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FOREWORD

his mi#nual is a supplement to the Engineering, User's,
and Systems manuals prepared for the Antenna Modeling
Program (AMP). This document describes the operation,
theory, and coding of the changes made to AMP in order to
decrease the running time for large voluminous structures
with wire appendages. The options incorporated are surface
modeling with surface patches as an alternative to wire grid
modeling, and the use of approximate structure matrix elements
where appropriate. In addition, an option for the precautionary

dumping of temporary file storage is included.

The AMP code as modified (AMP2) has been implemented
on the Naval Ship Engineering Center CDC 6700 and has been
delivered to the Naval Research Laboratory, U.S. Army
Strategic Communications Command, and the Rome Air Develop-
ment Center, under the Office of Naval Researca Contract
N00014-71-C¥M187. The program is under the direction of
E. S. Selden an§ G. J. Burke of MBAssociates and M. L.

Musselman and RY K. Royce of Naval Research Laboratory.
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1.0 INTRODUCTION |

The Hybrid Wire-Surface Program (AMP2) described in this

manual is an extension of the basic Antenna Modeling Program (AMP)

detailed in references 1, 2, and 3 with the added capability of modeling
surfaces of voluminous conducting bodies via the magnetic field integral
equation. The program can be used with wires alone in the same way as
AMP employing the thin wire form of the electric field integral equation
(EFIE). When modeling voluminous bodies, surfaces are represented by
patches on which the surface currents are computed from the magnetic
field integral equation (MFIE). Any number of wires and surfaces may
be included in a model with mutual interactions computed by a hyorid of
the MFIE and EFIE. Wires may be connected to surfaces at the centers
of surface patches although not at edges. The program may also be used
with surfaces alone, but only for scattering calculations since voltage
sources may be applied only on wires.

The basic program AMP, using the thin wire form of the

EFIE, can be used to model surfaces by use of wire grids. The MFIE,

hcwever, has been found to yield more accurate results with less compu-
tation time than wire grid modeling for voluminous structures. Also
fewer decisions are required of the user in modeling a surface with patches
than in choosing the locations and directions of wires in a grid. There are
limitations, however, in the types of surfaces that can be modeled by the
MFIE. The surface must be closed, such as that representing a thick
solid body. Thin bodies, such as conducting plates cannot be modeled with
the MFIE since two parallel surfaces close together (the front and back)
will result in severe numerical errors.

In addition to surface modeling, program AMP2 provides two
other options not in the basic program AMP. The time for matrix filling

can be reduced by the use of an approximation when the interaction distances

are greater than a specified value. In addition a time interval can be specified
at which intermediate results will be dumped to file storage to permit
restarting the program after a machine failure. Execution continues after

each such dump.
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This manual contains, first, instructions for use of the new
features of program AMP2 not found in program AMP. Section 2 together
with the Antenna Modeling Program Users Manual (reference 1) should
provide all information necessary for use of the program. The remainder
of the manual covers the formulation of the surface modeling method and
details of the program coding which differ from the basic program AMP.
These sections supplement the Antenna Modeling Program Engineering
Manual (reference 2) and Systems Manual (reference 3) respectively.

Included also is a complete list of the AMP2 code in section 7.
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2.0 PROGRAM OPERATION

The basic information needed to use program AMP2 is contained
in the AMP Users Manual (reference 1). This section contains supple-
mentary instructions and information for using AMP2 to model surfaces.
When used to model structures with wires only, the operation of program
AMP?2 is identical to that of program AMP. The one exception is that
AMP2 uses a time saving approximation in filling the interaction matrix
for interaction distances greater than one wavelength. For results identical
to those of AMP in all digits printed, this approximation range should be
increased to greater than the maximum structure dimension in wavelengths
by use of a KH card.

When surfaces are included in a model they are represented by
small flat surface patches corresponding to the segments used to model
wires. Two new types of data cards may be used in the structure geometry
input to specify surfaces. These are described in section 2.3. The
program operation with surfaces is otherwise identical to that of program
AMP with the exception that the following options are not available when
surfaces are modeled:

near field calculation

imperfect ground (perfect ground is allowed)

ground wave in the radiated field.

