is that LFACTR is set up
to perform the calculations on two blocks of columns of the transpesed matrix
that reside in core storage. This situation arises when the matrix is too
large to fit in core at one time; thus, the matrix is divided into blocks of
columns and stored on files. This matrix 1is then factored intc a lower
triangular matrix and an upper triangular matrix by the subroutines FACIO and
LFACTR. The function of these two subroutines is closely tied together:
LFACTR performs the mathematical computations involved in the factorization,
while FACIO controls the input and output of matrix blocks in core storage,
and, thus, controls the necessary block ordering input to LFACTR. For
clarification of the ordering of matrix blocks during factorization, refer to
FACIO.

The computations performed in LFACTR are slightly different for three
matrix block conditions: (1) block numbers 1 and 2, (2} adjacent matrix
blocks, and (3) non-adjacent matrix blocks. If the blocks are numbers 1 and
2, both blocks are factored, and the computations proceed exactly as in
FACTR. The only difference between LFACTR and FACTR here is that the two
blocks do not form a square matrix, and the row and column indices in LFACTR
have not been interchanged as in FACTR. At the end of this stage, both blocks
1 and 2 are completely factored. For .case 2, where the blocks are adjacent
in the matrix and other than 1 and 2, the first block is assumed factored and
is used to complete the factorization of the partially factored second block.
The computations start with the filrst column of the second block and proceed
as in FACTR (with the exceptions noted above). If the blocks are not

adjacent (case 3), the first block is assumed factored and is used to partially

~217-



L.FACT®

factor the second block. Computations start with the first column of the
second block. Factorization cannot be completed, since values from the

intervening columns are necessary.,

CODING
LF20

LF39 Initialization of loop parameters for the various matrix

block conditions.

LF40 - LF99 Loop over columns to be factored or partially factored.

LFA4 - LF46 Write column of A in scratch vector D.

LF49 - LF62 Computations for uy (see FACTR), where positioning for
size is taken into account., The range of 1 is determined
by the matrix blocks used.

LF6% — LF71 For case 3, the partially factored column is stored in A,
and a8 jump to LFI100 is made.

LF73 - LF87 TFor cases 1 and 2, the maximum value in the column is found
for positioning.

LF92 - LF94 For cases 1 and 2, Eir (see FACTR) is calculated; limits on

i are dependent on blocks.

SYMEOL DICTIONARY
A = array which contains the two blocks of columns of the transposed

matrix in some state of factorization

CONJG = external routine (conjugate of complex numbers)
)] = scratch vector, temporary storage of one column
DMAX = maximum value 1n column

ELMAG = intermediate variable

I = PO loop Index

IFLG = small pivot value flag

Ip = array contalning positioning information
IXJ = index

X1 = first block number, input
IX2 = second block number, input
J = DO loop index

JP1 =J + |

Jll = DO 1loop limits

g2 |

J2P1 = J2 + 1
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J2p2 = J2 + 2

K = DO loop Landex

L1l

L2 = logical variables for testing
L3

NCOL = number of columns

NROW = number of rows

PJl = intermediate variables

PR |

R = DO loop index

REAL = external routine (real part of a complex number)
Rl = DO loop limits, relative column number limits for
R2 calculations

In programs using double precision accumulation in the matrix solution,

the following double precision varlables are used in LFACTR.

DAR1
DAT1
DARZ |
DAI2
nR |

real and imaginary parts of a number for temporary storage

real and imaginary vectors replacing the complex vector D in

DI[ single precision programs

CONSTANT
1.E-10 = small value test
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SUBROUTINE LFACTR (A.NROW,IX1,IX2,IP)

LFACTR PERFORMS GAUSS—DOOLITTLE MANIPULATIONS ON THE TWC BLOCKS OF

THE TRANSPOSED MATRIX IN CORE STORAGE .

THE GAUSS—-DOOLITTLE

ALGORITHM IS PRESENTED ON PAGES 411-416 OF A. RALSTON —- A FIRST

COURSE IM NUMERICAL ANALYSIS.
RALSTONS TEXT.

COMPLEX A,D,AJR
INTEGER R,R1,R2,PJ,PR
LOGICAL L1,L2,L3

COMMENTS BELOW REFER TO COMMENTS 1IN

COMMON /MATPAR/ ICASE.NELOKS.NPBLK.NLAST.NBLSYM.NPSYM.NLSYM.IMAT.I
1CASX,NBBX ,NPBX ,NLBX ,NBBL ,NPBL,NLBL

COMMON /SCRATM/ D(600)

DIMENSION A(NROW,1), IP(NROW)

IFLG=0
INITIALIZE R1,R2.,J1.J2

Li=IX1.EQ.1.AND.IX2,.£Q.2
L2=(IX2-1).EQ.IX1
L3=IX2.E£Q.NBLSYM

IF (L1) GO TO 1

GO 10 2

R1=1

R2=2*NPSYM

H1=1

F2=—1

GO TO 5

R1=NPSYM+1

R2=Z*NPSYM
J1=(IXT1-1)Y*NPSYM+1

IF (L2) GO TO 3

GO TO 4

J2=J1+NPSYM-2

GO TQ 5§

J2=J1+NPSYM—1

IF (L3} R2=NPSYM+NLSYM
DO 16 R=R1,R2

STEP 1

DO 6 K=J1,NROW
D{K}=A({K,R)}
CONTINUE

STEPS 2 AND 3

IF {L1.0R.L2) J2=42+1
IF {J1.GT.J2) GO TO 9
IXJ=0

DO B J=J1,92
IXJ=IXJ+1

PJ=IP(J)

AJR=D(PJ)

A(J.R)=AJR

D(PJ)=D{J}

JP1=J+1

DO 7 I=JPi§ ,NROW
D(I)=D(I)}-A(I,IXJ)*AJR
CONTINUE

CONTINUE

CONTINUE
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65
66
87
68
6%
70
7

72
73
74
75
76
77
78
79
80
81

82
83
84
85
86
87
a8
89
S0
9t
92
93
94
95

7
98
99
100
101
102

C
C

12
13

aOo00

14
15

103 C

104
105

STEP 4

J2P1=J241

IF (L1.0R.L2)} GO TO 11

IF {NROW.LT.J2P1) GO TO 16
DO 10 I=J2P1,NROW
A(L.R)=D(T)

CONTINUE

GO TO 16
OMAX=REAL{D(J2P1)*CONJG(D{J2P1}))}
IP(J2P1)Y=J2P1

J2P2=J2+2

IF (J2P2.GT.NROW) GO TO 13
DO 12 I=J2P2,NROW
ELMAG=REAL(D{I)*CONJG(D(I)})
IF (ELMAG.LT.DMAX) GO TO 12
DMAX=ELMAG

IP(J2P1)=I

CONTINUE

CONTINUE

IF {DMAX.LT.1.E-10) IFLG=1
PR=IP{J2P1)

A{32P1 ,RY=D(PR)
D(PR)=D(J2P1)

STEP 5

IF (J2P2.GT.NROW) GO YO 15
AJR=1./A(J2P1,R)

DO 14 I=J2P2,NROW
A(I,R)=D(I)*AJR
CONTINUE

CONTINUE

IF (IFLG.EQ.0) GO TO 16
PRINT 17, J2,DMAX
IFLG=0

CONTINUE

RETURN

FORMAT {1H ,8HPIVOT{,I3,2H)=,E16.8)
END
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LOAD

LOAD

PURPOSE
To compute the impedances at a given frequency for the loading specified

by LD cards.

METHOD

The value of AZ/A, where Z is the total impedance on a segment and A is
the length of the segment, is computed for each loaded segment and stored in
the array ZARRAY. The proper impedénce formula is chosen by the value of the
input quantity LDTYP. These computations are performed from the sequence

LO74 to L096 of the program, and the formulas are:

LDTYP = O (series R, L, and C):

1
= + A _
Z R jwl + JwC
AZ R L 1
t o ne i =
Z A é_+ jame (A) + 7
A

e (5)(8)

where ¢ is the speed of light and R, L, and C are input.

LDTYP = 1 (parallel R, L, and C; R, L, and C input):

1

2
Y A N S S E‘,) (E)
z = (J\) R ¥ jomar t 127 ()\ A

LDTYP = 2 and 3 (same as above, but R/A, L/A, C/A are input)

LDTYP = 4 (resistance and reactance input):

resistance + j reactance
A

A

AR

LDTYP = 5 (call another subroutine for wire conductivity calculation)
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SYMBOL DICTLONARY

ABS = e¢xternal routine (absolute value of a real number)

AIMAG = external routine (imaginary part of a complex number)

CMPLX = external routine (forms a complex number )

TCHK = check tlag in diagnosing data errors

ISTEP = loading card subscript

IWARN = flag checking for multiply loaded segments

JUMP = LDTYP + 1

LDTAG = tag number, input quantity

LBTAGF = input quantity

LDTAGS = LDTAG(ISTEP)

LDTAGT = input quantity

LDTYP = input quantity specifying loading type

NLGAD = number of input loading data cards

PRNT = external routine (prints the impedance data in a table)

REALI, = external routine (takes the real part of a complex number)

TPCJ = j2me, where ¢ is the speed of light

ZARRAY = array containing AZ/A for each segment, dimensioned to the
maximum number of segments

ZINT = external routine (calculates the internal impedance of a finitely
conducting wire)

ZLC = input quantities, the definitions are a function of the type of

ZLI loading specified. For the case of series RLC (LDTYP = 0):

ZLR ZLC = capacitance (farads), ZLI = inductance (henrys), and
ZLR = resistance (ohms}. For the remaining cases, see Part III.

ZT = Z' = M/A for one segment; however, variable name is used
during the calculation of this quantity

CONSTANTS
1.E-20 = [leating point zero test

(0., 1.88365371E+9) j2#c, where ¢ is the velocity of light
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OO0
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s e Ne Ny

OO0

[ ]

SUBROUTINE LOAD (LDTYP.LDTAG.LDTAGF.LDTAGT.ZLR.ZLI.ZLC)

LOAD CALCULATES THE IMPEDANCE OF SPECIFIED SEGMENTS FOR VARIOUS
TYPES OF LOADING

COMPLEX ZARRAY,ZT,TPCJ,ZINT

COMMON /DATA/ LD.N1,NZ,N, NP, MY M2 ,M,MP,X{300),Y(300),Z(300),5I(300
1).BI(SOO).ALP(SOO).BET(SOD).ICON1(300).ICON2(300).ITAG(SOO).ICONX(
2300) ,WLAM, IPSYM

COMMON /ZLOAD/ ZARRAY(300),NLOAD,NLODF

DIMENSION LDTYP(1), LDTAG(1), LDTAGF(1). LDTAGT(1). ZLR(1), ZLI(1)
1. ZLC(1), TPCJX(2)

EQUIVALENCE {TPCJ,TPCJIX)

DATA TPCJX/0.,1.BB369B955E+9/

PRINT HEADING
PRINT 25

INITIALIZE D ARRAY, USED FOR TEMPORARY STORAGE OF LOADING
INFORMATION.

DO 1 I=N2.,M
ZARRAY(T)=(0..0.)
IWARN=0

CYCLE OVER LOADING CARDS

ISTEP=0

ISTEP=ISTEP+1

If¥ (ISTEP.LE.NLOAD) GO TO 5
IF (IWARN.EQ.1) PRINT 26

If (N1+2*M1.GT.0) GO TO 4
NOP=N/NP

IF (NOP.EQ.1) GO TO 4

DO 3 I=t,NP

IT=ZARRAY(I)

L1=1

DQ 3 L2=2,NOP

Li1=Lt+NP

ZARRAY(L1)=ZT

RETURN

IF (LOTYP(ISTEP).LE.S5) GO TO &
PRINT 27, LDTYP(ISTEP)}

STOP

LOTAGS=LDTAG(ISTEP)
JUMP=LDTYP{ISTEP)+1

TCHK=0

SEARCH SEGMENTS fOR PROPER ITAGS

Li=N2Z2

L2=N

IF (LDTAGS.NE,O) GO TO 7

IF (LDTAGF(ISTEP).EQ.0.AND.LDTAGT(ISTEP).EQ.0)} GO TO 7
L1=LDTAGF(ISTEP)

L2=LDTAGT(ISTEP)

IF (L1.GT.N1) GO TO 7
PRINT 29
STOP

DO 17 I=L1.L2
IF (LDTAGS.EQ.0) GO TO 8
IF (LDTAGS.NE.ITAG{I)) 60 TO 17

W00~ b i N -
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64
- 65
66
67
68
69
70
7t
72
73
74
75
76
77
78
79
80
81
82
a3
84
85
-1
87
as
89
90
91
g2
93
94
95
96
97
98
99
100
101
i02
103
104
105
106
107
108
109
110
11
112
113
114
115
116
17
118
119
120
121
122
123
24
125
126
127

GO0 0
w

t

15
16

o

18
19

20

21

22

23

24

25

IF (LOTAGF(ISTEP).EG.0) GO TO 8

ICHK=ICHK+1

IF (ICHK.GE.LDTAGF(ISTEP).AND.ICHK.LE.LDTAGT(ISTEP)) GO TO 9
GO TO 7

ICHK=1

CALCULATION OF LAMDA®*IMPED. PER UNIT LENGTH. JUMP TO APPROPRIATE
SECTION FOR LOADING TYPE

GO TO (10,11,12,13,14,15), JUMP
ZT=ZLR(ISTEP)/SI(I)+TPCJ*ZLI(ISTEP)/(ST(1)*WLAM)

If (ABS(ZLC(ISTEP}).GT.1.E-20) ZT=ZTHWLAM/(TPCJ*SI(I)*ZLC(ISTEP))
GO TO 16

ZT=TPCJ*SI(I)*ZLC(ISTEP}/WLAM

IF (ABS(ZLI(ISTEP)).GT.1.E-20) ZT=ZT+SI(I)}"WLAM/(TPCJI*ZLI{ISTEP))
IF (ABS(ZLR{ISTEP)).GT.1.E-20) ZT=ZT+SI(I)/7LR(ISTEP)

IT=1./ZT

GO TO 16

ZT=ZLR(ISTEP) *WLAM+TPCJ*ZLI(ISTEP)

IF (ABS{ZLC(ISTEP)).GT.1.E~20) ZT=ZT+1./(TPCJI*SI(I)*SI(I)*ZLC(ISTE
1P))

GO 70 16

ZT=TPCJ*SI(I)*SI(I)*ZLC(ISTER)

IF (ABS(ZLI(ISTEP)).GT.1.E~20) ZT=ZT+1./(TPCJI*ZLI(ISTEP))

IF (ABS{ZLR(ISTEP)).GT.1.E~20) ZT=ZT+1./(ZLR(ISTEP)*WLAM)

ZT=1. /1T

GO TO 16

ZT=CMPLX(ZLR{ISTEF) ,ZLI(ISTEP))/SI(I)

GO T0 18

ZT=ZINT(ZLR(ISTEP)*WLAM,BI(I))

IF ((ABS(REAL(ZARRAY(I)))+ABS(AIMAG(2ARRAY(I)))).GT.1.E-zo) IWARN=
1

ZARRAY(I)=ZARRAY(I)+ZT

CONTINUE

IF {ICHK.NE.O) GO TO 18

PRINT 28, LDTAGS

sSTOP

PRINTING THE SEGMENT LOADING DATA, JUMP TO PROPER PRINT

GO TO (19,20.21,22,23,24), JUMP

CALL PRNT (LDTAGS,LDTAGF(ISTEP),LOTAGT(ISTEP),ZLR{ISTER),ZLI(ISTEP
1).ZLC(ISTEP),0.,0.,0.,7H SERIES,7) "

GO TO 2

CALL PRNT (LDTAGS,LDTAGF(ISTEP),LDTAGT{ISTEP) ZLR(ISTEP) ,ZLI(ISTEP
1) ZLC(ISTEP),0..0..0.,8HPARALLEL,8)

GO TO 2

CALL PRNT (LDTAGS,LDTAGF{ISTEP),LDTAGT{ISTEP),ZLR(ISTEP) ,ZLI(ISTEP
1).ZLC{ISTEP).0.,0.,0.,18BHSERIES (PER METER),18)

GO TO 2

CALL PRNT (LDTAGS,LOTAGF{ISTEP),LDTAGT(ISTEP) ZLR(ISTEP),ZLI(ISTEP
1).ZLC(ISTEP),0.,0..0.,20HPARALLEL (PER METER),20)

G0 TO 2

CALL PRNT (LDTAGS,LDTAGF(ISTEP),LDTAGT{ISTEP),0.,0.,0.,ZLR{ISTEP),
1ZLI(ISTEP),0.,15HFIXED IMPEDANCE,15)

GO TO 2

CALL PRNT (LDTAGS,LDTAGF(ISTEP),LDTAGT(ISTEP),0.,0.,0.,0.,0.,ZLR(I
1STEP),6H WIRE 6}

GO TO 2

FORMAT (//,7X,BHLOCATION, 10X, 10HRESISTANCE,3X, 10HINDUCTANCE ,2X,11H
TCAPACITANCE ,7X, 1 6HIMPEDANCE (OHMS).SX.12HCONDUCTIVITY.4X.4HTYPE./.
24X ,4HITAG,10H FROM THRU,10X, 4HOHMS ,BX ,BHHENRYS,7X,6HFARADS, 8%, 4HRE
3AL,6X ,9HIMAGINARY, 4X, | OHMHOS /METER)
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Lo
LO
LO
Lo
LO
LO
Lo
LO
LO
LO
LO
Lo
Lo
Lo
LO
LO
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Lo
LO
LO
LO
LO
LO
Lo
Lo
Lo
LO
LG
Lo
LO
LO
LO
LO
Lo
Lo
Lo
LO
LO
LO
LO
LO
LO
LO
LO
LO
LO
LO
Lo
LO
LO
LO
LO
LO
LO
LO
LO
Lo
Lo
LO
LO
LO
LO

64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
a3
B4
B5
86
87
88
a9
30
g1
92
93
94
95
96
a7
98
99
100
101
102
103
104
105
t0é
to7
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
1286
127

LOAD
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128 26 FORMATY (/,10X,74HNOTE, SOME OF THE ABOVE SEGMENTS HAVE BEEN LOADED LO 128

129 1 TWICE - IMPEDANCES ADDED) Lo 129
130 27 FORMAT (/,10X, 46HIMPROPER LOAD TYPE CHOOSEN, REQUESTED TYPE IS ,I3 LO 130
131 1) LO 131
132 28 FORMAT (/,10X,50HLOADING DATA CARD ERROR, NO SEGMENT HAS AN ITAGC = LO 1372
133 1 ,13) LO t33
134 29 FORMAT (63H ERROR - LOADING MAY NOT BE ADDED TO SEGMENTS IN N.G.F. LO 134
135 1 SECTION) LD 135
136 END LO 136-
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PURPOSE
To solve the matrix equation XRLU = BR, where R denotes a row vector
and L and U are the lower and upper Criangular matrices stored as blocks on

files.

METHOD

The L and U triangular matrices are written in a square array, where the
1's on the diagonal of the L matrix are suppressed. The array is stored by
blocks of columns in ascending order on file IFLl and descending order on file

IFL2. The solution procedure is as follows. First solve the equation

then

o= R (D

since X*LU = BR. The solutions of equations (1) and (2) are
straightforward, since both matrices are triangular. In particular for

equation (1),

j-1

R _ 1 R _ :E R o

yj alivem bj ¥y uij 3 L, ..., n
1 i=1

and similarly for equation (2).

Several right-hand side vectors may be stored in the two dimensional
array 8. The forward and backward substitution is then done on each vector in
the loops from LT 23 to LT 34 and LT 43 to LT 536, This can be much faster
than calling LTSOLV for each vector since the files IFL1l and IFLZ2 are read
only once. This feature is used in computing A—IB for the NGF solution. It
is not used with the multiple excitations for a receiving pattern or to
compute the driving point interaction matrix in NETWK but could reduce the

out-of~core solution time in these cases.
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Row interchanges were used to position elements for size in factoring
the transposed structure matrix; therefore, the elements in the solution
vector X} are not in the original locations. Using the IX array (filled by
LUNSCR), the vector can be put back into the original order. The integer
contained in IX(J) is the index of the original location of the parameter now
in the jth location. The solution vector is overwritten on the input

right-hand side vector &Y,

SYMBOL DICTIONARY

A = array for matrix blocks

B = BR, right—-hand side and solution
L2 = number of words in a block

IFL1 = file with blocks in normal order
IFLZ = file with blocks in reversed order
IX = solution unscramble vector

IXBLKL = block number

J = row index

JST = initial value for J

K2 = number of columns in a block

KP = column index

NEQ = total aumber of equations

NRH = number of right-hand side vectors in B

NROW = row dimension of A (number of equations in a symmetric section)
SuUM = gummation result
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SUBROUTINE LTSOLV (A NROW,IX,B,NEQ,NRH,IFL1,IFL2)

LTSOLY SOLVES THE MATRIX EQ. Y{R)*LU{T)=B(R) WHERE (R) DENOTES ROW
VECTOR AND LU{T) DENOTES THE LU DECOMPOSITION OF THE TRANSPOSE OF

THE ORIGINAL COEFFICIENT MATRIX.

STORED ON TAPE 5 IN BLOCKS IN ASCENDING ORDER AND ON FILE 3 IN

BLOCKS OF DESCENDING ORDER.

COMPLEX A,B,Y,SUM

COMMON /MATPAR/ ICASE NBLOKS,NPBLK,NLAST NBLSYM,NPSYM,NLSYM,IMAT,I

1CASX, NBAX ,NPBX , NLBX ,NBBL ,NPBL ,NLBL
COMMON /SCRATM/ Y(600)
DIMENSION A(NROW,NROW), B{NEQ,NRH)

FORWARD SUBSTITUTION

I2=2*NPSYM*NROW

D0 4 IXBLKI=1,NBLSYM

CALL BLCKIN (A, IfFL1,1,I2,1,121)
K2=NPSYM

IF (IXBLKI.EQ.NBLSYM) K2=NLSYM
JST={IXBLKI-1)}*NPSYM

DO 4 IC=%,NRH

J=JST

DO 3 K=1,K2

JM1=J

J=d+1

SUM=(0.,0.)

IF (JM1.LT.1) GO TO 2

DO t I=1, JM1
SUM=SUM+A(I . K)}*B(I,bIC)
B{J.IC)=(B(J,IC)~SUM}/A(J K}
CONTINUE

CONTINUE

BACKWARD SUBSTITUTION

JST=NROW+1

DO 8 IXBLK1=1 ,NBLSYM

CALL BLCKIN (A, IFL2,1,12,1,122)})
K2=NPSYM

IF (IXBLK1.EQ.1) K2=NLSYM
DO 7 IC=1.NRH

KP=K2+1

J=JST

DO 6 K=t,K2

KP=KP-1

JP1=J

J=J4-1

SUM=(0.,0.}

IF (NROW.LY JUP1) GO TO 6
DO 5 I=JP1,NROW
SUM=SUM+A(I , XP)*B(I.IC)
B{J.IC)=B(J,IC)-SUM
CONTINUE

CONTINUE

JST=JST-K2

UNSCRAMBLE SOLUTION
DO 10 IC=1,NRH
DO 9 I=i ,NROW

IXI=IX{1)
Y(IXI)=8(I,IC)
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65
66 10
67
68

DO 10 I=7 NROW
B(I.IC)=Y(I}
RETURN

END
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PURPOSE

To unscramble the lower triangular matrix of the Factored out-of-core
matrix and to determine the appropriate ordering of the unknowns. The
unscrambled factored matrix is written in blocks on file IU3 in ascending order

and on file IU4 in descending order,

METHOD

During factorization by LFACTR, the elements in the lower triangular
matrix L were not explicitly arranged in accordance with the row interchanges
used in positioning for size during the calculations. Specifically, as the
factorization proceeds by columns from left to right in the matrix, row
rearrangements in the rth column are not explicitly performed in the left
r - 1 columns; rather, positioning information is stored in the IP array.
For the in-core calculations, these rearrangements are included duriﬁg the
final solution (subroutine SOLVE). For the out-of-core case, rearrangement
during the solution (subroutine LTSOLV) is inconvenient, since the transposed
system xrAt = p° is being solved, where r signifies a row vector.

The procedure for unscrambling the L matrix is as follows. is the

p
k
positioning information ceontained in IP(K). Then for the rth column, let ¢

be a temporary variable:

2 overwrites £
k,r

b ]

t overwrites ¢ for k =r+1, ..., n-1
Pksr

Since row interchanges were used on the transposed matrix, the positions
of the unknowns in the equactions have changed. The final arrangement is
determined by performing interchanges on a vector of integers. Specifically,

let

then set
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X overwrites x
k

t overwrites xp for k=1, ..., n
4

The integer now contained in X5 specifies the original placement of the

.th
1 unknown.

SYMBOL DICTIONARY

A = array for matrix blocks

Il = first word of matrix block

12 = last word of matrix block

1P = array of pivot index data

102 = Lnput file

1U3 = output file, blocks in normal order
TU4 = output file, blocks in reversed order
IX = array x.

IXBLKX1l = block number

. th .
KA = increment to locate the KK submatrix in case of gymmetry
NOP number of symmetric sections

NROW

]

row dimension of A
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SUBROUTINE LUNSCR (A.NROW.NOP.IX.IF.IUZ.IUS.IU4)

S/R WHICH UNSCRAMBLES, SCRAMBLED FACTORED MATRIX

COMPLEX A, TEMP

COMMON  /MATPAR/ ICASE ,NBLOKS ,NPBLK NLAST ,NBLSYM ,NPSYM,NLSYM, IMAT. I

1CASX ,NBBX ,NPBX ,NLBX ,NBBL ,NPBL,NLBL

DIMENSION A{NROW,1), IP{NROW), IX(NROW)

It=1

I2=Z2*NPSYM*NROW

NM1=NROW—1

REWIND IU2

REWIND Iu3

REWIND Iu4

DO 9 KK=1,NOP

KA=(KK—1)*NROW

DO 4 IXBLK1=1,NBLSYM

CALL BLCKIN (A,Iu2,I1,I2,1,121%)
K1=(IXBLK1—1)*NPSYM+2

IF (NM!.LT.KI) GO TO 3

J2=0

DO 2 K=K1,NM1

IF (J2.LT.NPSYM) J2=J2+1
IPK=IP{K+KA)

DO 1 J=t,42

TEMP=A(K,J)

A(K,J)=A(TIPK, )

A(IPK, J)=TEMP

CONTINUE

CONTINUE

CONTINUE

CALL BLCKOT (A,IU3,I1,IZ,1,122)
CONTINUE

DO 5 IXBLK1=1,NBLSYM

BACKSPACE IU3 ’

IF (IXBLK1.NE.1) BACKSPACE U3
CALL BLCKIN (A.IUS.II.I2.1.I23)
CALL BLCKOT (A.IU4.I1.I2.1.124)
CONTINUE

DO 6 I=1,NROW

IX(I+KA)=I

CONTINUE

DO 7 I=1,NROW

IPI=IP{I+KA)

IXT=IX(I+KA)
IX(I+KA)=IX{IPL+KA)
IX(IPI+KA)}=IXT

CONTINUE

IF {(NOP.EQ.1) GO TO 9
NB1=NBLSYM-1

SKIP NB1 LOGICAL RECORDS FORWARD
DC 8 IXBLKi=1,NB?

CALL BLCKIN (A,IU3,I1,I2,1,125)
CONTINUE

CONTINUE

REWIND IUu2

REWIND IU3

REWIND IU4

RETURN

END
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MOVE

PURPOSE
To rotate and translate a previously defined structure, either moving

original segments and patches or leaving the original fixed and producing new

segments and patches.

METHOD

The formal parameters ROX, ROY, ROZ are the angles of rotation about
the x, y, and z axes, respectively, and XS, YS, Z$S are the translation dis-
tances in the x, y, and z directions. Angles are in radians, and a positive
angle represents a right-hand rotation. The structure is first rotated about
the x axis by ROX, then about the y axis by ROY, then about the z axis by ROZ,

and finally translated by XS, YS, ZS. These operations transform a point with

coordinates x, y, z to x', y', z', where
' T T
X T Tz Tis /% *g
] = T +
y Tar T2 T (Y Vs
1
z 31 T3z Taz/ \2 2g
where
Tll = ¢cos ¢ cos O
le = cos ¢ sin 0 sin P - sin ¢ cos
Tl3 = cos ¢ sin 6 cos ¢ + sin ¢ sin ¢
T21 = gin ¢ cos ©
T22 = gin ¢ sin 0 sin Y + cos ¢ cos Y
T23 = sin ¢ s8in © cos Y - cos ¢ sin Y
T3l = — gin 0O
T32 = cos € sin ¥
F33 = cos O cos Y
with
P = ROX
B = ROY
¢ = ROZ
X = X8
s
Y = Y8
S
Z = 1ZS5
s
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This transformation is applied to those wire sepments from segment
number iS to the last defined segment in COMMON/DATA/ , Thus, 1if iS is greater
than 1, the segments from 1 to 1s ~ 1 are unaffected. All patches are
transformed,

NRPT is the structure repetition factor. If NRPT is zere, the trans-
formed segment and patch coordinates overwrite the original coordinates so that
the structure is moved with nothing left in the original location. If NRPT
is greater than zero, the transformed coordinates are written on the ends of
the arrays in COMMON/DATA/ and the process repeated NRPT times so that NRPT
new structures are formed, each shifted from the previous one by the specified

transformation, while the original gtructure is unchanged.

CODING
MO18 Adjust symmetry flag if structure is rotated about the x or
y axls. If the ground plane flag is alsoc set on the GE
card, symmetry will not be used in the solution,
MO19 ~ MO33 Compute transformation matrix.
MO37 - MO61 Transform segment coordinates.
MO63 ~ M093 Transform patch coordinates.
MO%4 - M097 Set parameters to no-symmetry condition if NRPT > 0 or
IX > 1,
SYMBOL DICTIONARY
ABS = external routine (absolute value)
cos = external routine (cosine)

CPH = cos ¢

CPS = cos ¥

CTH = cos O

IR = DO loop 1index, array index for original patch
ISEGNO = external routine (searches segment tag numbers)

ITGL = increment applied to segment tag numbers as segments are

transformed
ITS = iS is the first occurring segment in COMMON/DATA/ with tag ITS
IX =1
=3
11 = lower DO loop limit for I (initially I1 = iS)
K = increment to segment number for transformed segment
KR = array index for new patch
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LDI = Lh + 1
NRP = upper DO loop limit for IR
NRPT = repetition factor
ROX = ¥ (radians)
ROY = 0
ROZ = ¢
SIN = external routine (sine)
SPH = sin ¢
SPS = gin Y
STH = sin 0
T1X
T1Y = arrays containing components of El for patches
T1Z
T2X
T2Y = arrays contalning components of EZ for patches
T2Z
XL = old x coordinate
X5 = X
XX =T
XY = le
Xz = T13
X2(I1) = x coordinate of end 2 of segment I
YI = old y coordinate
YS =Yg
YX = T21
YY = T22
YZ = T23
¥2(I) = y coordinate of end 2 of segment I
Z1 = old Z coordinate
VA = Z
s
ZX = T31
ZY = T32
ZZ = T33
72{I) = Z coordinate of end 2 of segment I
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SUBROUTINE MOVE (ROX,ROY,ROZ.XS.YS.ZS.ITS,NRPT.ITGI)

SUBROUTINE MOVE MOVES THE STRUCTURE WITH RESPECT TO ITS
COORDINATE SYSTEM OR REPRODUCES STRUCTURE IN NEW POSITIONS.
STRUCTURE IS ROTATED ABOUT X,Y,Z AXES BY ROX,ROY,ROZ
RESPECTIVELY, THEN SHIFTED BY XS,YS.IS

COMMON /DATA/ LD,N1,N2,N,NP,M1,M2,M,MP,X(300),Y(300),2(300),SI(300
1),BI(300),ALP(300),BET(300),ICONT(300),ICON2(300),ITAG(300), ICONX(

2300) ,WLAM, IPSYM
COMMON /ANGL/ SALP(300)

DIMENSION TiX{1), THY(1), T1Z(1), T2x(1), T2¥(1), T2Z(1), X2(1), Y

12(1), z2(1)

EQUIVALENCE (Xx2(1),SI(1))., (Y2(1).,ALP(1)). (Z2(1),BET(1))
EQUIVALENCE (T1X,SL}, (Ti1Y,ALP), (T1Z,BET)., (T2X%,ICON1}, (T2Y,ICON

12), (T12Z,1TAG)

IF (ABS(ROX)+ABS(ROY).GT.1.E-10) IPSYM=IPSYM*3

SPS=SIN(ROX)

CPS=COS(ROX)

STH=SIN(ROY)

CTH=COS{ROY})

SPH=SIN(ROZ)

CPH=COS(ROZ)

XX=CPH*CTH
XY=CPH*STH*SPS—SPH*CPS
XZ=CPH*STH*CPS+SPH*SPS
YX=SPH*CTH
YY=SPH*STH*SPS+CPH*CPS
YZ=SPH*STH*CPS—-CPH*SPS
IX=~STH

ZY=CTH*SPS

ZZ=CTH*CPS

NRP=NRPT

IF (NRPT.EQ.0) NRP=|

IF (N.LT.N2) GO TO 3
I1=ISEGNO(ITS,1)

IF (It.LT.N2) I1=N2

IX=I1

K=N

IF (NRPT.EQ.D) K=Ii—|

DO 2 IR=1,NRP

0C t I=I1,N

K=K+1

XI=X(I)

YI=Y(I)

21=Z(1)
X{K)=XI*XX+YI*XY+ZI*XZ+XS
Y(KY=XI*YX+YI*YY+ZI®YZ+YS
Z{K)Y=XT*ZX+YI*ZY+ZT*27+25
XI=x2(I)

YI=y2(I)

2I=22(1)
X2(K)=XI*XX+YI*XY+ZI*XZ+XS
Y2(K)=XI*YX+YI*YY+ZI*YZ+YS
Z2(K)=XT*ZX+YI*ZY+2I*2Z+I5
BI(K)=BI(I)
ITAG(K)=ITAG(I)}+ITGI
CONTINUE

Ii=N+1

N=K

CONTINUE

IF {M.LT.M2) GO TO 6
I1=M2

K=M
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65
13
57
68
69
70
71
72
73
74
75
76
77
78
79
80
81
a8z
83
84
85
86
87
1.}
89
90
91
92
93
94
95
96
97
98
99

LDI=LD+1

IF (MRPT.EQ.0) KMt

DO 5 II=1,NRP

DO 4 I=I1,M

K=K+1

IR=LDI-I

KR=LDI-K

XI=X{IR)

YI=Y(IR)

ZI=2(1R)
X(KR)=XI*XX+YI*XY+ZI*XZ+X5
Y(KR)=XI*YX+YI®YY+ZI*YZ+YS
Z(KR)=XI*ZX+YI*ZY+ZI*2Z+ZS
XI=TtX(IR)

YI=TiY{IR)

ZI=TYZ{IR}
TIX(KR)}=XT*XX+YI*XY+ZI*XZ
TIY(KR)=XI*YX4+YI*YY+ZI*YZ
TIZ{KR)=XI*ZX+YI*ZY+ZI*%2
XI=T2X{IR)

YI=T2Y{IR)

ZI=T2Z(IR)
TZX({KR)=XI*XX+YI*XY+ZI*XZ
T2Y(KR)=XT*YX+YI*YY+ZI*YZ
T2Z(KR)=XI*ZX+YI*ZY+ZI*ZZ
SALP(KR)=SALP(IR)
BI{KR)=BI(IR)

I1=M+1

M=K

IF ((NRPT.EQ.C).AND.(IX.EQ.1)) RETURN
NP=N

MP=M

IPSYM=0

RETURN

END
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PURPOS Y

NEFLD

To comput¢ the near electric field due to currents induced on a structure.

CODING

NE30 - NE93
NE30 - NE41
NE42 - NE93
NE43 - NESO
NE51 - NES&5
NE87

NEB8 - NES3

Near E field due to currents on segments 1s computed.

Each segment 1is checked to determine whether the field
observation point (XO0B, YOB, ZOB) falls within the segment
volume. If it does, AX is set to the radius of that
segment. AX is then sent to routine EFLD as the radius of
the observation segment. If (X0B, YOB, ZOB) 1s on the axis
of a segment at its center, the field calculation with AX
set to the segment radifus is the same as that used in
filling the matrix.

Loop computing the field contribution of each segment.
Parameters of source segment are stored in COMMON/DATAJ/.
When the extended thin wire approximation is used, IND1 is
set to 0 if end 1 of segment I is connected to a single
parallel segment of the same radius, 1 if it is a free end,
and 2 1f it comnects to a multiple junction, a bend, or

a segment of different radius. IND2 is the same for end 2.
If INDl or IND2 is 2, the extended thin wire approximation
will not be used for that end.

EFLD stores the electric fields due to constant, sin ks,
and cos ks currents in COMMON/DATAJ/.

The field components are multiplied by the coefficients of
the constant, sin ks, and cos ks components of the total

segment current, and the field is summed,

NE95 - NE!17 Near field due to patch currents is computed.

SYMBOL DICTIONARY

ACX

AX

1l

constant component of segment current at NE88; El component of
patch current at NE110

segment radius when the field evaluation point falls within a
segment volume

source segment radius
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BCX

CCX
EX

EY

EZ

EXC
EYC
EZC
EXK }
EYK
EZK
EXS
EYX

EZS
Ip

T1X
T1Y

T1Z
T1XJ
T1Y.J
T1zZJ
T2X
T2Y
T22
T2XJ
T2YJ
T2ZJ
XI

X0B
YOB
Z0B
P

il

~

sin ks component of segment current at NE89 ; t2 component of
patch current at NELll

cos ks component of segment current at NE9O

X, ¥, and z components of total electric field

E field due to a cos ks current on a segment

E Field due to a constant current at NE87; E field due to the El

component of patch current at NE11l4

E field due to a sin ks current at NE87; E field due tc the 22

component of patch current at NE1l4

loop index for direct and reflected field (1, 2, respectively)

arrays for tl

>

t, for source patch

arrays for tz

>

t, for source path

cosine of the angle between segment I and the segment connected

to its end
field evaluation point

2
coordinates of the field evaluation point, z or O, in a

cylindrical cocrdinate aystem centared on the source segment
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CONSTANTS
0.5001 = fraction of segment length used to test whether the field
evaluation point falls within a segment _
0.9 = fraction of segment radius used to test whether the field
evaluaticn point falls within a segment
0.999999 = minimum XI for extended thin wire kernel (maximum angle =

0.08 degree)

~241-



NEFLD

WO b WK

U\U'!U\-b&-bh&&&h&J-DlNUIWLNHMUID‘UINNNNNNNNNN—‘-‘-‘-‘-“"‘-"-‘:—“
faggggg‘ﬂgg‘f&wdowmqmmhuw—ommwmw;un—hommwmwkwm—owmummpuw o

[eNeXeNsl

SUBROUTINE NEFLD (XOB,YOB,208,EX.EY,FZ)

NEFLD COMPUTES THE NEAR FIELD AT SPECIFIED POINTS IN SPACE AFTER
THE STRUCTURE CURRENTS HAVE BEEN COMPUTED.