In addition, voltage sources and impedance loading may not be applied

on surface patches.
2. SURFACE MODELING

A conducting surface is modeled by means of multiple small

flat surface patches corresponding to the segments used to model wires.
The patches are chosen to completely cover the surface to be modeled,
conforming as closely as possible to curved surfaces. The parameters
defining a surface patch are the Cartesian coordinates of the patch
center, the components of the outward directed unit normal vector and
the patch area. These are illustrated in figure 1(a) where ro = x° X +

Yo y + z, z is the position of the segment center, n = n_ x + nY y -

n, z is the unit normal vector and A is the patch area. The shape of
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the patch (square, rectangular, etc.) is not specified since there is no
integration over the patch unless a wire is connected to the center.
The program computes the surface current on each patch along the
orthogonal unit vectors ;I and 22 which are tangent to the surface. These
are chosen by the program according to the following rules:

. Fo; a k}‘orizontal patch

t, = x

2. For a non-horizontal patcn

':1:(; xr;)/l; X ;1|
t, = n Xt

When a structure having plane symmetfy is formed by reflection in a
coordinate plane using a GX input card (see reference 1) the vectors t,

~

t2 and n are also reflected so that the new patches will have t 5 = -M X tl'

When a wire is connected to a surface the wire must end at the
center of a patch with identical coordinates used for the wire end and the
patch center. The program then divides the patch into four equal patches
about the wire end as shown in Figure 1(b) where a wire has been connected
to the second of three previously identical patches. hThe connection patch
is divided along lines defined by the vectors t and tz for that patch with
a square patch assumed. The four new patches are ordinary patches like
tnose input by the user, except when tne interactions between these patches
and the lowest segment on the connected wire are computed. In this case an
interpolation function is applied to the four patches to represent tne current
from the wire onto the surface, and the function is numerically integrated
over the patches. Thus, the shape of the patch is significant in this case.
The user should try to choose patches so that thcise with wires connected
are approximately square with sides parallel to t, and ';2. The connected

wire is not required to be normal to the patch, but cannot lie in the plane

of the patch.

o
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As with wire modeling, patch size measured in wavelengths is
very important for accuracy of the results. A minimum of about 25
patches should be used per square wavelength of surface area, with the
maximum size for an individual patch about 0. 04 square wavelengths.
Large patches may be used on large smooth surfaces while smaller patches
are needed in areas of small radius of curvature, both for geometrical
modeling accuracy and for accuracy of the integral operation solution.
For the specific case of an edge, a precise local representation cannot
be included; however, smaller patches in the vicinity of the edge can
lead to more accurate results since the current magnitude may vary rapidly
in this region. Since connection of a wire to a patch causes the patch to
be divided into four smaller patches a larger patch may be input in anti-
cipation of the subdivision.

While patch shape is not input to the program, very long narrow
patches should be avoided when subdividing the gsurface. This is illustrated

by the two methods of modeling a sphere shown helow.

L A\
Y 1717 ,:;‘El g g JE ; 7
Uniform segmentation Variable segmentation

The first uses uniform divisions in azimuth and equal cuts along the
vertical axis. This results in all patches having equal areas but with
long narrow patches near the poles. In the second method the number of
divisions in azimuth is increased toward the equator so that the patch
length and width are kept more nearly equal. The areas are again kept
approximately equal. The results of the two segmentations are shown in

Figure 2 for scattering by a sphere of ka (2 mx radius/wavelength) equal
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to 5.3. The uniform segmentation used 14 increments in azimuth and
14 equal bands along the vertical axis. The variable segmentation used
13 equal increments in arc length along the vertical axis with each band
from top to bottom divided into the following number of patches in
azimuth: 4, 8, 12, 16, 20, 24, 24, 24, 20, 16, 12, 8, 4. Much better
agreement with experiment is obtained with the variable segmentation.

In general, the use of surface patches is restricted to modeling
voluminous bodies. The surface modeled must be closed since the
patches only model the side of the surface from which their normals are
directed outward. A single wire grid, in contrast, can model both sides
of the surface that it forms. If a somewhat thin body, such as a box with
one narrow dimension, is modeled with patches the narrow sides (edges)
must be modeled as well as the broad surfaces. Furthermore the parallel
surfaces on opposite sides cannot be too close together or severe numerical |
error will occur.

2.2 EXECUTION TIME

The program execution time depends on the number of patches

and the number of wire segments used. The central processor time

approximately follows the formula

’JI'=T1+T2+T3+T4 !
2 2 Z g
T1 = (Alst + AZkNp + A3kNSNp+ A4Nc)/M
5! S it
T2 =B (NS Gk ZNp) /M
2 b 2
T3 = CNe (Ns + ZNp) /M
T4 = Dka (NS + 2Np) 1
where 1
Ns = number of wire segments ,
Np = number of surface patches {
Nc = number of connections between a wire and a surface
Ne = number of different excitations
Nf = number of far field calculation points

M = number of degrees of symmetry
k =1 if structure is in free space

2 if structure is over ground




T

matrix; T3 is the time to solve for the currents for all excitations and T4

is the time to fill the interaction matrix; T2 is the time to factor the

is the time to calculate far fields.