COMPLEX EX,EY,EZ,CUR,ACX,BCX,CCX,EXK,EYK,EZK,EXS,EYS,EZS,EXC,EYC,E
1ZC,ZRATI,ZRATI2,T1,FRATI

COMMON /DATA/ LD,N1,N2,N,NP Mt M2, ,M,MP,X(300),Y(300),Z(300),SI{300
1),BI{300),ALP(300),BET(300),ICON1(300),ICON2(300),ITAG{300),ICONX(
2300) ,WLAM,IPSYM

COMMON /ANGL/ SALP(300)

COMMON /CRNT/ AIR(300),AII(300),8IR(300).8II(300},CIR(30C),CII(300
i),CUR(900)

COMMON /DATAJ/ S,B,XJ,YJ,Z4,CABJ,SABJ,SALPS,EXK,EYK,EZK EXS.EYS,EZ
1S,EXC,EYC,EZC,RKH, IEXK, IND1,IND2, IPGND

COMMCN /GND/ZRATI,ZRATIZ,FRATI,CL,CH,SCRWL,SCRWR,NRADL,KSYMP,IFAR,
1IPERF ,T1,T2

DIMENSION CAB(1), SAB{1)}, Tix{(t), Tiy(1), T1Zz{1), T2x{1), T2v(1),
17T22(1)

EQUIVALENCE (CAB,ALP), (SAB,BET)

EQUIVALENCE (T1X,.SI), (T1Y,ALP), (T1Z,BET}, (T2X,ICONt), (T2Y,ICON
12), (T2Z,ITAG)

EQUIVALENCE (T1XJ,CABJ), (T1YJ,SABJ)Y, (T1ZJ,SALPY), {T2%J,B), (T2¥
1J,IND1), (T2Z4,IND2)

EX=(0.,0.)
EY=(0..0.)
EZ=(0..0.)

AX=0.

IF (N.EQ.0) GO TO 20
DO 1 I=1,N
XJ=X0B-X(I)}
YJ=YOB-Y(I}
ZJ=Z0B-Z(I}

ZP=CAB(I)*XJ+SAB{I)*YJ+SALP(I)*ZJ

IF (ABS(ZP).6T.0.5001*SI(I)) GO TO 1
LP=XJ*XJ+YI*YI+ZI*ZJ~ZP*ZP

XJ=BI(I)

IF (ZP.GT.0.9%XJ*XJ) GO TO 1

AX=X)

GO TO 2

CONTINUE

DO 19 I=1,N

S=SI(I)

B=BI(I)

XJ=xX{I)

YJ=Y(I)

ZJ=2(1I)

CABJ=CAB(I)

SABJ=SAB(I)

SALPJ=SALP(I)

IF (IEXK.EQ.0) GO TO 18

IPR=ICONI(I)

IF (IPR) 3.8.4

IPR=-1PR

IF (-ICON1(IPR).NE.I) GO TQ 9

GO TO 6

IF (IPR.NE.I) GO TO &

IF (CABJ*CABJ+SABJ*SABJ.GT.t . E-B) GO TO 9
GO T0 7

IF (ICONZ2(IPR).NE.I) GO TO 9
XT=ABS(CABJ*CAB(IPR)}+SABJ®*SAB{IPR}+SALPJ*SALP(IPR))
IF (XI.LT.0.,999999) GO TQO 9

IF (ABS(BI(IPR)/B—-1.).GT.1.E-6) GO TO 9
IND1=0

-242-

NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
Nt
NE

WM~ D U s N =



65
68
67

68 9

69
70
71
72
73
74
75
76
77
78
79
80
81
B2
B3
B4
85
86
87
88
89
90
91
92
93
94
95
96
97
S8
99
100
101
102
103
104
105
106
107
108
109
110
1
112
113
t14
115
116
117
118
119

13
14

17
18

20

21

60 TO 10

IND1=1

GO TO 10

IND1=2

IPR=ICON2(T)

IF (IPR) 11,16,12

LPR=—IPR

IF (-ICON2{IPR).NE.I) GO TO 17
GO TO 14

IF (IPR.NE.I) GO TO 13

IF (CABJ*CABJ+SABJI*SABY.GT.1,E-8) GO TO 17
GO TO 15

IF (ICON1(IPR)Y.NE.I) GO TO 17

XTI=ABS(CABJ*CAB({IPR)+SABJ*SAB{IPR)}+SALPJ*SALP(IPR))

IF (XI.LT7.0.99%9999) GO TO 17
IF (ABS(BI(IPR)/B-1.).GT.1.E-6) GO TO 17
IND2=0

GO TO 18

IND2=1

GO TO 18

IND2=2

CONTINUE

CALL EFLD (XOB,YOB,ZOB,AX,1)
ACX=CMPLX{AIR(I).AII{I))
BCX=CMPLX{BIR(I).BII({I)}
CCX=CMPLX(CIR(1).CII(I))
EX=EX+EXK*ACX+EXS*BCX+EXC*CCX
EY=EY+EYK*ACX+EYS*BCX+EYC*CCX
EZ=EZ+EZK*ACX+EZS*BCX+EZC*CCX
IF (M.EQ.0) RETURN

JC=N

JL=LD+1

DO 21 I=1 .M

JL=JL-1

S=BI(JL)}

XJ=xX(JL)

YJ=Y(JL)

ZJ=Z(JL)

TIXJ=TIX{JL)

TiYJ=TiY{JL)}

T1ZJ=T1Z{JL)

T2XJ=T2X{JL)

T2Y4=T2Y(JL)

T224=T2Z(JL)

JC=JC+3
ACX=T1XJ*CUR({JC-2)+T1YJ*CUR{JC~1)+T1ZJ*CUR(JC)
BCX=T2XJ*CUR{JC-2)+T2YJ*CUR{JC-1)+T2ZJ*CUR(JC)
PO 21 IP=1,KSYMP

IPGND=IP

CALL UNERE (XxCB,Y0B,Z0B)
EXSEX+ACK*EXK+BCX*EXS
EY=EY+ACX*EYK+BCX*EYS
EZ=EZ+ACX*EZK+BCX*EZS

RETURN

END
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PURPOSE

To solve for the voltages and currents at the ports of non-radiating
networks that are part of the antemna. This routine also is involved in the
solution for current when there are no non-radiating networks, and computes

the relative driving point matrix asymmetry when this option 1is requested.

METHOD
Driving Point Matrix Asymmetry (NT32 to NT84):

To satisfy physical reciprocity, the elements of the inverse of the interac—
tion matrix should satisfy the condition
-1 -1
A, =G A i, j = -
Gij/ 3 ji/ ; Li=1, » DL,
where Ai = length of segment i. This condition is not satisfied exactly,
except on special structures, since the terms computed are not true reactions.

The relative asymmetry of a matrix element is defined as

-1 -1
(Gij/Aj - Gji/Ai)

-1
(Gij/Aj)

A:

The code from NT32 to NT84 computes the relative asymmetries of matrix
elements for i and j of all driving point segments: either voltage source
driving points or network comnection points. The maximum relative asymmetry

is located, and the rms relative asymmetry of all elements used is computed.

LOCAL CODING STRUCTURE

NT32 - NT44 Determine numbers of segments that are network connection
points.

NT46 — NT54 Determine numbers of segments that are voltage source
driving peoints., Indices of segments with network connec-
tions or voltage sources are stored in array IPNT with no
duplication of numbers.

NT59 - NT69 Compute G;i/AQ for k,2 = all segment numbers in IPNT.

NT70 - NT84 Compute relative asymmetries of elements computed above,

gearch for maximum and compute rms asymmetry.
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LOCAL S5YMBOL DLICTIONARY

ASA

1

ASM =
CMN(J,1) =
CUR =
IPNT =
IROW1 =
1SC1 =
MASYM =
NTEQ -
NTSC =
PWR =
RHS =

sum of squared of relative asymmetries and rms value

AISCl before NI70; maximum relacive asymmetry after NT69

‘—1 . = ' =

“kﬂ/Az’ k IPNT{J), % = IPNT(L)

/A

AT

array of driving point segment indices

temporary storage of G

number of entries in IPNT

temporary storage of segment index

flag; if non-zero, matrix asymmetry is computed
row index of element having maximum asymmetry
column index of element having maximum asymmetry
relative matrix asymmetry

vector for matrix solution used in obtaining G;i

Non~radiating Network Soluticn (NT89 ro NT262):

The solution method when non-radiating networks are present is discussed

in Parr 1.

Data for non-radiating networks is passed through the COMMON/NETCX/

where

[SEGL(L)

ISEG2(1)

#

NONET

1

number of the segment to which end 1 of Ith two-port network
is connected

number of segment to which end 2 of Ith two-port network is
connected

number of two-port networks for which data is given

Network parameters are contained in the arrays X11R, X111, X12R, X12I, X22R,

and X221, and the type of network is determined by NTYP:

If NTYP is 1 —— the network parameters are the short—circuit admittance

parameters ol the network:

X11R, X11I

= real and imaginary parts of Y

11
X12R, X12I = real and imaginary parts of le = YZl
X22R, X221 = real and imaginary parts of Y22
If NTYP is 2 or 3 —— the network is a transmission line:

X11R = characteristic impedance of transmission line

X111 = length of transmission line In meters

X12R = real part of shunt admittance on end 1 of line
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X121 = imaginary part of shunt admittance on end 1 of line
X22R = real part of shunt admittance on end 2 of line
X221 = imaginary part of shunt admittance on end 2 of line
If NTYP is 2 -- the transmission line runs straight between the segments with

respect to the segment reference directions.

If NTYP is 3 —— the transmission line is twisted as shown in figure 8,

The short circuilt admittance parameters of the transmission line, Yll’

le, and Y are computed from NT1l0 to NT1l20 in the code. When NTYP is 3,

22

the sign of le is reversed.
The code from NT99 to NT194 forms a loop that for each network: computes

the network parameters Y Y and Y sorts the segment indices involved;

110 12 223
and adds the parameters Y and Y to the appropriate network equations.

11’ Y12’ 22

The sorting procedure for the connection of end 1 of the network is described
in figure 9, Decision 1 is made in the code from NT121 to NT126, decision

2 from NT128 to NT133, and decision 3 from NT138 to NT143. Segments having
network connections only are assigned equation rows in the array CMN starting
from the top in the order that the segments are encountered. Segments with
both network and voltage source connections are assigned equation rows in CMN
starting at the bottom and proceeding up. The former are eventually solved
for the unknown gap voltages, while the latter are used to obtain scurce input
admittances after the structure currents have been computed. The code from
NT148 to NT174 assigns equation numhers for the connection of end 2 of the
networks and sets IROW2 and I5C2.

The network short circuit parameters are added to the network equations
from NT182 to NT193. The coefficient matrix 1s transposed in filling the CMN
array, since the matrix solution routines operate on a transposed system.
Hence, the first index should be counsidered the column number and the second
index the row number., If a segment NSEG1l does not have a voltage source
connected, the parameters Yl1 and Yl2 are added to column IROW1 at rows IROW1
and IROW2, respectively. IROW2 may be either (1) in the upper rows as part of
the equations for the unknown gap voltages, or (2) 1f a voltage source is
conpected to segment NSEG2, in the lower rows for later determination of the

source current, If a voltage source is connected to segment NSEG1l, the
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For NTYP =2 For NTYP=3
Segment i | ' Segment | Segment i ' >< ' f Segment j
Figure 8. Options for Transmission Line Connection.

coefficients Yll and le dre multiplied by the known source voltage and added
to the right-hand side of the network equation in the rows IROWL and IROWZ.
The parameters le and Y22 are added to the equations in a similar

manner,

The loop from NT199 to NT208 computes the elements of the inverse
matrix G;i and adds them to the network equations. The network matrix is
then factored at NT213. The code from NT218 to NT225 computes Bi = RHS(I),
where

N

B, = Y GSEJ‘ t=1, ... N

j=1
with (-Ei) being the known applied field on segment j, not including unknown
voltage drops at network ports. Those elements Bi for segments in the network
equations are then added to the right-hand side of the network equations. At
NT229 the network equations are solved for the excitation fields due to
voltage drops at the network ports. The negatives of these fields are added
to the excitation vector at NT234 to NT236, completing the definition of the
excitation vector Ej' The structure equations are then solved for the induced

currents,

From NT241 to NT261, the voltage, current, admittance, and power seen looking
into the structure at each network port are printed. This current does not

include current through any voltage sources that are connected to the port.
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4

NSEG1 = ISEG1(J)

Does segment NSEG1 Yeos

have a voltage source
connected?

ISC1=0

Has sgrment NSEG1 Yes

besn encountered before?

1sCt =
source number

Ausign location 1ROWI =
for squation squation row
number

TROW1 =

squation row
number

1ROW1 = Asmign location

::I'"l“m row for equation
IROW1 =
equation row
number

Figure 9, Sorting Procedure for Segments Having Network Connections
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The code from NT269 to NT2%4 computes and prints the voltage, current, admit-

tance, and power seen by each voltage source looking into the structure and

parallel connected network port, if a network is present.

Afrer the network equations have once been set up, they can be solved

for various incident fields by entering the code at NT218. If the location of

voltage sources is changed, however, the equations must be recomputed.

If a structure has no non-radiating networks, the currents are computed

at NT266.

SYMBOL DICTIONARY

ASA
ASM
CABS
CM
CMN
CMPLX
CONJG
cos
CUR
EINC
FACTR
FLOAT

IP
IPNT
IROW1
IROW2
ISANT
IsCl1

.Isc2
ISEG1
ISEG2
IX

MASYM
NCOL
NDIMN

sum of squares of relative matrix asymmetries and rms value
segment length and maximum relative matrix asymmetry
external routine (magnitude of complex number)

array of matrix elements Gij
array for network equation coefficients

external routine (forms complex number)

external routine (conjugate)

external routine (cosine)

current

excitation vector 7

external routine (Gauss-Doolittle matrix factoring)
external routine (integer to real conversion)

DO loop index

array of positioning data from factoring of CM

array of positioning data from factoring of CMN

matrix element index

matrix element index

array of segment numbers for wvoltage source connection
segment location in array ISANT

segment locatlon in array ISANT

number of segment to which port 1 of network is connected
nunmber of segment to which port 2 is connected

array of positioning data from factoring of CM

DO "loop index

flag to request matrix asymmetry calculation

number of columns in CM

array dimension of CMN
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NDIMNP
NONET
NOP
NPRINT
NROW
NSANT
NSEG1
NSEG2
NTEQA (L)
NTSC
NTSCA(I)

NTSOL

NTYP(L)
PIN
PNLS
PWR
REAL
RHNT
RHNX
RHS

SIN
SOLVE
SOLVES
SQRT
TP

VLT
VSANT (1)
VSRC(I)

X111 )
X11R
X121 |

X12R
X221
X22R )

NDIMN + 1

number of networks

N/NP

flag to control printing

number of rows in CM

number of voltage sources

array of segments to which port 1 of a network connects
array of segments to which port 2 of a network connects
segment number assoclated with Ith network equation
numbetr of network-voltage source equations

segment number associated with Ith network-voltage source
equation

flag to indicate network equations do not need to be
recomputed

type of Ith network

total input power from sources

power lost in networks

power

external routine (real part of complex number)

vector for right~hand side of network equations

component of RHNT due to Y terms

11’ Y12’ Y22
vector for right-hand side of structure interaction equation
external routine (sine)

external routine (Gauss~Doolittle solution)

external routine (Gauss-Doolittle solution of CM matrix)
external routine (square root)

pail

voltage

voltage of source on segment NSANT(I)

voltage of source on Ith segment in network-voltage source

equations

network or transmission line specification

parameters
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YMIT =
Y111 =
Y11R =
Y121 =
Y12R =
Y221 =
Y22R =
ZPED =

CONSTANTS
6.283185308
30
31

admittance

imaginary
real part
imaginary
real part
imaginary
real part

impedance

27

part of Y

of Yll
part of Y
of le
part of ¥

of Y22

11

22

row and column dimensions of CMN

(row and column dimensions of CMN) + 1
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SUBROUTINE NETWK (CM,CMB,CMC,CMD,IP,EINC)

SUBROUTINE NETWK SOLVES FOR STRUCTURE CURRENTS FOR A GIVEN

EXCITATION INCLUDING THE EFFECT OF NON-RADIATING NETWORKS IF
PRESENT .

COMPLEX CMN,RHNT,YMIT,RHS,ZPED,EINC,VSANT,VLT,CUR,VSRC, RHNX . VQD,VQ
10S,CUX,CM,CMB, CMC , CMD

COMMON /DATA/ LD, NT,NZ,N,NP M1 ,M2,M . MP,X(300),Y(300),Z(300),5T(300
1).BI(300),ALP(300),BET(300),ICON1(300),ICON2(300),ITAG(300}, ICONX(
2300) ,WLAM, IPSYM

COMMON /CRNT/ AIR{300),AII(300),BIR(300),BII(300),CIR(300).CII(300
1},CUR(900)

COMMON /VSORC/ VQD(30),VSANT(30),vQDS(30),IvQD(30),ISANT(30), TQDS(
130),NYQD ,NSANT,NQDS

COMMON /NETCX/ ZPED,PIN,PNLS,NEQ,NPEQ,NEQ2,NONET ,NTSOL,NPRINT,MASY
IM, ISEGT(30),ISEG2{30),X11R(30) ,X11I(30),.X12R(30),X12I(30),%X22R(30)
2,X22I(30) NTYP(30)

DIMENSION E£INC(1), IP(1}

DIMENSION CMN(30,30). RHNT(30), IPNT(30), NTEQA(30), NTSCA(30), RH
15(900), VSRC(10), RHNX(30)

OATA NDIMN,NDIMNP/30,31/,TP/6.283185308/

PIN=0.

PNLS=0.

NEQT=NEQ+NEQ2Z

IF {(NTSOL.NE.O) GO TO 42

NOP=NEQ/NPEQ

IF {(MASYM.EQ.0) GO TO 14

COMPUTE RELATIVE MATRIX ASYMMETRY

IROW1=0

IF (NONET.EQ.0) GO TO 5
DO 4 I=1,NONET
NSEGt=ISEGI(I)

DO 3 ISCi=y,2

If (IROW!.EQ.0) GO TO 2
DO 1 J=1,IROWI

If (NSEG1.EQ.IPNT(J)) GO TO 3
CONTINUE

LROW1=IROW!+1
IPNT( IROW1 )=NSEG1
NSEGI1=ISEG2(I)

CONTINUE

IF {NSANT.EQ.0) GO TO 9
DO 8 TI=1.NSANT
NSEG1=ISANT(T)

IF (IROW1.EQ.0) GO TO 7
DO & J=1,IROWI

IF {NSEG1.EQ.IPNT(J}) GO TO &
CONTINUE

IROW1=TROW? +1

IPNT( TROWt }=NSEG!

CONTINUE

IF {IROWi.LT.NDIMNP) GO TO 10
PRINT 59

STOP

IF (IROW!.LT.2) GO TO 14
DO 12 I=1,IROWI
ISCI=IPNT(I)
ASM=SI{ISC1)

DO 11 J=1 ,MEQT
RHS(J)=(0..,0.)
RHS(ISC1)=(1.,0.)
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65
66
67
€8
63
70
71
72
73
74
75
76
77
78
79
80

82
83
84
B85S
86
87
88
89
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92
93
94
95
96
7
28
99
100
101
102
103
104
105
106
107
108
109
110
1it
112
113
114
115
116
17
118
119
120
121
122
123
124
125
126
127
128

oO0an0n

16

17

18
19

CALL SOLGF (CM,CMB,CMC,CMD,.RHS,IP NP N1 N, MP M1 M,NEQ,NEQ2Z)
CALL CABC (RHS)

DO 12 J=1,IROW1

ISCI=IPNT(J}

CMN(J, T)=RHS(ISC1)}/ASM
ASM=0.

ASA=0.

DO 13 I=2,IR0OW1

ISC1=I-1

DO 13 J=1,I5C1

CUX=CMN(T,J)

PWR=CABS{ (CUX-CMN{J,I})/CUX)
ASA=ASA+PWR"PWR

IF {PWR.LT.ASM) GO TO 13
ASM=PWR

NTEQ=IPNT(I)

NTSC=IPNT(J)}

CONTINUE
ASA=SQRT(ASA*2./FLOAT(IROWI*{IROWI-1)))
PRINT S8, ASM,NTEQ,NTSC.,ASA
IF (NONET.EQ.0) GO TO 48

SOLUTION OF NETWORK EQUATIONS

DO 15 I=1,NDIMN
RHNX(I)=(0.,0.)
DO 15 J=1,NDIMN
CMN(I,¥)=(0.,0.)
NTEQ=0
NTSC=0

SORT NETWORK AND SOURCE DATA AND ASSIGN EQUATION NUMBERS TO
SEGMENTS.

DO 38 J=1,NONET
NSEGI=ISEG1(J)
NSEG2=ISEGZ2(J)

IF (NTYP{J).GT.1) GO TO 16
Y11R=X11R({J)

YH1I=X111(J)

Y12R=X12R{J)

Yi2I=X12I(J)

Y22R=X22R{J}

Y221=X221I(J)

GO TO 17
Y22R=TP*X11I(J)/WLAM
Y12R=0.
Y12I=1./(X11R(J)*SIN{Y22R)}
Y11R=X12R(J)
Y11I=—Y12I*COS(Y22R)
Y22R=X22R(J)
Y22I=Y111+X22I(J)
YitI=Y11I+X12I(J)

IF (NTYP(J).EQ.2) GO TO 17
Y12R=~Y12R

Yt12I=-Y12I

IF (NSANT.EQ.0) GO TO 19
DO 18 I=1,NSANT

IF (NSEGt.NE.ISANT(I)) GO TO t8
IsCi=I

GO TO 22

CONTINUE

ISC1=0

IF (NTEQ.EQ.Q) GO TO 21
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30

31
32

33

OO O0

35

36

37

DO 20 I=1 ,NTEQ

IF (NSEG!.NE.NTEQA(I)) 60O TO 20
IROW1 =T

GO TO 25

CONTINUE

NTEQ=NTEQ+1

IROW1=NTEQ

NTEQA{NTEQ)=NSEG1

GO TO 25

IF (NTSC.EQ.0) GO TO 24

DO 23 I=1,NTSC

IF (NSEG!.NE.NTSCA{I)}) GO TO 23
TROW1I =NDIMNP-1I

GO TO 25

CONTINUE

NTSC=NTSC+1

TROW1=NDIMNP -NTSC
NTSCA{NTSC)=NSEG!
VSRC(NTSC)=VSANT(ISC1)

IF (NSANT.EQ.Q) GO TO 27

DO 26 I=1,NSANT

IF (NSEG2.NE.ISANT{I}) GO TO 26
IsC2=I

GO TO 30

CONTINUE

I15C2=0

IF (NTEQ.EQ.0) GO TO 29

DO 28 I=1,NTEQ

IF (NSEG2.NE.NTEQA(I)) GO TO 28
IROW2=TI

GO TO 33

CONTINUE

NTEQ=NTEQ+1

IROW2=NTEQ

NTEQA(NTEQ)=NSEG2

GO TO 33

IF {NTSC.EQ.0) GO TO 12

DO 31 I=1_NTSC

IF (NSEG2.NE.NTSCA{L)) GO TO 31
IROW2=NDIMNP-I

GO TO 33

CONTINUE

NTSC=NTSC+1

IROWZ=NDIMNP-NTSC
NTSCA({NTSC)=NSEG2
VSRC(NTSC}=VSANT(ISC2}

IF (NTSC+NTEQ.LT.NDIMNP) GO TO 34
PRINT 59

sSTOP

FILL NETWORK EQUATION MATRIX AND RIGHT HAND SIDE VECTOR WITH
NETWORK SHORT-CIRCUIT ADMITTANCE MATRIX CQEFFICIENTS.

IF (ISCt.NE.Q) GO TO 35

CMN( IROW1 , IROW! )=CMN( IROW) , IROW! }—CMPLX(Y11R,Y1 1T} *SI{NSEG1)
CMN(IROW! . IROW2 )=CMN( IROW1 , TROW2 )-CMPLX (Y12R,Y12I)*SI(NSEG1)
GO TO 36

RHNX ( IROW1 ) =RHNX ( TROWI }+CMPLX(Y1tR, Y1 1T)*VSANT(ISC1)/WLAM
RHNX{ TROW2 )=RHNX ( TROWZ2 }+CMPLX(Y12R, Y121 ) *VSANT(ISC1 )} /WLAM

IF (ISC2.NE.C) GO TO 37 s

CMN{ IROW2 , TROW2 )=CMN( IROW2 , IROW2 ) ~CMPLX(Y22R,Y22I)*ST{NSEG2)
CMN{IROW2 , IROW) }=CMN( IROWZ , IROW1 }—CMPLX(Y12R,Y12I)*SI{NSEG2Z)
GO TO 38

RHNX(IROW! ) =RHNX{ TROW }+CMPLX(Y12ZR,Y12T)*VSANT(ISC2}/WLAM
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46

RHNX ( IROW2 ) =RHNX ( TROW2) +CMPLX ( Y22R. Y221 ) *VSANT( ISC€2) /WLAM
CONTINUE

ADD INTERACTION MATRIX ADMITTANCE ELEMENTS TO NETWORK EQUATION
MATRIX

DO 41 I=1,NTEQ
DO 39 J=1,NEQT

RHS(J)=(0.,0.)

IROWI=NTEQA(I)

RHS(IROW1)=(t.,0.)

CALL SOLGF (cu.cua.cuc.cuo.RHs.IP.NP.Ni.N.MP.ut,u.NEo.NEoz)
CALL CABC (RHS)

DO 40 J=1,NTEQ

IROWI=NTEQA(J)
CMN(I,J)=CMN({I,J)}+RHS(IROWI)

CONTINUE

FACTOR NETWORK EQUATION MATRIX
CALL FACTR (NTEQ,CMN,IPNT,NDIMN)

ADD TO NETWORK EQUATION RIGHT HAND SIDE THE TERMS DUE TO ELEMENT
INTERACTIONS

IF (NONET.EQ.0) GO TO 48

DO 43 I=1 NEQT

RHS(I)=EINC(I)

CALL SOLGF (CM.CMB.CMC.CMD.RHS.IP.NP.NI.N.MP.MI.M.NEO.NEQZ)
CALL CABC (RHS)

DO 44 I=1,NTEQ

IROW1=NTEQA(I)

RHNT (I }=RHNX(I)+RHS(IROW1)

SOLVE NETWORK EQUATIONS
CALL SOLVE (NTEO.CMN.IPNT,RHNT.NDIMN)

ADD FIELDS DUE TO NETWORK VOLTAGES TC ELECTRIC FIELDS APPLIED TOQ
STRUCTURE AND SOLVE FOR INDUCED CURRENT

DO 45 I=1,NTEQ
IROWI=NTEQA(I)

EINC(IROWI )=EINC(IROW1)~RHNT(I)

CALL SOLGF (CM.CMB.CMC.CMD.EINC.IP.NP.N!.N.MP.Ml.M.NEO.NEQZ)
CALL CABC {EINC)

If (NPRINT.EQ.0) PRINT 61

IF (NPRINT.EQ.0) PRINT &0

DO 46 I=t,NTEQ

IROWI=NTEQA(I)

VLT=RHNT{I)}*SI{IROW!)*WLAM
CUX=EINC( IROWT! ) *WLAM

YMIT=CUX/VLT

ZPED=VLT/CUX

IROWZ=ITAG( IROW1)
PWR=.5*REAL{VLT*CONJG(CUX))

PNLS=PNLS-PWR

IF (NPRINT.EQ.0) PRINT 62, IROW2,IROW1,VLT,CUX,ZPED,YMIT,PWR
IF (NTSC.EQ.0) GO TO 49

00 47 I=t ,NTSC

IROW1=NTSCA(I)

VLT=VSRC(I)}

CUX=EINC(IROW1 ) *WLAM

YMIT=CUX/VLT
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ZPED=VLT/CUX _
IROW2=ITAG( IROW1)
PWR=.5*REAL(VLT*CONJG(CUX) )
PNLS=PNLS—PWR

IF (NPRINT.EQ.0) PRINT 62, IROWZ , IROW! VLT ,CUX,ZPED, YMIT, PWR
GO TO 49

SOLVE FOR CURRENTS WHEN NOQ NETWORKS ARE PRESENT

CALL SOLGF (CM,CMB,CMC,CMD.EINC.IP,NP,N!.N,MP.M1.M.NEQ.NEQZ)
CAai L CABC (EINC)

NTSC=0

IF {NSANT+NVQD.EQ.0) RETURN
PRINT &3

PRINT &0

IF (NSANT.EQ.C) GO TO 56

DO 55 I=1,NSANT

ISCI=ISANT(I}

VLT=VSANT(I)

IF (NTSC.EQ.0) GO TO 51

DO 50 J=1,NTSC

IF (NTSCA(J).EQ.ISC1) GO TO 52
CONTINUE

CUX=EINC({ISC1)*WLAM

IROW1=0

GO TO 54

IROWI=NDIMNP-J

CUX=RHNX( IROW1)

DO 53 4=1,NTEQ
CUX=CUX—CMN( J, IROW1 }*RHNT{J}
CUX=(EINC{ISCt)+CUX)*WLAM
YMIT=CUX/VLT

ZPED=VLT/CUX
PWR=.5*REAL{VLT*CONJG({CUX))
PIN=PIN+PWR

TF (IROW1.NE.O) PNLS=PNLS+PWR
IROWZ=ITAG({ISCI)

PRINT 62, IROW2,ISC1,VLT,CUX,ZPED,YMIT,PWR
IF (NVQD.EQ.0) RETURN

DO 57 I=1,NVQD

ISC1=IvQD(I)

VLT=vVaD(I)
CUX=CMPLX(AIR(ISC1),ATII(ISC1})
YMIT=CMPLX(BIR(ESC!) ,BII(ISC1))
ZPED=CMPLX(CIR(ISC1),CII(ISC1))
PWR=STI{ISC1)*TP*.5
CUX=(CUX~YMIT*SIN(PWR)+ZPED*COS(PWR) ) *WLAM
YMIT=CUX/VLT

ZPED=VL T /CUX
PWR=_.5*REAL(VLT®CONJG(CUX))
PIN=PIN+PWR

IROW2=ITAG(ISC1})

PRINT 64, IROW2,ISC1,VLT,CUX,ZPED,YMIT,PWR
RETURN
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NT
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NT
NT
NT
NT

FORMAT (///.5X.47HMAXIMUM RELATIVE ASYMMETRY OF THE DRIVING POINT, NT
121H ADMIYTANCE MATRIX IS.E10.3,t13H FOR SEGMENTS,IS,.4H AND,I5,/,3X, NT

225HRMS RELATIVE ASYMMETRY IS,E10.3)
FORMAT (1X,44HERROR — — NETWORK ARRAY DIMENSIONS TOO SMALL)

NT
NT

FORMAT (/.3X,3HTAG.3X,4HSEG.,4X, 15HVOLTAGE (VOLTS), 29X, 14HCURRENT { NT
1AMPS) ,9X, IEHIMPEDANCE (OHMS),8X, 17HADMITTANCE (MHOS),6X,SHPOWER,/. NT
23X, 3HNO. ,3X ,3HNO . , 84X, 4HREAL ., 8X, SHIMAG. ,3(7X ,4HREAL ,BX ,5HIMAG.),5X. NT

37TH(WATTS))

NT

TORMAT (///,27%,66H- - — STRUCTURE EXCITATION DATA AT NETWORK CONN NT

~256~

257
258
259
260
261

262
263
264
265
266
267
268
269
270
271

272
273
274
275
276
277
278
279
280
281

282
283
284
285
286
287
288
289
280
291

292
293
294
295
286
297
288
299
300
301

302
303
304
305
306
307
3os
309
310
3N

312
313
314
315
116
nz
318
g
320



2
322
323
324
325

63
64

1ECTION POINTS — — -)
FORMAT (2(1X.I5).9€12.5)

FORMAT (///.42X ,36H— ~ — ANTENNA INPUT PARAMETERS - — —)

FORMAT (1X,I5,2H *,14,9€12.5)
END
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NFPAT

PURPOSE

To compute and print the near E or H field over a range of points.

METHGD

The range of points in rectangular or spherical coordinates is obtained

from parameters in COMMON/FPAT/. Subroutine NEFLD is called for near E field
and NHFLD 1is called for near H field.

SYMBOL DICTLONARY
CPH
CTH
DXNR

DYNR

DZNR

EX, EY, EZ
NEAR

NFEH

NRX, NRY, NRZ
SPH
STH
TA
XNR
XNRT
X0B8
YNR
YNRT
YOB
ZNR
ZNRT
Z0B

cos ¢

cos 8

increment for x in rectangular coordinates or R in
spherical coordinates

increment for y in rectangular coordinates or ¢ in
spherical coordinates

increment for z in rectangular coordinates or 8 in
spherical coordinates

X, y and z components of E or H

0 for rectangular coordinates

1 for spherical coordinates

0 for near £ field

1 for near H field

number of values for x, y and z or R, ¢, 0

sin ¢

sin b

m/180

initial x or R

x or K

X

initial y or ¢

y or ¢

y

tnitial z or @

z or ©

A
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SUBROUTTINE NFPAT

COMPUTE NEAR E OR H FIELDS OVER A RANGE OF POINTS
COMPLEX EX,EY.EZ

COMMON /DATA/ LD,N1,N2,N,NP . M1.M2,M,MP,X{300),Y(300),Z(300).SI(300
1).BI(300),ALP(300),BET{300),ICON1(300),ICON2(300),ITAG(300), ICONX(

2300) ,WLAM, IPSYM

COMMON /FPAT/ NTH,NPH,IPD,IAVP,INOR,IAX,THETS,PHIS,DTH,DPH,RFLD,GN
T10R,CLT,CHT ,EPSR2,SIG2,IXTYP,XPR6,PINR,PNLR,PLOSS ,NEAR ,NFEH ,NRX NRY

2 ,NRZ ,XNR,YNR,ZNR ,DXNR,DYNR,DZNR
DATA TA/1.745329252E-02/
IF (NFEH.EQ.1) GO TO 1
PRINT 10
GO TO 2
PRINT 12
ZNRT=ZNR~DZNR
po 9 I=1,NRZ
ZNRT=ZNRT+DZNR
IF (NEAR.EQ.0Q) GO TO 3
CTH=COS{TA*ZNRT)
STH=SIN(TA*ZNRT)
YNRT=YNR-DYNR
DO 9 J=1,NRY
YNRT=YNRT+DYNR
IF (NEAR.EQ.0) GO TO 4
CPH=COS{TA*YNRT)
SPH=SIN(TA*YNRT)
XNRT=XNR-DXNR
DO 9 KK=1,NRX
XNRT=XNRT+DXNR
IF {NEAR.EQ.0)} GC TO S
XOB=XNRT*STH*CPH
YOB=XNRT*STH*SPH
ZOB=XNRT*CTH
GO TO 6
XOB=XNRT
YOB=YNRT
ZOB=ZNRT
TMP 1 =X0B /WLAM
TMP2=YOB/WLAM
TMP3=Z0B/WLAM
If (NFEM.EQ.1)} GO TO 7
CALL NEFLD (TMP1Y,TMP2Z,TMP3 ,EX,EY,EZ)
GO TO 8
CALL NHFLD (TyPt.TMPZ.TMPS.EX.EY,EZ)
TMP1=CABS{EX)
TMP2=CANG(EX)
TMP3=CABS(EY)
TMP4=CANG(EY)
TMPS=CABS{EZ)
TMPE=CANG{EZ )}

PRINT 1%, XOB,YOR,Z0B,TMP1,TMP2,TMP3, TMP4, TMPS, TMPE
CONTINUE

RETURN
FORMAT (///.35X,32H- — — NEAR ELECTRIC FIELDS = - =,//,12X,14H-
TOCATION =—,21X,BH- EX —,15X,8H- EY -,15X%,8H~ EZ

5X,7HDEGREES)
FORMAT (2X,3(2X.F9.4) ,1X,3(3X,E11.4,2X,F7.2))

FORMAT (///.35X,32H— - — NEAR MAGNETIC FIELDS - — —,//.12X,14H-
10CATION —,21X,BH- HX -—,15X,8H- HY -, 15X,8H- HZ
20X, tHY, 10X, tHZ, 10X, 9HMAGNITUDE , 3X , SHPHASE , 6X , SHMAGNITUDE , 3X , 5SHPHAS

-259-
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20X, THY 10X, THZ, 10X, 9HMAGNITUDE ,3X . 5HPHASE , 6X , 9HMAGNITUDE , 3% , 5HPHAS
3E,6X%, 3HMAGNITUDE , 3X . 5HPHASE, /, 6%, 6HMETERS , 5X ,6HMETERS , 5X , 6HMETERS,,
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VFPAT

65
66
67
68

3E,6X,9HMAGNITUDE , 3X,SHPHASE, /,6X ,6HMETERS ,5X , BHMETERS , 5X , 6HMETERS, NP
49X, 6HAMPS /M, 3X , 7HDEGREES , 7X , 6HAMPS /M, 3X , 7HDEGREES , 7X , 6HAMPS /M, 3X,7 NP

SHDEGREES)
END
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NHFLD

PURPOSE

NHFLD

To compute the near magnetic field due to currents induced on a

structure.

CODING
NH28
NH29

NH4 1
NH42
NH50

NH54

NH58
NH62
NH72
NH76

NH56 Near H field due to currents on segments is computed,

NH4O Each segment is checked to determine whether the field
observation point (XO0B, YOB, ZOB) falls within the segment
volume. If it deoes, AX is set to the radius of that
segment. AX is then sent to routine HSFLD as the radius of
the observation segment to avoid a singularity in the field.

NH56 Loop computing the [ield contribution of each segment.

NH49 Parameters of source segment are stored in COMMON/DATAJ/.
HSFLD stores the magnetic field due to constant, sin ks, and
cos ks currents in COMMON/DATAJ/.

NH56 The field components are multiplied by the coefficients of
the constant, sin ks, and cos ks components of the total
segment current, and the field is summed.

NH78 Near H fields due to patch currents are computed.

NH71 Parameters of source patch are set in COMMON/DATAJ/.

H field is computed by HINTG.
NH78 H fields due to El and Ez current components are multiplied

by the current strengths and summed.

SYMBOL DICTIONARY

ACX

BCX
CCX
HX l
HY

HZ |

~

constant component of the segment current at NH51; t. component

1
of patch current at NH74

segment radius when the field evaluatioq point falls within a
segment volume

sin ks component of segment current at NHS2; t. component of

2
patch current at NH75

cos ks component of segment current at NH53

total H field
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T1Y
T1Z
T1XJ
T1YJ
T12J

T2X

T2Y
T2Z
T2XJ
T2YJ
T2ZJ
X0B
YOB
Z0B

YA

CONSTANTS
0.5001

0.

9

T1X l

|

[

arrays for tl

~
t

1 for patch I

arrays for t

2

E2 for patch 1

field evaluation point

, . . 2 .
coordinates of the field evaluation point, z or p , in a

cylindrical coordinate system centered on the source segment.

fraction of segment length used

evaluation point falls within a

n

fraction of segment radius used

evaluation point falls within a
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SUBROUTINE NHFLD (XO8,Y0B,Z0B,HX HY.HZ)

NHFLD COMPUTES THE NEAR FIELD AT SPECIFIED POINTS IN SPACE AFTER
THE STRUCTURE CURRENTS HAVE BEEN COMPUTED.

COMPLEX HX.HY . HZ.CUR,ACX BCX ,CCX,EXK,EYK,EZK,EXS,EYS,EZS,EXC,EYC,E
1Z¢

COMMON /DATA/_LD,N1.N2.N.NP.M1.Mz.M.MP.x(soo).Y(soo).z(SOO).SI(soo
1).BI(300},ALP(300),BET(300).ICON1(300),ICON2(300)},ITAG{300),ICONX(
2300) . WLAM, IPSYM

COMMON /ANGL/ SALP(300)

COMMON /CRNT/ ATR(300),AII(300),BIR(300),8II(300),CIR(300),CII(300
1),CUrR(900)

COMMON /DATAJ/ S,B,XJ,YJ,ZJ,CABJ,SABJ,SALPJ,EXK,EYK,EZK,EXS,EYS,E2
1S ,EXC,EYC,EZC,RKH,IEXK, IND1,IND2,IPGND

DIMENSION CAB(1}, SAB(1)

DIMENSION TiX(1), Ti1v(1), T1Z(1), T2x(1), T2Y(1). T2Z{1)}, XS{1), Y
15¢1), Z5(1)

EQUIVALENCE (TixX,SI), (T1Y,ALP), (T1Z,BET), (T2X,ICON1), {T2Y,ICON
12}, (T2Z.ITAG). (XS.x}, (¥sS,¥), (25.,2)

EQUIVALENCE (T1XJ,CABJ). (T1YJ,SABJ), (T1ZJ,SALPJ), (T2XJ.B). (T2Y
1J.IND1), (T2Z5,IND2Z)

EQUIVALENCE (CAB,ALP), (SAB,BET)
HX=(0.,0.)

HY={0..0.)

HZ=(0..0.)

AX=0,

IF {N.EQ.0) GO TO 4

DO 1 I=1,N

X $=X0B-X{1)

YJ=YOB-Y{1I)

24=20B-Z(1)
ZP=CAB(T)*XJ+SAB{I)*YJ+SALP(I)*Z}
IF (ABS{ZP).GT.0.5001*SI(I)} GO TO 1
IP=X X J+YJ*YI+ZJ*Z4~2P 2P
XJ=8I(I)

IF (ZP.GT.0.9*XJ*XJ} GO TO 1
AX=XJ

GO TO 2

CONTINUE

DO 3 I=1,N

S=SI(I)

8=BI(I)

XJ=x(I)

YI=¥(T)

2J=Z(1)

CABJ=CAB(1I)

SABJ=SAB(I)

SALPI=SALP(I)

CALL HSFLD (XOB.YCB,ZOB. AaX)
ACX=CMPLX{AIR(I) ATI(I})
BCX=CMPLX{BIR(I}.BII(I))
CCX=CMPLX(CIR(I),CII{I})
HX=HX+EXK*ACX+EXS*BCX+EXC*CCX
HY=HY+EYK*ACX+EYS*BCX+EYCHCCX
HZ=HZ+EZK%ACX+FZS*BCX+EZC*CCX
IF (M.EQ.0) RETURN

JC=N

JL=LD+1

B0 5 I=1.M

JL=20-1

S=AT(SL)

XJd=x(JL}

Yd=y(JL)
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65
66
67
68
69
70
7
72
73
74
75
76
77
78
79
80

ZJ=Z2(JL)

TAIXJI=TIX(JL)
TIYd=TEY(JL)
TIZI=THZ(JL)
T2XJI=T2X($L)
T2YJ=T2Y(JL)
T2Z9=T2Z(JL)

CALL HINTG (XOB.YOB,ZOB)
JC=JC+3

ACX=T1XJ*CUR{JC-2)+T1YJ*CUR(JC-1)+T1ZJ*CUR(JC)
BCX=T2XJ*CUR(JC-2)+T2YJ*CUR(JC—1)+T2ZJ*CUR(JC)

HX=HX+ACX*EXK+BCX*EXS
HY=HY+ACX*EYK+BCX*EYS
HZ=H7+ACX*EZK+BCX*EZS
RETURN

END
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PATCH
PATCH (entry SUBPH)

PURPOSE

To generate patch data for surfaces.

METHOD

The code from PAl4 to PAL2Z9 generates data for a single new patch or
mulciple patches. There are four options for defining a single patch, as
illustrated in Figure 5 of Part II[. For a single patch, NX is zero and NY is
N3 + | where NS is the parameter from the SP input card and is shown on
Figure 5. Rectangular, triangular or quadrilateral patcihes are defined by the
coordinates of three or four corners in the parameters X1 though Z4. In the
arbitrary shape option (Figure 5A in Part III) the center of the patch is X1,
YL, Z1; u is X2; B is Y2; and the area is Z2. The patch data is stored in
COMMON/DATA/ from the top of the arrays downward (see Section ILI).

The code from PAL3l to PAL90 divides a patch into four patches and 1is
used when a wire connects to a patch. If NY is equal to zero the patch NX is
divided into four patches that become patches NX through NX + 3. Patches
following NX are shifted in the arrays in COMMON/DATA/ to leave space for the
three additional patches. If NY is greater than zero, patch NX is left in the
arrays but four new patches to replace it are added to the end of the arrays.

The z coordinate of patch NX is then changed to 10,000 at PALB9.

SYMBOL DICIIONARY

ML = array index for patch data

MILA = array index for patch data

NTP = patch type (NY for a single patch)

NX = zero for a single patch. For multiple patches NX is

defined in Figure 6 of Part III. After ENTRY SUBPH, NX

is the number of the patch to be divided

5LX, 51lY, S12 = vector from corner 1 to corner 2

52X, 82Y¥, 824 = vector from corner 2 to corner 3

SALN = +1 Erom array SALP

SALPN = factor in computing center of mass of quadrilateral

~265~



PATCF

XA = |§L X §2| = area of rectangle or twice area of
triangle (PAS3)

XN2, YNZ, ZNZ = Sj X 54 at PA79Y9 to PA8BL. Line PABY checks that the

four corners are coplanar by the test
(8, x 8,045, x 8,0/18; x 8,118, x S,b > 0.9998

unit vector normal to the patch at PAS4 to PASH

]

XNV, YNV, ZNV

X8, YSs, 8 = patch center at PALS51 to PALS3
XST = I§l x 8,1 at PA57
CONSTANTS

0.9998 = cos(1.°) in test for planar patch
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o000

SUBROUTINE PATCH {NX.NY.X1,Y1.Z1.%X2.Y2.22.X3,Y3,Z3,%X4,Y4,24)
PATCH GENERATES AND MORIFIES PATCH GEOMETRY
COMMON /DATA/ LD.N1,N2,N,NP M1 M2, M, MP.X(300),Y(300),Z{300).SI(300
1),8BI(300),ALP({300),BET({300),ICON1(300),ICON2(300),.ITAG({300) ., ICONX(

2300) ,WLAM, IPSYM
COMMON /ANGL/ SALP(300)

DIMENSION TiX(1). TIY(1). T1Z(1), T2X(1)}. T2¥(t), T2Z(1)
EQUIVALENCE (T1X,SI), (T1Y,ALP), (T1Z,BET), (T2X,ICON1). (T2Y,ICON

12), (T2Z2,1TAG)

NEW PATCHES, FOR NX=0, NY=1,2,3,4 PATCH IS (RESPECTIVELY)
ARBITRARY, RECTAGULAR., TRIANGULAR,
FOR NX AND NY .GT. O A RECTANGULAR SURFACE IS PRODUCED WITH
NX BY NY RECTANGULAR PATCHES.

M=M+1

MI=LD+1-M

NTP=NY

IF {NX.GT.0) NTP=2
IF (NFP.GT.1) GO TO 2
X{MI}=X1

Y(MI)=¥1

Z(MI)=Z1

BI(MI)=Z2
ZNV=COS(X2)
XNV=ZNV*COS(Y2)
YNV=ZNV*SIN(Y2)
ZNV=SIN(X2)

XA=SQRT{ XNV*XNV+YNV*YNV)
IF (XA.LT.1.E-6) GO TO |
T1X(MI)}=~YNV/XA
THY(MI)Y=XNV/XA
THZ(MI)=0.

GO T0 6

TIX(MI)=1.
T1Y(MI)=0.
T1Z{MI)=0.

GO TO 6

S1X=X2-X1

S1Y=Y2-Y1

S1Z=Z2-21

SZX=X3-X2

SZ2Y=Y3-Y2

$2Z=73-22

IF (NX.EQ.0) GO 1O 3
SIX=S1X/NX
S1Y=S1Y/NX
S1Z=S1Z/NX
S2X=82X/NY
S2Y=S2Y/NY
527=522/NY
XNY=S1Y*S2Z-51Z*S2Y
YNV=S1Z*S2X-S1X*S22Z
ZNV=S1X*S2Y-S1Y*52X

 XA=SQRT{XNV*XNV+YNV* YNV+ZNV*ZINV)

XNV =XNV /XA
YNV=YNV /XA
ZNV=ZNV /XA

XST=SQRT(SI1X*SIX+S1Y*S1Y+512*512)

TIX{MI)=S1X/XST
TIY(MI)=51Y/XST
TIZ(MI)=S1Z/xST
IFf (NTP.GT.2) GO TO 4
X{MI)=X1+.5*(S1X+52X)
Y(ME)=Y1+.5%(S17452Y)
Z{MI)=Z1+.5%(S12+522)
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OR QUADRILATERAL.
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65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
B0
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
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98
‘99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
17
118
{19
120
121
122
123
124
125
126
127
128

BI(MI)=XA

GO TO 6

IF (NTP.EQ.4) GO TO 5
X{MI)=(X1+X2+X3)}/53.
Y(MI)=(Y1+Y2+Y3)/3.
I(MI)=(Z1422+23)/53.
BI{MI)=.5%XA

GO TO &

S1X=X3-X1

S1Y=Y3-v1

S12=23-71

S2X=X4-X1

S2Y=Y4-Y1

S22=74-71

XN2=S51Y*S2Z-51Z*S2Y
YN2=S1Z2%52X~-51%%S27
INZ=S1X*S2Y~-S1Y*S2X%
XST=SQRT(XN2*XN2+YN2*YN2+IN2*ZN2)
SALPN=1./(3.*(XA+XST))}
X(MI)=(XA® (XT1+X2+X3}4XST* (X1+X3+X4) ) *SALPN
Y(MI)=(XA* (YT+Y2+Y3)}+XST*(Y14Y34Y4) ) *SALPN
Z(MI)=(XA*(Z1+Z2+423)+XST*(Z1+4Z3+Z4) )} *SALPN
BI{MI)=.5*(XA+XST)
STX=(XNVEXN2+YNV*YN2HZNV®ZN2Z ) /XST
IF (StX.GT.0.999B) GO TO 6
PRINT 14

STOP
T2X{MI}=YNV*T1Z{ML)~ZNV*T1Y{MI)
T2Y{MI}=ZNV*T1X(ML)-XNV*T1Z(MI)
T2Z(MI)=XNV*T1Y{MI)-YNV*T1X{MI)
SALP(MI)=1.

IF {NX.EQ.0) GO TO 8
M=M+NX*NY—1

ANZ=X(ML)-S1Xx-32X
YN2=Y(MI)--S1Y-52Y
IN2=7(MI)-$12-527

XS=T1X(MI)

YS=T1Y{MI)

ZS=T1Z{MI}

XT=T2X{MTI)

YT=T2Y{(MI}

ZT=T2Z(MI)

MI=MI+1

DO 7 IY=1,NY

XNZ=XN2+S2X

YNZ=YN2+52Y

IN2=7ZN2+527Z

DO 7 IX=1,NX

XST=1Ix

MI=MI-1|

X(MI)=XNZ+XST*S1X
Y{MI)=YN24+X5T*S1iY
Z(MI)=ZNZ2+Xx3T*517

BI(ML)=XA

SALP(MT)=1

TtX(MI)=XS

TIY(MI)=YS

T1Z(MI)=Z5S

T2X(MI)=XT

T2Y(MT)=YT

T2Z(MI)=ZT

IPSYM=0

NP =N

MP =M
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65
66
67
6B
69
70
7
72
73
74
73
76
77
78
79
80
81
82
83
84
B85
B6
87
88
89
90
91
92
93
94
a5
96
97
98
99
100
101
102
103
104
105
106
107

‘108

109
110
111
112
113
114
115

1
H

17
118
19
120
121
122
123
124
125
1286
127
128



129
130
131

132
133
134
135
136
137
+38
139
140
141

142
143
144
145
146
147
148

t49 9

t50
151
152
1533
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
1786
177
178
179
180
181
182
183
184
185
186
187
188
189
190
161
192

11

c
14

RETURN

PIVIOE PATCH FOR WIRE CONNECTION
ENTRY SUBPH(NX.NY.XI.YI.21.XZ.YZ.ZZ.XS.YS.ZS.X4.Y4.Z4}

If (NY.GT.0) GO TO 10
IF (NX.EQ.M) GO TO 10
NXP=NX+1

IX=LD-M

DO 9 IY=NXP.,M
IX=IX+!

NYP=IX-3
X(NYP)=X(IX)
Y(NYP)=Y(IX)
Z(NYP)Y=Z2(IX)
BI(NYP)=BI(IX)
SALP(NYP)=SALP{IX}
TIX(NYP)=T1x{IX)
TIY(NYP)=T1Y{IX)
TIZ(NYP)=T1Z(IX)
T2X(NYP)=T2X(IX)
T2Y(NYP)=T2Y(IX)
TZZ(NYP)=T2Z(IX)
MI=LD+1—NX

XS=X(MI)

YS=Y{(MI)

Z5=Z(MI)
XA=BI(MI)* .25
XST=SQRT(XA)*.5
SIX=T1X(MI)
S1Y=T1Y(MI)
S1Z=T1Z(MI)
S2X=T2X(MI)
S2Y=T2Y(MI)
52Z2=T27(MT)
SALN=SALP{MI}

XT=XST

YT=XST

IF (NY.GT.0) GO TO 11
MIA=MI

GO TO 12

M=M+1

MP=MP +1

MIA=LD+1-M

DO 13 IX=1,4
X({MIA)=XS+XT*S1X+YT*52X
Y(MIA}=YS+XT*S1Y+YT*S2Y
Z(MIA}Y=ZS+XT*S1Z+YT1*S2Z
BI(MIA)=XA
TIX{MIA)=%1X
T1IY{MIA)=S1Y
T1Z(MIA)=S1Z
TZX(MIA)=52X
T2Y(MIA)=52Y
T2Z(MIA)=S27
SALP(MIA)=SALN

IF (IX.EQ.2) YT=-YY

IF (IX.EQ.1.0R.IX.EQ.3) XT=-XT

MIA=MIA-1

CONTINUE

M=M+3

IF (NX.LE.MP) MP=MP+3

IF (NY.GT.0) Z(MI)=10000.

RETURN

FORMAT (62H ERROR —— CORNERS OF QUADRILATERAL PATCH DO NOT LIE IN
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193 1A PLANE)

PA 193
194 END

PA 194-
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FCLNT

PURPOSE
To compute the interaction matrix elements representing the electric
field, tangent to a segment connected to a surface, due to the current on the

four patches around the connection point.

METHOD
The four patches at the base of a connected wire are located as shown

in figure 10 with respect to the vectors t. and t2’ where patch numbers

1
indicate the order of the patches in the data .arrays. The position of a point

on the surface is defined by p (Sl’SZ) = po + Sltl + Sztz, where po is the

position of the center of the four patches where the wire connects, and Sl

and 82 are coordinates measured from the center, The current over the surface

is represented by 3(81,82), the currents at the centers of the four patches

are
fl = i(d,d)
J2 = J(-d,d)
_{3 = i(_d:—d)
J4 = J(d,-d)

and the current at the base of the segment, flowing onto the surface, is I1_.

0
The current interpolation function is then
J(8,,8,) = | £(5.,8,) - zgi(sl,sz) £ T + Zgi(Sl,Sz)Ji ,
i=1 i=1
wvhere
_ S]tl + Szt2
£(51,8,) = ) 3
ZTT(Sl + S2 )
£, = f(d,d) = (tl + r.z)/(fmd)
fz = {{-d,d) = (*tl + tg)/(&ﬁd)
f3 = f{-d,-d) = (—t1 - tz)/(and)
€, = i{d,-d)y = (tl - tz)/(lmd)
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Figure 10. Patches at a Wire
Connection Point.

8,(5,,8,) = (@ + 3)(d +5))/ ()

L 2
8,(8/,8,) = (d - 8){d + 5,)/(4d")
£,(5,,8,) = (d - $))(d = 8,)/(4d)

2
2,(5,5,) = (d +5)(d - 8,)/(4d")

if Fl(E)dA and Té(ﬁ)dA are the electric fields at the center of the
connected segment due to unit currents at‘S on the surface dA, flowing in the
directions El and EZ’ respectively, the nine matrix elements to be computed

are

=
i
H
L]
—
-~~~
o |
St
(=9
S

1 ./;gl(sl’sz) 1

(3]
Il
.
—3
~
|
S
2.
=

2 fsgz(sl’sz) ' 1

]
1
Ha
.
—
A~
T |
~
o
w

3 ‘/583(51’52) 1

=
|
e
]
~~
© |
~
[=9
e

4 Jgga(sl’bz) 1

e
1l
-

jajel
—~
[€5]
-
721
~J
~

+
.

—

~

c

~

=9

b



E, - Jsgz‘“rsz) i F, (paa
E, = £g3(51’82) ie T,(0)da
By = jsga(sl’sz) i.T,(padA
£y = js “h(sl,sz) . El] [1 . Fl(p)j| + |B(s).S,) Ez}

where
— — 4 —
] = > = nS f s
h(S;.5,) = £(5,,5)) 2 81 (5128 %
i=1
and where i = the unit vector in the direction of the connected segment.

The integration is over the total area of the four patches and is per-
formed by numerical quadrature. The number of increments in Sl and 82 used
in integration is set by the variable NINT. When PCINT is called, the
parameters in COMMON/DATAJ/ have the values for the first connected patch.
During integration, these parameters are set for each integration patch. At

the end of PCINT, they are reset to their original values.

SYMBOL DICTIONARY

CABI = x component of i

D =d

DA = area of the surface element used in integration

DS = width of the surface element of area DA

E = array used to return the values El’ EZ’ cees E9

EXK . - -

EYK = %, y, and 2z components of Fl(p)DA at PC50; at PC51, EXK is set
FZK to i - Fl(o)DA

EXS o

EYS = %, y, and z components of Fz(p)DA at PC50; at PC52, EXS is set
£2S | to i - Fz(p)DA
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vl = EI

P2 = E2

in3 = ]33

L4 = E4

ES5 = E5

E6 = E6

E7 = E7

E8 = E8

E9 = E9 L

FCON = 1/(4md) facfor in £, £, ...

Fl =_E(Sl’82) . El

F2 = h(Sl,Sz) . t2

GCON = 1/(4d2) factor in g,(5,8,),

Gl = gl(Sl’SZ)

G2 = 8,(5,,8))

G3 = gB(Sl’SZ)

G4 - = 34(51,52)

I1 = DO loop index

12 = DO loop index

NINT = number of steps in Sl and 53 used in approximating the integrals
for El’ EZ’ Py E9

5 = area of each of the four patches at PCll; area of the surface
element used in integration at PC20

SABL = vy component of 1

SALPI = z component of i

51 = Sl

52 = 52

52X = initial value of 52

TP1 = 27

T1XJ

TIYS}) = %, vy, and z components of El

T173

T2X.1

T2YI: = x, y, and z components of EO

r2zJ )

Xi = x coordinate of the center of the connected segment
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XJ
YJ
zJ
XS
XSS
XXJ
XYJ
XZJ

Z5S
Z1

center of first patch above PC4]; center of integration element

below PC41

X component of E(SI,SZ)

)

initial x coordinate ofE(Sl,S2

initial value of XJ, YJ, ZJ saved

X component of‘ﬁ(d,d) used as reference for computing EKSI’SZ)

y coordinate of the center of the connected segment

1°52)
initial y component of p(Sl,Sz)

y component of BIS

y component of p(d,d)

z coordinate of the center of the connected segment
z component of 5151,52)

)

initial z component of 3(51,82

z component of E(d,d)
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1 SUBROUTINE PCINT {XI,YI,ZI,CABI,SABI,SALPI E) PC
2 cC INTEGRATE OVER PATCHES AT WIRE CONNECTION POINT PC
3 COMPLEX EXK.EYK,EZK,EXS,EYS,EZS,EXC,E£YC,EZC.E.61,E2,E3,E4,E5,E6,E7 PC
4 1,EB.E9 PC
5 COMMON /DATAJ/ S,B,XJ,YJ,ZJ,CABJ,SABJ,SALPJ,EXK.EYK, EZK,EXS,EYS,EZ PC
6 1S,EXC,EYC EZC,RKH,IEXK, IND1,IND2, IPGND PC
7 DIMENSION E(9) PC
8 EQUIVALENCE (T1XJ,CABJ), (TtYJ,SABJ), (T1Z4.SALPJ), (T2XJ.B), (T2Y PC
9 1J.IND1), (712ZJ,IND2) PC

10 DATA TPI/6.283185308/ ,NINT/10/ PC

" D=SQRT(S)*.5 PC

12 DS=4.*D/FLOAT(NINT) PC

13 DA=DS*DS PC

14 GCON=1 . /S PC

15 FCON=1, /(2. *TPI*D)} PC

16 XXJ=Xd PC

17 XYJ=YJ PC

18 XZJI=Z4 PC

19 xXs=s PC

20 S=DA PC

21 S1=D+D5*.5 PC

22 XSS=XJ+S1*(T1XJ+T2XJ) PC

23 YSSSYJH+SUH(TIYI+T2YL) PC

24 ISS=ZJ+St*(T1ZJ4722J) PC

25 S1=S1+0 PC

26 $2x=%1 PC

27 Et=(0..0.) PC

28 £2=(0.,0.) PC

29 E3=(0..0.) PC

30 E4=(0..0.) PC

k3 ES=(0.,0.) PC

32 E6=(0..0.) PC

33 £7={0..0.} PC

34 EB=(0..0.) PC

35 E9=(0.,0.) PC

36 DO 1 It=1,NINT PC

37 S1=51-0S5 PC

38 $2=52X PC

39 XS5=X55-DS*T1XJ pC

40 YSS=YSS-DS*TiY) PC

41 ISS=Z55-DS*T12J PC

42 XJ=XSS PC

43 YJ=YSS PC

44 2J=755% PC

45 DGt I2=1,NINT PC

46 $2252-0S PC

47 XJ=XJ-DS*T2XJ PC

48 YJI=YJ-DS*T2Y) PC

49 2J=ZJ-DS5*T224 PC

50 CALL UNERE (XI,YI,ZI) PC

51 EXK=EXK*CABI+EYK*SABI+EZK*SALPI PC

52 EXS=EXS*CABT+EYS*SABI+EZS*SALPI PC

53 G1=(D+S1)*{D+S2)*CCON PC

54 G2=(D-S1)*(D+52)*GCON PC

55 G3=(D-51)%{D~52)*GCON PC

56 G4=(D+S1)*(D-52)*GCON PC

57 F2=(Si1*S1+52*52)*TP1 PC

58 F1=51/F2-(G1-G2-G3+G4)*FCON PC

59 F2=52/F2-(GI1+G2-G3~-G4)*FCON FC

60 E1=E1+EXK*GY PC

61 E2-E2+EXK*G2 PC

62 ES=E3+LXK*G3 PC

63 E4=E4+EXK*G4 o

64 ES=E5+EXS*G1 PC
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65
66
67
58
69
70
7
72
73
74
75
76
77
78
79
80
81
82

E6=E6+EXS*G2
E7=E7+EXS*G3
EB=EB+EXS5+*G4
E9=tI+EXK*F1+EXS*F2
E{1)=E1
E(2)=E2
E{3)=E3
E(a)=E4
E(5)=E5
£(6)=E6
E(7)=E7
£(8)=ta
£(9)=E9
XJ=XXJ
YJ=XYJ
Z2JI=XZJ

S=X$

RETURN

END
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PRN'T
PURPOSE

To set up the formats for printing a record of three integers, six
floating point numbers, and a Hollerith string, where the variables equal to

zero are replaced by blanks. This routine 1s used by LOAD in printing the

impedance data table,

METHOD

A variable format is used to generate the record with arbitrary blank
fi11l. Elements of the format are picked from the array IFORM in the DATA
statement. Through IF statements operating on the subroutine input quantities,
this routine chooses the desired format elements and builds the format in the
array IVAR. The program is divided into two sections: the first builds the

integer part of the format and the second the floating point part.

SYMBOL DICTIONARY
ARS = external routine (absolute value)
FL = elements of this array are set equal to the fleoating point input

quantities FL1 - FL6

FLT = array of non-zero floating point input quantities to be printed
FL1

FL2

FL3 = input floating point quantities

FL4

FL.5

FL6 ]

HALL = 4H ALL (Hollerith ALL}

1 = DO leoop index

1A = input Hollerith string (array)

ICHAR = number of characters in the input Hollerith string
IFORM = array containing format elements

IN = array set equal to input integer quantities (IN1 - TIN3)
INT = non-zero integer quantities to be printed

INL

IN2 = input integer quantities

IN3

IVAR = variable format array
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TL = DO loop limit

J = implied DO loop index

K = index parameter

L = implied DO loop index

NCPW = number of Hollerith characters per computer word
NFLT = floating point print index, number of non~zero reals
NINT = integer print index; number of non-zero integers

NWORDS = number of computer words in the input Hollerith string
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L= L I
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O

(@)

(@]

o el

SUBROUTTNE PRNT ({N1‘INE.INS.FLI,FL2.FLS.FL4,FL5.FL6.IA.ICHAR)
PRNT SETS UP THE PRINT FORMATS FOR IMPEDANCE LOADING

DIMENSION IVAR(13), IA(1), IFORM(8). IN(3), INT(3), FL(6), FLT(6)

INTEGER HALL

DATA IFORM/SH(/5X.,3HI5.,SHSX..SHAS..6HE13.4..4H13X..3H3X.,5H2A10)

1/

NUMBER OF CHARACTERS PER COMPUTER WORD IS NCPW

DATA NCPW/10/ . HALL/4H ALL/
NWORDS=( ICHAR—1 ) /NCPW+1
IN(1)=IN1

IN(2)=IN2

IN(3)=IN3

FL{1)=FL1

FL(2)=FL2

FL(3)=FL3

FL(4)=FL4

FL(5)=FLS

FL(B)=FLE

INTEGER FORMAT

NINT=0
IVAR(1)=IFORM(1)
K=1

=1

IF (.NOT,(IN1.EQ.O.AND.IN2.EQ.0,AND.IN3.EQ.0)) GO TO 1

INT(1)=HALL
NINT=1

I1=2

K=K+1
IVAR(K)=IFORM{4)
Do 3 I=I1,3
K=K-+1

IF {IN(I).EQ.0) GO TO 2
NINT=NINT+1
INT(NINT)=IN{I)
IVAR(K)=IFORM(2)
GO TO 3
IVAR(K)=IFORM(3)
CONTINUE

K=K+t
IVAR{K}=IFORM(7)

FLOATING POINT FORMAT

NFLT=0

DO 5 I=t.,6

K=K+1

IF (ABS(FL(I)).LT.I.E—ZO) GO TO 4
NFLT=NFLT+!
FLT{NFLT}Y=FL(I)
IVAR{K)=IFORM(5}
GG TO 5
IVAR{K)=TIFORM(6)
CONTINUE

K=K+1
IVAR(K)Y=IFORM(7)
K=K+1
IVAR(K)=IFORM(8)

PR

PRINT IVAR, {INT{I),I=1,NINT),(FLT(J),4=1,NFLT},(IA{L),L=1,NWORDS) PR
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65
66

RETURN
END
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QDSRC

PURPOSE

To fill the excitation array for a current slope discontinuity voltage

source.

METHOD

The current slope discontinuity voltage source is described in section

IV-1 of Part 1.

CODING

QD22 -~ QD25

QD26
QD32

QD33

QD78
QD95

set to 0, and TBF is called to generate the function EE(S)

for & - IS. The zero in the second argument of TBF causes

E; to go to zero at the first end of segment IS rather
than the usual non-zero value that allows for current
flowing onto the wire end cap.

QD31 BR is computed and other quantities set.

QD119 This locp computes the fields due to each segment on which
f; is non-zero.

QD77 Parameters of the source segment are stored in COMMON/
DATAJ/. TFlags for the extended thin wire approximation
are set as in routine CMSET. '

QD91 This loop evaluates the electric field on each segment.

QD116 This loop evaluates the magnetic field at each patch.

SYMBOL DICTIONARY

AT
CABI
CCJ
CURD

ETC
ETK
ETS
I1
IJ

radius of segment on which field is evaluated.

x component of unit vector in the direction of segment I

CCIX = -3/60

82

array of segment and patch excitation fields

E field tangent to a segment or H field components on a patch
due to cosine, constant, and sine current components,
respectively, on a segment

array index for patch excitation

flag which, if =zero, indicates that the field ie being evaluated

on the source segment
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IPR = temporary storage of connection number
15 = gegment which has the source location on end 1
J = gource segment number
SABI = y component of unit vector in the direction of segment I
T1X )
T1Y
Tz arrays of components of El and EZ for patches
T2X
T2Y
T2Z
TP = 21
TX
TY = components of El or Ez for patches
TZ
A = gource voltage
XI = coordinates of point where field is evaluated; XI is also
YI used in the test for the extended thin wire approximation
YAl for the electric field
CONSTANTS
0.01666666667 = 1/60
0.999999 = minimum XI for the extended thin wire approximation

6.283185308

{maximum angle = 0.08 degrees)

27 \
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SUBROUTINE QDSRC (IS,V,E)

FILL INCIDENT FIELD ARRAY FOR CHARGE DISCONTINUITY VOLTAGE SOURCE
COMPLEX VODS.CURD.CCJ.V.EXK.EYK.EZK.EXS,ETS.EZS.EXC.EYC.EZC,ETK.ET
1S5,ETC.VSANT ,vQD,E, ZARRAY

COMMON /DATA/ LD.NY.N2,N.NP M1 ,M2,M,MP,X(300),Y(300),Z(300),SI(300
1).BI(SOD).ALP(SOO).BET(SOO).ICON1(500),ICON2(300),ITAG(SOO).ICONX(
2300) ,WLAM, IPSYM

COMMON /VSORC/ vQD(30).VSANT(30),vQDS(30),IvQD(30),ISANT({30), IQDS(
130) ,NVQD,NSANT ,NQDS

COMMON /SEGJ/ AX(30).BX(30),Cx(30),JC0(30),JSNO, ISCON(50),NSCON, IP
1CON(10) ,NPCON

COMMON /DATAJ/ S.B.XJ.YJ.ZJ.CABJ.SAEJ,SALFJ.EXK,EYK.EZK,EXS.EYS.EZ
1S,EXC,EYC ,EZC ,RKH, IEXK, INDY, IND2, IPGND

COMMON /ANGL/ SALP{300)

COMMON /ZLOAD/ ZARRAY(300),NLOAD,NLODF

DIMENSION CCuX(2). E(1), CAB(1), SAB(1)

DIMENSION TtX(1), T1v(1), T1Z{1), T2X(1), T2Y(1), T2Z(1)
FQUIVALENCE (CCJ,CCIX), (CAB,ALP), (SAB,BET)

EQUIVALENCE (T1X,51), {TIY,ALP), (T1Z,BET), (TZX.ICON1), (T2Y,ICON
12), (T2Z.ITAG)

DATA TP/6,283185308/,CCJ%X/0.,~.01666666667/

I=ICONI(IS)

ICON1(IS)=0

CALL TBF (IS,0)

ICONT(IS)=I

S=SI(IS)*.S
CURD=CCJ*V/{{ALOG(2.*S/BI(IS))-1.)*(BX(JSNO}*COS(TP*S)+CX(JSNO)*ST
IN(TP*S) ) *WLAM)

NQDS=NQDS+1

vQDS (NQDS )=V

IOQDS{NQDS)=IS

DO 20 JX=1,JSNO

J=lco(Jx)

$=SI{J)

B=BI(J)

XJ=X(J)

YJd=Y(J}

ZJ=Z(J)

CABJ=CAR(J)

SABJ=SAB(J)

SALPJ=SALP(J)

IF (YEXK.EQ.0) GO TO 16

IPR=ICON1(J)

IF (IPR) 1.6.2

IPR=—IPR

IF (~ICON1(IPR).NE.J) GO TO 7

GO TO 4

IF (IPR.NE.J) GO TO 3

IF (CABJ‘CABJ+SABJ‘SABJ.GT.t.E—B) GO TO 7

GO TO 5

IF (ICON2{IPR).NE.J) GO TO 7
XI=ABS(CABJ*CAB(IPR)+SABJ*SAB{IPR)+SALPJ*SALP{IPR)) -
IF (XI.LT7.0.999999) GO TO 7

IF (ABS(BI(IPR)/B-1.)}.G7.1.E~6) GO TO 7

IND1=0

GO TO 8

INDI=]

GO TO B

IND1=2

IPR=ICON2{J)

IF (IPR) 9,14,10

IPR=-TPR

IF (-ICON2{IPR).NE.J) GO TO 15

GO TO 12
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€5
66
67
58
69

71
72
73
74
75
76
77
8
79
80
81
82
83
84
B85
86
87
88
B3
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
it
112
113
114
115
116
117
118
119
120
121

10

11
12

15
16

18
19

20

If (IPR.NE.J) GO TO 11

IF (CABJ*CABJ+SABJ*SABJ.GT.1i.E-8) GO TO i5
GO0 TO 13

IF (ICON1{IPR).NE.J) GO TO 15

XI=ABS({CABJ*CAB(IPR)+SABJ*SAB(IPR)+SALPJ*SALP(IPR))

IF (XI.LT.0.999999) GO TO i5

IF {ABS(BI(IPR)/B-1.).GY.1.E-6) GO TO 15
IND2=0

GO JO 16

IND2=1

GO TO 16

IND2=2

CONTINUE

DO 17 I=1,N

LJ)=I-¢

XI=X({I)

YI=Y{I)

21=2(1)

AI=BI(TI)

CALL EFLD (XI,YI,ZI,AIL.IJ)
CABI=CAB(I)

SABI=SAB(I)}

SALPI=SALP(I)
ETK=EXK*CABI+EYK*SABI+EZK*SALPI
ETS=EXS*CABI+EYS*SABI+EZS*SALPI
ETC=EXC*CABI+EYC*SABI+EZC*SALPI
E(I)=E({I)-(ETK*AX(JX)+ETS*BX{JX}+ETC*CX{ JX )} )*CURD
IF (M.EQ.D) GO TO 19

TJ=LD+1

I1=N

DO 18 I=1.,M

IJ=IJ-1

XI=X{IJ)

YI=Y(IJ)

ZT=Z(14)

CALL HSFLD {XI,Y¥I,ZI,0.)
T1=I1+1

TX=T2ZX{IJt)

TY=T2Y(IJ)

FZ=T2Z(I4}

ETK=EXK* TX+EYK* TY+EZK*TZ
ETS=EXS*TX+EYS*TY+EZS*TZ
ETC=EXC*TX+EYC*TY+EZC*TZ

E(T1)=E(T1)+(ETK*AX(JX)+ETS*BX(JX)+ETC*CX{JX})*CURD*SALP{TJ)

I1=I1+1 :
TX=T1X{1J4)

TY=TIY(TJ)

TZ=T1Z(1J)
ETK=EXK*TX+EYK* TY+EZK*TZ
ETS=EXS*TX+EYS*TY+EZS*TZ
ETC=EXC*TX+EYC*TY+EZC*TZ

E(I1Y=E(T1)+(ETKPAX(IX)+ETS*BX(JX)+ETC*CX{ JX) ) *CURD*SALP({TJ)
IF (NLOAD.GT.0.OR.NLODF.GT.0) E(J)=E(J)+ZARRAY{J)*CURD* {AX(JX)+CX(

1J4x))
CONTINUE
RETURN
END
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RDPAT

PURPOSE

To compute and print radiated field quantities.

METHOQD
The quantities computed and the output formats depend on the options
selected by the first integer (IFAR) and fourth integer (IPD, IAVP, INOR, TAX)

on the RP card (see Part III). These quantities are defined as follows:

(1) Power Gain

In the direction {6,¢)

Pﬁ( 0,¢)

P ) ]
in

G (9,¢9) = 4w
P
where P“(U,Q) is the power radiated per unit solid angle in the given
direction, and P.m is the total power accepted by the antenna. Therefore,

Pin = (1/2)Re{VI*), where V is the applied source voltage, and

2
= (1 20w o Ty o RO ow¥
Pu(ﬂ,‘b)-(l/2)RRe(EXH*)-ZnE.E,

where R is the observation sphere radius. 3Since the electric field calculated

by FFLD (call it E') does not include exp(-jkR)/(R/A),

7= exp(-jkR) =y
R/A

and

P
X

(E' « E'*) .

T
[

[t

%}
=
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Thus,

A
- - 2‘"* =i T
(,P(B,tp) = (E' ., E'¥)
in
in terms of the program variables.
(2) Directive Gain
In the direction (8,9},
PR(B,M
G (8,¢) = 4n ——
d P
rad

where Prad 1s the total power radiated by the anteunna. The only difference

from power gain 1s that Pin is replaced by Prad’ and P where

rad _ Pin - Ploss’

Ploss is calculated as the power lost in distributed and lumped loads on the

structure and in the networks loads.

(3) Component Gain
The gains are also calculated for separate, orthogonal field components

. P [} ) ) )
(u, v). 1In this case, E' E** is replaced by EUEU* or Eva*’ and the

total gain 1s the sum of the two components.

(4) Average Gain
The user specifies a range and number of points in theta and phi that in
tern specify the total solid angle covered, §{, and the sampling density for

the integral in the expression for average gain:

fGP ds
G = _s}.__

av §i

" The trapezoidal rule is used in evaluating the integral.

-287-

RDPAT



RDPAT

£5) Normalized Gain

Normalized gain is simply the gain divided by its maximum value or some
value specified by the user.

The discussion of gains applies only to the case of a structure used as
a radiating antenna. For the case of an incident plane wave, the program
constants are defined such that the value of OIAZ is printed under the

heading "GAIN.'" The calculation is

g _ 4R scat Ll (E* -
W. = = at sca !
% A2 ine E . E¥, s8¢ k
inc inc
where W__ . is the scattered power per unit area at distance R in a given

direction, winc is the power per unit area of the incident plane wave, and

the primes on the electric fields specify the fields used in the program as
defined above. For the case of a Hertzian dibole used as a source, the gain
equations are used; however, Pin is equal to the total power radiated by the

Hertzian source. That 1is

where the quantity IX is an input quantity.

(6) Elliptic Polarization

Elliptic polarizaticn parameters are calculated as follows:
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_ . : 2 2 .2 .2 1 1/2
M = l(Eym cos Y + Ezm cos £ sin y)© + bzm sin” § sin” y] s
- T . 2 2 .2 2 /2
N = [bym sin Y - B cos §cos Y)© + E , sin” § cos” y] ,

where
Ey = Eym exp[jlwe - k)|
E, =B exp[j{wt - kx + £)] ,

and Y 1s given by

2E mEzmcos£

52 - E2
ym zZm

tan 2y =

In this routine, the coordinates y and z above are replaced by 6 and ¢,

respectively.

The field is computed by FFLD at RD74 for space wave or by GFLD at RD76

for space and ground wave. Elliptic polarization parameters are computed from

RD87 to RDLL8. RDL27 to RDL37 stores gain in the array GAIN for

normaltization. The integral of radiated power for the average gain

calculation is summed at RDL40 to RDl47. Fields and gain are printed at RDL6Z

for space wave or

RD165 for ground wave. Average gain is computed and printed

from KD168 to RD173. Normalized gain is printed from RDL74 to RD208.

SYMBOL DICTIONARY
AXRAT
CHT
CLT
DA
DFAZ

= N/M (elliptic axial ratio)

= height of cliff in meters

= distance 1in meters of cliff edge from origin

= element of solid angle for average gain summation
= phase difference between EB and E¢ for elliptic

polarization
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DPH = increment for ¢

DTH = increment for O

KMAJRZ = u2 (M = major axis)

EMINR2 = n?

EPH = E¢ {phi component of electric field, with or

without the term exp(-jkR)/(R/A) depending on return
from GFLD or FFLD)

EPHA = phase angle of EPH

£ PHM = |EPHI

EPHM2 = IEPHI?