The proportionality factors depend on the computer system on
which the program is run. The factors in seconds for a CDC 6600 computer
with the program compiled under the Run compiler and the matrix fitting

in core are roughly
A, =2. (103

1 )
A, =3 (1074
A, =3 (1073
Ay =L (0-1
B =%, (0%
Cc =2. (107°)

D =3. (107%
Unless a large number of excitations or far fields are requested, T1 and
T2 will account for nearly all of the running time. If the matrix does not
fit in core T1 and TZ will be larger than indicated above.

If the matrix fill approximation is used for interaction distances
greater than R, (RKH = Ry /A) then Al is multiplied by (1. - 0.7 Ry)
and A3 is multiplied by (1. - 0.5 Rp) where RW is the fraction of all segment
pairs for which the separation is greater than R, and R_ is the fraction of
all segment-patch pairs for which the separation is greater than Ro.
2.3 NEW INPUT CARDS

All input cards described in the AMP User's Manual may be

used in program AMP2. In addition two new cards have been added for
input of surface patches, one card for selecting the distance at which the
approximate interaction formula is applied, and one for setting the time
interval between precautionary dumps of intermediate results to permit
restarting the computation. When surface patches are input the cards
GM, GX, GR and GS for moving duplicating or scaling a structure act on
patches as well as on wire segments as described in reference 1. All
patches input before the GM, GX, GR or GS card is encountered will be
affected. Since patches do not have the tag numbers that segments have

the GM card must act on all patches input before its occurrence.




The number of patches and segments that may be used in a model
is limited by program dimensions. If the number of segments is Ns and

the number of patches Np then the standard limits in the program are

N_ +N_<1000if N < 500
s P P

N +3N_ <2000if N >500
s P P

The new input cards are described on the following pages.

=1 0= 1
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SURFACE PATCH (SP)
PURPOSE: to input the parameters of a single surface patch ]

CARD:

5[ 10 20 3 ') 50 & 70 80
sp F1 F2 F3 Fa4 F5 F6 Blank
;H s xc Yc zc AL BT AR
The numbers along the top refer to the last column in each field.
PARAMETERS:
INTEGERS - None
DECIMAL NUMBERS
XC (F1) - x, y and z coordinates
YC (F2) - of the center of the
ZC (F3) - patch
AL (F4) - elevation angle above the x - y plane of
the outward normal to the patch (degrees)
BT (F5) - angle from the x axis to the projection of
the outward normal of the patch onto the
x - y plane (degrees)
AR (F6) - area of the patch (units are the square of
the units used for XC, YC, and ZC)
NOTES:

e The use of AL and BT in defining the normal to a patch is
illustrated in the figure below. For a horizontal patch
AL = 90. and BT = 0.

wllw

A —— — .




NOTES:

8>

a
¥
B
AL=a
BT = g

SP cards, if used, must occur in the section of geometry
data cards -- after the comment cards and before the GE
card. They may be intermixed with cards specifying wires
and any other geometry data cards.

At the end of structure geometry input the patch coordinates,
like the wire coordinates, must be in meters. If other units
are used for jnput they may be scaled by use of a GS card

which scales both patch dimensions and wire dimensions.

1P
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MULTIPLE SURFACE PATCHES (SS)

PURPOSE: to cover a flat surface with multiple patches by reproducing

the previous patch input with shifts in the X and Y directions.

CARD: AT3T 10 7 ) % & 70 0]
f ss|n| 2 F1 F2 Blank Blank Blank Blank Biank
E nﬂ Ny | ox oY
] The numbers along the top refer to the last column in each field.
2
I | I |
! PARAMETERS:
INTEGERS
NX (I1) - the previous patch input is reproduced
NX times with increments in the X direction
NY (12) - the previous patch input is reproduced NY
times with increments in the Y direction
DECIMAL NUMBERS
DX (F1) - X coordinate increment for reproduced
 § patches
DY (F2) - Y coordinate increment for reproduced patches
NOTES:

e

° The surface generated by a SS card is NX + 1 patches wide

in the X direction and NY + 1 patches wide in the Y direction

The patch is first reproduced NX times in the X direction
with increment DX. The Y coordinate is then incremented
and NX + 1 patches are generated adjacent to the first row
in the X direction. This process is repeated NY times.
The patch reproduced may have any orientation (which is
maintained in the new patches) so the SS card may be used
to generate both the top and sides of a box. The SS card

will not shift patches in the Z direction, however.

i i ¥




The increments DX and DY must be consistent with the

area of the patch reproduced so that the sum of the areas

i
{
3

of all patches is equal to the area of the total surface
covered.