EPSR = relative dielectric constant

EPSR2 = relative dielectric constant of second medium

ERD = radial electric field for ground wave

ERDA = phase of ERD

ERDM = [ERDI

ETH = EU

ETHA = phase of Eﬁ

ETHM = lig)

ETHM2 = 1g,1?

EXRA = phase of exp(-jkR)

EXRM = L/R

G CON = factor multiplying 1IE12 to yield gain or
%

GCOP = GCON except when GCON yields directive gain; then GCOP
remains power gain

GMAX = value used for normalized gain

GNH = horizontal gain in decibels, ¢ component

GNMJ = major axis gain in decibels

GNMN = minor axis galn in decibels

GNOR = if non-zero, equals input gain quantity

GNV = vertical gain (6)

GTOT = total gain

LAVP = flag for average gain

IAX = flag for gain type

[FAR = first integer from RP card
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LNOR
LPD
IXTYP
NORMAX

NPH
NTH
PHA
PHI
PHIS
PI
PINR
PINT
PLOSS
PNLR
PRAD
RFLD
SIG
SIG2
STILTA
TA

TD
THA
THET
THETS
TILTA
XPRG6

CONSTANTS
1.745329252E-2
1.E-20

1}

RDPAT
integer to select normalized gain
flag to select power or directive gain
excitation type
dimension of FNORM {maximum number of gain values that
will be stored for normalization)
number of ¢ values
number of 8 values
¢ in radians
¢ in degrees
initial ¢
m
input power for current element scurce
summation variable for average gain
power dissipated in structure loads
power dissipated in networks and transmission lines
power radiated by the antenna
if non-zero, equal to the observation distance in meters
conductivity of ground (mhos/m)
conductivity of second medium (mhos/m)
sin Y; Y is tilt angle of the polarization ellipse
n/180
180/7
0 in radians
0 in degrees
initial ©
Y (tilt angle of ellipse)
minor axis of polarization ellipse or strength of

current element source

n/180

small value test
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L.E~5
-1.ELO
3.141592654
376.73
394.51
27.2957795
59.96

90.01

small value test
near minus infinity
n

Ay = VWy/€g

1Tf]0/3

180/7

ﬂ0/(2n)

test value for angle exceeding 90 degrees
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SUBROUTINE RDPAT RD b
COMPUTE RADIATION PATTERN, GAIN, NORMALIZED GAIN RD 2
INTEGER HPOL ,HBLK.HCIR,HCLIF RD 3
COMPLEX ETH,EPH,.ERD.ZRATI.ZRATIZ2,T1,FRATI RD 4
COMMON /DATA/ LD,N1,N2Z,N,NP. M1 M2 ,M MP X(300),Y(300),2(300),SI(300 RD 5

1).BI{300)}.ALP(300),BET{300), ICONI{300),TCON2(300),ITAG(300),ICONX( RD &

2300) \WLAM, IPSYM RD 7
COMMON /SAVE/ IP(600),KCOM.COM{13,5) ,EPSR,SIG,SCRWLT,SCRWRT,FMHZ RD 8
COMMON /GND/ZRATI,ZRATIZ, FRATI,CL,CH,SCRWL,SCRWR,NRADL .KSYMP,IFAR, RD 9

1IPERF,T1,72 RD 10
COMMON /FPAT/ NTH,NPH,IPD,IAVP INOR, K IAX,6THETS,PHIS,DTH,DPH.RFLD,GN RD 11

10R,CLT,CHT,EPSRZ,SIG2,IXTYP,XPR6,PINR,PNLR,PLOSS,NEAR . NFEH,NRX ,NRY RD 12

2 ,NRZ ,XNR, YNR,ZNR ,DXNR,DYNR ,DZNR RD 13
COMMON /SCRATM/ GAIN(1200) RD 14
DIMENSION IGTP(4), IGAX(4), IGNTP(10), HPOL(3) RD 15
DATA HPOL/GHLINEAR,SHRIGHT,4HLEFT/ HBLK HCIR/IH ,6HCIRCLE/ RD 186
DATA IGTP/6H - ,BHPOWER ,6H- DIRE,BHCTIVE ,/ RD 17
DATA IGAX/6H MAJOR,6H MINOR,6H VERT.,6H HOR. / RD 18
DATA IGNTP/6H MAJOR,BH AXIS ,6H MINCR,6H AXIS ,6H  VER.6HTICAL ,6 RD 19

1H HORIZ,G6HONTAL ,6H LBHTOTAL / RD 20
DATA PI, TA,TD/3.141592654,1.745329252E-02,57 .29577951/ RD 21
DATA NORMAX/1200/ RD 22
IF (IFAR.LT.2) GO TO 2 RD 23
PRINT 35 RD 24
IF (IFAR.LE.3) GO 7O 1 RD 25
PRINT 36, NRADL,SCRWLT, SCRWRT RD 26
IF (IFAR.EQ.4} GO TO 2 RD 27
If (IFAR.EQ.2.0R.IFAR.EQ.5) HCLIF=HPOL(1) RD 28
IF (IFAR.EQ.3.0R.IFAR.EQ.6) HCLIF=HCIR RD 29
CL=CLT/WLAM RD 30
CH=CHT /WL AM RD 31
ZRATIZ=CSQRT(1./CMPLX(EPSRZ,-SIG2*WLAM*59,96)) RD 32
PRINT 37, HCLIF,CLT,CHT,EPSR2,5IG2 RD 33
IF {IFAR.NE.1) GO TO 3 RD 34
PRINT 41 RD 35
GO TO 5 RD 36
I=2*IPD+1 RD 37
J=I+1 RD 38
ITMP1=2*IAX+1 RD 39
ITMPZ=ITMP 1 +1 RD 40
PRINT 38 RD 41
IF (RFLD.LT.1.E-20) GO TO 4 RD 42
EXRM=1./RFLD RD 43
EXRA=RFLD/WLAM RD 44
EXRA=—360.*(EXRA—AINT{EXRA)} RD 45
PRENT 39, RFLD,EXRM,EXRA RD 48
PRINT 40, IGTP(I),IGTP(J),IGAX(ITMP1), IGAX{ITMP2) RD 47
IF (IXTYP.EQ.0.OR.IXTYP.EQ.5) GO 70O 7 RD 48
IF (IXTYP.EQ.4) GO TO & RD 49
PRAD=0. RO 30
GCON=4.*PI/(1.+XPRB*XPR6G) RC 51
GCOP=GCON RD 52
GO TO 8 RD 53
PINR=394.51*XPR&E*XPRE*WL AM*WLAM RD 54
GCOP=WLAM*WLAM®*2 _*PI/(376.73"FINR) RD 5
PRAD=PINR-PLOSS—PNLR RD 586
GCON=GCOP RD 57
If (IPD.NE.Q) GCON=GCON*FINR/PRAD RD 58
=0 RD 59
GMAX=—1 .E10 RD 60
PINT=0. RD 81
TMP | =DPH*TA RD &2
TMP2=,5*DTH*TA RD 63
PHI=PHIS-DPH RD 64
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65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
B1
82
83
84
85
86
87
s
g9
90
LA
92
93
94
95
96
97
a8
29
100
101
102
103
104
103
106
107
108
109
110
111
112
113
114
115
116
17
118
118
120
121
122
123
t24
125
126
127
128

11

12
13

14

15
16

DO 23 KPH=1,NPH
PHI=PHI+DPH

PHA=PHI*Ta

THET=THETS-0TH

DO 29 KTH=1,NTH

THET=THET+DTH

IF (KSYMF.EO.Z.AND.THET.GT.Q0.0I‘AND.IFAR.NE.1) GO TO 29
THA=THET*TA

IF (IFAR.EQ.1) GO TO 9

CALL FFLD (THA,PHA,ETH,EPH)
GO TO 10

CALL GFLD (RFLD/WLAM.PHA.THET/WLAM.ETH.EPH.ERD.ZRATI.KSYMP)
ERDM=CABS(ERD)

ERDA=CANG( ERD)
ETHM2=REAL(ETH*CONJG(ETH))
ETHM=SQRT(ETHM2)
ETHASCANG(ETH)

EPHM2=REAL (E£PH*CONJG(EPH))
EPHM=SQRT( EPHM2)
EPHA=CANG( EPH)

IF (IFAR.EQ.1) GO TO 28
ELLIPTICAL POLARIZATION CALG.
If (ETHMZ.GT.1.E~20.0R.EPHM2.GT.1.£-20) GO TO 11
TILTA=0.

EMA JR2=0.

EMINR2=0.

AXRAT=0.

ISENS=HBLK

GO 7O 18

DFAZ=EPHA-ETHA

IF (EPHA.LT.0.) GO TO 12
DFAZ2=DFAZ-360.

GO TO 13

DFAZ2=DFAZ+360.

IF (ABS{DFAZ).GT.ABS(DFAZ2)) DFAZ=DFAZ2
CDFAZ=COS(DFAZ*TA)
TSTOR1=ETHM2—EPHM2
TSTOR2=2 . *EPHM*ETHM*CDF AZ
TILTA=.S*ATGN2(TSTOR2,TSTOR1)
STILTA=SIN(TILTA)
TSTORt=TSTOR1*STILTA*STILTA
TSTORZ=TSTOR2*STILTA*COS(TILTA)
EMAJR2=—TSTOR1+TSTORZ+E THM2
EMINR2=TSTOR1-TSTORZ+EPHM2

IF (EMINR2.LT.0.) EMINR2=0.
AXRAT=SQRT(EMINRZ/EMAJR2)
TILTA=TILTA®*TD

IF (AXRAT.GT.1.E-5) GO TO 14
ISENS=HPQL(1)

GO TO 16

IF {(DFAZ.GT.0.) GO TO 15
ISENS=HPOL(2)

GO TO 16

ISENS=HPOL(3)
GNMJ4=DB10O{GCON*EMAJRZ)
GNMN=DB10( GCON*EMINRZ )
GNV=DB10(GCON*ETHM2)
GNH=DB10(GCON*FPHMZ )
GTOT=DB10(GCON* (ETHM2+EPHM2) )
IF {(INOR.LT.%) GO TO 23.
I=T+1

I (I.GT.NORMAX) GO TO 23

GO TO (17,18.19.20.21), INOR
TSTOR 1 =GNM
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65
66
67
68
639
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
BS5
86
87
88
89
S0
91
92
93
94
95
96
97
SB
99
100
101
102
103
104
105
106
107
108
109
110
1113
112
113
114
15
116
17
118
119
120
121
122
123
124
125
126
127
128



129
130
131
132
133
124
135
136
137
138
139
140
141

142
143
144
145
146
147
148
149
150
151

152
153
154
155
156
157
158
159
160
161

162
163
164
165
166
167
68
169
170
171

172
173
174
175
176
177
178
179
180
181

182
183
184
185
186
187
188
189
190
161

192

20

21
22

23

24

25

26

27

28
29

30

GO TO 22
TSTOR1=GNMN

G0 TO 22

TGTOR1=GNV

GO 10 22

TSTOR1=GNH

GO TO 22

TSTOR1=GTOT

GAIN(I)=TSTOR1

IF (TSTOR!.GT.GMAX) GMAX=TSTOR1
IF (TAVP.EQ.0) GO TO 24
TSTOR1=GCOP* ( ETHM2+EPHM2 )
TMP3=THA~TMP2

TMP 4= THA+TMP2

IF (KTH.EQ.1) TMP3=THaA

IF (KTH.EQ.NTH) TMP4=THA
DA=ABS(TMP1*{COS( TMP3)~COS{TMP4}})
IF (KPH.EQ.1.0R.KPH.EQ.NPH) DA=.5%DA
PINT=PINT+TSTOR!4DA

IF (IAVP.EQ.2) GO TO 29

IF (IAX.EQ.1) GO TG 25
TMPS=GNM.J

TMP&=GNMN

GO TO 26

TMPS=GNY

TMP6=GNH

ETHM=F THM * WL AM
EPHM=FPHM*WLAM

IF (RFLD.LT.1.E-20} GO TO 27
ETHM=E THM* EXRM
ETHA=ETHA+EXRA
EPHM=EPHM® £ XRM
EPHA=EPHA+EXRA

PRINT 42, FHET,PHI.TMPS.TMPG,GTOT,AXRAT.TILTA.ISENS.ETHM,ETHA.Eﬁgy

JEPHA
GO TO 28

PRINT 43, RFLD,PHI,THET.ETHM,ETHA EPHM, EPHA, ERDM, ERDA

CONTINUE

IF {(IAVP.EQ.D0) GO TO 30
TMP3=THETS*TA
TMP4=TMP3+DTH*TA*FLOAT{NTH-1)

TMP3=ABS(DPH* TA*F LOAT(NPH-1)*(COS(TMP3)—COS(TMP4)))

PINT=PINT/TMP3

TMP3I=TMP3/PI

PRINT 44, PINT,TMP3

IF (INOR.FQ.QG) GO TO 34

IF (ABS(GNOR).GT.1.E-20) GMAX=CGNOR
ITMP1=(INOR-1)%2+1

ITMP2=ITME 41

PFRINT 45, IGNTP(ITMP1),IGNTP(ITMP2) K GMAX

TTMP2=NPH*NTH

IF (ITMP2 . GT .NORMAX) ITMP2-HORMAX
ITMP1={ ITMP2+2)/3
ITMP2=TTMP1*3-1TMP2

ITMPI=ITMPI

ITMP4=2*]1TMP)

IF ([TMP2 EQ.2) 1 iMP4=ITMP4-1
DO 21 I-t ITMPY

ITMP3={ TMP 3 +1

ITMP4= i TMP4+1

J=(T-iY/NTH

TMP 1 =THE TSHFLOAT! L 1*#NTH—1 Y*DTH
TMP2=FtIS+i LGAT(J)*CPH

J={ TTMP3- ) /NTH
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130
131
132
133
134
133
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
t51
152
153
154
155
156
157
158
159
160
161
162
163
164
165
1686
t67
168
169
170
171
172
173
174
175
176
177
178
178
180
181
182
182
184
185
188
187
188
189
190
19
182
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193
194
185
196
187
128
139
200
201

202
203
204
205
206
207
208
209
230
2H1

212
213
214
215
216
217
218
219
220
221

222
223
224
225
226
227
228
229
230
231

232
233
234
235
236
237
238
239
240
241

51

32

33
34

35
36

37

38

39

40

41

42
43
44

45

46

TMP3=THETS+FLOAT(LTMP3-J*NTH—1 }*DTH
TMPA=PHIS+FLOAT{J)*DPH

J={ITMP4-1)/NTH
TMPS=THETS+FLOAT(ITMP4-J*NTH—1)*DTH
TMPE=PHIS+FLOAT{J)*0PH

TSTORT=GATN( L) -GMAX

IF (I.EQ.ITMP1.AND.ITMP2.NE.0) GO 7O 32
TSTOR2=GAIN(ITMP3)—GMAX

PINT=GAIN( ITMP4)-GMAX

PRINT 46, TMP1,TMP2, TSTOR1,TMP3, TMP4, TSTOR2. TMPS, TMP6, PINT
GO TO 34

IF (ITMP2.£0.2) GO TO 33
TSTOR2=GATN( ITMP3) -GMAX

PRINT 46, TMPt TMPZ, TSTOR1,TMP3, TMP4, TSTOR?2

GO TO 34

PRINT 46, TMP1, TMP2,TSTOR1

RETURN

FORMAT (///.31X.39H- — - FAR FIELD GROUND PARAMETERS — — —, //)

FORMAT (40X ,25HRADTAL WIRE GROUND SCREEN,/,40X,I5,6H WIRES,/,40X,1
12HWIRE LENGTH=,F8.2.7H METERS,/, 40X, 12HWIRE RADIUS=,E10.3,7H METER
25)

FORMAT (40X.A6.6H CLIFF,/, 40X,14HEDGE DISTANCE=.F9.2,7H METERS./.4
10X, 7HHEIGHT=,F8.2,7H METERS,/, 40X, 1 SHSECOND MEDIUM —,/, 40X, 27HRELA
2TIVE DIELECTRIC CONST.=,F7.3,/,40X,13HCONDUCTIVITY=,E10.3,5H MHOS)

FORMAT (///.4BX, 30K~ — - RADTATION PATTERNS - — -)

FORMAT {54X BHRANGE=,E13.6,7H METERS,/.54X.12HEXP(—-JKR)/R=.E12.5,9
tH AT PHASE.F7.2,BH DEGREES,/)

FORMAT (/,2X,14H- — ANGLES ~ —,7X,2A6,7HGAINS —,7X,24H~ — — POLARI
VZATION ~ - ~,4X,20H— - ~ E{THETA) — ~ -,4X,16H- — — E(PHI) ~ —,2H
2=,/ 2X SHTHETA , 5X, 3HPHL, 7X A6 ,2X . A6, 3X, SHTOTAL, 6X, 5HAXTAL , 5%, 4HTIL
3T.3X.SHSENSE.2(5X . 9HMAGNETUDE , 4X ,6HPHASE )./.2(1X, 7HDEGREES,1X),3(
46X, 2HDB) ,BX .5HRATIO, 5X, 4HDEG. ,BX,2{6X,7HVOLTS/M, 4X, 7THDEGREES) )

FORMAT (///.28X,40H - - - RADIATED FIELDS NEAR GROUND - — —,// 8X,
120H- — - LOCATION — — —,10X,16H~ ~ £(THETA) — —,BX,14H- - E(PHI) -
2 —,BX,17H- - E(RADIAL) - ~,/,7X,3HRMO,6X,3HPHI,9X, 1HZ. 12X, 3HMAG, 6X

3 ,SHPHASE ,9X, 3HMAG ,6X , SHPHASE ,9X, 3HMAG, 6X ,5HPHASE, /,5X, 6HMETERS, 3%,
47HDEGREES, 4X,6HMETERS ,8X . 7HVOLTS /M, 3X , 7THDEGREES ,6X, 7THVOLTS /M, 3X , 7H
SDEGREES,6X, 7HVOLTS /M, 3X, 7HDEGREES, /)

FORMAT (1X,F7.2,F9.2,3X,3F8.2,F11.5,F9.2,2%,A6,2(£15.5,F9.2})

FORMAT (3X,F9.2,2X,F7.2,2X,F9.2,1X,3(3x E11.4,2X,F7.2))

FORMAT (//.3X.19HAVERAGE POWER GAIN=,E12.5,7X, 31HSOLID ANGLE USED
1 IN AVERAGING=(,F7.4,16H)*PI STERADIANS.,//)

FORMAT (//,37%,31H- - — - NORMALIZED GAIN — — ~ —,// 37X,2A6,4HGAI
N,/ 38X, 22HNORMALIZATION FACTOR =,F9.2, 3H DB,//,3(4X,14H— — ANGLES
2 - —.BX,4HGAIN,7X},/.3(4X, 5HTHETA,5%,3HPHI ,BX,2HDB,8X )}, /. 3( 3%, 7HDE

3GREES ,2X, 7HDEGREES , 16X )}
FORMAT (3(1X,2F9.2,1X,F9.2,8X))
END
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PURPOSE

To read the matrix B by blocks of rows and write it by blocks of columns.

METHOD

When [CASX is 3 or 4 subroutine CMNGF writes B to file 14 by blocks of
rows. Filling B by rows is convenient since the field of a single segment may
contribute to several columns. However, blocks of columns are needed when
A-LB 1s computed. Hence the format is converted.

NBBX is the number of block of B stored by rows and NBBL is the number
of blocks stored by columns. The loop from RBl6 to RB23 reads file 14 and
stores the elements for block NPB of columns. This process is repeated for

each of the NBBL blocks of columns.

SYMBOL DICTIONARY

B = array for blocks of columns of B

BX = array for blocks of rows of B

NZC = number of columns in B

NB = number of rows in B

NBX = number of rows in blocks of rows of B (NPBX)

NPB = number of columns in blocks of columns (NPBL or NLBL for last

block)
NPX = NPBX or NLBX for last block of rows
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SUBROUTINE REBLK (B,BX.NB,NBX,N2C)

REBLOCK ARRAY B IN N.G.f. SOLUTION FROM BLOCKS OF ROWS ON TAPE14
TO BLOCKS OF CGOLUMNS ON TAPE16
COMPLEX B ,BX

COMMON /MATPAR/ ICASE .NBLOKS .NPBLK ,NLAST ,NBLSYM ,NPSYM,NLSYM,IMAT.I

1CASX ,NBBX ,NPBEX ,NLBX ,NBBL ,NPBL ,NLBL

DIMENSION B(NB,1), BX(NBX,t)

REWIND
NIB=0

16

NPB=NPBL

DO 3 IB=1,NBBL
IF (IB.EQ.NBBL) NPB=NLBL

REWIND
NIX=0

14

NPX=NPBX

0O 2 IBX=1,NBBX
IF {(IBX.EQ.NBBX) NPX=NLBX

READ (14) ((BX{I,J).I=1,NPX),J=1 N2C)

DO 1 I=1,NPX

IX=I+NIX

DO 1 J=1,NPB
B{IX.J)=BX{I.J+NIB)
NIX=NIX+NPBX

WRITE (16) ((B(I.J).I=1,NB),J=1,NPB)

NIB=NIB+NPBL

REWIND
REWIND
RETURK
END

14
16
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PURIOSE
To generate geometry data for structures having plane ov cylindrical

symmetry by forming symmetric images of a previously defined structure unit.

METHOD

The first part of the code, from statement RE20 to RE153, forms plane
symmetric structures by reflectlng segments and patches in the coordinate
planes. The reflection planes are selected by the formal parameters IX, IY,
and 1Z, 1f 1Z is greater than zero, an image of the existing segments and
patches is formed by reflection in the x-y plane, which will be called
reflection along the z axis. Next, 1if IY is greater than zero, an image of
the existing segments and patches, including those generated in the previous
step by roflection along the z axis, is formed by reflection along the y axis.
Finally, if IX is greater than zero, an image of all segments and patches,
including any previously formed by reflection along the z and y axes, is
formed by reflection along the x axis. Any combination of zero and non-zero
values of IX, IY, and IZ may be used to generate structures with one, two,
or three planes of symmetry. Tag numbers of image segments are incremented
by ITX from tags of the original segments, except that tags of zerc are not
incremented. After each reflection in a coordinate plane, ITX is doubled.
Thus, if ITX is initially greater than the largest tag of the existing
segments, no duplicate tags will be formed by reflection in one, two, or three
plianes.

The code from RE157 to RE204 forms cylindrically symmetric structures
by forming images of previously defined segments and patches rotated about the
z axis. The number of images, including the original structure, is selected
by NOP in the formal parameters. The angle by which each image is rotated
about the z axis from the previous image is computed as 2m/NOP, so that the
images are uniformly distributed about the z axis. Tag numbers of segments
are incremented by 1TX, except that tags of zero are not incremented,

When REFLC is wsed to torm structures with either plane or cylindrical
symmerry, the data i COMMON/DATA/ is set so that the program will take
advantage of symmetry in filling and factoring the matrix, This is done by

secring N equal to the total number of segments but leaving NP equal to the

number of segments in the original structure unit that was reflected or
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rotated, The symmetry flag IPSYM is also set to indicate the type of
symmetry: positive values indicaring plane symmetry and negative values
cylindrical symmetry. These symmetry conditions may larer be changed if the

structure is modified in such a way that symmetry is destroyed.

SYMBOL DICTIONARY

ABS = external routine (absolute value)

COSs = external routine (cosine)

CS = cos (2mW/NOP)

E1l = segment coordinate {temporary storage)

E2 = segment coordinate (temporary storage)

FNOFP = NOP

1 = DO loop index

ITAGL = segment tag (temporary storage)

ITI = seygment tag increment

ITX = segment tag increment

IX = flag for reflection along x axis

1Y = flag for reflection along y axis

1Z = flag for reflection along z axis

J = array location for new patch data

K = segment index and array leocation for old patch data
NOP = number of sections in cylindrically symmetric structure
NX = segment index and array location for new patch data
NNX = array location for old patch

SAM = 27w/NOP

SIN = external routine (sine)

58 = gin (2w/NOP)

T1X

T1Y

Tiz = X, ¥, Z components of El and %2

T2X

T2Y

T2Z )

XK = ¥ coordinate of segment

X2(1) = x coordinate of end two of segment I

YK = y coordinate of segment
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Y2(I)
Z2(I)

CONSTANTS
1.E-6
1.E-5
6.283185308

fl

I

y coordinate of

z coordinate of

tolerance
tolerance
27

end two of segment I

end two of segment I

in test

in test

for zero

for zero
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60
61
62
63
64 5

SUBROUTINE REFLC (IX,IY,IZ,ITX,NOP)

REFLT KEFLECTS PARTIAI
STRUCTURE TO COMPLETE A SYMMETRIC STRUCTURE.

COMMON /DATA/ LD,N1,N2Z N NP M1 M2 ,M,MP,X{300),Y(300),Z(300).SI(300

1),BI{300),ALP{300),BET(300),ICONT{300),ICON2{300)},.ITAG(300),ICONX(
2300) ,WLAM, IPSYM

COMMON /ANGL/ SALP(300)
DIMENSION T1X(1}, T1v(1), T12{1), T2x(1), T2v{1), T2z(1), x2{1). ¥
1201), zZ2(1)
EQUIVALENCE (T1X,SI)., (T1Y,ALP), (T1Z,BET), (T2X.ICONt), (T¥2Y,ICON
12), (T22,ITAG), (X2,SI). (Y2.,ALP), (Z2,BET)

NP=N
MP=M
IPSYM=0
ITI=ITX

If (IX.LT.0) GO TO 19

IF (NOP.EQ.D) RETURN
IPSYM=1
IF (IZ EQ.0) GO TO &

REFLECT ALONG Z AXIS

LPSYM=2

IF (N.LT.N2) GO TO 3
DO 2 I=N2.N
NX=I+N-N1

E1=2(1)

E2=22(1}

STRUCTURE ALONG X.Y,

OR Z AXES OR ROTATES

IF {(ABS{E1)+ABS(E2).GT.1.E-5.AND.E1*E2.GE.—1.E—6) GO TO 1

PRINT 24, I
STOP
X(NX)=X(I)
Y(NX)=Y{T)
Z(NX)=-E1
X2(NX)=X2(1)
Y2(NX)=Y2(I)
Z2(NX)=-£2
ITAGI=ITAG(I)

IF (ITAGI.EQ.D) ITAG(NX)=0
IF (ITAGI.NE.O) ITAG(NX)=ITAGI+ITI

BI(NX)=BI(1)
N=N*2-N1

ITI=171*2

IF (M.LT.M2) GO 10 &
NXX=LD+1-M3

DO 5 I=M2,M
NXX=NXX -1
NX=NXX—M+M 1

IF {(ABS{Z(NXX}).GT.1.E-10) GO TO 4

PRIMT 25, I

STOP

XENX ) =X {NXX)
Y{NX)}=Y({NXX)
Z(NX}=-7 NXX)
TIX(NX)=TIX(NXX)
TIY{NX)=T1Y{NXX)
T1Z(NX)=—T1e(NXX}
T2XK{NGI=T2X(NXX)
T2Y(NX)=T2Y{NXX)
T2Z(Nx)=-T2Z(NXX)
SALP(NX)=—-3ALP(NXX)
BI(NX)=BI(NXX)
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635
66
&7
68
69
70
7
72
73
74
75
76
77
78
79
80
a1
82
83
B4
85
86
87
[:1:3
89
0
91
92
93
94
25
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
T
112
113
114
115
116
117
118
119
120
i21
122
123
124
125
126
t27
128

11

GO0 =

M=M*2 -M1
IF (IY.EQ.0) GO TO 2

REFLECT ALONG Y AXIS

TF (N.LT.N2) GO TO 9
DO 8 T=N2,N
NX=T+N-N1

E1=Y(I)

€2=Y2(I)

IF (ABS(E1)+ABS(E2).GT.1.E~5.AND.E1*E2.GE.-1.E-6) GO TO 7

PRINT 24, I
sSTOP
X(NX)=X(T)
Y(NX)=—E1
Z(NX)=Z(1)
X2(NX)=X2(I)
Y2(NX)=-E2
Z2{NX)=Z2(1)
ITAGI=ITAG(I)

IF (ITAGI.EQ.0) ITAG(NX)=C
IF (ITAGI.NE.O0) ITAG(NX)=ITAGI+ITI

BI{NX)=BI(I}

N=N*2-N1

ITI=ITI*?

IF (M.LT.M2) GO TO 12
NXX=LD+1-M1

DO 11 I=MZ,M
NXX=NXX—1

NX=NXX—M+M 1

IF (ABS(Y(NXX)).GT.1.E-10) GO TO 10

PRINT 25, I

STOP

X{NXY=X(NXX)
Y{NX)=-Y{NXX}
Z(NX)=Z (NXX)
TIX(NX)=T1X{NXX)
TIY(NX)=—T1Y{NXX)
T1Z(NX)=T1Z(NXX)
T2X(NXY=T2X(NXX}
T2Y(NX)==-T2Y{NXX)
TRZ(NX)=T2Z(NXX})
SALP{NX)=—SALP{NXX)
BI(NX)=BI(NXX)
M=M*2-M1

IF (IX.EQ.0) GO TO 18

REFLECT ALONG X AXIS

IFf (N.LT.NZ) GO TO t5
DO 14 I=N2.N
NX=I+N-N1

E1=X(T)

E2=X2{1)

If (ABS(E1)+ABS(£2) .GT.1.E€~5.AND.E1*E2.GE.-1.E-6) GO TO 13

PRINT 24, I
STOP
X{NX)=-E1
Y(NX)=Y(T)
L{NX)=2(T)
X2({NX)=-E2
Y2(NX)=v2(I)
Z2(nx)=72(1)
ITAGI=ITAG(I)
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129
130
131

132
133
134
135
136
137
138
139
t40
141

142
143
144
145
146
147
148
149
150
151

152
153
154
155
156
157
158
159
160
161

162
163
164
165
166
167
168
169
£70
171

172
173
174
175
176
177
178
179
180
181

182
ig3
184
185
186
187
188
189
190
191

192

15

20
21

IF (ITAGI.EQ.0) ITAG({NX)=0
IF (ITAGI.NE.O) ITAG{NX}=ITAGI+ITI
BI(NX)=BI(I)

N=N*2-N1

IF (M.LT.M2) GO TO 18
NXX=LD+1~M1

DO 17 I=M2,M

NXX=NXX~-1

NX=NXX—M+M1

IF (ABS(X(NXX))}.GT.1.E-10) GO TO 16
PRINT 25, I

STOP

X(NX }=-X(NXX)

Y{NX)=Y({NXX)

Z{NX)=Z(NXX)
TIX{NX)=—T1X(NXX)
TUY{NX)=TF1Y(NXX}
T1Z(NX)=T1Z(NXX}
T2X{NX)=—T2X{NXX)
T2ZY{NX)=T2Y(NXX)
T2Z{NX)=T2Z(NXX}
SALP{NX)=—SALP({NXX)
BI{NX)=BI(NXX)

M=M*2—M1

RETURN

REPRODUCE STRUCTURE WITH ROTATION TO FORM CYLINDRICAL STRUCTURE

FNOP=NOP

IPSYM=—1

SAM=6 .2B3185308/FNOP
CS=COS(SAM)
SS=SIN(SAM)

IF {N.LT.N2) GO TO 21
N=MN1+{N-N1)*NOP
NX=NP+1

DO 20 I=NX,N
K=I-NP+N1

XK=X(K)

YK=Y (K)
X(I)=XK*CS-YK*SS
Y{I)=XK*SS+YK*CS
Z({I)=Z(K)

XK=X2({K}

YR=Y2{K)
X2{I)=XK*CS-YK*SS
Y2{I)=XK*SS+YK*CS
Z2(1)=22(K)
ITAGI=ITAG(K)

IF (ITAGI.EQ.0) ITAG(I)=0
IF (ITAGI.NE.O) ITAG(I)=ITAGI+ITI
BI(I)=BI(K)

IF (M.LT.M2) GO TO 23
M=M1+(M—M1)*NOP
NX=MP+1

K=LD+1 M1

DO 22 I=NX,M

K=K—1

JEK—MP+M

XK=X(K)

YK=Y (K}
X(J)=XK*CS—YK*SS
Y{J)=XK*SS+YK?CS
Z($)Y=Z(K)
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130
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132
133
134
135
136
137
138
139
140
141

142
143
144
145
1486
147
148
149
150
151

152
153
154
155
1586
157
158
159
160
161

162
163
164
165
166
167
168
169
t70
171

172
173
174
175
1786
177
178
179
180
181

182
183
184
185
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193
194
185
196
197
198
199
200
201
202
203
204
205
2086
207
208
209
210
211

22

24

25

XK=T1X(K)
YK=T1Y{K)
TIX{J}=XK*CS-YK*SS
TiY(J)=XK*SS+YK*CS
TtZ(J)=T12(K)
XK=T2X(K)
YK=T2Y(K)
T2X(J)=XK*CS-YK*SS
T2Y(J)=XK*SS+YK*CS
T2Z{J}=T22(K)
SALP{J)=SALP(K)
BI{J)=BI(K)

RETURN

FORMAT (29H GEOMETRY DATA ERROR~-SEGMENT ,I5,26H LIES IN PLANE OF S

1YMMETRY)

FORMAT (27H GEOMETRY DATA ERROR-—PATCH,I4.26H LIES IN PLANE OF SYM

IMETRY)
END
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PURPOSE
To numerically integrate over the current distribution on a segment to

obtain the field due to the Sommerfeld integral term.

METHOD

ROM2Z integrates the product of Es(;) (see discussion of EFLD) and che
current over a segment. Separate integrals are evaluated for current
distributions of constant, sin k(s - so) and cos k(s - sg)+ With three
vector components of the field, there are nine integrals evaluated
simultaneously and stored in the array SUM. The integration method is the
same as that described for subroutine INTX, but loops from one through nine
are used at each step.'

The parameter DMIN 1s set in EFLD to

1 ]
DMIN = 0.01 [IE 12 + IE 12 + IE 12}
x y z

_ - k
where L' =I [ED(L‘) +

E(r)] ds .
I
segment k

DMIN is passed to TEST as the lower limit for the denominator in the relative
error evaluation to avoid trying to maintain relative accuracy in integrating

the Sommerfeld integral when 1t is much smaller than the other terms.

SYMBOL DICTIONARY

A = jower limit of integral
i3 = ypper limit of integral
DMIN = minimum for denominator in relative

error test

DZ = subinterval size
DZOT = 0.5 DZ
EP = tolerance for hitting upper limit
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GL, G2, G3, G4, G5

NM
NS
NT

NTS

NX

RX

S

SUM

TOO, TOL, TO2, TLO, TLL,
TMAGL, TMAG2

ZE
ZEND

CONSTANTS
l.E-4
65336

"

L}

T20

integrand values at points within the
subinterval

number of functions (9)

minimum subinterval size 1is {B - A)/NM
present subinterval size is (B - A)/NS
counter to control increasing
sublnterval size

larger values retard increasing
subinterval size

maximum subinterval size is (B ~ A)/NX
relative error limit

B - A

array for integral values

{see subroutine INTX)

sum of the magnitudes of the integral
contributions for the constant current
distribution

integration variable at left side of
subinterval

B

upper limit

relative error criterion

limit for cutting subinterval size
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SUBROUTINE ROM2 (A.B.SUM,DMIN)

FOR THE SOMMERFELD GROUND OPTION, ROM2 INTEGRATES OVER THE SOURCE
SEGMENT TO OBTAIN THE TOTAL FIELD DUE TO GROUND. THE METHOD OF
VARIABLE INTERVAL WIDTH ROMBERG INTEGRATION IS USED. THERE ARE 9

FIELD COMPONENTS - THE X,

Y, AND Z COMPONENTS DUE TO CONSTANT,

SINE. AND COSINE CURRENT DISTRIBUTIONS.

COMPLEX SUM,G1,62,63,64,65,T00,T01,T10,702,T11, 120
DIMENSION SUM(9), 61(9). G2(9), 63(9). G4(9), G5(9). T01(9), T10(9

1), T20(9)

DATA NM.NTS.NX.N/65535.4.1,9/.RX/1.E—4/

Z=A
ZE=8

S=B-A

IF (S.GE.0.) GO TO 1
PRINT 18

sTOP

EP=S/(1.E4*NM)
ZEND=ZE—EP

DO 2 I=1,N
SUM{1)=(0..0.)

NS=NX

NT=0

CALL SFLDS (Z.G1)

DZ=5 /NS

IF (2+4DZ.LE.ZE) GO TO 4
0Z=7E-Z

IF (DZ.LE.EP) GO TO 17
DZOT=DZ*.5

CALL SFLDS (Z+DZOT.G3)
CALL SFLDS (Z+DZ,G5)
TMAG1=0,

TMAG2=0

EVALUATE 3 POINT ROMBERG RESULT AND TEST CONVERGENCE.

DO & I=1,N
TO0={G1(I)+65(I))*DZOT
TO1(I)=(TO0+DZ*G3(I)}*.5

TI10(I)=(4.*T0O1{I)-T00)/3.

IF (I.6T.3) GO TO 6
TR=REAL(TO1(I))
TI=aAIMAG(TO1(I))
TMAG1=TMAGI +TR* TR+TI*TI
TR=REAL(T10(I))
TI=AIMAG(T10(I})
TMAG2=TMAG2+TR*TR+TI*TI
CONTINUE

TMAG1=SQRT( TMAG1)
TMAG2=SQRT{ TMAG2)

CALL TEST(TMAG].TMAGZ.TR.O..U..TI.DMIN)

IF(TR.GT.RX)GO TO 8

DO 7 I=1,N
SUM(I)=SUM(I}+T10(1)
NT=NT+2

GO TO 12

CALL SFLDS (Z+DZ*.25,62)
CALL SFLDS (Z+DZ*.75,G4)
TMAG1 =0,

TMAGZ=0.

EVALUATE 5 POINT ROMBERG RESULT AND TEST CONVERGENCE .
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65
66
67
68
69
70
71
72
73
74
- 75
76
77
78
79
80
81
az
83
B4
85
86
87
88
89
90
R
92
93
94
g5
96
97
98
99
100
101
102
103
104
105
106
107
108

10
1

00 9 I=1,N
TO2=(TO1{TI)+DZOT*{G2(I)+G4(I)))*.5
Tti=(4.*702-TOV(I))}/3.
T20{1)=(16.*T41-T1O(I})/15.
If (I.GT.3) GO TO 9
TR=REAL(T11)

TI=AIMAG(T11)
TMAGI=TMAGI+TR*TR+TI*TT
TR=REAL(T20(I))
TI=AIMAG(T20(I))
TMAG2=TMAG2+TR*TR+TI*TIL
CONTINUE '
TMAG1=SQRT( TMAG1}
TMAG2=SQRT( TMAG2)

CALL TEST{TMAG!,TMAG2,TR,0..0.,TI,DMIN)
IF(TR.GT.RX)GO TO !4

DO 14 I=1,N

SUM( T)=SUM{I)+T20(I)
NT=NT+1

2=2+DZ

If (2.GT.ZEND) GO 70 17

DO 13 I=1.,N

Gi1(1)=65(T)

IF (NT.LT.NTS.OR.NS.LE.NX) GO TO 3
NS=NS/2

NT=1

GO TO 3

NT=0

IF (NS.LT.NM} GO TO 15
PRINT 19, Z

GO TO 10

NS=NS#*2

DZ=S/NS

DZOT=DZ*.5

DO 16 I=i,N

G5{I)=G3({I)

G3(1)=G2(I}

Go TO S

CONTINUE

RETURN

FORMAT (30H ERROR - B LESS THAN A IN ROM2)
FORMAT (33H ROM2 —— STEP SIZE LIMITED AT Z
END
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SBF

PURPOSE

To evaluate the current expansion function associated with a given

segment, returning only that portion on a particular segment.

METHOD

SBF is very similar to routine TBF. Both routines evaluate the current
expansion functions. However, while TBF stores the coefficients for each
segment on which a given expansion function is non-zero, SBF returns the
coefficients for only a single specified segment.

In the call to SBF, I is the segment on which the expansion funcrion is
centered, IS is the segment for which the function coefficients Aj‘ B. and
Cj are requested. These coefficients are returned in AA, BB, CC, respectively.

Refer to TBF for a discussion of the coding and variables. One addi-
ticnal variable in SBF -- JUNE -- is set to -1 or +1 if segment IS is found

connected to end 1 or end 2, respectively, of segment I. If I = IS and

segment I is not connected to a surface or ground plane, then JUNE is set to 0.
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SUBROUTINE SBF (I.IS.AA,BH.CC)
COMPUTE COMPONENT OF BASTIS FUNCTION I ON SEGMENT IS.

COMMON /DATA/ LD,N1.NZ. N, NP M1 M2 M, MP X(300),Y(300),Z{300),ST{300

1),.8I(300),ALP(300) ,8ET(300},ICON1(300),ICON2(300),ITAG{300),ICONX(
2300) ,WLAM, IPSYM

DATA PI/3.141592654/. IMAX/30/
AA=0 .

BE=0.

CC=0.

JUNE=0

JSNO=0

PP=0.

JCOX=ICONI (I}

IF (JCOX.GT.10000) JCOX=I

JEND=—1

TEND=—-1

SIG=-1.

IF (JCOX) 1.11.2
JCOX=—JCOX

GO TO 3

SIG=-S1IG
JEND=-JEND
JSNO=JSNO+1

IF (JSNO.GE.JMAX) GO TO 24
D=PI*SI(JCOX)

SDH=SIN(D)

CDH=COS(D)

SD=2.*SDH*CDH

IF (D.GT.0.015) GO TO 4
OMC=4.*D*D
OMC=((1.3B8BBBIE-3+OMC—4 . 1666666667E-2)*OMC+.5)*0MC
GO TO 5
OMC=1.-CDH*CDH+SDH*SDH
AJ=1./(ALOG(1./(PI*BI{JCOX)))-.577215664)
PP=PP—OMC/SD*AJ

IF (JCOX.NE.IS) GO TO 6
AA=AJ/SD*SIG
BB=AJ/(2.*CDH)
CC=—AJ/{2.%SDH)*SIG
JUNE=IEND

IF (JCOX.EQ.I) GO TO 9

IF (JEND.EQ.1) GO TO 7
JCOX=ICON1 (JCOX)

GO TO 8

Jeox=1CconNz{Jcox)

IF (IABS({JCOX).EQ.I) GO TQ 10
IF (JCOX) 1,24,2

IF (JCOX.EQ.IS) BB=-BB

IF (IEND.EQ.1) GO TO 12
PM=—PP

PP=0. .

NJUN1=JSNO

JCOX=ICON2(1)

If (JCOX.GT.10000) JCOX=I
JEND=1

IEND=!

SIG=-1.

IF (JCcox) 1,12.2
NJUNZ=JSNO-NJUN?
D=PI*SI(I}

SDH=SIN(D)

CDH=COS(D)

SD=2.*SDH*CDH
CD=CDH*CDH-SDH*SDH
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11
112
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i27
128

13
14

16

17
18

20

21

22

23

24

25

IF (D.GT.0.015) GO TO 13

OMC=4.*0*D
DMC=((1.SBBBBBBE—S‘OMC—A.1666666667E~2)‘0MC+.S)‘OMC
GO TO 14

OMC=1.-CD
AP=1./(ALOG(1./(PI*BI(I)))-.577215664)
AJ=AP

IF (NJUNI.EQ.0) GO TO 19
IF (NJUN2.EQ.0) GO TO 21
QP=SD*(PM*PP+AI*AP}+CD* { PM*AP—PP*A )
QM=(AP*OMC—PP*5D) /QP
QP=—{AJ*OMC+PM*SD) /QP

IF (JUME) 15,18,16
AA=AA*QM

B8B=BB*QM

cC=CC*QM

GO TO 17

AA=-AA*QP

B8B=BB*QP

- CC=-CC*QP

IF (I.NE.IS) RETURN

AA=AA-T .
BB=BB+(AJ*QM+AP*QOP ) *SDH/SD
CC=CC+{AJ*QM—AP*QP ) *CDH/SD

RETURN

IF {NJUN2.EQ.0) GO TO 23
QP=PI*8I(I)

XXI=QPeQP
XXI=QP*(1.~.5*XXI)/(1.-XXI)
QP=—(OMC+XXI®*SD)/(SD* {AP+XXI*PP)+CO%(XXI*AP-PP))
IF (JUNE.NE.1) GO TO 20

AA==AA*QP

BB=BB*QP

CC=-—CC*QP

IF (I.NE.IS) RETURN

AA=AA~1 .

D=CD-XXI*SD

BB=BB+(SDH+AP*QP* (CDH-XXI*SDH}) /0
CC=CC+(CDH+AP*QP*(SDH+XXI*CDH}) /0
RETURN

QM=PI*BI(I)

XX I=QM*OM
XXI=QM*(1.-.5*XXI)/(1.-XXT)

QM= OMC+XXI*SD}/(SD* (AJ-XXI*PM)+CD* { PM+XXT*AJ})
IF {JUNE.NE.~1) GO TQ 22

AA=AA*QM

BB=BB*QM

CC=CC*aM

IF (I.ME.IS) RETURN

AA=AA-1 .

D=CD-XXI*SD

BB=BB+{AJ*QM* {COH-XXI*SDH)-SDH) /D
CC=CC+{COH-AJ*QM* (SDH+XXI*CDH) )} /D
RETURN

AA=-1,

QP=PI=8I(1)

XXI=QP*QP
XXI=QP*(1.~.5%XXI)/(1.-xxI)

CC=t. /(CDH-XXI*SDH)

RETURN

PRINT 25, I

STOP

FORMAT (43H SBF -~ SEGMENT CONNECTION E£RROR FOR SEGMENT ,IS)
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129 END SB 129-
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SECOND

PURPOSE

To obtain the time in seconds
METHOD

This subroutine acts as an interface of the computer system's time
function and the NEC program. The system time function is called, the
number is converted to seconds, and returned to the NEC program through the
argument of subroutine SECOND. On CDC 6000 series computers, the system time

function is SECOND and is called by the NEC program, Thils subroutine is,

therefore, omitted on CDC 6000 computers.

CODE LISTING

1 SUBROUT INE SECOND (T) SE t

Call system time function and set T equal to time in seconds.

9 RETURN SE 9
10 END SE 10-
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PURPUSE
To evaluate the Sommerfeld-integral field components due to an

infinitesimal current element on a segment.

METHOD

{he coordinates ot the segment are stored in COMMON/DATAJ/. The current
element, at a distance T from the center of the segment is located at (XT, YT,
ZT). From SL16 to 5L42 the p, ¢ and z coordinates of the field evaluation
point (X0, YO, Z0) are computed in a coordinate system with the z axis passing
through the current element and ¢ = 0 in the direction of the segment
reterence direction projected on the x,y plane. K2 is as shown in Figure 6
(page 160) and is the same as Rl in Section IV of Part I.

The Sommerfeld-integral field is computed from SL85 to SL11l by giving
RZ and 8', with

g' = tantl (_z__;__z_') ,

to subroutine INTRP. INTRP returns the quantities in equations 156 through

159 of Partc I as

ERV = IV
p
v
B2V = 1,
ERH = 1%
P
H
EPH = 1
¢

These qudantities are then multiplied by exp(—ijz)/Rz. The components for
a horizontal current element are multiplied by the appropriate factors of
sin ¢ or ¢os § and combined with the components for a vertical current element
according to the elevation angle of the segment. Thus lines SL94 to 5LY96 are
the p, z and ¢ components of the field of the current element. These are

converted to x, y and z components and stored in E(1), E(2) and
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E{3). They are also multiplied by sin(kT) and cos(kT) for the sine and cosine
current distributions and stored in other elements of E.
when the separation of the source segment and observation point is large
enough that the Norton approximation is used for the field, the code from SL&49
to SL80 is executed. In this case SFLDS is called directly by EFLD, with T
equal to zero, and returns an approximation to the field of the whole
segment. The current is lumped at the ceater for a point source approximation.
GWAVE computes the total field including direct field and the asymptotic

approximation of the field due to ground. Since EFLD has already computed

these terms must be removed from the field computed by GWAVE. The direct
field ED is set to zero by setting XXl to zero before calling GWAVE. The
second term is substracted from the field returned by GWAVE from SL59 to
SL63. The field components of a vertical (V) and horizontal (H) current

element in the direction ¢ = 0 at the image point are

Eg = (ER + ET) sin 6 cos ©
E; = ERcoszﬁ - ETsinze
Eﬂ = (ERsin29 - ETcoszﬁ) cos ¢
Eg = (ER + ET) sin 6 cos 6 cos ¢
Ei = ETsin ¢
where
:, - -j? exP('jk;Z) - ijz)
& (szk)
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_in exp(-JkRz) 9 2

= ~1 ;
E. = - (L - KRS + jkR.)
T 8H2 (szl)j 2 2
cos b = (z + z')fR2
sin ¥ = p/Rz
and current moment, Ik/lz = 1.

The sin ¢ and cos ¢ factors are omitted to match the quantities
returned by GWAVE. Also, the fields of the horizontal current are reversed
since the image of the source is in the direction ¢ = 180 degrees. These
quantities are multiplied by FRATI and subtracted from the fields returned by
GWAVE.

The total field, in x, y and z components, is stored from SL70 to SL72.
S is the length of the segment in wavelengths. Hence it is 11112 when
1/A = 1, The current moment for a sine distribution is zero and for a

cosine distribution is sin{ms)/n.

SYMBOL DICTIONARY

CPH = cos
E = array for returning field components
H H
EPH = E or 1
$ $
ER = bR
H H
ERH = E_ or 1
P P
ERV = E; or IZ
ET =
ET
H i
z = g
EZR hz or IZ
. L LY v
EZV = EZ or Iz
_ 2 2 2 2
FRATT = (k] = k) (k) + k)
H .
HRH = bp for image of source current element
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HRV = E;
HZV = H;
PHX = X component of é
PHY = y component of ¢
PI =7
POT = nf2
R1 = direct distance to source (set to arbitrary value)
R2 = distance to image
R2S = (R2)?
RHA =P
RHS = p?
RHX ‘ = x component of p
RHY = y component of p
RK = kRz
SFAC = value of current or current moment
SPH = sin ¢
T = distance from center of segment to current element
THET = g
TP = 2n
XT, YT, ZT = coordinates of current element
Z PHS =(z + z')2
CONSTANTS
1.570796327 = u/2
3.141592654 =7
6.283135308 = 27

=318~



WO N WA (N -

N - O

13
14
15
16
17
18
19
20
21

22
23
24
25
26
27
28
29
30
31

32
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AB
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52
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59
60
61

63
B4
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SUBROUTINE SFLDS {(T.E)

SFLDX RETURNS THE FIELD DUE TO GROUND FOR A CURRENT ELEMENT ON
THE SOURCE SECMENT AT T RELATIVE 1O THE SEGMENT CENTER.

COMPLEX E,ERV,EZV.ERH,EZH . EPH,T1,EXK,EYK,EZK,EXS EYS,EZS,EXC,EYC, £
1ZC,XX1,XX2,U,U2,ZRATI,ZRATI2Z ,FRATI ER,ET . HRV . HZV,HRH
COMMON /DATAJ/ S.B,XJ.YJ,ZJ,CABJ,SABS,SALPJ,EXK, EYK,EZK,EXS,EYS,EZ
1S.EXC,EYC,EZC,RKH, IEXK, IND1, IND2 , IPGND

COMMON /INCOM/ XO,Y0Q,ZO,SN,XSN.YSN, TSNOR

COMMON /GWAV/ U, U2, XX1,XX2,R1.R2,ZMH, ZPH

COMMON /GND/ZRATI,ZRATI2, FRATI,CL,CH,SCRWL ,SCRWR ,NRADL ,KSYMP , IFAR,
1IPERF,T1,72

DIMENSION E(%)

DATA PI/3.141592654/,TP/6.283185308/ ,POT/1 570796327/
XT=XJ+T*CABJ

YT=YJ+T*SABJ

ZT=ZJ+T*SALPJ

RHX=X0O—-XT

RHY=YO-YT

RHS=RHX*RHX+RHY *RHY

RHO=SQRT (RHS)

IF (RHO.GT.0.) GO TO 1

RHX=1 .

RHY=0 .

PHX=0.

PHY=1 .

GO TO 2

RHX=RHX /RHO

RHY=RHY /RHO

PHX=—RHY

PHY=RHX

CPH=RHX * XSN+RHY * YSN

SPH=RHY*XSN-RHX* YSN

IF (ABS(CPH).LT.1.E-10) CPH=0.

IF (ARS(SPH).LT.1.E-10) SPH=0.

IPH=Z0+ZT

ZPHS=ZPH*ZPH

R2S=RHS+ZPHS

R2=SQRT(R2S)

RK=R2*TP

XX2=CMPLX{COS(RK} ,~SIN{RK))

IF (ISNOR.EQ.1) GO TO 3

USE NORTON APPROXIMATION FOR FIELD DUE TO GROUND. CURRENT IS
LUMPED AT SEGMENT CENTER WITH CURRENT MOMENT FOR CONSTANT, SINE,
OR COSINE DISTRIBUTION.

ZMH=t} .

R1=1,

XXi=0.

CALL GWAVE (ERV ,EZV,ERH,EZH,EPH)
ET:w(O.,4.?7134)'FRA?I‘XX2/(R25’R2)
ER=2.*ET*CMPLX{ 1. ,RK)}
ET=ET*CMPLX{ ¥ . -RK*RK ,RK)
HRV=(ER+£T} *RHO*ZPH/R2S
HZV={ZPHS*ER-RHS*ET}/R2S

HRH={ RHS*ER-ZPHS*ET)}/R2S
ERV=ERV~HRV

EZV=EZV-HZV

ERH=ERH+HRH

EZH=EZH+HRYV

EPH=EPH+ET

ERV=ERV*SALPY
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EZV=EZV*SALP
ERH=ERH*SN*CPH
EZH=EZH*SN*CPH
EPH=EPH*SN*SPH
ERH=ERV+ERH
E(1)=(ERH*RHX+EPH*PHX ) *5
E(2)=(ERH*RHY+EPH*PHY)*S
E{3)=(E2ZV+EZH)*S

E{4)=0.

E{5)=0.

E(6)=0.

SFAC=PI*S
SFAC=SIN{SFAC)/SFAC
E(7)=E(1)*SFAC
E(B)=E(2)*SFAC
E{9)=E(3)*SFAC

RETURN

INTERPCLATE IN SOMMERFELD FIELD TABLES

IF (RHO.LT.1.E-12) GO TO 4
THET=ATAN{ ZPH/RHO)

GO TO 5

THET=PQT

CALL INTRP (R2Z,THET,ERV,EZV.ERH,EPH)

COMBINE VERTICAL AND HORIZONTAL COMPONENTS AND CONVERT TO X,Y.Z

COMPONENTS. MULTIPLY BY EXP(-JKR)/R.

XX2=XX2/R2

SFAC=SN*CPH
ERH=XX2*(SALPJ*"ERV+SFAC*ERH)
EZH=XX2*(SALPJ*EZV-SFAC*ERY)
EPH=SN*SPH*XX2*EPH

X.Y.Z FIELDS FOR CONSTANT CURRENT
E{1)=ERH*RHX+EPH*PHX
E{2)=ERH*RHY+EPH®*PHY

E{3)=E€2ZH

RK=TP«T

X.Y,Z FIELDS FOR SINE CURRENT
SFAC=SIN(RK)

E(4)=E{1)*SFAC

E(5)=E(2)*SFAC

E{6)=E(3)*SFAC

X,Y,Z FIELDS FOR COSINE CURRENT
SFAC=COS(RK)

E(7)=E{1)*SFAC

E(8)=E(2)}*SFAC

E(9)=E(3)*SFaC

RETURN

END
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SOLGF

PURPOSE

To solve for the basis function amplitudes in the NGF procedure,

YETHOD

The operations performed here are described in the NGF overview in
jection VI. SOLGF is called for either a NGF solution or a normal solution.
For the normal solution, or for a NGF solution when no new segments or patches
1ave been added, the solution is obtained by calling SQOLVES at SFl4.
Jtherwise, the rest of the code is executed.

The excitation vector XY is filled in the subroutine ETMNS in the order

1. E on NGF segments (N1 elements)
2. E on new segments (N - Nl elements)
3. H on NGF patches (2Ml elements)
4. H on new patches (2M - 2M1l elements)

'rom SF18 to SF29 this vector is put in the order

1. E on NGF segments

Ey
2. H on NGF patches
3. E on new segments

E2

4, H on new patches

o conform to the matrix structure. From SF30 to S5F36, zeros are stored in XY
n the locations opposite the rows of the C' matrix. Line SF37 then computes
- E, storing it in place of E,.

8F&4l to SF52 computes E,-¢C A']‘E1 and stores it in palce of
g+ Matrix C is read from file 15 if necessary to form the product with

'131. From SF55 to SF80

=321~



SOLGF

_ _ -1 -1 _ -1
{D CA B} [E2 CA El]

I,
is computed in the original location of E,. 1f ICASX is 4 the block
parameters for the primary matrix are temporarily changed to those of
D - CA"IB so that LTSOLV, which uses the primary block parameters, can

perform the solution procedure. From SF84 to SF95

IS SRS |
I,=ATE -(aBI,

is computed. The recordering step at the beginning of SOLGF is then reversed

from SF98 to 53F107 to put the solution vector in the order

1. amplitudes of NGF basis functions

2. amplitudes of new basis functions

3. NGF patch currents

4. new patch currents

5. amplitudes of modified basis functions for NGF segments that connect
Lo new segmentcs

1
6. meaningless values associated with Bss

Finaily, Erom SF109 to SFLLl3 the amplitudes of the modified basis functions

are stored in place of the NGF basis functions that were set to zero.

SYMBOL DICTIONARY
A = array for matrix AF

= array starting just after A in CM (used for factoring

D - cA™'B for ICASX = 2, 3 or 4)
C = array for matrix C
D = array used for factoring D - CA—lB when ICASX = 1
LCASS = saved value of ICASE
ILFL = file in which blocks of A, are stored in descending

F
order {ascending order is always on 13)

1p = array of pivot element indices

M = number of patches
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M1
MT?

N

N1

NLlC

N2
N2C
NBLSYS
NEQ
NEQS
NLSYS
NP

NPSYS
s5UM
XY

SOLGF
number of patches in NGF
number of patches in one symmetric section of the NGF
structure
number of segments
number of segments in NGF
number of unknowns in NGF (N1 + 2M1)
NL + 1
number of new unknowns (order of D)
saved value of NBLSYM
total number of unknowns (NGF and new)
number of columns in B;w and B;s
saved value of NLSYM
number of segments in a symmetric section of the NGF
structure
saved value of NPSYM

summation variable for matrix products

excitation and solution vector
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11

SUBROUTINE SOLGF (A.B.C,D.XY.IP.NP.NI.N.MP.M!.M.N1C.N2C)

SOLVE FOR CURRENT IN N.G.F. PROCEDURE
COMPLEX A,B,.C.D.SUM.XY,Y
COMMON /SCRATM/ Y(600)

COMMON /SEGJ/ AX(30),BX(30).CX{30),JCO(30),ISNO, ISCON(50) ,NSCON, IP

1CON(10) ,NPCON

COMMON /MATPAR/ ICASE ,NBLOKS ,NPBLK ,NLAST ,NBLSYM.NPSYM,NLSYM, IMAT, I

1CASX ,NBBX ,NPBX ,NLBX ,NBBL ,NPBL ,NLBL
DIMENSION B(N1C,1), C(N1C,1), D{N2C,1), IP{1), xY(1)
IFL=14

IF {(ICASX.GT.0) IFL=13

IF (N2C.GT.0) GO TO t

NORMAL SOLUTION. NOT N.G.F.

CALL SOLVES (A,IP,XY,N1C,1,NP,N,MP ,M,13,IFL)
GO TO 22

IF {N1.EQ.N.OR.M1.EQ.0) GO TO 5
REORDER EXCITATION ARRAY

NZ=N1+1

JJ=N+1

NPM=N+2*M1

DO 2 I=N2,NPM

Y(I)=xY(I)

J=N1

DO 3 I=JJ,NPM

J=J+1

XY{J)=y(1)

D0 4 I=N2,N

J=Jd+i

XY(J4Yy=y({I)

NEQS=NSCON+2*NPCON

IF (NEQS.EQ.0) GO TO 7

NEQ=N1C+NZC

NEQS=NEQ-NEQSH1

COMPUTE INV({A)E1

00 & I=NEQS,NEQ

XY(I)=(0..0.)

CALL SOLVES {(A.IP,XY,N1C,1,NP N1 ,MP M1, 13 ,IFL)
NI=0

NPB=NPBL

COMPUTE E2-C(INV(A)E1)

DO 10 JJ=1,NBBL

IF (JJ.EQ.NBBL) NPB=NLBL

IF (ICASX.GT.1) READ {15) ((€(I,J).I=1,N1C),J=1,NPB)
II=N1C+NI

DO 9 I=1,NPB

SUM=(0.,0.)

DO 8 J=1,NIC

SUM=SUM+C(J, I} *XY{J)

J=II+I

XY{J)=XY(J)-SUM

NI=NI+NPBL

REWIND 15

JI=NICHI

COMPUTE INV({D}{(E2-C(INV(A)E1)) = I2
IF (ICASX.GT.1) GO TO 11

CALL SOLVE (N2C,D,IP{JJ).XY(JJ).N2C)
GO TO 13

IF (ICASX.EQ.4) GO TQ 12

NI=N2C*N2C

READ (11} (B(J,1),J=1,NI)

REWIND 11

CALL SOLVE (N2C,B,IP(J4J).XY(JJ),N2C)
GO TO 13 :

NBLSYS=NBLSYM
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14
15
16

18

19

20

21
22

NPSYS=NPSYM

NLSYS=NLSYM

ICASS=ICASE

NBLSYM=NBBL

NPS YM=NPBL

NLSYM=NLBL

ICASE=3

REWIND 11

REWIND 16

CALL LTSOLY (B.N2C.IP(JJ),XY{JJ).N2C.1,11,16)
REWIND 11

REWIND 18

NBLSYM=NBLSYS
NPSYM=NPSYS

NLSYM=NLSYS

ICASE=ICASS

NI=0

NPB=NPBL

COMPUTE INV{A)E1-{INV(AIB}IZ = I1
DO 16 JJ=1,NEBL

IF (JJ.EQ.NBBL) NPB=NLBL

IF (ICASX.GT.1) READ (14) ((B(I,J).I=1,NI1C),I=1,NPB)

II=N1C+NI
DO 15 I=1,NIC
SuM=(0.,0.)

DO 14 J=1,NPB

JP=II+J
SUM=SUM+B( L, J)*XY{JP)
XY(I)=xXY({I)~-SUM
NI=NI+NPBL

REWIND 14

If (N1.EQ.N.OR.MI1.EQ.0) GO TO 20
REORDER CURRENT ARRAY

DO 17 I=N2,NPM
Y{I)=XY(I)

JI=N1C+1

J=N1

B0 18 I=JJ,.NPM

J=J+1

XY(J)=Y(I)

DO 19 I=NZ,NIC

J=J+1

XY (J4)=Y(IL)

IF (NSCON.EQ.0) GO TQ 22
J=NEQS-1

DO 21 T=1,NSCON

J=J+1

JI=ISCON{I)

XY(Jd)=xy($)

RETURN

£END
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SOLVE
PURPOSE
To solve the system LUx = B, where L is a lower triangular matrix with

ones on the diagonal, U is an upper triangular matrix, and B is the right-hand

side vector (RHS).

METHOD
The algorithm used is described on pages 409-415 of ref. 1. The solu-
tion of the matrix equation LUx = B is found by first solving

Ly = B, (3)
and then

Ux = vy, (&)
since

LUx = Ly = B

The solution of equations (3) and (4) is straightforward since the matrices

are both triangular. The solution of equation (3) can be written

1 i-1
y. =7—[b, = > ..v. i=1, ..., n
i Eii i =1 ij 73

Equation (4} can be written similarly.

The L and U matrices are both supplied by the subroutine FACTR and are
stored in the matrix A; the 1's on the dlagonal of L are suppressed. Care
must be exercised in the solution, since rows were interchanged during
factorization, and this necessitates rearranging the RHS vector; furthermore,
the L matrix itself is not completely rearranged. The information pertinent
to the row rearrvangements has been stored by FACTR in an integer array (IP),
and it is used in the computations. The final solution of the equations is
overwritten on the input RHS vector bB.

The only dilferences between the coding in SOLVE and the coding
sugrested in ref. | arec: (1) double precision variables are not used for
the accumulation of sums, since, for the size of matrices anticipated in core,
the computer word length is sufficlent, and (2) the transposes of the L and U
matrices are supplied in A by FACTR. Thus, the row and column indices used in

the routine are reversed to account for this transpesition.
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CODING
5015 - 5025 The scelution for v in equation (3).
5029 - 8039 The solution for x in equation (4) and the storage of the

solution in B.

SYMBOL DICTIONARY

= array contains the input L and U matrices

B = array contains the input RHS and is overwritten with the
solution

I = DO loop index

IP = array contains row positioning informaticn

IPL =1+ 1

J = DO loop index

K = DO loop index

N = order of the matrix being solved

NDIM = dimension of the array where the matrix is stored NDIM > N

PI = intermediate integer
SUM = intermediate variable
Y = scratch vector
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SUBROUTINE SOLVE (N,A,IP,B,NDIM)

SUBROUTINE TO SOLVE THE MATRIX EQUATTION LU*X=B WHERE L IS A UNIT
LOWER TRIANGULAR MATRIX AND U IS AN UPPER TRIANGULAR MATRIX BOTH
OF WHICH ARE STORED IN A. THE RHS VECTOR B IS INPUT AND THE
SOLUTION IS RETURNED THROUGH VECTOR B. {MATRIX TRANSPOSED.

COMPLEX A,B,Y,SUM

INTEGER PI

COMMON /SCRATM/ Y{600)

DIMENSTON A{NDIM,NDIM), IP(NDIM}, B(NDIM)

FORWARD SUBSTITUTION

Do 3 I=1,N

PI=1P(I)

Y(I)=B(PI)

B(PI)=B({I)

IP1=I+1

IF (IP1.GT.N) GO TO 2
00 1 J=IPt,N
B(J)=8{J)-A(T,J)*¥(I)
CONTINUE

CONTINUE

CONTINUE

BACKWARD SUBSTITUTION

DO & K=1,N

I=N-K+1

SUM=(0.,0.)

IP1=1I+%1

IF (IP1.GT.N) GO TO S
DO 4 J=IPt . N
SUM=SUM+A(J,I)*B{J)}
CONTINUE

CONTINUE
B(I):(Y(I)—SUM)/A(I.I)
CONTINUE

RETURN

END
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SOLVES

PURPOSE

To control solution of the matrix equation, including transforming and

reordering the solution vector.

METHOD

When SOLVES is called, the array B contains the excltation computed by
subroutines ETMNS or NETWK. The exciting electric field on all segments is
stored first in B, followed by the magnetic fields on all patches. In
the case of a symmetric structure, however, the matrix is filled with
the coefficients of all segment and patch eéquations in the first symmetric
sector occurring first. These are followed by the coefficients for
successive sectors in the same order. This order is required for the solution
procedure for symmetric structures described in section III-3 of Part I. For
the case of a symmetric structure with both segments and patches, SOLVES first
rearranges the excitation coefficlents in array B to correspond to the order
of the matrix coefficients,.

For symmetric structures, SOLVES then computes the transforms of the
subvectors in B according to equation (88) of Part I. Subroutine SOLVE or
LTSOLV is then called to compute the solution or solution subvectors. The

procedure is selected by the parameter ICASE as follows.

No symmetry, matrix in core. SOLVE is called for the solution.

1

2 Symmetry, matrix in core. SOLVE is called for each subvector.

3 No symmetry, matrix out of core, LTSOLV is called for the solution.

4 Symmetry, complete matrix does not fit in core but submatrices do.
SOLVE is called for each subvector after first reading the appropriate
submatrix from file TFLI.

5 Symmetry, submatrices do not fit in core. LTSOLV is called for each

subvector.

SOLVES then computes the total current by inverse transforming the subvectors

by equation (115) of Part I. For a symmetric structure with segments and patches,
SOLVES then rearranges the solution in array B to put all segment currents

first, followed by all patch currents, which is the order of the original

excitation coefficients.

~-329-



SOLVES

Multiple right-nand-side vectors (NRH) may be processed simultaneously at each
step in SULVES. This reduces the time spent reading files when LTSOLV is

called, and is used in computing A-LB in the NGF procedure.

CODING
5522 - 5539 Rearrange excitation coefficients.
B343 — 8556 Transform subvectors.
5563 - 5575 Solve for each subvector.
3581 - 35%4 Inverse transform subvectors.
5596

55113 Rearrange solution coefficients.

SYMBOL DICTIONARY

A = array set aside for in-core matrix storage, i.e., factored
matrices

B = right-~hand side; the solution is overwritten on this array also

FNOP = decimal form of NOP

FNORM = 1/FNOP

IFLL = file with matrix blocks in normal order

IFL?2 = file with matrix blocks in reversed order

Ip = array containing posifioning data used in SQLVE

M = number of patches

MP = number of patches in a symmetric sector

N = number of segments

NCOL = number of columns in array A

NEQ = order of complete matrix

NOP = pumber of symmetric sectors

NP = number of segments in a symmetric sector

NPEQ = order of a submatrix

NRH = number of right-hand-side vectors in B

NROW = number of rows in A

$SX = array coatalning the coefficients Sik in equation {89) of
Part [

sUM = summation variable

Y = scratch vector
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SUBROUT INE SOLVES (A‘IP,B.NEQ.NRH,NP.N.MP.M.IFL1.IFLZ)

SUBROUTINE SOLVES, FOR SYMMETRIC STRUCTURES, HANDLES THE
TRANSFORMATION OF THE RIGHT HAND SIDE VECTOR AND SOLUTION OF THE
MATRIX EQ.

COMPLEX A,B.,Y,SUM,SSX
COMMON  /SMAT/ SSX(i6,16)

COMMON /SCRATM/ Y(600)

COMMON /MATPAR/ ICASE.NBLOKS.NPBLK.NLAST.NBLSYM.NPSYM.NLSYM.IMAT,I
TCASX,NBBX,NPBX,NLAX ,NBBL ,NPBL ,NLBL
DIMENSION A(1), IP(1). B(NEQ.NRH)
NPEQ=NP +2 *MP

NOP=NEQ/NPEQ

FNOP=NQP

FNORM=1 . /FNOP

NROW=NEQ

IF (ICASE.GT.3) NROW=NPEQ

IF (NOP.EQ.1) GO TO 11

DO 10 IC=1,NRH

IF (N.EQ.0.0R.M.EQ.0) GO TO 6

DO 1 I=),NEQ

Y(I)=8(I.IC)

KK=2*MP

TA=NP

IB=N

J=NP

DO 5 K=1,NOP

IF (K.EQ.1) GO TO 3

DO 2 I=1,NP

IA=IA+]

J=J+1

B{J.IC)=Y(IA)

IF (K.EQ.NOP) GO TO 5

DO 4 I=1, KK

IB=T8+]

J=J+1

B(J,IC)=Y(IB)

CONTINUE

TRANSFORM MATRIX EQ. RHS VECTOR ACCORDING TO SYMMETRY MODES

DO 10 1=1,NPEQ

DO 7 K=1,NOP
IA=I+(K—-1}*NPEQ
Y(K)=B(IA,IC)

SUM=Y(1)

DO B K=2 ,NOP
SUM=SUM+Y (K)
B(I.IC)=SUM*FNORM

DO 10 K=2,NOP
IA=I+({K~1)*NPEQ

SUM=Y( 1)

DO 9 J=2 NOP
SUM=SUM+Y( $) *CONJG(SSX(K, 1))
B(1A,TC)=SUM*FNORM

If (ICASE.LT 3) GO TO 12
REWIND TiL1

REWIND IFL2

SOLVE £ACH MODE EQUATION

OO 16 KK=1,NOP
Ia=(KK-1 ) *NPEQ+1
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65
66
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13

15
16

a0

19
20

21

22

23

24

25
26

I8=IA

IF {(ICASE.NE.4) GO TO 13

I=NPEQ*NPEQC

READ (IFL1) (A(J),J=1,1)

IB=1

IF (ICASE.EQ.3.0R.ICASE.EQ.5) GO TO 15

DO 14 IC=1,NRH

CALL SOLVE (NPEQ.A(IB),IP(IA),B{IA,IC),NROW)
GO TO 16

CALL LTSOLV (A NPEQ,IP({IA),8(IA,1) ,NEQ,NRH,IFL1,IFL2)
CONTINUE

IF (NOP.EQ.1) RETURN

INVERSE TRANSFORM THE MODE SOLUTIONS

DO 26 IC=1,NRH

DO 20 I=1,NPEQ

DO 17 K=1,NOP
IA=T+{K-1)*NPEQ
Y(K)=B(IA,IC)

SUM=Y (1)

DO 18 K=2,NOP
SUM=SUM+Y (K)
B(I,IC)=SUM

DO 20 K=2,NOP
IA=TI+(K-1)}*NPEQ
SUM=Y (1)

DO 19 J=2,NOP
SUM=SUM+Y(J)*SSX(K, )}
B(IA,IC)=SUM

If (N.EQ.0.OR.M.EQ.0) GO TO 26
DO 21 I=1,NEQ
Y(I)=B(T,TIC)

KK=2*MP

IA=NP

I8=N

J=NP

DO 25 K=1.NOP

IF (K.EQ.1) GO TO 23
00 22 I=1,NP

TA=TIA+1

J=J+1

B(Ia,IC)=Y(J}

IF (K.EQ.NOP) GO TO 25
DO 24 I=1,KK

IB=IB+1

J=J+1

B(IB.IC)=Y(J)
CONTINUE

CONTINUE

RETURN

END
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TBF

PURPOSE
To evaluate the current expansion function associated with a given

segment .

METHOD
The current expansion function is described in section ITI-] of Part I.
The parameter I is the number of the segment on which the function is centered.

On segment I and on all segments connected to either end of segment I, the

function has the form

£.(s) = A, + B, sin [k(s - s,)] + C, cos [k(s - s.)1 .,
J 1 3 ] ]

3
where j is the segment number. TBF locates all connected segments and stores

the segment numbers, j, in JCO in COMMON/SEGJ/. It computes A_, B., and Cj

»
and stores them in AX, BX, and CX, respectively, in the same lgcation as was
used in JCO. Aj, Bj’ and Cj for j = I are stored last in the arrays.

If TCAP = 0, the function goes to zero at an end of segment I to which
no other segment or surface is connected. If ICAP # 0, the function has a

non-zero value at a free end, allowing for the current onto the wire end cap.

CODING
Equations and symbols refer to Part I.
TB9 - TB55 This code forms a loop that locates all segments connected
to the ends of segment 1, first for end 1 (IEND = -1) and
then for end 2 (IEND = 1),

TB9 - TBleé Parameters are initialized to start search for segments
connected to end 1 of segment I.
- +
TB34 PP = Pi for end 1 of segment I or Pi for end 2 of segment
I.
+
"TB35 - TB37 Equations {(43) to (48) of Part I evaluated except for Qi:
+, *
AX(JSNO) = Aj/Qi
+, %
BX(JSNO) = Bj/Qi
NO i/ t
CX(JSNO) = Cj Qi

JCO(JSNO) = j
TB18 Exit from loop if segment I is connected to a surface or

ground plane. Segment I will occur in COMMON/SEGJ/ twice
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TB39 - TB42

TB&44

TB46

TB47 - TBS55

TB59 - TB70

TB73 - TB86

TBB9 - TB102

in this case, once for the center of the expansion func~
tipn on segment I and once for the part of the function
extending onto the image of segment I in the surface.

Line TB45 changes the sign of Bjt for the image term. The
sum of the two parts of the function on segment I then

has zero derivative at the end connected to the surface.
Check appropriate end of segment ] to determine whether

it shows a connection to segment I (end of search) or
connection to amother segment (multiple junction).

Continue search for connected segments {(multiple junction).
Exit from loop after finishing search for both ends of
segment I,

Store values for end 1 of segment I and initialize for end
2. Then return to previous loop.

Evaluate functions of segment length and radius for
segment I. For kA < 0.03, a series is used for 1 — cos kA,
where A = segment length.

Final calculations if neither end of segment I is a free
end.

Final calculations for free end on end 1 of segment I.

TBi04 ~ TB117 Final calculations for free end on end 2 of segment I.

TB119 - TB126 Final calculations for free ends on both ends of segment 1.

TB128

SYMBOL DICTIONARY

AJ
AP
CDh
CDH

TLCAP

TEND

JCOX
JLEND

i

a

Tt

a
1

Aj = -1 for j = I in all cases.

cbs kAj

cos(kAj/2)

ki /2 or cos kA, - X, sin k&,
i i i i

flag to determine whether the funetion goes to zero at a free

end

-1 during calculations for end 1 of segment I and +1 for end 2.

“oconnection {andex

Toif

end 1 ol a segment is connected to segment [, +1 if end

is vonnected te Sesment L.
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JMAX = maximum number of segments allowed in the expansion function.
Tiris includes segment I and all segments connected to either end.

JSNOP = JSN + 1

NJUNL = N

NJUNZ = N+

oMC =1 -~ cos kAj

PI =T

PM = P;

PP = pt

QM =03

QP = QF

5D = gin kAj

SDH = sin (kAj/Z)

51G = sign for calculation of Aj and Cj

XX1 = Jl(kai)/JO(kai) (small argument series used for Bessel functions)
CONSTANTS

0.577215664 = Eulers constant

0.015 = 0.03/2

1.388B8889E-3 = 1/720

3.141592654 =7

4.1666666667E-2 = 1/24
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SUBROUTINE TOF (I,ICAP}
COMPUTE BASIS FUNCTION I

COMMON /DATA/ LD,N1,N2,N,NP,M1,M2,M,MP,X(300),Y{300),Z(300)},S1(300
1),8T(300),ALP(300),BET{300) ., ICON}(300),ICON2(300),ITAG(300) , ICONX

2300) ,WLAM, IPSTM

COMMON /SEGJ/ AX(30),BX(30).CX(30),JC0O(30),ISNO,ISCON(50) ,NSCON,IP

1CON(10) ,NPCON

DATA PI/3.141592654/, IMAX/30/
JSNO=0

PP=0.

JCOX=TCON1(T)

IF (JCOX.GT.10000) JCOX=1

JEND=-1

TEND=—1

SIG=-1.

IF (JCOX) 1,10,2
JCOX=—JCOX

GO TO 3
SIG=-516
JEND=~JEND

JENO=JSNO+1

IF (JSNO.GE.JMAX) GO TO 28
JCO(JSNO)=JCOX
D=PI*SI(JCOX)

SDH=SIN(D)

CDH=C05(D)

SD=2.*SDH*CDH

IfF (0.GT.0.015) GO TO 4
OMC=4.*D*D
OMC=((1.388BBB9E-3*OMC~4.1666666667E—~2) *OMC+.5)*0MC
GO T0 5
OMC=1.~CDH*COH+SDH*SDH
AJ=1./{ALOG(1./(PI*BI(JCOX)))—.577215664)
PP=PP—OMC/SD*AJ

AX{ JSNO)Y=AJ/SD*SIG

BX{ JSNO)=AJ/(2.*CDH)
CX(JSNO)=—AJ/(2.*SDH)*SIG
IF (JCOX.EQ.I) GO YO B

IF (JEND.EQ.1) GO TO 6
JCOX=ICONT(JCOX)}

GO TQ 7

JCOX=TCON2Z{ JCOX)

IF (IABS(JCOX).EQ.I) GO TO 9
IF (JCOX) 1,28,2

BX{ JSNO)}=—BX{ JSNO)

IF (IEND.EQ.1) GO TO 11
PM=-PP

PP=0.

NJUN1=JSNO

JCOX=ICON2(I)

IF (JCOX.GT.10000) JCOX=I
JEND=1

LEND=1

SIG=—1.

IF (JCox) 1,11,2
NJUN2=JSNO~NJUN1
JSNOP=JSNO+1

JCO(JSNOP)=I

D=PI*SI(1)

SDH=SIN{D}

CDH=COS(D}

SD=2.*SDH*CDH
CD=CDH*CDH—SDH*SDH

IF (D.GT.0.015) GO TO 12
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€65
66
67
€8
69
70
71
72
73
74
75
76
77
78
79
80
a1
B2
83
84
85
86
87
88
89
90
91
92
93
94
85
96
97
98
99
100
101
102
103
104
105
106
107
108
i09
ilo
11
12
£13
114
115
116
17
118
118
120
121
122
i23
124
125
i26
127
128

12
13

15

20

21

22

23

24

25

26
27

OMC=4.%D*D
OMC:((!.3888889E-5‘OMC—4.l665656667E—2)'0MC+.5)‘OMC
GO TO 13

OMC=1.-CD

AP=1./(ALOG(1./(PI*BI(I)))-.577215664)
AJ=AP

If (NJUNT.EQ.Q) GO TO 16

IF (NJUN2.EQ.0) GO TO 20
QP=SD*(PM*PP+AJ*AP )+CD*(PM*AP-PP*AJ)
QM={ AP*OMC—PP*SD}/QF
QP=-{AJ*OMC+PM*SD) /QP

BX{ JSNOP)=(AJ*QM+AP*QP } *SDH/SD

CX{ JSNOP )={AJ*QM—AP*QP)}*CDH/SD

DO 14 IEND=1,NJUN1
AX{IEND)=AX(IEND)*QM
BX{IEND)=BX(IEND)*QM
CX{LEND)=CX({IEND)*QM

JEND=NJUN1+1

DO 15 TEND=JEND, JSNO
AX(IEND}=—AX(IEND)*QP
BX(IEND)=BX{I1END)=QP
CX{TEND)=-CX{IEND)"*QP

GO TO 27

IFf (NJUN2.EQ.0) GO TO 24

IF (ICAP.NE.O) GO TO 17

XXI1=0.

GO TO 18

QP=PI*BI(I)

XXI=QP*QP

XXI=QP*(1.-.5%XXI)/(1.-XXI)
QP=—(OMC+XXI*SD}/(SD*{AP+XXI*PP)+CD* (XXI*AP—PP))
D=CD-XXI*SD

BX{( JSNCP )=(SDH+AP*QP*{CDH-XXI*SDH))/D
CX{ JSNOP)=(CDH+AP*QP*(SDH+XXI*CDH)) /D
DO 19 IEND=1,NJUN2Z
AX{TEND)=-AX(TEND)*QF

BX({ IEND)=BX(IEND)*QP
CX{IEND)=—Cx(IEND)*QP

GO 1O 27

IF (ICAP.NE.Q) GO TO 21

XXI=0.

GO TO 22

QM=PI*BI(I)

XXI=QM* QM

XXT=0M*{(1.—.5*XXI)/(t. —XXI)}
QM=(OMC+XXI*SD)/(SD* (AJ—XXI*PM)+CD*(PM+XXI*AJ) )
D=CD-XXI*SD

BX( JSNOP}=(AJ*QM* {COH=XXI*SDH)—SDH) /D
CX( JSNOP )} =(CDH-AJ*QM* (SDH+XXI*CDH) ) /D
DO 23 IEND=1,NJUNI1
AX(IEND})=AX(IEND)*QM
BX({TEND)=BX({IEND)*OM
CX(IEND)Y=CX(IEND)*QM

GO TO 27

BX(JSNOP)=0.

IF (ICAP.NE.O) GO TO 25

XXI=0.

GO TO 26

QP=PI*BI(I)

XXI=QP*QP

XXI=QP*(1.—.5*XXI)}/(1.-XXI)
CX{JSNOP)=t . /(CDH-XXI*SDH)

JSNO=JSNOP

AX(JSNO)=—1,
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95
96
a7
98
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100
101
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103
104
105
106
107
108
109
110
111
112
113
114
15
116
117
118
1t9
120
21
122
123
124
125
126
127
128
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12¢ RETURN T8 129
130 28 PRIMT 29, I : TB 130
131 sToP ™8 131
132 C B 132
123 29 FORMAT (43H TBF — SEGMENT CONNECTION ERROR FOR SEGMENT, IS5} T8 133
134 END T8 134~
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TEST

TEST !

PURPOSE

To compute the relative difference of two numerical integration results

for the Romberg variable-interval-width integration routines.

METHOD _

The first numerical integration result is the complex number (FIR, F1I)
and the second is (F2R, F2I). The real and imaginary parts of the two results
are subtracted and the differences are divided by the largest of F2ZR, F2I,
DALIN or 10-37. The denominator is chosen to avoid trying to maintain a

small relative error for a quantity that is insignificantly small.

5SYMBOL DICTIONARY

ABS = external routine {absolute value)

DEN = largest of IF2RI and IF2II

DMIN = minimum denominator

FLI = imaginary part of first integration result

FLR = real part of first integration result

F21 = imaginary part of second integration result

F2R = real part of second integration result

TL = relative difference of imaginary parts

TR = relative difference of real parts
CONSTANT

1.E-37 = tolerance in test for zero
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SUBROUTINE TEST (FlR.FZR.TR.FII.FZI.TI.DMIN)

TEST FOR CONVERGENCE IN NUMERICAL INTEGRATION

DEN=ABS(F2R)

TR=ABS(F21)

Ir (DEN.LT.TR) DEN=TR

IF (DEN.LT.DMIN) DEN=DMIN
IF (DEN.LT.1.E~37) GO TO 1
TR=ABS((F1R-F2R)/DEN)
TI=ABS((F1I-F2I)/DEN)
RETURN

TR=0.

TI=0.

RETURN

END
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TRIO

TRIO

PURPOSE
To evaluate each of the parts of current expansion functions on a single

segment due to each of the segments connected to the given segment.

METHOD

TRIO consists of a loop that uses the connection data in arrays ICON1
and TCONZ2 to locate all segments connected to segment J. Subroutine SBF is
called to evaluate the current expansion function centered on each connected
segment and on segment J. Only the function coefficients for that part of
each expansion function on segment J are returned and are stored in arrays
AX, BX, and CX. The number of the segment with which each expansion function
part is associated is stored in array JCO and the total number of expansion

functions invelved is stored as JSNO.

SYMBOL DICTIONARY

IEND = -1 during calculations for end 1 of segment J, and +1 for end 2

JCOX = number of a segment connected to segment J

JEND = -1 if end 1 of segment JCOX is connected to segment J; +1 if end
2 of segment JCOX is connected to segment J

JMAX = dimension of the arrays in COMMON/SEGJ/
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SUBROUTINE TRIO (J)

COMPUTE THE COMPONENTS OF ALL BASIS FUNCTIONS ON SEGMENT J
COMMON /DATA/ LD,NT,N2,N,NP M1 M2, M ,MP,X(300),Y{300).2(300},SI(300
1).BI(300),ALP(300),BET(300),ICONT(300),ICON2(3008),ITAG(300), ICONX

2300) ,WLAM, IPSYM

COMMON /SEGJ/ AX({30),BX{30),CX(30),JCO{30),JSNO, ISCON(50),NSCON, IP

1CON(10) ,NPCON

DATA JUMAX/30/

JSNO=0

JCOX=ICONT(J)

If (JCOX.GT.10000) GO TO 7

JEND=-1

IEND=~1

IF (JCOX) 1,7,2
JCOX=-JCOX

GO TO 3
JEND=-JEND

IF (JCOX.EQ.J) GO TO &

JSNO=JSNO+1

IF (JSNO.GE.JMAX)} GO TO 9
éE[L'§E?"fJCOX.jﬁAE(JSNO}]Bx(JSNo).cx(JSNO))
JCO( JSNC)=JCOX

TF {JEND.EQ.1) GO TO 4

JCOX=TCON1( JCOX)

GO TO 5

JCOX=TCON2( JCOX)

If (JCOX) 1,9,2

IF (IEND.EQ.1} GO TO 8

JCOX=TCON2(J)

IF (JCOX.GT.10000) GO TO 8

JEND=1

IEND=1

IF (JCOox) 1.,8.2

JSNO=JSNO+1

CALL SBF {J,J,AX{JSNQ),BX({JSNO),CX(JSNO))
JCO(JSNO)=4

RETURN

PRINY 10, J

STOP

FORMA1 (44H TRIO — SEGMENT CONNENTION ERROR FOR SEGMENT , IS)

END
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UNERE

UNERF
PURPOSE
To calculate the electric field due to unit currents in the El and 22
directions on a surface patch,
METHOD
The electric field due to a patch j Is calculated by the expression
oo Mo {f-1 - tamr/h 4+ 4nd ®R/MDZ) -
E(ro) = 3 3 J
187 (R/2) .
, 2 2 AA
 (BHAEIRAZST RID VT L @y @/ exp (-121R/N) —5
(R/A) : A
where 1L = /:I, 3, = J.,E .+ T ,E - R is the vector from the source to the
J 1313 2§23
observation point, and AAj is the area of the patch. For UNERE, Jlj and sz

are unity. The expression above for a single patch is obtained from the
surface integral in equation (3) in Part I where constant current and one step

integration are used for the patch.

CODING
UEL4 - UE20 z components of patch parameters are adjusted for direct

or reflected fields.
-10

UE25 - UE32 For R < 10 , the fields are set to zero.

UE34 - UE47 Expression for E is evaluated for 35 equal to El and EZ'
UE50 -~ UE55 For reflection in a perfect ground,E is reversed in sign.
UE57 - UE79 For reflection in an imperfect ground, E is multiplied by

the reflection roefficients.

SYMBOIL, DICTIONARY

n
CONST = ﬁi%
8n
CTH = cos 0; 0 is the angle between the reflected ray and the normal

to the surface

EDP = (E+p) (R, - Ry)
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n
BR = exp(-i 21 R/A) AA/A” at UE37
igm J

= Q2 (Elj « R/X) at UE4D

= Q2 (22i « R/)\) at UE44

EXK
EYK = E due to current Elj
EZK '
EXS
EYS = E due to current EZj
EZS
IPCND = flag to cause computation of reflected field when equal to 2
PX = B; unit vector normal to the plane of incidence of the
PY reflected ray
1 = somr/a + anlun)’
Q1 = 3 (ER)
L (R/X)
'3 + i6mR/A - 4n2(R/A)2
Q2 = 5 (ER)
L (R/X)
R = R/A
RRH = RH
RRV =
RV 3
RT = (R/A)
RX
RY = R/A
RZ
2
R2 = (R/})
S = AAj/AZ
T1¥J
T1YJ ; = tlj
T1Z23
T2XJ
T2YJ } = t2j
T2ZJF
TPI = 2w
TT1 = =27R/A
TT2 = 4m2(R/A)2
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XOB
YOn = field evaluation point
Z0BE
XYMAG = magnitude of the projection of R/A onto the x-y plane
ZR = z component of R/\ after reflection
CONSTANTS
np
$,771341188 = —
2
8m
6.283185308 = 2w
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SUBROUTINE UNERE {XOB,YOB,Z0OB)

CALCULATES THE ELECTRIC FIELD DUE TO UNIT CURRENT IN THE T1 AND T2

DIRECTIONS ON A PATCH

COMPLEX EXK,EYK,.EZK,EXS ,EYS EZS,EXC,EYC,EZC,ZRATI, ZRATI2, T1 ER,Q1,

102 ,RRV ,RRH,EDP,FRATL

COMMON /DATAJ/ S,B.XJ.YJ.ZJ.CABJ,SABJ.SALPJ.EXK.EYK.EZK.EXS.EYS;EZ

15,EXC,EYC,EZC,RKH,IEXK, IND1,IND2, IPGND

COMMON /GND/ZRATI.ZRATIZ.FRATI.CL.CH.SCRWL.SCRWR,NRADL.KSYMP.IFAR,

1IPERF,T1,72

EQUIVALENCE (T4XJ4,CABJ), (T1YJ4,SABJ), (T1ZJ,SALPJ), (T2XJ,B), (T2Y

14, INDV)Y, (T2ZJ,IND2)

DATA TPI,CONST/6.283185308,4.771341188/

CONST=ETA/(8 . *PL**2)
IR=Z

T1ZR=T1Z4J

T2ZR=T22

IF {IPGND.NE.2) GO TO 1
ZR=—1R

T1ZR=-T1ZR

T2ZR=-T2ZR

RX=X0B-X.J

RY=YOB-YJ

RZ=Z0B-ZR
R2=RX*RX+RY*RY+RZ*RZ
IF (R2.GY.1.E-20) GG TO 2

EXK=(0.,0.)
EYK={0..,0.)
EZK=(0.,0.)
EXS=(0..,0.)
EYsS=(0.,0.)
EZS=(0,.,0.)
RETURN
R=SQRT(R2)
TT1=-TPI*R
TT2=FT1*TT1
RT=R2*R

ER=CMPLX(SIN(TT1),-COS(TT1))*(CONST*S)
Q1=CMPLX(TT2-1.,TT1)*"ER/RT
Q2=CMPLX{3.-TT2,-3.4TT1)*ER/(RT*R2)
ER=Q2* (T1XJ*RX+T1YJ*RY+T1ZR*RZ)
EXK=Q1*T1XJ+ER*RX
EYK=Q1T1YJ+ER*RY
EZK=Q1*T1ZR+ER*RZ
ER=Q2*(T2XJ*RX+T2YJ*RY+T2ZR*RZ)
EXS=01"T2X J+ER*RX
EYS=Q1®T2YJ+ER*RY
EZS=01*T22R+ER*RZ

IF {IPGND.EQ.1) GO TO 6

IF (IPERF.NE.1) GO TO 3

EXK=-EXK
EYK=--EYK
EZK=-EZK
EXS=—EXS
EYS=~EYS
EZ5=-EZ%
GO TO 6

XYMAG=SQRT(RX*RX+RY *RY)

IF (XYMAG.GT.1.E-6) GO TO 4
PX=0.

PY=0.

CTH=1 .

RRV={1..0.}

GO TO 5

PX=—RY/XYMAG
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656
67
58
69
70
71
72
73
74
75
76
77
78
79
80
a1

PY=RX/XYMAG
CTH=RZ/SORT(XYMAG*XYMAG+RZ *RZ )
RRV=CSQRT(1.-ZRATI*ZRATI*(1.-CTH*CTH))
RRH=ZRATI*CTH
RRH=(RRH-RRV ) /( RRH+RRV )
RRVZZRATI*RRY

RRV=—(CTH-RRV)/( CTH+RRV )

EDP={ EXK*PX+EYK*PY)*( RRH-RRV)
EXK=EXK*RRV+EDP *PX
EYK=EYK*RRV+EDP*PY

EZK=EZK*RRV
EDP=(EXS*PX+EYS*PY)*(RRH-RRV)
EXS=EXS*RRV+EDP*PX
EYS=EYS*RRV+EDP*PY
EZS=EZS*RRV

RE TURN

END
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WIRF

WIRE

PURPOSE
To compute segment coordinates to fill COMMON/DATA/ for a straight line

of segments.

METHOD

The formal parameters specify the beginning and ending points of the
line and the number of segments into which it is to be divided. The code
computes the coordinates of the end points of each segment. The lengths of
successive segments are scaled by the factor RDEL if this factor is not one.

For N5 segments, the length of the first segment is

L(l - RDEL)
5; = NS
1 - (RDEL)
or S1 = L/NS if RDEL = 1

where L 1s the total length of wire.

The radius is RAD for the first segment and is scaled by RRAD.

SYMBOL DICTIONARY

DELZ = gegment length

FNS = real number equivalent of NS

IST = initial segment number

ITG = tag number assigned to all segments of the line
NS = number of segments into which line is divided
RAD = radius of first segment

RADZ = segment radius

RD, RDEL = scaling factor for segment length

RRAD = scaling factor for segment radius

XD = increment to x coordinates

Xs1 = x coordinate of first end of segment

X52 = x coordinate of second end of segment

XWl = x coordinate of first end of line

XW 2 = x coordinate of second end of line
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X2(1)
YD
Ysl
Ys2
YWl
YW 2
Y2(1)
ZD
Zsl
252
ZWl
ZW2
22(1)

x coordinate
increment to
y coordinate
y coordinate
y coordinate
y coordinate
y coordinate
increment to
z coordinate
z coordinate
z coordinate
z coordinate

z coordinate

WIRE

of end 2 of segment 1

y coordinates

of tirst end of segment
of second end of segment
of first end of wire

of second end of wire

of end 7 of segment I

z coordinates

of first end of segment
of second end of segmeant
of first end of line

of second end of line

of second end of segment I
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W~ h

10
1}

13
14
15
16
17
18
19
20
21

22
23
24
25
26
27
28
29
30
3

32
33
34
35
36
37
38
39
40
a1

4z
43
44
45
46
a7
48
49
50
51

52
53
54
55
56
57
58
59

OO0

SUBROUTINE WIRE (XWI.YW1.ZW!.XWZ,YWZ.ZWZ.RAD.RDEL.RRAD.NS,ITG)

SUBROUTINE WIRE GENERATES SEGMENT GEOMETRY DATA FOR A STRAIGHT

WIRE OF NS SEGMENTS.

COMMON /DATA/ LD,N1,N2Z.N,NP M1.M2
1) ,BI(300),ALP(300),BET(300),ICON1

2300) ,WLAM , IPSYM

DIMENSION X2(1), v2(1), 22(1)

M MP . X(300),Y(300),2(300),SI(300
(300).ICONz(soo).ITAG(soo).ICONx(

EQUIVALENCE (x2(1),SI(1)), (Y2(1).ALP(1)), (Z2(1Y,BET(1))

IST=N+1
N=N+NS
NP =N
MP =M
IPSYM=0

IF {NS.LT.1) RETURN

XD=XW2-xXxW1
YD="1W2-Yw1
ZD=IW2-7W1

IF (ABS(RDEL-1.).LT.1.£-6) GO TO 1

DELZ=SQRT{XD*XD+YD*YD+ZD*ZD)

XD=XD/DEL7
YD=YD/DELZ
ZD=ID/DELZ

DELZ=0ELZ*(1.-RDEL)/(1.~RDEL**NS)

RD=RDEL

GO 1O 2

FNS=NS
XD=XD/FNS
YD=TD/FNS
ZD=2D/FNS
DELZ=1

RD=1.

RADZ=RAD

XS 1=xXW1
YST=YWI1
£S5 1 =Zw

DO 3 I=IST,N
ITAG(L)=ITG
XS2=XSt+XD*DELZ
YS2=¥S1+YD*DELZ
252=ZS1+Z2D*DELZ
X(I)=xs1
Y(I)=rs1
Z(I)=Z5t
X2{TI;=x52
Y2(1)=vs2
22{I)=752
BI(I)=RADZ
DELZ=DELZ*RD
RADZ=RADZ*RRAD
X51=X82
YSt=¥YsS2
Z51=252

X2 (N)=xw2
Y2(N)=Yw2
ZZ2{N)=7w2
RETURN

END
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ZINT

ZINT

PURPOSHK
To compute the internal impedance of a circular wire with finite

conductivicy,

METHOD

The internal impedance per unit length of a circular wire is given by

7 - J f1 Ber(gq) + jBei(q)
b ¥ 2ms | Ber'(q) + jBei'(q) |’

where
q = by 2T ug

= wire conductivity -

g
U = permeability of free space
b = wire radius

£

f = frequency

Ber

; Kelvin functions
Bei

The term that modifies the diagonal matrix element Gii in the interaction
matrix is the total impedance of segment i divided by Ai/A, where Ai = segment
length. Thus, if Gii is the diagonal matrix element without loading, the new

clement is

G.. = Z2A /(B /X)) =G, - Zx
ii i’ ii

Normalized to wavelength, this term is

7 = 7h = i ’ Ccl Ber(q) + jBei{q)
‘i (b/X) 2m{aA) Ber'(q) + jBei'(q) |

whoere

(b/X) V2rcp(oh)

velocity of light

Nal
i

r
1]
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The Kelvin functions and derivatives of Kelvin functions are computed

from their polynemial approximations.

CODING
ZI8 - ZIi5 Functions 0, ¢, f, and g for large argumept polynomial
approximétionsr(see ref. 5),
ZI19 - 2126 Compute Ber(q) + jBei(q) for q < 8.
4127 - Z131 Compute Ber'(q) + jBel'(q) for q < 8,

Z132 [Ber(q) + jBei(q)]/[Ber'(q) + jBei¥q)].
Z134 Ber(q) + jBei(q) for 8 < q < 110,
Z135 Ber'(q) + jBei'(q) for 8 < q < 110.
Z136 [Ber(q) + iBei(q)]/[Ber'(q) + iBei'{(q)].
. ZI38 [Ber(q) + jBei(q))/{Ber'(q) + jBei'(q)] for 110 < q < =,
2139 Computation of Zi.

SYMBOL DICTIONARY
BEI = Bei(q) or Bei'{(q)
BER = Ber(q) or Ber'(q)

BR1 = Ber(q) + jBei(q) or [Ber(q) + jBei(q)]/[Ber'{q) + Bei'(q)]
BR2 = Ber'(q) + jBel'(q)

CEXP = external routine [exp(complex argument)]

CMOTP = cu/(2m)

CMPLX = external routine (forms complex number)

CN = (1 + 3)/V2

D = function argument

F(D) = f(D) (see ref. 5)
FJ = 3
G(D) = g(D) (see ref. 5)

PU(D) = ¢(X), D = B8/X (see ref. 3)

PL = T

POT = 7/2

ROLAM = b/A

S = (X/S)4

SIGL = gA

SQRT = extermal routine (square root)
TH(D) = 8(X), D = B/X (see ref. 5)

TP = 27
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TPCMU = 2mcu; ¢ = velocity of light
X =q
Y= /)2
ZINT = Zi

CONSTANTS
1.5707963 = 7/2
3.141592654 =T
6.283185308 = 27
60. = cpuf2nw
2.368705E+3 = 2TCP
(0., 1.) =]

{0.70710678, 0.70710678) = (1 + §)/V/2
(0.70710678, -0.70710678) limit for q +~ « of [Ber(q) + jBei(q)}/
[Ber'(q) + jBei'(q)]

Other constants are factors in the polynomial approximations.
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COMPLEX FUNCTION‘ZINT(SIGL.ROLAM)

ZINT COMPUTES THE INTERNAL IMPEDANCE OF A CIRCULAR WIRE

COMPLEX TH,PH,F.G,FJ,CN,BR1,BR2

COMPLEX CC1,CC2,CC3,CC4,CC5,CC6,CC7,CCB,CC9,CC10,CC11,CC12,CC13,CC
114

DIMENSION FJX(2), CNX(2). CCN(28)

EQUIVALENCE (FJ,FJX), {CN,CNX), (CC1.CCN(1)), (CC2.CCN(3)}), (cca,c
TCN(5)). (CC4,CCN(7}). (CC5,CCN{9)), (CCB.CCN(11)}), (CC7,CCN(13)),
2(CC8,CCN(15)), (CC9,CCN(17)). (CC10.CCN(19)), (CC11,CCN(21)), (cc
32.CCN(23)). (CC13,CCN(25)), (CC14,CON{27))

DATA PI.POT,TP,TPCMU/3.1415926,1.5707963,6.2831853,2.3687056+3/

DATA CMOTP/60.00/.FJX/0,,1./,CNX/. 70710678, .70710678/

DATA CCN/6.E-7,1.96-6,~3.4E-6,5.1E-6,-2.52F-5,0.,-9.06E-5,-9.01E-5
1.0.,-9.765E-4, .0110486,-.0110485,0.,—,.3926991,1.6E-6,-3.26-6.1.17E
2-5,-2.4E-6,3.46E~5,3.38E-5,5.E-7,2.452E—4,-1.3813FE-3,1 . 3811E-3,-6.
325001€-2,-1.E-7,.7071068, .7071068/

TH{D}=({{((CC1*D+CC2)*D+CC3I)*D+CC4)*D+CC5)*D+CCE ) *D+CCT

PH(D)=({(((CCB*D+CCI}*D+CC10)*D+CC11)*B+CCI2)*D+CCt3)*D+CCT4

F(D)=SQRT(POT/D)*CEXP(~CN*D+TH(~B. /X))

G(D)=CEXP(CN*D+TH(8./X))/SQRT(TP*D}

X=SQRT{TPCMU*STIGL ) *ROLAM

IF (X.GT.110.) GO TQ 2

IF (X.GT.B.) GO TO 1

Y=X/8.

Y=vey

S=Y*Y

BER={(((((-9.01E-6°S+1,22552E-3)*5-.08349609)*S+2.6419140)*S-32.36
13456)*S+113.77778)*S—-64.)*S+1.

BEI=((((((1.1346E-4*5—.01103667)*S+.52185615)*S-10.567658)*S+72,81
17777)%S—113.77778)*S+16.)*Y

BR1=CMPLX (BER,BEI)

BER=( (((({(-3.94E~6*S+4.5957E~4)*S—.02609253)*5+.66047849)*5~56.068
11481)*S+14.222222)*S—-4,)*Y)*X

BEI=( (((((4.609E~5%S—~3.79386E-3)*S+.14677204)*5-2 . 3116751)*S5+11,37
17778)*S—10.666667)*S+.5)*X

BR2=CMPLX(BER,BEI)

BR1=BRt/BR2

GO 1O 3

BR2=FJ*F(X)/PI

BRI=G({X)+BR2

BR2=G(X)}*PH(8./X)-BR2*PH{-B./X)

BR1=BR1/BR2

GO T0 3

BR1=CMPLX(.70710678,—.70710678)

ZINT=FJ*SQRT(CMOTP/SIGL)}*BRt/ROLAM

RETURN

END
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Section III
Common Blocks

This section discusses each labeled common block which is used in the
NEC-2 code. For each common block, a list of the routines in which it is used
is given along with a definition of the variables used in conjunction with the

common block. The common blocks are presented in alphabetical order,

COMMON/ANGL/ SALP(300)

Routines Using /ANGL/

CABC, CMSS, CMSW, CMWS, CMWW, DATAGN, ETMNS, FFLD, GFIL, GFLD, GFOUT,
MOVE, NEFLD, NHFLD, PATCH, QDSRC, REFLC

/ANGL/ Parameters for Wire Segments

SALP(1) = sin (o), where o = elevation angle of segment I (see figurell)

/ANGL/ Parameters for Surface Patches

SALP(LD-I+1)= 41 if El x %2 = n for patch I, or

_iAxl\:_.Af
1 if tl t2 n for patch I

The second case occurs when the patch has been produced by reflection of a

patch originally input,

COMMON/CMB/ CM(4000)

Routines Using /CMB/
MAIN, GFIL, GFOUT

The interaction matrix is stored in array CM. If the matrix 1s too
large to fit in CM, then pairs of blocks of the matrix are stored in CM as

they are needed.
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(xi' yi.l zi)

{x‘]ry‘ll 21)

Figure 1l. Coordinates of Segment 1i.

COMMON/CRNT /AIR(300), AIT(300), BIR(300), BII(300), CIR(300), CII(300)
CUR (300)

Routines Using /CRNT/
MAIN, CABC, FFLD, GFLD, NEFLD, NETWK, NHFLD

/CRNT/ Parameters for Wire Segments

Subroutine CABC fills the first six arrays in /CRNT/ with the real and
imaginary parts of the comstants in the current expansion of each segment,

Ii(s) = Ai + Bi sin [k(s - si)] + C, cos [k(s - si)] s

i
where s = s, at the center of segment i. Except during intermediate calcula-
tions for non-radiating networks, the current basis-function amplitudes are

computed and stored in array CUR. CABC replaces the basls function amplitudes

in CUR by the current at the center of each segment, (Ai + Ci)' For 1 = I,
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= Aj/A (real, imaginary)

A[R(11

ALL(T)
BIR(I)

= B]'_/)\
BII(EL)
CIR{1I)

= Ci/A
CII(I)

. . th B

CUR(L) = amplitude of i basis function going into CABC or

(Ai + ci)/A at end of CABC

/CRNT/ Parameters for Surface Patches

Surface current components are stored in CUR. Before CABC is called,
the surface current strengths in directions El and EZ on patch i are
stored in CUR(N + 2I - 1) and CUR(N + 2I), respectively where N is the number
of segments. After CABC, the x, y and z components of surface current are

stored in CUR(N + 31 - 2), CUR(N + 3I - 1) and CUR(N + 3I), respectively.

COMMON/DATA/ LD, N1, N2, N, NP, M1, M2, M, MP, X(300), Y(300), 2(300),
SI1(300), BI(300), ALP{300), BET(300), ICON1{300), ICON2(300), ITAG(300),
ICONX(300), WLAM, IPSYM

Routines Using /DATA/

MAIN, ARC, CABC, CMNGF, CMSET, CMSS, CMSW, CMWS, CMWW, CONECT, DATAGN,
ETMNS, FFLD, FFLDS, GFIL, GFLD, GFOUT, ISEGNQO, LOAD, MOVE, NEFLD, NETWK,
NFPAT, NHFLD, PATCH, QDSRC, RDPAT, REFLC, SBF, TBF, TRIO, WIRE

/DATA/ Parameters for Wire Segments

The arrays in /DATA/ are used to store the parameters defining the

segments. Two forms of the segment parameters are used.

During geometry input in routines ARC, CONECT, DATAGN, MOVE, REFLEC and
WIRE, the coordinates of the segment ends are stored. The symbol meanings in

the geometry routines are:

X(1) = xl
¥{I) = Y1
Z(1) = z1
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Xz {equivalenced to X2(I)}1

SI(1)
ALP(I) Y2 {equivalenced to Y2(1)]

BET(I) = 22 [equivalenced to Z22(I)]

where Xl’ Yl, Zl are the coordinates of the first end of the segment, and Xz,
Y2, 22 are the coordinates of the second end, as illustrated in figure 11.
Coordinates may have any units but must be scaled to meters before data input
is ended, since the main program requires meters.

In the main program, the segment data is converted to: the coordinates
of the segment center, components of the unit vector in the direction of
the segment, and the segment length. The symbol meanings after the geometry

section are:

X(1)

Y(I) ; = X;s Y;» Z, (see figure 11)

Z(1)

SI(I) = segment length

ALP(I) = cos o cos B [equivalenced to CAB(I)]
BET(I) = cos o sin B [equivalenced to SAB(I)]

The z component of the unit vector in the direction of the segment, sin o, is
stored in /ANGL/.
The other symbol meanings in /DATA/ for segments are:
BI(I) = radius of segment I
ICON1(I) = connection number for end 1 of segment I. If k is a positive
integer less than 10,000, the meaning of ICON1l is as follows.

[

ICON1(I) 0: no connection.

ICON1(I)

il

*k: end 1 connects to segment k. If more than

one segment connects to end 1 of segment I, then

k is the number of the next connected segment
encountered by starting at I and going through

the list of segments in cyclic order. ICONL(I) =
+k: parallel reference directions with end 2 of

the other segment connecting to end 1 of segment I.

ICON1(I) = -k: opposed reference directions.

ICON1(I) = I: end 1 of segment I connects to a ground plane.
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LCONL(I) = 10,000 +k: end 1 of segment I connects to a
surface with the 4 patches around the connection point

numbered k, k + 1, k + 2 and k + 3.

ICON2(T1) = connection number for end 2 of segment I.

[TAG(T) = tag number of segment I. This number is assigned during
structure input to permit later reference to the segment
without knowing the segment index I in the data arrays.

ICONX(1) = equation number for the new basis function when segment I

is in a numerical Green's function file and a new segment

connects to segment I modifying the cld basis function.

/DATA/ Parameters for Surface Patches

Patch parameters are set in subroutine PATCH. The input parameters for
a patch are the coordinates of the patch center, patch area, and orientation
of the outward, normal unit vector, n. The parameters stored in /DATA/ are
the center point coordinates, area, and the components of the two surface unit
vectors, El and EZ' The vector El is parallel to a side of the
triangular, rectangular, or quadrilateral patch. For a patch of arbitrary

shape, it 1s chosen by the following rules:

For a horizontal patch, t} = x;

]

For a nonhorizontal patch, t (z x n)/lz x nl;

-

1
t2 1s then chosen as t2 = n x 1

>

With J = LD # 1 - I, the parameters for patch I are stored as follows.

X1y

Y{J) = X, ¥y, and z coordimates of the patch center

2(J)

SICT)

ALPCJ) = X, y, z components of El (equivalenced to T1X, TlY, T1Z)
BET(.1)

LCONL(T)

LconN2(J) = x, y, and z components of EZ (equivalenced to T2X, T2Y,
rras( 1) T24)

B1(J) = patch area
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Scalar variables in /DATA/ are:

[PSYM = symmetry flag. The meanings of IPSYM are:

IPSYM
LP5YM
LPSYHM
[PSYM
i IPSYMI

v

A

LD
Nl
N2

N

NP
M1
M2

M

MP
WLAM

0: uo symmetry

0: plane symmetry

0: cylindrical symmetry

2; plane symmetry about 2 = 0

> 2 structure has been rotated about x or y axis. If

ground plane 1is indicated by IGND # O in the call
to subroutine CONECT and IPSYM = 2, symmetry about a
horizontal plane is removed by multiplying NP by 2.
LL 1IPSYMI > 2 and IGND # 0, ali symmecry is
removed by setting NP = N and IPSYM = 0 in CONECT.

length of arrays in /DATA/

number of segments in NGF. If NGF is not used NL = 0

Nl + 1

total number of segments

number of segments in a symmetric cell

number of patches in NGF. If NGF is not used Ml = 0

ML + 1

total number of patches

number of patches in a symmetric cell

wavelength in meters

COMMON/DATAJ/ S, 8, XJ, YJ, ZJ, CABJ, SABJ, SALPJ, EXK, EYK, EZK, EXS, EYS,

EZS, EXC, EYC,

EZC, BKH, IEXK, INDL, IND2, IPGHND

Routines Using /DATAJ/

CMNGF, CMSET, CMSS, CMSW, CMWS, CMWW, EFLD, HINTG, HSFLD, NEFLD, NHFLO,
PCINT, QDSRC, SFLDS, UNERE

/DATAJ/ is used to pass the parameters of the source segment or patch to

the routines that compute the E or H field and to return the field components.

/DATAJ/ Parameters for Wire Segments

S
B

i

segment length

segment radius
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XJ
Y J

ZJ

CABJ
SABJ
SALPJ
EXK
E YK
EZK
EXS
EYS)
EZ2S
EXC
EYC
EZC
KKH

[EXK

INDL

IND2

IPGND

coordinates of segment center

X, y, and z, respectively, of the unit vector in the direction

of the segment

X, vy, and z components of the E or H field due to a constant

current

x, ¥y, and z components of the E or H field due to a sin ks

current

X, ¥y, and z components of the E or H field due to cos ks

current

minimum distance for use of the Hertzian dipole approximation

for computing the E
flag to select thin
approximation for E
approximation)

flag to inhibit use
end 1 of the source

or change in radius

field of a segment
wire approximation or extended thin wire

field (IEXK = 1 for extanded thin wire

of the extended thin wire approximation on
segment. This 18 used when there is a bend

at end 1. INDL = 2 inhibits the extended

thin wire approximation.

flag to inhibit use
end 2 of the source

not used

of the extended thin wire approximation on

segment

/DATAJ/ Parameters for Surface Patches

S
B
XJ
YJ
zJ

1

patch area in units of wavelength squared

x component of EZ for the patch

X, ¥, and z components of the position of the patch center
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CABJ

5ABJ = X, ¥y, and z components of E[

SALPJ

EXK = X, y, and z components of E or H due to a current with unit
EYK magnitude in the direction El on the patch

EaK

EXSl

EYS = E or H due to a current EZ on the patch

EZ5

EXC

EYC = not used; may serve as intermediate variables in some routiues
EZC

INDL = y component of tj

IND2 = z component of E2

IPGND = flag to request calculation of the direct field or field

reflected from the ground (two for ground)

COMMON/FPAT/ NTH, NPH, 1PD, IAVP, INOR, IAX, THETS, PHIS, DTH, DPH, RFLD,
GNOR, CLT, CHT, EPSR2, SIG2, IXTYP, XPR6, PINR, PNLR, PLOSS NEAR, NFEH, NRX,

NRY, NRZ, XNR, YNR, ZNR, DXNR, DYNR, DZINR

Routines Using /FPAT/
MAIN, NFPAT, RDPAT

Variables are defined in subroutine descriptions.

COMMON/GGRID/ AR1{1l1l, 10, &), AR2(17, 5, 4), AR3(9, 8, 4), EPSCF, DXA(3),
DYA(3), XSA(3), YSA(3), NXA(3), Nya(3)

Routines Using /GGRID/
MAIN, GFIL, GFOUT, LINTRP

Variables are defined under subroutine INTRP.

COMMON/GND/ ZRATL, ZRATIZ, FRATI, CL, CH, SCRWL, SCRWR, NRADL, KSYMP, IFAR,
IPERF, T1, T2

-362-



Routines Using

/GND/

MAIN, CMSW, EFLD, ETMNS, FFLD, GFIL, GFOUT, HINTG, HSFLD, NEFLD, RDPAT,

SFLDS, UNERE

/GND/ contains parameters of the ground including the two-medium ground

and radial-wire ground-screen cases. The symbol definitions are as follows.

ZRATL =

ZRATIZ2 =

FRATI =

cL =

CH =

SCRAWL =

[er - jo/weol_lfz

where 0 is ground conductivity (mhos/meter), €. is the
relative dielectric constant, €y is the permittivity of

free space (farads/meter), and w = 27WE.

same as ZRATI, but for a second ground medium

2 2 2 2
(kL - kz)/(k1 + kz) where k

9 = w Vuoeb and k, = k2/ZRATI

1
distance in wavelengths of cliff edge from origin
cliff height in wavelengths

length of wires in radial-wire ground gcreen (normalized ro

. wavelength)

SCRWR =
NRADL =

KSYMP =
IFAR =

[ PERF =
TL, T2 =

COMAON/GHAV/ U,

radius of wires in screen in wavelengths

number of radials in ground screen; zero implies no screen
(input quantity, GN card)

ground flag (=1, no ground; =2, ground present)

input integer flag on RP card; specifies type of field
computation or type of ground system for far fields

flag to select type of ground (see GN card)

constants for the radial-wire ground-screen impedance

U2, XX1l, XX2, Rl, R2, ZMH, ZPH

Routines Using /GWAV/

MAIN, GFLD, GWAVE, SFLDS

Symbol pefinitions:

U

= (e - jof/uu-:o)_l’,2

€. = relative dielectric constant; O = conductivity of

ground
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2

Uz = u

XX1, Xx2 : defined in GFLD and SFLDS

R1 = distance from current element to point at which field is
evaluated

R2 = distance from image of current element to point at which

field is evaluated
ZMH = Z -4
ZPH

Z + L' where Z is height of the field evaluation point and

Z2' is the height of the current element

CUMMON/INCOM/ XO, Y0, Z0, SN XSN, YSN, ISNOR
Routines Using /INCOM/
EFLD, SFLDS

Symbol Definitions:

X0, YO, Z0 = point at which field due to ground will be evaluated
SN = cos o (see Figure 11}

XSN = cos B

YSN = sin B

ISNOR ® 1 to evaluate field due to ground by interpolation

0 to use Norton's approximation

COMMON/MATPAR/ ICASE, NBLOKS, NPBLK, NLAST, NBLSYM, NPSYM, NLSYM, IMAT, ICASX,

NBBX, NPBX, NLBX, NBBL NPBL, NLBL

Routines Using /MATPAR/
MAIN, CMNGF, CMSET, FACGF, FACIO, FACTRS, FBLOCK, FBNGF, GFIL, GFOUT,

LFACTR, LTSOLV, LUNSCR, REBLK, SOLGF, SOLVES
/MATPAR/ contains matrix blocking parameters for cases requiring file
storage of the matrix. Symbol definitions in /MATPAR/ are as follows.
ICASE = storage mode for primary matrix, defined as follows.
1 uasymmetric matrix fits in core
2 symmetric matrix fits in core
3 unsymmetric matrix out of core
4 symmetric matrix out of core, but submatrices fit in core

5 symmetric matrix out of core, submatrices also out of core
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NBLOKS = number of blocks of columns of the computed matrix (in core

matrix, NBLOKS = 1)

NPBLK = number of columns in the first (NBLOKS - 1) blocks

NLAST = number of columns in the last block

NBLSYM) = same function as the preceding three variables;

NPSYM however, in this case the parameters refer to

NLSYrM the suomatrix in the symmetry case

[MAT = gstorage reserved in CM for the primary NGF matrix A or a block

of A (number of complex numbers)

ICA3X = storage mode for NGF solution {see Section VII)

NBBX = number of blocks in matrix B stored by blocks of rows

NPBX = pumber of rows in a block of B stored by rows

NLBX = number of rows in the last block of B

NBBL = number of blocks in matrix C stored by rows (and number of

blocks in B stored by columns)
NPBL = pumber of rows {columns) in a block of C (B)

NLBL = number of rows (columns) in the last block of C (B)

COMMON/NETCX/ ZPED, PIN, PNLS, NEQ, NPEQ, NEQ2, NONET, NTSOL, NPRINT, MASYM,
ISEGL(30), ISEG2(30), XLLIR(30), X11I(30), X12r(30), X121(30), X22R(30),
X221(30), NTYP(30)

Routines Using /NETCX/
MAIN, NETWK

Variables are defined under subroutine NETWK.

COMMON/SAVE/ IP(600), KCoM, coM(13,5), EPSR, SIG, SCRWLT, SCRWRT, FMHZ

Routlnes Using /SAVE/
MAIN, GFIL, GFOUT, RDPAT

Symbol Definitions:

Ip = vector of indices of pivot elements used in factoring the matrix
KCOM = number of CM or CE data cards (maximum 5)
CoM = array storing the contents of CM or CE cards
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EPSR

relative dielectric constant of the ground

SIG = conductivity of the ground

SCRWLT = length of radials in radial wire ground screen approximation
(meters)

SCRWRT = radius of wires in radial wire ground screen approximation
(meters)

FMHZ = frequency in MHz

COMMON/SCRATM/D( 600)
in routines CMSET, FACTR, LFACTR

COMMON /SCRATM/Y( 600)
in routines LTSOLV, SOLGF, SOLVE, SOLVES

COMMON /SCRATM /GAIN{1200)
in routine RDPAT

Symbol Definitions:
D and ¥ =

complex vectors used in matrix decomposition and solution

GAIN = array to store antenna gain for subsequent normalization

COMMON/SEGJ/ AX(30), BX{(30), CX(30), JcO(30), JSNO, ISCON(50), NSCON,
IPCON(10), NPCON

Routines Using /SEGJ/
MAIN, CABC, CMNGF, CMSET, CMSW, CMWS, CMWW, CONECT, QDSRC, SFLDS, TBF,

TRIO

/SEGJ/ is used to store the parameters defining current expansion
functions. The equations for the current expansion functions are given in
Section IT11-1 of Part I. The ith current expansion function consists of a
center section on segment 1 and branches on each segment connected to segment
1. On segment j, where j is i or the number of a segment connected to segment

. .th ] . .
L, the 1 expansion function is
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f;(s) = A; + B; sin [k(s - sj)] + C; cos [k(s - sj)]

with the constants defined in Part I to match conditions on the current. A
superscript i has been added to indicate the number of the current expansion

function.
When subroutine TBF is called for expansion function i, it locates each

segment connected to segment 1 and stores the segment number, j, in array
. i 1 i .
JCO. TBF also computes the constants Aj, Bj’ and C; for segment j and stores

them in AX, BX, and CX, respectively.

After all connected segments have been found, i is stored in the next
. . i i i . . .
location in JCO, and Ai’ Bi’ and Ci are stored in the corresponding locations

in AX, BX, and CX.
/SEGJ/ is also used by subroutine TRIO. When TRIO is called for segment

J, it locates each segment i connected to segment j and stores i in array
. i .
JCO. TRIO calls SBF to compute the comnstants A;, Bj' and C; for the branch of

expansion function i that extends onto segment j and stores these in AX, BX,
and CX. The total number of entries, including i = j, is stored in JSNO. The
remaining parameters are used with the NGF solutiom.

ISCON(I)

number of the segment in the NGF file having equation number
I in the set of equations for modified basis functions.

This is used when a new segment or patch connects to the

NGF segment

NSCON = pnumber of eatries in ISCON

IPCON(CI)

number of the patch in the NGF file having equatrion number I
in the set of equations for modified patch basis functions.
This is used when a new segment connects Co the NGF patch

NPCON = number_of entries in IPCON

COMMON/SMAT/ SSX(16,16)
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Routines Using /SMAT/

CMSET, FBLOCK GFIL, GFOUT, SOLVES

The array SSX is described under subroutine FBLOCK. In some copies of

NEC-2 the variable name S is used in FBLOCK rather than SS8X.
COMMON/TMH/ ZPK, RHKS

Routines Using /TMH/
GH, HFK

/TH/ is used to pass values from HFK to GH. The variables ZPK and RHKS

are defined in the discussion of subroutine HFK.

COMMON/TMI/ ZPK, RKB2, IJX

Routines Using /TMI/
EKSC, EKSCX, GF

/TMI/ is used to pass values from EKSC or EKSCX to GF. The meanings of

the variables are listed in subroutines EKSC and EKSCX.

COMMON/VSORC/ vQD(10), VSANT(10), vqQDS{10), 1vQD(10), ISANT{(10), 1QDS(10),
NVQD, NSANT, NQDS

Routines Using /VSORC/
MAIN, CABC, COUPLE, ETMNS, NETWK, QDSRC

The arrays in /VSORC/ contain the strengths and locations of voltage
sources on wires. Separate arrays are used for applied~field voltage sources
and current-derivative discontinuity voltage sources. The variables are

defined as follows.

ISANT(I} = number of the segment on which the th applied—-field
source 1s located

IvQb( L) = IQPS(I) = number of the segment on end 1 of which the 1th
current—-slope discontinuity voltage source is located

vQp(L) = VQUS(I) = voltage of the pth current-slope discontinuity
source

VSANT(I) = voltage of the tn applied-field voltage source
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NSANT = number of applied-field voltage sources
NVQD

u

NQD3 = number of current-slope discontinuity voltage sources
NVQD, IVQD, and VQD are set in MAIN from the input data. NQDS, IQDS,

and VQD5 are set in subroutine QDSRC. The latter were included to allow for

current-slope discontinuities other than voltage sources, such as Lumped

loads. Loading by this means has not been implemented in NEC-2? however.

COMMON/YPARM/ NCOUP, LCOUP, NCTAG(5), NGCSEG(5), ¥11A(5), Y12a(20)

Routlnes Using /YPARM/

MAIN, COUPLE

Symbol Definitions:

NCouP = number of segments between which coupling will be computed
1coup = number of segments in the coupling array that have been
excited. When ICOUP = NCOUP subroutine COUPLE completes the

coupling calculation

NCTAG(I) = tag number of segment I

NCSEG(I) = number of segment in set of segments having tag NCTAG(L)
Y1ia(1) = self admittance of 1P segment specified

Y12A(1) = mutual admittances stored in order (1,2), (1,3), ... (2,3),

(2,4), ... etc.

COMMON/ZLOAD/ ZARRAY( 300)

Routines Using /ZLOAD/
MAIN, CMNGF, CMSET, GFIL, GFOUT, LOAD, QDSRC

ZARRAY(L) = Z[/(AI/A), where.Z_ is the total impedance on

I

segment I, uI is tne length of segment I, and A is the wavelengtn.
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Section IV
System Library Functions Used by NEC

ABS{X) = absolute value of X

AIMAG(Z) = lmaginary part of the complex number Z; result is real

AINT(X) = integer truncation; result is real

ALOG (X) = natural log of X

ALOG10(X) = log to the base ten of X

ASTN(X) = arcsine of ¥X; result in radians

ATAN (X) = arctangent of X; result in radians

ATANZ(Xl,Xz) = arctangent of xl/xz; result in radians covering all four
quadrants

CABS(Z) = magnitude of the complex number, Z

CEXP(Z) = complex exponential (ez)

CMPLX(XI,XZ) = formation of a complex number, Z = Xl + sz

CONJG(Z) = conjugate of the complex number Z

COS (%) = cosine of X

CSQRT(Z) = square root of a complex number, VZ

FLOAT (K) = real number equivalent of integer K

IABS(K) = absolute value of integer K

INT(X) = X truncated to an integer

REAL(Z) = real part of the complex number 2

SIN(X) = sine of X

SQRT (X) = square root of X

TAN(X) = tangent of X
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Section V
Array Dimension Limitations
Array dimensions in the program limit the structure model in various
ways. Any of these limits may be increased if necessary at the expense of
core storage capacity, which may require reducing other array dimensions.

The limits imposed by array dimensions are described below.

,»}\'
In-Core Matrix Storage, Ir =£§§@9¥E

Arrays:

COMMON/CMB/ CM( Ir)

Limit constant:

IRESRV = Ir at MA68 of MAIN

Ir is the number of words of core available for storage of the interac-
tion matrix. The complete matrix will fit in core storage if (N + 2M) x
(NP + 2MP) is not greater than Ir' For out—of-core solution, Ir must be at

least 2(N + 2M) and should be as large as possible to minimize file manipulation.

Maximum Segments and Patches

Minimum Dimensions for N segments and M patches:
COMMON/DATA/ X(N + M), Y{(N + M), Z(N + M), SI(N + M), BI(N + M),
Aﬁb(N + M), BET(N + M), ICON1(N + M), ICON2(N + M), ITAG(N + M), ICONX(N + M)

COMMON/CRNT/AIR (N), AII(N), BIR(N), BII(N), CIR(N), CIL(N), CUR(N + 3M)
COMMON/ANGL/ SALP(N + M)
COMMON/SAVE/ IP(N + 2M)

COMMON/ZLCAD/ ZARRAY(N)
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COMMON/SCRATM/ D(N + 2M) or Y{(N + 2M)
MAINS  IX(N + 2M)
SUBROUTINE NETW{: RHUS(N + 3M)

Limit Constant:
LD = N + M at MAG6 of MAIN
All segments and patches resulting from reflection or rotation of a

symmetric structure must be included in determining the limiting structure

SiLze.

Maximum Number of Non-radiating Networks, Nn = 30.

Arrays:
COMMON/NETCX/: ISECL(Nn), ISEGZ(Nn), xllR(Nn), xllI(Nn), leR(Nn),
X121(N ), X22R(N ), X22I(N ), NTYP(N )

SUBROUTINE NETWK.: RHNT(Nn), IPNT(Nn), NTEQA(Nn), NTSCA(Nn), RHNx(Nn),
CMN(Nn,Nn)

Limit Constants:
NETMX = Nn at MA63 of MAIN
NDIMN = Nn at NT22 of NETWK
NDIMNP = Nn + | at NT22 of NETWK

Nn is the limit for either the number of networks (including
transmission lines) or the number of segments having one or more network ports
connected, whichever is greater. When relative driving point matrix asymmetry
is computed, Nn must also be greater than or equal to the sum of the number
of segments with network ports connected plus the number of segments with

voltage sources.
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Maximum Number of Degrees of Symmetry, NP = 1l6.

Arrays:
COMMON/ SMAT/ S(Np, Np)
Np limits the number of symmetric cells in a structure. The number of

symmetric cells is equal te the ratio of N to NP in COMMON/DATA/.

Maximum Number of Segments Joined at Junctions | Nj = 30
If N and N+ are the numbers of segments connected to end 1 and end 2

of a segment, respectively, then the dimensions in COMMON/SEGJ/, Nj’ must be
- +
at least N + N + L.

Array:

COMMON/ SEGJ/ AX(Nj), BX(N,), CX(Nj), JCO(Nj), JSNO

i

Limit Constants:

JMAX = Nj at 5B6 in SBF
JMAX = v, at TB8 in TBF
JMAX = Nj at TR8 in TRIO
Maximum Number of Voltage Sources, Nv = 30.

Arrays:

CCOMMON/VSORC/ VQD(NV), VSANT(NV), VQDS(NV), IVQD(NV), ISANT(NV), IQDS(NV)

Limit Constant:
NSMAX = Nv at MA63 of MAIN

A model may use up to Nv applied field voltage sources and up to NV

current slope discontinuity voltage sources.
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Maximum Number of Loading Cards, N, = 30

Arrays:

MAIN: LDTYP(Nl), LDTAG(Nl), LDTAGF(Nl), LDTAGT(Nl), ZLR(Nl), ZLI(Nl),
ZLC(Nl)

Limit Constants:
LOADMX = Nl at MA3 of MAIN

"hen the NC7 option is used only new loading cards are counted, not those used

in generating the NGF file.

Number of Comment Cards Saved, NC =5

Arrays:

CUMMON/SAVE/ : COM(l3,NC)

Limit Constant:

Constants at MA71 of MAIN

Any number of comment cards may be placed at the beginning of a data
deck and will be printed in the output. Only NC of the cards will be saved
in array COM for later use in labeling plots, however. The first NC -1

comment cards and the last comment card will be saved.

Maximum Field Points for Normalized Gain, Ng_= 1200.

Arrays:

COMMON/ SCRATM/ GAIN(Ng)

Limit Constant:

NORMAX = Ng at RD22 of SUBROUIINE RDPAT
Ng is the maximum number of !icld points from a single RP data card that

can be stored for output in normalized form or for plotting if plotting is
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implemented. If an RP card requesting more than N points calls for nor-
malized gain, the gain will be cumputed and printed at all requested angles,
but only the first Ng gains will be stored and normalized.

COMMON/SCRATM/ GAIN occurs in SUBROUTINE RDPAT. COMMON/SCRATM/ D and
COMMON/SCRATM/ Y occur in certain other routines where D and Y are complex
(see "Maximum Segments and Patches'), GAIN, D, and Y should be dimensioned so

that each common statement contains the same number of words.

Maximum Number of Frequencies for Normalized Impedance or Maximum Number of

Angles for Which Received Signal Strength Is Stored, Nf = 200

Array:
MATIN: FNORM(Nf)

Limit Constant:

NORMF = Nf at MA6]} of MAIN

The maximum number of frequencies for which input impedance may be
stored and normalized is Nflé, since the real and imaginary impedance and
magnitude and phase are each stored. The receiving current can be stored for

up to NE angles.
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Maximum Number of Points in Coupling Calculation, N = §
) c

The maximum number of segments among which coupling can be computed (CP cards)
is N .
¢

COMMON/YPARM/:  NCTAG(N ), NCSEG(N_), YILA(N_), YLZA(Ni - N

Limit Constants:

Constants at MA207 and MA212 of MAIN should equal Nc

Maximum Number of NGF Segments to Which New Segments or Patches Connect, N_ = 50

COMMON/SEGJ/: ISCON(NS)

Limit Constant:

NSMAX = Ns at CN13 of CONECT

Maximum Number of NGF Patches to Which New Segments Connect, ?E = 10.

COMMON/SEGJ/: IPCON(NP)

Limit Constant:

NPMAX = Np at CN13 of CONECT
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Section VI
Overview of Numerical Green’s Function Operation

NEC includes a provision to generate and factor an interaction matrix
and save the result on a file. A later run, using the file, may add to the
structure and solve the complete model without unnecessary repetition of
calculations. This procedure is called the Numerical Green's Function (NGF)
option since the effect is as if the free space Green's function in NEC were
repiaced by the Green's function for the structure on the file. The NGF is
particularly useful for a large structure, such as a ship, on which various
antennas will be added or modified. It also permits taking advantage of
partial symmetry since a NGF file may be written for the symmetric part of a
structure, taking advantage of the symmetry to reduce computation time.
Unsymmetric parts can then be added in a later run.

For the NGF solution the matrix is partitioned as

where A is the interaction matrix for the initial structure, D is the matrix
for the added structure, and B8 and C represent mutual interactions. The

current is computed as

-1, 1-1 -1
12 [D - CA ] [E2 - CA El] 3

-1 -1
I, A E -A BI, ,

after the factored matrix A has been read from the NGF file along with other
necessary data. Since the LU decomposition is obtained in NEC rather than the
inverse, the multiplication by A7l s accomplished by using the solution
procedure in subroutine SOLVE on each column in the matrix to the right of
A"l

To use the NGF option the parameters of the fixed, or NGF, part of the
model are defined in the first run. A WG data card causés the matrix A to be

computed (CMSET), factored (FACTRS), and written to file TAPE20 by subroutine
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GFUUT. Ocher necessary data, such as segment and patch coordinates,
Erequency, loading, and ground parameters, are also written to TAPE20.

Wwhen the NGF tile, TAPE20, is used the data are read into the usual
arrays by subroutine GFIL and new segments and patches are added to the arrays
in COMMON/DATA/. Subroutine CMNGF is then called to compute the matrix
elements in B, C, and D. FACGF computes Aalﬂ, storing it in place of B, and
computes (b - CA*lB), factors it into L and U parts, and stores the result
in place of D. For each excitation El and EZ’ SOLGF completes the
and I..

1 2
The procedure 1s complicated by the connection of new segments or

procedure of solving for I

patches to NGF segments or patches. A connection to a segment modifies the
current basis function (see Section III.l of Part I). Since the elements in A
cannot be changed, a modified basis function must be treated as a new basis
function with a new column added to B and D and the new basis function

amplitude added to the end of I The amplitude of the original basis

2
function 1s set to zero by adding a row containing all zeros except for a one
in the column of C corresponding to the modified basis function. Since the
segment 1s not modified the boundary condition equation is not altered in this
case.

When a new segment connects to a NGF patch the patch must be divided
into four new patches, after the user defined patches, requiring eight new
rows and columns in B, C, and D. Two additional rows are added to set the two
current components on the old patch to zero. Since the old patch is replaced
by the four new patches, the condition on the field at the center of the patch
should be removed. This is done by adding two new columns each containing all
zeros except for a one in the row of the equation to be removed.

The matrix structure is further complicated by the division of each
submatrix into sections for segment-to-segment, patch-to-patch,
segment—-to—-patch and patch-to-segment interactions. The matrix structure is
shown in Figure 12, where the subscript w denotes wire segments and s denotes
surface patches. The elements of B;w and B;w are the E fields and H
fields due to modified basis functions in the NGF section. Each column of
B;s and row of C;w and C;s contains 0O's and a single 1.

The subroutine ETMNS fills the excitation array with the E fields
illuminating all segments, followed by the H fields on patches. These

elements are reordered in SOLGF to correspond to the matrix structure. After
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Lhe solution this reordering is reversed in SOLGF to put basis function
amplitudes for segments ftirst, followed by those for patches. If symmetry is
used dn the NGF section the matrix A is structured as submatrices for the
symmetric sections. Each submatrix contains elements for segments and patches
in that section, with the order as shown for A in Figure 12. In this case the

excitation and solution vectors are ordered 1n SOLVES to correspond to the

submatrix structure.
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Section VII
Overview of Matrix Operations Using File Storage
Fite storage is used when the matrix size exceeds the length of the
arrvay M oLn COMMON/CMB/.  For the basic solution (not NGF) there are five

malrix slorage modes assoclated with the integer [CASE as follows:

ICASE Matrix Storage
1 Matrix fits in CM; no structure symmetry
2 Matrix fits in CM; structure symmetry used
3 Matrix stored on file; no symmetry
A Matrix stored on file; symmetry; each

submatrix fits into CM for LU decomposition
5 Matrix stored on file; symmetry;

submatrices do not fit into CM.

For case 3 the matrix is initially written on file 1l by blocks of
rows. The block size is chosen in subroutine FBLOCK so that two blocks will
fit into CM for the Gauss elimination procedure. The block size and number of
blocks i1s set by the parameters NBLOKS, NPBLK, and NLAST in COMMON/MATPAR/.

Subroutine FACIO reads file 1l and writes file 12 using 13 and 14 for
scratch storage. LUNSCR then reads 12 and writes the blocks of the factored
matrix on file 13 in forward order and on file 14 in reversed order. File 13
is then used for forward substitution in the solution and file 14 is used for
backward substitution,

For case 4, FACTRS reads the matrix from file 11, where it was written
by blocks of rows (columns of the transposed matrix), and writes it to file 12
by submatrices. The submatrices are then read from 12, factored, and written
to 13.

In case 5, FACTRS reads the matrix from file 11 and writes it to file 12
by blocks of rows (columns of the transposed matrix) for each submatrix.
File 12 is then copied back to file 11, and the procedure of case 3 is
repeated for each submatrix.

When a NGF file is to be written, half of CM is reserved for matrix
storage and manipulations of the matrices B, C, and D. Hence for cases 1, 2

or & the primary matrix A {(or submatrix for case 4) must fit into half of CM.
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There is no restrictiva for cases 3 or 5 since, with two matrix blocks fitting
into CM for the LU decomposition, half of CM is available during the solution
when blocks are used one at a time.

There are four modes ftor storing B, C, and D in the NGF solution. These

are associated with the integer ICASX as follows:

AF = matrix A factored into L and U
AF for ICASE = 1 or 2
AK =Jone bplock of AF for ICASE =3

one submatrix for ICASE = 4

one block of submatrix for ICASE = 5
AX = AF for ICASE = 1 or 2

nothing otherwise

ICASX NGF Matrix Storage
1 AR‘ B, C, and D fit into CM
2 B, C, and D fit into CM but not with A

R
(ICASE = 3, 4, 5) AR and B must also fit

into CM together

3 B, C, and D do not fit intoc CM, but AX
and F = D - CA"'B £it into CM for the LU
decomposition of F

4 Same as 3 but D - CA™ !B requires file

storage for LU decomposition

When a NGF file (TAPE20) is written with ICASE = 3 or 5, files 13 and 14
are botu written to TAPE20. When the NGF file is read these data are written
on the single file 13 with the blocks in ascending order first and then in
descending order. If AF is stored on file 13 then space for AR in CM 1is
needed only when A, 1is used in a solution in CM. This accounts for the

definition of AX. *

File usage for I[CASX = 2, 3, and 4 1is outlined in Figures 13 and l4.
The value for ICASX is chosen in subroutine FBNGF as the smallest value
possible. The number of blocks into which matrices B, €, and D are divided is

also chosen in FBNGF.
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Section VIII
NEC Subroutine Linkage

Figures 15 and 16 show the organization of subroutines in the NEC=2
program. All possible subroutine calls are traced, although in a particular
run only certain of the traces will be followed. Routines that are called at

more than cne point in the program are shown as separate blocks for each call.
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Section IX
SOMNEC

l. SOMNEC CODE DESCRIPTION

SOMNEC is an independent code that generates the interpolation tables

tor the Sommerfeld/Norton ground opticn for NEC. The tables are written on

file TAPE2L which becomes an input file to NEC. Coding of the routines in

SOMNEC is described in this section.
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SOMNEC

SOMNEC (main program)

PURPOSE
To generate interpolation tables for the Sommerfeld/Norton ground option

and write them on file TAPE21l.

METHOD
The code from SN17 to SN5Ll reads the input data and sets parameters in
COMMON/EVLGOM/. Since all equations are scaled to a free-space wavelength of

one meter the results depend only on the complex dielectric constant

€, = € - _}01/(wEO) .

In the routines that evaluate the Sommerfeld integrals the time dependence is
exp{=-jwrt) racher than exp(+jwt) which is used in the remainder of NEC. Hence
the conjugate of EC (EPSCF) 1is taken before computing the parameters in
COMMON/EVLCOM/. The conjugate of the results is taken at the end of EVLUA, so
the results returned to SOMNEC and written on TAPE2l are for exp(+jut).

Three interpolation tables, as shown in Figure 12 of Part I, are
generated in the code from SN55 to SN123. For each R O pair in the tables
the values of p and z + z' are computed and stored in COMMON/EVLCOM/.

Subroutine EVLUA is then called and returns the quantities

2
_ 3 2"
ERV = 3032 “1V22
a2 '
EZV = (. + kz) k) Vo
dz
az 7 ' 2 1
ERH = (’—2— kzv22 + szzz)
ap
N 1 9 2" 2.t
EPH = (p 3p k2V22 + szzz)

These are multiplied by C1 R1 exp(ijl) to form the guantities in

equation (156) through (159) in Part [. When Rl is zero the limiting forms

in equations (169) through (172) of Part I are used. The expressions from
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SOMNEC

SNLIL6 to SN118 are obtained by letting 6 go to zero in the expressions for
Rl = Q.

The data are stored in COMMON/GGRID/ which is identical to the common
block in NEC. File 21 is written at SN127 and includes coordinates of the
grid boundaries, number of polnts, and increments for Rl and 0. Hence those
grid parameters can be changed in SOMNEC without changing NEC. If the number
of grid points is increased, however, the arrays in COMMON/GGRID/ must be
increased in both SOMNEC and NEC. Also, the parameters NDA and NDPA in

subroutine INTRP must be changed.

SYMBOL DICTIONARY

AR1 = array for grid 1
AR2 = array for grid 2
AR3 = array for grid 3
CK1 = kl
CKI1R = real part of kl
CK1SQ = kf
CK2 = k% = 27 since A = 1)
CKZSQ = k2
Lo 2,02 2

CKSM = ky/(k; + ko))

2

= d

CL1 k2ClC3 (see Part 1 for Cl' C,, an C3)
CL2 = k2C c
L 2%1%2
CON = ClRlexp(Jle)

2 2
CT1 = (kl - k2)/2

4 4
CT2 = (k) - k,)/8

6 6
CT3 = (k; ~ k}/16
DR = ARI
DTH = AB
DXA = ARl for each grid
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DYA
EPH
EPR
EPSCF
ERH
ERV
BLV
FMHZ
IPT
[R
IS
I[TH
Lcomp
NR
NTH
N XA
NYA

R HO

SIG
TFACL
TFAC2
THET
TIM
TKMAG
TSMAG
TST
W LAM
XSA
YSA
Zelul

CONSTANTS
299.8
59.96

6.2831853038

AG for each grid (radians)

EPH

ERV

EZV

frequency in MHz

flag to control printing of grid
index for Rl values

starting value for IR

index for 8 values

labels for output

number of Rl values

number of . 0 values

number of Rl values for each grid
number of 6 values for each grid

K

o}
kZR

OL

(1 - sin 8)/cos 6
(1l - sin U)/coszﬂ

B

time to £ill arrays
LOO. Tk, 1

1
00. 1
1 kll

2

starting time

wavelength in free space

starting value of Rl in each grid
starting value of © in each grid

2 + Z'

= 107% times velocity of light in m/s

2m
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SOMNFE.C

PROGRAM SOMNEC(INPUT.0UTPUT.TAPE21)

1
3¢ PROGRAM TO GENERATE NEC INTERPOLATION GRIDS FOR FIELDS DUE TO SN
4 C GROUND.  FIELD COMPONENTS ARE COMPUTED BY NUMERICAL EVALUATION SN
5C OF MODIFIED SOMMERFELD INTEGRALS, SN
6 C SN
7 COMPLEX CK1.CK1SQ.ERV.EZV.ERH.EPH.AR1.ARZ.ARB.EPSCF,CKSM,CTI.CT2.C SN
8 1T3,CL1,CL2,CON SN
9 COMMON /EVLCOM/ CKSM.CT1,CT2,CT3,CK1,CK1SQ,CK2,CK25Q, TKMAG, TSMAG.C SN
10 1K1R,ZPH,RHO, JH SN
11 COMMON /GGRID/ ARt(11.10.4),AR2(17,5.4).AR3(9,8.4).EPSCF.DXA(s).DY SN
12 }A(S).XSA(3).YSA(3).NXA(S).NYA(S) SN
13 DIMENSION LCOMP(4) SN
14 DATA NXA/11.17.9/.NYA/10.S.B/.XSA/0...2..2/,YSA/0..0...3490658504/ SN
15 DATA DXA/.OZ..OS..1/.DYA/.1745329252..0872864626..1745329252/ SN
16 DATA LCOMP/3HERV,3HEZV,3HERH,3HEPH/ SN
17 C SN
18 C READ GROUND PARAMETERS - EPR = RELATIVE DIELECTRIC CONSTANT SN
19 ¢ SIG = CONDUCTIVITY (MHOS/M) SN
20 C FMHZ = FREQUENCY (MHZ) SN
21 ¢ IPT = 1 TO PRINT GRIDS. =0 OTHERWISE. SN
22 ¢ IF SIG .LT. O. THEN COMPLEX DIELECTRIC CONSTANT = EPR + J*SIG SN
23 ¢ AND FMHZ IS NOT USED SN
24 C SN
25 READ 15, EPR,SIG,FMHZ,IPT SN
26 IF (SIG.LT.0.) GO TO 1 SN
27 WL AM=299,8/FMHZ SN
28 EPSCF=CMPLX(EPR,-SIG*WLAM®59.96) SN
2 GO TO 2 SN
30 1 EPSCF=CMPLX{EPR,SIG) SN
31 2 CALL SECOND {7ST) SN
32 CK2=6.283185308 SN
33 CK25Q=CK2*CK2 SN
34 C SN
35 C SOMMERFELD INTEGRAL EVALUATION USES EXP(—JWT)}, NEC USES EXP(+JWT), SN
36 ¢ HENCE NEED CONJG(FPSCF). CONJUGATE OF FIELDS OCCURS IN SUBROUTINE SN
37 ¢ EVLUA. SN
38 C SN
39 CK1SQ=CK25Q*CONJG({EPSCF) SN
40 CK1=CSQRT(CK15Q) SH
41 CKIR=REAL(CK1) SN
42 TKMAG=100. *CABS(CK1) SN
43 TSMAG=100.*CK1*CONJG{CK1) SN
44 CKSM=CK2SQ/(CK15Q+CK2SQ) SKN
45 CT1=.5%(CK15SQ-CK25Q) ::
46 ERV=CK1SQ*CKI1SQ SN
47 EZV=CK25Q*CK2SQ N
48 CT2=.125*(ERY—-EZV} o
49 ERV=ERV*CK15Q N
50 EZV=EZV*CK2S5Q SN
51 CT3=.0625*(ERV-EZV) N
52 C <N
53 C LOOP OVER 3 GRID REGIONS on
54 C SN
55 DO 6 K=1,3 SN
56 NR=NXA(K) SN
57 NTH:NYA(K) SN
58 DR=DKA(K) SN
59 DTH=DYA(K) SN
60 R=XSA(K)-DR 5N
61 IRS=! an
62 IF (K.EQ.1) R=XSA(K) SN
63 IF (K.EQ.1) IRS=2
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68
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73
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a0
81
82
83
84
85
geé
a7
88
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g0
91
92
93
94
95
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97
98
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100
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103
104
1035
106
107
108
109
110
111
112
113
114
115
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121
122
123
124
1753
126
127
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O

OO0,

-

LOOP OVER R. (R=SQRT(RHO®*2 + (Z+H)**2))

DO & IR=IRS,NR
R=R+DR
THET=YSA(K)-DTH

LOOP OVER THETA. (THETA=ATAN((Z+H)/RHO))

DO B ITH=1,NTH
THET=THET+DTH

RHO=R*COS{ THET)

ZPH=R*SIN( THET)

IF (RHO.LT.1.E-7) RHO=1.£-8
IF (ZPH.LT.1.E-7) ZPH=0.
CALL EVLUA (ERV,EZV ERH,EPH)
RK=CK2*R
CON=-(0.,4.77147)*R/CMPLX(COS(RK) ,=SIN{RK))
GO TO (3.4,5), K

AR (IR,ITH,1}=ERV*CON
AR1(IR,ITH,2)=EZV*CON
AR1(IR,ITH,3)=ERH*CON
AR1(IR,ITH,4)=EPH*CON

GO TO &
ARZ{IR,ITH,1)=ERV*CON
ARZ(IR,ITH,2)=EZY*CON
ARZ(IR,ITH,3)=ERH*CON
ARZ(IR,ITH, 4)=EPH*CON

GO TO &
AR3Z(IR,ITH,1)=ERV*CON
AR3Z(IR,ITH,2)=EZY*CON
AR3(IR,ITH,3)=ERH*CON
AR3(IR,ITH,4)=EPH*CON
CONTINUE

FILL GRID 1 FOR R EQUAL TO ZERO.

CL2=~{0.,18B.370)*(EPSCF-1.}/(EPSCF+1.)
CL1=CL2/(EPSCF+1.)
EZV=EPSCF*CL1

THET=-DTH

NTH=NYA(1}

DO 9 ITH=t,NTH
THET=THET+DTH

IF (ITH.EQ.NTH) GO TO 7
TFAC2=COS(THET)
TFACI=(1.-SIN{THET))/TFAC2
TFAC2=TFAC1/TFAC2
ERV=EPSCF*CL1*TFACH
ERH=CL1*{TFACZ~1.)+CL2
EPH=CL1*TFAC2-CL2

GO TO 8

ERV=0.

ERM=CLZ-.5*CL1

EPH=-ERH
AR1(1,ITH, 1 }=ERV
AR1(1,1TH,2)=EZV
AR1(V,ITH,3)=ERH
ARI(1,ITH, 4)=EPH

CALL SECOND (TIM)}

WRITE GRID ON TAPE21

WRITE (21') AR1,AR2,AR3,EPSCF,DXA,DYA, XSA,YSA ,NXA,NYA
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t28
129
130
131

132
133
134
135
136
137
138
139
140
141

142
143
144
145
146
147
148
149
150
151

152
153
154
155
156
157
158
159
160

OO0

"

12
13
14

15
16
17

18

19
20

REWIND 21
IF (IPT.EQ.0) GO TO 14

PRINT GRID

PRINT 17, EPSCF
DO 13 K=1,3
NR=NXA(K)
NTH=NYA(K)

PRINT 18, K, XSA(K) , DXA(K) .NR,YSA(K),DYA(K) .NTH

DO 13 L=1,4
PRINT 19, LCOMP(L)
DO 13 IR=1,NR

GO TO (10,11,12), K

PRINT 20, IR, (ARI(IR,ITH,L),ITH=1,NTH)

GO TO 13

PRINT 20, IR,(AR2(IR.ITH,L),ITH=1,NTH)
GO TO 13

PRINT 20, IR,(AR3(IR,ITH,L),ITH=1,NTH)
CONTINUE

TIM=TIM-TST

PRINT 16,TIM

STOP

FORMAT (3E10.3,1I5)
FORMAT (6H TIME=,E12.5)

FORMAT (30HINEC GROUND INTERPOLATION GRID,/,2iH DIELECTRIC CONSTAN

17=,2€12.5)

FORMAT (///,5H GRID,I2,/,4X,5HR(1)=,F7.4,4X,3HDR=,F7 .4, 4X,3HNR=, T3
1./.9H THET(1)=,F7.4,3X,4HDTH=,F7.4,3X, 4HNTH=,13,//)

FORMAT (///.A3)

FORMAT (4H IR=,I3,/,(10£12.5))

END
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BESSEL

PURPOSE

To compute the Bessel function of order zero and its derivative for a

cowplex argument.

METHQD
For argument magnitudes less than a limit Z the functions are
evaluated by the ascending series and for larger magnltudes by Hankel's

asymptotic expansion (ref. S5). The ascending series are

o

2 k
(-Z2/4)
J(z) = z (=2 /8y
0 oy 2
ko (KD
-+
2 Kk
Ilz) = -y(2) = -3 ICTIRN

k=0

The number of terms used with an argument 2 is M(I2) where 1Z = 1. + 1Z}2,

The array M is filled for IZ from 1 to 10l on the first call to BESSEL by -

determlnxng the value of k at which the term in the series for JO is less
t han lO
Wnen IZ| is greater than Zs Hankel's asymptotic expansions are

used with two or three terms. These are

Jv(z) m/% [P(v,2)cos X ~ Q(v,2)sin ¥] (larg 21 < m
X =2 - (—;-\) + 21:)17
P(v,2) = 1 - LKz 1)(1.1 9) , (p-1) (p=9) (u=25) (u=-49)

21(82)2 41(8z)*
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BESSFET,

Q(v,2) = Ll (1) (p=9) (u=25)

31(82)°
- 2
where H = 4v°7,
When ZS < Zi < Zq + A both the series and asymptotic

forms are evaluated and are combined as

Nl

J(Z) = - [JS(L)(L+C) + Ja(Z)(L—C)]

) . “ .
where C = cos (K (lzat - ZS))

U

JS(Z) result of series evaluation
Ja(LJ

This combination ensures a smooth transition between the two regions. 1In the

result of asymptotic evaluation
code ZS is 6 and 4 1s 0.1.

SYMBOL DICTIONARY

Al = -1 /(akh)

A2 = 1./(k + 1)

c3 = yZ/T = 0.7978845608

CZ = cos X

FJ = /-T1.

FJX = FJ

B = | to indlicate that both the series and asymptotic forms will be

evaluated and combined
INIT = flag to indicate that initialization of constants has been

compleced

¥ = 1. + 121% truncated to an integer
JO = JO(L)
L]
{ =
JUP JU(A)
! . . .
Jopx = JU(Z) from series to be combined with asymptotic result
JOX = JU(Z), same as JOPX
K = gummation index k, summed from |l to limit
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M
MIZ
POZ
P10
P11l
P12z
P20
P21
PI
POF

Qlo
Qll
Qlz
Q20
Q21
Sz
TEST

Z1I
Z12
ZK

ZMS

SONSTANTS

31.41592654

36.
37.21

BESSFL

array of upper limits for k

upper limit
P(0,z)

coefficient

coefficient’

P(1,2)
coefficient
coefficient
m

/4

Q(0,2)
coefficient
coefficient
Q(1,2)
coefficient
coefficient

sin ¥

magnitude of the term

Z
Z2 or 1/2

for k

H

POZ
Plz =

in

in

POZ =
PlZ =

in

in

Q(0,2)
Q(1,2)

in

in

Q(0,z2)
in Q(1,2)

in

1/22 or exp(-jx)
(—Zzlh)k/(k.')2 for series. Also temporary storage for

asymptotic method

1z12

I
Ju—
(=
=

9/(2 x 8%
~(46 - 1)(4 - /(2 x 8%

9 x 25 x 49/(4!8%
=4 - 1)(4 - 9)(4 - 25)(4 - 49)/(4!8%)

1/8
3/8

9 x 25/(318%)
(4 = 1)(4 - 9)(4 - 25)/(3!85)

in the series

Oor temporary storage
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SUBROUTINE BESSEL (Z,40,J0P)

BESSEL EVALUATES THE ZERO-ORDER BESSEL FUNCTION AND ITS DERIVATIVE
FOR COMPLEX ARGUMENT Z.

COMPLEX JO,JOP,POZ,P12,Q02,012,Z,21,212,2ZK,FJ,CZ,SZ, 0%, JOPX
DIMENSION M(101), A1(25), A2{25), FJ4xX(2)

EQUIVALENGE (FJ,FJX)

DATA PI,C3,P10,P20,Q10,020/3.141592654,.7978845608,.0703125,.11215
120996, .125,.0732421875/

DATA P11,P21,011,Q21/.1171875,.1441955566,.375,.1025390625/

DATA POF,INIT/.7853981635.0/.FJX/0.,1./

IF (INIT.EQ.0)} GO TO 5

IMS=Z*CONJG(Z}

IF (ZMS.GT.1.E-12)} GO TO 2

JO=(1.,0.)
JOP=—.,5*2
RETURN
IB=0

IF {(ZMS.GT.37.21) GO TO 4
IF (ZMS.GT.36.) IB=1

SERIES EXPANSION

IZ=1.+IMS

MIZ=M(TIZ}

Jo=(1.,0.)

JOP=40

ZK=J0

ZI=2*2Z

DO 3 K=1,MIZ

LK=ZK*AT(K)*ZI

JO=JO+ZK

JOP=JOP+A2(K)*ZK
JOP=—_5%*Z*JOP

IF (IB.EQ.Q) RETURN

JOX=10

JOPX=J0OP

ASYMPTOTIC EXPANSION
21=1./2

II2=71I*71
POZ=1.+(P20*2I2-Pt0)*Z1I2
P1Z2=1 . +{P11-P21*Z12)*21I2
Q0Z=(Q20*ZI2-Q10)*Z1
Q1Z=(Q11-Q21*Z12)*Z1
ZK=CEXP(FJ*(Z-POF))
Z12=1./1K

CZ=.5%(ZK+212)
SZ=FJ*.5*{ZI2-ZK)
ZK=C3*CSQRT(ZI)
JO=ZK*{POZ*CZ-Q0Z*SZ)
JOP=-ZK*(P12*5Z+0Q124CZ)

IF (IB.EQ.0) RETURN
ZMS=COS{ (SQRT{ZMS)-6.)*31.41592654)
JO=.5%(JOX* {1 .+ZMS)+J0*(1.-ZMS)}
JOP=.5*{ JOPX* (1. +ZMS)+JOP*(1.~ZM5))
RETURN

INITIALIZATION OF CONSTANTS
DO & K=1,25
AV(K)=-.25/(K*K}
A2(K)=1./(K+1.)

DO 8 I=1,101
TEST=1.
DO 7 K=1,24
INIT=K

TEST=-TEST*I*A1 (K}
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IF (TEST.LT.1.E-8) GO TO B
CONTINUE

M(I)=INIT
GO TO 1
END
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EVTL.UA

EVLUA
PURPUSI;

To control the evaluation of the Sommerfeld integrals.

METHOD

The integration contour of either Figures 13, 14 or 15 of Part I is used
depending on the values of p, 2 + Z' and k- Figures 13, 14, and 15
should be inverted, however, since they are for a time dependence of exp(jwt)
and the coding for the Sommerfeld integrals is for exp(-jwt). Thus the
contours and branch cuts in EVALUA are the conjugate of those shown. The
conjugate of the results is taken at the end of EVLUA to conform to the NEC
time dependence of exp(jwr).

The code from EV 19 to EV 34 evaluates the Bessel function form of the
Sommecfeld integrals using the contour of Figure 13 of Part I. ROMLl is called
to integrate from A = 0 to (p - jp) and GSHANK is called for the path from
(p - jp) to infinity where p—l is the maximum of p and 2 + Z' (p = DEL).

If p is greater than 100.|kll then ROML is called for the interval ¢ to

(p1 - jpl) where Py = lolkll. This is done to avoid exceeding the

limit by which ROMl can cut the interval width. Larger steps can then be used
from (p1 - jpy) to {p - jp) since Y| = Y, x A

The code from EV 39 to EV 86 evaluates the Hankel function form of the
integrals using either the contour of Figure 14 or 15. At EV 50 SUM is the
negative of the integral from a* to c*. GSHANK is then called to integrate
from a* to -, The decision whether to use the contour of Figures 14 or 15
is made from EV 58 to EV 64, Figure 15 is used if the real part of p(kl -k

2)
exceeds 2k2 and

Ty, 4P
lvi Z+Z'
where u + jv = |=(Z2 + Z2') + jplld* - ¢*] is the argument of the exponential

{unction approximating the Sommerfeld integrand for large Aowith A = g% -
c%. The left side of the inequality is proportional to the decay per cycle
along the ¢ to d path and p/(z + 2') is the same for the vertical path.

-~ This condition was chosen arbitrarily but gives some indicacion of when che

countour of Figure 16 may be advantageous.

~402-



EVLUA

For the contour of Figure L5 GSHANK is called to integrate from e¥* to
infinicy., ROML is then called from e* to f*. The sign of the contribution
from other parts of the path is switched since they were integrated ia reverse
direction. Finally, GSHANK is called for the paths from c¢¥ to infinity and f*
to Lnfinity,

for the contour of Figure 14 {(GS 79 to GS 86) GSHANK is called to
integrate trom ¢®* to d% and on to infinity. The increment changes from DELTA
to DELTAZ 1f d% 1s reached before the integral converges.

From EV 89 to EV Y2 the integrals are combined to form the field

components and the conjugates are taken.

SYMBOL DTCTICGNARY

A = start of integration interval
ANS = tempurary storage

B = end of integration interval
BK = break point (d*) in path for GSHANK
CK1 =k

CKlsy = k%

CK?2 = kz

CK25Q = k%

cprl = a%

CP2 = b*

ce3 = c*

DEL = p

DELTA = increment along path

DELTA2 = alternate increment

£ PH = (see SUMNEC)

ERH = (see SOMNEC)

ERV = {see SOMNEC)

WAY = {see SOMNEC)

JH = 0 for Bessel function form, 1 for Hankel function form
TP = 0.27

RHP =P
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RMLS
>LOPE
sUM
TKMAG
4PH

]

temporary storage

slope of paths to infinity

temporary storage

100|k1

L+ 2!

|
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SUBROUTINE EVLUA (ERV,EZV,ERM,EPH)

EVALUA CONTROLS THE INTEGRATION CONTOUR IN THE COMPLEX
PLANE FOR EVALUATION OF THE SOMMERFELD TINTEGRALS.

COMPLEX ERY,EZV,.ERH,EPH,A,B,CK1,CK1SQ,BK,SUM,DELTA,ANS DELTA2,CP1,

1CP2,CP3,CKSM,CT1,CT2,CT3
COMMON /CNTOUR/ A,B

COMMON /EVLCOM/ CKSM,CT1i,CT2,CT3,CK1,CK15Q.CK2,CK2SQ, TKMAG, TSMAG,C

1K1R,ZPH . RHO, JH

DIMENSION SUM(6}, ANS(8)
DATA PTP/.62B831B5308/
DEL=ZPH

IF (RHO.GT.DEL) DEL=RHO

IF (ZPH.LT.2.%RHO} GO TO 4

BESSEL FUNCTION FORM OF SOMMERFELD INTEGRALS

JH=0
A=(0.,0.)
DEL=1./DEL

IF (DEL.LE.TKMAG) GO TO 2
B=CMPLX( . 1*TKMAG,—.1*TKMAG)
CALL ROM1 {6,5UM,2)

A=B

B=CMPLX(DEL ,~-DEL)

CALL ROM1 (6,ANS,2)

DO 1 I=1,6
SUM{I}=SUM(I)+ANS{I)

GO TO 3

B=CMPLX(DEL,-DEL)

CALL ROMI1 (6,SUM,2)
DELTA=PTP*DEL

CALL GSHANK (B,DELTA,ANS,6,5UM,0,B,B}
GO TO 10

HANKEL FUNCTION FORM OF SOMMERFELD INTEGRALS

JH=1

CP1=CMPLX (0., .4%CK2})
CP2=CMPLX(.6*CK2,—.2*CK2)
CP3=CMPLX(1.02*CK2Z,—.2%CK2)

A=CP1

B=CP2

CALL ROMI (6,SUM,2)

A=CP2

B=CP3

CALL ROM1 (B,ANS,2)

DO 5 I=1,6

SUM{I)=—(SUM(I)+ANS(I)})

PATH FROM IMAGINARY AXIS TO -INFINITY
SLOPE=1000.

IF {(ZPH.GT..QOt*RHO) SLOPE=RHO/ZPH
DEL=PTP/DEL

DELTA=CMPLX(~1.,SLOPE)*DEL/SQRT(1.+SLOPEYSLOPE)

DELTAZ=—CONJG{DRELTA)}

CALL GSHANK (CPf ,DELTA,ANS,6,5UM,0,BK,BK)
RMIS=RHO* (REAL({CK1)-CK2)

IF (RMIS.LT.2.*CKZ) GO TO 8

IF (RHO.LT.1.E-10) GO TO 8

IF (ZPH.LT.1.E-10) GO TO &

BK=CMPLX(~ZPH ,RHO)*(CK1~-CP3)
RMIS=-REAL(BK)/ABS(AIMAG(BK))
IF(RMIS.GT.4.*RHO/ZPH}GO TO &
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INTEGRATE UP BETWEEN BRANCH CUTS, THEN TO + INFINITY
CPI=CKI1-(.1,.2)

CP2=CP1+.2

8K=CMPLX(0.,DEL)

CALL GSHANK (CP1,BK,SUM,6,ANS,0,BK,BK)

A=CP1

B=CP2

CALL ROMY (6,ANS,1)

DO 7 I=1.6

ANS(I)=ANS{1)}-SUM({T}

CALL GSHANK {CP3,BK,SUM,6,ANS,0,BK,BK)

CALL GSHANK (CP2,DELTA2,ANS,6,SUM,0,BK,BK)

GO TO 10

INTEGRATE BELOW BRANCH POINTS, THEN TO + INFINITY
DO 9 I=1.6

SUM(T)=-ANS(I)

RMIS=REAL(CK1}*1.01

IF (CK2+1..GT.RMIS) RMIS=CK2+1.
BK=CMPLX(RMIS, .99*AIMAG(CK1))

DELTA=BK-CP3

DELTA=DELTA*DEL/CABS(DELTA)

CALL GSHANK (CP3,DELTA,ANS,6,SUM,1,BK,DELTA2)
ANS{6)=ANS(6)*CK1

CONJUGATE SINCE NEC USES EXP(+JWT)
ERV=CONJG(CKISQ*ANS(3))
EZV=CONJG(CK15Q®*(ANS(2)+CK2SQ*ANS(5)))
ERH=CONJG{CK2SQ* (ANS(1)+ANS(8)})
EPH=-CONJG(CK2SQ* (ANS{4)+ANS(6)))

RETURN

END
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GSHANK
15 HANK

URPOSE

To apply the Shanks transformation (ref. 6) to accelerate the

onvergence of a semi-infinite integral.

[E'THOD

Six integrals (NANS = 6) are evaluated simultaneously in this routine.
'he integrals over semi-infinite sections of the contours {Figures 13, 14 and
5 of Part I) are evaluated by using the Romberg variable interval width

ntegration method on subsections to obtain a converging sequence of partial
jums

A +1h
§. =8+ ECAYdA L=1, 2, ...

here A= is the start of the semi-infinite path, SO is the contribution

0
rom other parts of the contour and A is a complex increment with

,

JO.Zn/p
lAl = minimum of
lo.zn/(z +2')
arg(4) = direction of integration path in A-plane

he Shanks interated first order transformation is applied to Si to

ccelerate convergence. Starting with the sequence of M elements

. .th . . .
=8., 1 =1, «e¢e M the j iterated transform is the sequence of

- 2j elements

2
0. - -1, 3-1%01,5-1 7, 541
3%yt Y T, 50
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[N
H

N TR |
=1, ... [(M-1)/2].

(S0
|

The second form for Qi i is used since it suffers less numerical error as
b

the sequence converges. Each iteration of the transform should produce a
sequence that converges more rapidly to the limit of the original sequence.

In this subroutine the starting value S0 comes in as SEED. With each
pass through the loop over INT, starting at GS 21, two new values are added to

the sequence by calling ROMl to evaluate the integrals

A0+(2N-1)A
SZN—l = SZN~2 + £(A)dA
A +{2N-2)A
0
A0+(2N)A
Son = Somey ¥ £(A)dA
A0+(2N—1)A

where N = INT. The (N - 1)th interated Shanks transformation, consisting of
the two elements QN,N—l and QN+1,N—1’ is then computed. At the end of
each pass through the loop over INT the arrays Ql and Q2 contain the last two

elements in each sequence. For function I,

QUL = Q5 1y

Q2(1,J) = Q J=1, ... N.

2N-J+1,J-1 °

For the path from ¢ to infinity in Figure 14 of Part I the point d is a
break point at which O may change. If d is reached before convergence the
Shanks transformation is started over with the final value of Si becoming

S0 for the new sequenca.
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Convergence is tested from GS 78 to G5 89 by comparing the last two
values 1n the transformed sequences. Although the last sequence, consisting
of two elements, should have the highest convergence the last four sequences
are tested to avolid a false indication of convergence. The relative
difference 1s computed for each of the six functions and compared with CRIT.
If convergence does not occur by INT = MAXH a message 1s printed and the
average of the two values in the last sequence 18 used for each integral. In
computing the relative difference for each function the denominator is not
allowed to be less than 1073 times the magnitude of the largest of the six

functions to avoid counvergence problems when one function goes to zero.

SYMBOL DICTIONARY

A = beginning of integration subinterval

Al = new value for Ql array

A2 = new value for Q2 array

AA = temporary storage

AMG = approximate magnitude of function

ANS1 = Si for 1 odd

ANSZ = Si for 1 even

AS1 = Si for 1 odd

AS2 = Si for i even

B = end of integration subinterval

BK = break point in integration contour

CRIT = limit for relative error in convergence test

DEL = A

DELA = A before break point

DELB = 4 after break point

DEN = approximate magnitude of the largest of the six functions
(Gs 76)

DENM = minimum denominator for relative error test

IBK = 1 if path contains break point

IBX = 0 if path containg break point and it has not been passed

INT = N
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[NX = INT

Ji =J -1

MAXH = maximum for index J in Ql and Q2
NANS = number of functions (6)

Ql, Q2 = (see description of method)

RBK = real part of BK

SEED = SO

START = AO

SUM = increment to integral
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SUBROUTINE GSHANK (START.DELA,SUM.NANS.SEED.IBK.BK.DELE)

GSHANK INTEGRATES THE 6 SOMMERFELD INTEGRALS FROM START TO

INFINITY (UNTIL CONVERGENCE) IN LAMBDA. AT THE BREAK POINT, BK,
THE STEP INCREMENT MAY BE CHANGED FROM DELA TO DELB.
ALGORITHM TO ACCELERATE CONVERGENCE OF A SLOWLY CONVERGING SERIES

IS USED

COMPLEX START,DELA,SUM,SEED.BK.DELB.A.B.Q1.QZ.ANS1,ANSZ,A!,AZ,AS1.

1AS2 ,DEL, AA
COMMON /CNTOUR/ A,B

DIMENSION Q1(6.20), Q2(6,20), ANS1(6), ANS2(6), SUM(6), SEED(6)

DATA CRIT/1.E—4/ MAXH/20/
RBK=REAL(BK)

DEL=DELA

I8X=0

IF (IBK.EQ.0) IBX=1

DO 1 I=1,NANS
ANSZ(I)=SEED{I)
B=START

DO 20 INT=1,MAXH
INX=INT

A=B

8=8+DEL

IF (IBX.EQ.0.AND.REAL(B).GE.RBK) GO TO 5
CALL ROM1 {NANS,SUM,2)
00 3 I=1,NANS
ANS1(I)=ANS2{I)+SUM(I)
A=B

B=B+DEL

IF (IBX.EQ.0.AND.REAL{B).GE.RBK) GO TO 8
CALL ROM1 (NANS,SUM.2)
DO 4 T=1,NANS
ANSZ(I)=ANS1(I)+SUM(I)
GO TO 11

HIT BREAK POINT. RESET SEED AND START OVER.
I8x=1

GO TO 7

IBX=2

8=BK

DEL=DELB

CALL ROM1 (NANS,SUM,2)
IF (IBX.EQ.2) GO TO 9
DO 8 I=1,NANS
ANS2(T)=ANS2{I}+SUM(I)
GO TO 2

DO 10 I=1,NANS
ANSZ(I)=ANST(I)+SUM(I)
GO TO 2

DEN=0 .

DO 18 I=1,NANS
AS1=ANS1(I)
AS2=ANS2(I)

IF (INT.LT.2) GO TO 17
00 16 J4=2,INT

JM=J =1

AA=Q2({I. M)

A1=Q1 (L, IM}+AST-2. %A
TF (REAL(A1).EQ.0..AND.AIMAG{A1).£Q.0.) GO TO 12
AZ=AA-QI(I,JM)

A1=Q1 (L, JM)—-AZ*A2 /A1
GO TO 13

A1=Q1 (L, JM)
A2=AA+AS2-2 . "AS!
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65 If (REAL(AZ).EQ.O..AND.AIMAG(AZ).EQ.O.) GO TO 14 GS 65
66 A2=AA-(AS1-AA)"(AST—AA) /A2 GS 66
67 GO TO 15 GS 67
68 14 A2=AA GS &8
69 15 Q1 (I, JM)=A51 GS 69
70 Q2(I.,JM)=AS2 Gs 70
71 AS1=A1 Gs 71
72 16 AS2=A2 Gs 72
73 17 QI(I.INT)=ASH Gs 73
74 Q2(I,INT)=AS2 G5 74
75 AMG:ABS(REAL(ASZ))+ABS(AIMAG(ASZ)) GS 75
76 IF (AMG.GT.DEN) DEN=AMG GS 78
77 18 CONTINUE Gs 77
78 DENM=1 . E-3%DEN*CRIT Gs 78
79 JM=INT-3 Gs 79
80 IF (JM.LT.1) JIM=1 GS 80
81 DG 19 J=JM, INT GS 81
82 DO 19 I=1,NANS GS 82
a3 A1=Q2(I,J) GS 83
B4 DEN=(ABS(REAL(A1})+ABS(AIMAG(A1)))*CRIT GS B4
85 IF (DEN.LT.DENM) DEN=DENM GS 85
86 A1=Q1(I,J)-A1 Gs Bé
87 AMG=ABS(REAL{A1)})+ABS(AIMAG(A1)) GS 87
a8 If (AMG.GT.DEN) GO TO 20 GS B8
89 19 CONTINUE GS 89
90 GO TO 22 GS 90
91 20 CONTINUE GS 91
92 PRINT 24 Gs 92
93 DO 21 I=1,NANS GS 93
94 21 PRINT 25, Q1({I,INX),Q2(I,INX) GS 94
95 22 DO 23 I=1,NANS GS 95
96 23 SUM(T)}=.5*(Q1(T,INX)+Q2{I.INX)) GS 96
97 RETURN Gs 97
ag ¢ GS 9B
99 24 FORMAT (46H **** NO CONVERGENCE IN SUBROUTINE GSHANK *eae) GS 99
100 25 FORMAT (10E12.5) GS 100
101 END GS 101-
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HANKEL

PURPOSE
To compute the Hankel function of the first kind, zeroth order, and its

derivative for a complex argument.

METHOD
For argument magnitudes less than a limit 2.S the functions are
evaluated by the ascending series and for larger magnitudes by Hankel's

asymptotic expansion (ref. 5). The series are

Y (2) = 2 1n(z/D3y(2) - 2 ji W1y 2L ’4)
= (k! )
YO(Z) ==+ 1n(Z/2)J (Z) T :Z [W(k+1) + P(k+2)] PIIUTSON
k=0

k
where P(k+l) = -y + :i ]
3=l

‘U(l) = -Y,
Y = Euler's constant = 0.53772156649

The Hankel functions are

(1)(2) = 3,0+ § ¥y (2)
(1! _ ' ) T
HO (z) = JO(Z) + ] YO(Z)

1
The series for JO(Z) and Jo(z) are given in the description of subroutine

BESSElL.. The number of terms used with an argument Z is M(IZ) where IZ = 1. + 12|

The array M is filled for IZ from 1 to 10l on the first call to HANKEL by
determining the value of k at which the term in the series of Y0 is less
than 107°.
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When |21 is greater than Zs Hankel's asymptotic expansions are
used with two or three terms. These are

1 2 . '
(2 - = (P(v,2) + j(v,2) jeX
X=12- (%v + %)n

P(v,2) and Q(v,Z) are given in the description of subroutige BESSEL.

When Zs < 1zl < Zi + O both the series and asymptotic forms are
evaluated and are combined as in BESSEL to eliminate any discontinity. 1In
HANKEL Zs is 4 and A is 0.1,

SYMBOL DICTIONARY

Al = -1./(4k?)

A2 = 1./(k+l)

A3 = 2y(k+l)

A4 = [W(k+l) + @(k+2))/(k+1)
ci = (W1} + y(2)}/(2m)

c2 = 2y/Tm

c3 = VZI]n

CLOGZ = Lln(Z)

FJ = y-1

FJX = FJ

GAMMA = Yy

HO = Hgl)(z)

HOP = Hgl)l(Z)

1B = 1 to indicate that both the series and asymptotic forms will be

evaluated and combined

INIT = flag to indicate that initialization of constants has been
completed
1z = 1.+ 1212
JO = Jy(2)
'
JOp = Jy(2)
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M
MIZ
POZ,
PL
POF
PSL

P10

summation index k, summed from 1 to limit

array of upper limits for k

upper limit for k

, P11, PlZ,

1
n/4
Y

P20,

P21: see BESSEL

Q0Z, Ql0, QLl, QlZ, Q20, Q2i: see BESSEL

TEST
YO

YOP

4l
Z12
ZK
M5

CONSTANTS
16.
16.381

31.41592654

il

H

]

magnitude of term in the series

YO(Z)
YO(Z)

Z

Zz or 1/2

1/22

(-Zzlh)k/(k!)z; also temporary storage

IZZI or temporary storage

i

4.1
10.w
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SUBROUTINE HANKEL {Z,HQ,HOP)

HANKEL EVALUATES HANKEL FUNCTION OF THE FIRST KIND, ORDER ZERO,
AND I7S DERIVATIVE FOR COMPLEX ARGUMENT Z.

COMPLEX CLOGZ,HO,HOP,J0,J0P,POZ,P1Z,Q0Z,Q1Z,Y0,Y0P,2,21,212,2K,FJ
OIMENSION M(101), A1(25), A2(25), A3(25), A4(25), FJx(2)
EQUIVALENCE (FJ,FJx)

DATA PI,GAMMA,C1,C2,C3,P10,P20/3.141592654,.5772156649,—.024578509

15,.3674669052, 7978845608, .0703125,.1121520996/
DATA Q10,Q20,P11,P21,Q11,Q21/.125,.0732421875,.1171875,.1441955566

1..375,.1025390625/

DATA POF,INIT/.7853981635,0/,FJX/0.,1./
IF (INIT.EQ.0) GO TO 5
IMS=Z*CONJG(Z)

IF (ZMS.NE.D.) GO TO 2

PRINT 9

STOP

18=0

If (ZIM5.GT.16.81) GO TO 4

If (ZMS.GT.16.) IB=1

SERIES EXPANSION

I1Z=1.+IMS

MIZ=M{IZ)

Jo=(1.,0.)

JOP=J0O

Yo0=(0.,0.)

YOP=YOQ

ZK=10

ZI=24+17

DO 3 K=1,MIZ

IK=ZK*A1({K)*ZI

J0=J0+ZK

JOP=JOP+AZ(K)*ZK

YO=YO+A3(K)*ZK

YOP=YOP+A4({K)*ZK

Jop=-. 587« JopP

CLOGZ=CLOG( .5%Z}
YO=(2.*JO*CLOGZ-YQ)/PI+C2
YOP=(2./Z+2,*JOP*CLOGZ+.5*YOP*Z) /PI+Ci*2Z
HO=JO+F J* YO

HOP=JOP+F J*YOP

IF (IB.EQ.0) RETURN

YO=HO

YOP=HOP

ASYMPTOTIC EXPANSION

21=1./2

Z12=21*21
POZ=1.+(P20*ZI2-P10)*ZI2

P1Z=1 _+(P11-P21%ZI2)*ZI2
Q0Z={Q204Z12-Q10)*ZI
QIZ=(011-Q21*Z212)}*Z1
IK=CEXP(FJ*(Z—POF)})*CSQRT(ZI)*C3
HO=ZK*(POZ+FJ*Q0Z)

HOP=F e ZK*{P1Z+F J*Q12)

If (IB.EQ.0) RETURN
ZMS=COS({SQRT(ZMS}—4.)*31,41592654)
HO=.5*(Y0*(1.+ZMS)+HO" (1 .-ZMS))

HOP=.5*(YOP* (1. 4+ZMS)+HOP*(1.-ZMS))
RETURN

INITIALIZATION OF CONSTANTS
PSI=—GAMMA

DO 6 K=t,25
AT{K)=—.25/{K*K}
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65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
a0

(9]

A2(K)Y=1./(K+1.)

PSI=PSI+1./K

A3(K)=PSI+PSI
A4(K)=({PSI+PSI+1./(K+1.))/(K+1.)
DO 8 I=1,101

TEST=1.

DO 7 K=1,24

INIT=K

TEST=—TEST*I*A1(K)

IF (TEST*A3(K).LT.1.E-6) GO TO 8
CONTINUE

M{I)=INIT

GO TO 1

FORMAT (34H ERROR - HANKEL NOT VALID FOR Z=0.)

END
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LAMBDA

PURPOSE
To compute the complex value of A from the real integration parameter
in ROMI.
METHOD
For integration along a straight path between the points a and b in the
A plane, A and dA are
A=a+ (b~ a)t

dA = (b - a}dt

SYMBOL DLICTIONARY

A = a
B = b
DXLAM =b - a
T =t
XLAM = A
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SUBROUTINE LAMBDA {T.XLAM,DXLAM)

COMPUTE INTEGRATION PARAMETER XLAM=LAMBDA FROM PARAMETER T.

COMPLEX A,B,XLAM,DXLAM
COMMON /CNTOUR/ A,B
DXLAM=B-A
XULAM=A+DXLAM® T

RETURN

END
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ROM1
ROM1

PURPOSE

To integrate the Sommerfeld integrands between two points in A by the

method of variable interval-width Romberg integration.

METHOD

A and B in common block /CNTOUR/ are the ends of the integration path
and are set before ROML is called. The integration parameter Z in ROML starts
at zero and ends at one. The corresponding value of A is determined by

subreoutine LAMBDA as
A=A+ (B - A2

Subroutine SAOA returns six integrand values which are nandled simultaneously
in loops throughout the code. The Romberg variable interval-width integration
method will not be described in detail since it is the same as that used in
subroutine INTX in the main NEC program. The convergence test in ROMIL
requires that all six components satisfy the relative error tests

simultaneously.
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SUBROUTINE ROM1 (N,SUM,NX)

ROM1 INTEGRATES THE 6 SOMMERFELD INTEGRALS FROM A TO B IN LAMBDA .
THE METHOD OF VARTABLE INTERVAL WIDTH ROMBERG INTEGRATION IS USED.

COMPLEX A,B,SUM.G1,562,63,64,65,T00,T01,T10,T02,T11,T20

COMMON /CNTQUR/ A .8

DIMENSION SUM(8). Gt1(6). G2(6), G3(6), G4(6), G5(6), TO1(8), T10(6

1), T20(8)

DATA NM,NTS ,RX/131072,4,1 64/
LSTEP=0

I=0.

ZE=1.

S=1.

EP=S/(1.E4*NM)
ZEND=ZE-EP

DO 1 I=t,N
SUM(I)=(0.,0.)

NS=NX

NT=0

CALL SADA (Z.G1)

DZ=S/NS

IF (Z+DZ.LE.ZE) GO TO 3
DZ=ZE-Z

IF (DZ.LE.EP) GO TO 17
DZOT=DZ*.5

CALL SADA (Z+DZOT,G3)
CALL SACA (Z+DZ.G5)
NOGO=0

00 5 I=1,N
TOO=(G1{1)+G5(I))*020T
TO1(I)=(TOO+DZ*G3(I)}*.5
T10(I)=(4.*TO1(I)-T0OC)/3.

TEST CONVERGENCE OF 3 POINT ROMBERG RESULT

CALL TEST (REAL(TO1{I)).REAL(T10(I})

1},71,0.)

IF (TR.GT.RX.OR.TI.GT.RX) NOGQO
CONTINUE

IF (NOGO.NE.Q) GO TO 7

DO 6 I=t,N
SUM{I)=SUM(I)+T10(I)

NT=NT+2

GO 10 11

CALL SAOA (Z+DZ*.25,G2)

CALL SAQA (Z+DZ*.75.G4)

NOGO=0

DO & I=1,N
TO2=(TO1(1)+DZ0T*(G2(1)+G4(1))
TH1=(4.4T02-TO1(I))/3.
T20(I)=(16.*T11-T10(I))/15.

}*.5

.TRLOAIMAG(TO1(I) )}, AIMAG{T10(I)

TEST CONVERGENCE OF S POINT ROMBERG RESULT

CALL TEST (REAL(T1I).REAL(TZO(I)).TR.AIMAG(T11).AIMAG(T20(I)).TI,O

1.)

IF (TR.GT.RX.OR.TI.GT.RX) NOGO
CONTINUE

IF (NOGO.NE.O) GO TO 13

DO t0 I=1,N
SUM(T)=SUM(I}+T20(1)

NT=NT+1

Z=2+DZ

IF (Z.GT.ZEND) GO TO 17

DO 12 I=1,N

G1({I}=G5(I)

IF (NT.LT.NTS.OR.NS.LE.NX) GO

=1

0 2
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65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
B2
83
84
85
86
87
88
8%
90

18
19

NS=NS /2

NT=7

GO TO 2

NT=0

IF {NS.LT.NM) GO TO 15
IF (LSTEP.EQ.1) GO TO 9
LSTEP=1

CALL LAMBDA (Z,T00,T11)
PRINT 18, T0O

PRINT 18, Z,DZ,A.B

DO 14 I=1.N

PRINT 1%, G1(I),G62(I),G3(I},64(I),65(I)
GO TO 9

NS=NS*2

DZ=S/NS

DZOT=DZ* .5

DO 16 I=1,N
G5(I)=G3(I)

G3(I)=62(1)

GO TO 4

CONTINUE

RETURN

FORMAT (38H ROM1 ~— STEP SIZE LIMITED AT LAMBDA =,2E12.5)

FORMAT (10E12.5)
END
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FAUA

JURPOSE

fo compute the integrands for the Sommerfeld integrals.

METHOD
The input to SA0A is tne integratrion parameter T and constants in common
block /EVLUUM/. The integration variable A corresponding to T is obtained

by calling subroutine LAMBDA. The values returned in array ANS are

" -y, (£+2%) .
ANS(L) = DzHéL) {Ap)e 2 AJdA/dT
. -y, (2+2')
ANS(2) = D YZH(I)(kp)e 2 X di/fdT
272790
{1 —YZ(Z+Z') 2
ANS(J) = D, Y, 1, {Aple A dA/dT
_ \ -y, (242"
austa) = oo i (apre 2 A2dAn/dT
(1) Y (aet)
ANS(Y) = DZHO (Aple AdA/dT
_ -y (Z+2")
ANs(b) = kllule}”(Ap)e 2 AdA/d4T
) k2
where 1), = —ee - —— 2
1 Y, *Y. 2
1 12 Y?(kl+k )
2
b oo ) L ko (ryv)
2 2 2 202 2 2 2 2
LYY Yol G ) (e, +k Y )
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Y, - (A2 - U2
.2 2. 1/2
Y, = [A k,
- . 1/2
kl k2( € _]UL/UJEO)
ky = Wwhye,

The integrands given above are computed when JH >0. When JH < 0,
H%L)(Ap) is replaced by ZJO(Ap). The functions Y, and Y, are computed from
SA 24 to SA 29 .so that the branch cuts are vertical. This is not necessary
from SA 17 to SA 20 since for the Bessel function form the integration contour
is confined to a different quadvant than the branch cuts.

To avoid loss of accuracy due to cancellation when X is large, 02 is

computed from the approximation for Yy - Y, ¢

Y - Y =

|+

whea |AIZ > 100. 1k 12,
The sign 1is:
- for
- for

+ for

bl - -
w~ &R R K

There 1s no cancellation and this approximation is not valid when

= R

Ekl,)\ > 0
< < -
—AR- ﬁ

I —
A
3 < 0.
2R L 0

K2

or —kR
1

r

D1 and 02 are computed from SA 30 to SA 44,
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SYMBOL DICTIONARY

ANS = integrand values
BO = 2Jp(Ap) or Hgl)(Rp)
1
BOP = 23,(Xp)/p or HE)“ (Ap)/p
CGAML =,
CGAM2 =,
CK1 = kL
CKLR = real part of kl
cRisQ = kf
CK? = k.2
CK25Q = k2
2
. o w2,0,.2.2
CKsSM kz/(k1+k2)
coM = exp [-Yz(z+Z')}AdA/dT at SA 45
CTiL (kl ki) /2
= (B4
cT2 (K2-i3) /8
_ 6 6
CT3 = (kl k,)/16
DENL = Dl
DENZ = 02
DGAM = 72 -
D XL = dA/dT
JH = flag to select Bessel or Hankel function form
RHO =p
SLGN = sign in approximation for Y2 - Y,
T = lntegration parameter
TKMAG = lOO.Ikll
TSHAG = 100. 1k 17
XL = A
XLR = real part of A
ZPH = Z + 2!
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SUBROUTINE SAOA (T.ANS)

SACA COMPUTES THE INTEGRAND FOR EACH OF THE 6
SOMMERFELD INTEGRALS FOR SOURCE AND OBSERVER ABOVE GROUND

COMPLEX ANS, XL, DXL,CGAM1,CGAM2,B0O,BOP,COM,CK1 ,CK1SQ,CKSM,CT?,CT2,C

173,DGAM,DENT | DEN2

COMMON /EVLCOM/ CKSM,CT1,CY2,CT3,CK1,CK15Q,CK2,CK250, TKMAG, TSMAG,C

1K1R,ZPH,RHO, JH

DIMENSION ANS(6)

CALL LAMBDA (T,XL.DXL)

If (JH.GT.0) GO TO 1

BESSEL FUNCTION FORM

CALL BESSEL (XL*RHO,BO,BOP)

BO=2.*80

BOP=2.+80P

CGAM1=CSQRT(XL*XL~CK15Q)

CGAM2=CSQRT( XL*XL-CK2SQ)

IF (REAL({CGAM1).EQ.0.) CGAM!I=CMPLX(0.,-ABS{AIMAG{CGAM1)))
IF (REAL(CGAMZ2) .EQ.0.) CGAM2=CMPLX(0.,-ABS{AIMAG(CGAMZ)))
Go TO 2

HANKEL FUNCTION FORM

CALL HANKEL (XL*RHO,BO,BOP}

COM=XL-CK

CGAM1=CSORT (XL+CK1)*CSQRT(COM)

IF (REAL(COM).LT.0..AND.AIMAG({COM).GE.D.) CGAMI=-CGAMI
COM=XL-CK2
CGAMZ=CSORT{XL+CK2)*CSQRT(COM)

IF (REAL{COM).LT.0..AND.AIMAG{COM).GE.0.) CGAM2=—CGAM2
XLR=XL*CONJG(XL)

IF (XLR.LT.TSMAG) GO TO 3

IF (AIMAG{XL}.LT.0.) GO TO 4
XLR=REAL{XL)

IF {XLR.LT.CK2) GO TO S

IF {XLR.GT.CKiR) GO TO 4

DGAM=CGAMZ —CGAM1

GO TOQ 7

SIGN=1.

GO TO &

SIGN=—1.

DGAM=1 . /(XL*XL)

DGAM=SIGN®*{ (CT3I*DGAM+CT2)*DGAM+CT 1) /XL
DEN2=CKSM*DGAM/(CGAM2* (CK1SQ*CCAM2+CK2SQ*CGAMT ) )
DEN1=1./{CGAM! +CGAM2 )—CKSM/CGAM2
COM=DXL*XL*CEXP{-CGAM2*ZPH)
ANS{6)=COM*BO*DEN1 /CK!

COM=COM*DEN2

If (RHO.£Q.0.) GO TO 8

2eP=B0P /RHO

ANS(1)=—COM*XL*{BOP+BO*XL)
ANS(4)=COM*XL*BOP

GO TO 9

ANS{1)=—-COM*X|*XL*.5

ANS(4)=ANS{1)
ANS{2)=COM*CGAM2*CGAM2Z*BO
ANS(3)=—ANS{4)*CGAM2*RHO
ANS(5)=COM*BO

RETURN

END
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SECOND
SECOND - see SECOND in main NEC program. TEST

TEST - see TEST in main NEC program.
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2. CUMMON BLOCKS IN SOMNEC

COMMON/CHTOUR/ A, B

Routines Using /CNTOUR/
EVLUA, GSHANK, LAMBDA, ROMIL

Parameters

A = start of integration interval
B = end of integration interval
A and B are used by subroutine LAMBDA to compute the complex value of A from

the real parameter supplied by ROML.

COMMON/EVLCOM/ CKsM, CTl, CT2, CT3, CKLl, CK1sQ, CK2, CK25Q, TKMAG, TSMAG,

CKLIR, ZPH, RHO, JH

Routines Using /EVLCOM/
SOMNEC, EVLUA, SAOA

Parameters

See symbol dictionaries for subroutines

COMMON/GGRID/ ARL (11, 1O, 4), AR2 (17, 5, &), AR3 (9, 8, 4), EPSCF, DXA(3),
DYAC3), XsA(3), YSAC3), NXA(3), NYA(3)

Routines Using /GGrIv/

SUMNEC (main program)

Parameters

ARL = array for grid 1 (see Figure 12, Part [)
ARZ = array for grid 2

AR3 = array for grid 3}

EPSCF = €

c



For grid 1, ARi(]j, k, m) is the value of Iz, 1, Ig, or I for

4 =1, ... & respectivaly at the point

R./A =5, + (j-1)4R, j =1, ... N.
1 1 1 1
=T, + (k-1)A8. k=1, ... M.
1 1 1
where Si = XSA(1)
Aui = pxa(i)
N, = NXA(1)
Ti = YSA(i)
Aai = DYA(L)
M. = aYA(1)
1

X5A and DXA are in units of wavelength. YSA and DYA are in units of radians.
The upper limit of grid 1 (XSA(2) = XSA(3}) and the upper limit of grid 2
(YSA(3)) may be changed and the densities of points may be changed.
Boundaries that are zero should not be changed without modifying subroutine
INTRP in NEC. The three grids must cover the region 0 < R1/A <1 and

0 <0 <mn/2.
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3. ARRAY OTMENSION LIMITATIONS

Humber of Points ian interpolation Grids

Arraysa
COMMON/GGRID/ARL (Nl’ M, 4), AR2 (N, My, 4), AR3 (Ng, May, 4)
where N. > NXA(i) and M. > NYA(i)
The dimensions in common /GGRID/ in SOMNEC must be the same as the dimension of

/GGRID/ in NEC.

Maximum Number of [terations in GSHANK

Arrays;
Subroutine G3HANK: Ql (6, MAXH), Q2 (6, MAXH)
wnere MAXH = maximum value of [NT in GSHANK set at GS 13.
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SOMNEC SUBROUTINLE LINKAGLE

Figure 17 shows the organization of subroutines in SOMNEC.
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