The GM card may also be used to reproduce patches with
an arbitrary direction of shift but it operates on all patches
and wires input before the GM card.

13-




INTERACTION APPROXIMATION RANGE (KH)

PURPOSE: to set the minimum separation distance for use of a time

saving approximation in filling the interaction matrix.
CARD: — 0

/50!5

KH . F1 Blank Blank Blank Blank Blank

HE(T(3|

The numbers along the top refer to the last column in each field.

= Lo
PARAMETERS:
INTEGERS - none
DECIMAL NUMBERS

RKH (F1) - The approximation is used for interactions

30 40 50 60 70 80

over distances greater than RKH wavelengths.
NOTES:

° If two segments or a segment and a patch are separated
by more than RKH wavelengths the interaction field is
computed from an impulse approximation to the segment
current. The field of a current element located at the
segment center is used. For separations less than RKH
a current interpolation function is integrated over the
segment length as in the basic AMP program. No approxi-
mation is used for the field due to the surface current on
a patch since the time for the standard calculation is very
short.

ES The KH card can be placed anywhere in the data cards
following the geometry cards (with FR, EX, LD, etc.)
and affects all calculations requested following its occurrence.
The value of RKH may be changed within a data set by

use of a new KH card.

«15-




If no KH card is used RKH has a default value of one
wavelength. Hence to exactly duplicate a run with the

basic program AMP a KH card should be used with RKH
greater than the maximum structure dimension.

The minimum value of RKH which can be used to obtain
results within a few percent of the no approximation

case seems to depend to some extent on the structure

size, type, segmentation, and excitation. Values of

.25 wavelengths or less have been found acceptable for
symrmetrically excited structures and electrically small
wire grids; on the other hand, values up to . 5 wavelengths
have been required for very asymmetrically fed structures.
No exact guidelines have been developed for RKH; therefore,
it is best to experiment on any given problem type if a
minimum value is desired. RKH should never be less

than the length of the longest segment, however.

-16-




FILE DUMP TIME INTERVAL (DP)
PURPOSE: to set the time interval between automatic dumps of file

storage to permit restarting the program after a machine
failure.

CARD:

/IS 10 5 ﬂ 30 4 50 60 70 80

F1 Blank Blank Blank Blank Blank

r3§§§m...

mnummmmmmmewmum.

= | | | |
PARAMETERS:
INTEGERS - None
DECIMAL NUMBERS
TMDUM (F1) - Time interval in seconds between dumps

8

of file storage
NOTES:

® Use of a DP card will produce a dump of the program files
every TMDUM seconds during the filling and factoring of
the interaction matrix. These are the most time consuming
operations in the program. After the matrix has been
factored no additional dumps will occur. If the structure
being run is small enough to run without file storage no
dumps will occur.

° File 17 to which the files are dumped must be requested
as a magnetic tape or other permanent storage device
by a control card.

e Instructions for restarting a run from the file dump are

given in Appendix B of reference 1.

37




2. 4 PROGRAM OUTPUT

The program output is basically the same as that for program

AMP, described in reference 1, with some additional data printed for
surface patches. The new data pertaining to patches is illustrated in the
sample case in section 2. 5.

Under STRUCT URE SPECIFICATION the surface patch cards
are listed with the patches numbered sequentially under the heading
WIRE NO. Patch numbers are followed by a P to distinguish them from
wires, which are numbered separately. Following the patch number, the
x, y and z coordinates of the patch center are printed under the headings
X1, Y1, and Z1. Next the angles o and B, defining the normal to the patch,
are printed under the headings X2 and Y2 respectively. Finally the patch
area is printed under the heading RADIUS. The other columns used for
wire data are blank for patches.

Following SEGMENTATION DATA, a block labeled SURFACE
PATCH DATA is printed with the x, y and z coordinates of the patch

center; the x, y and z components of the unit normal vector and the patch
area. Also printed are the x, y and z components of the unit tangent

vector ;:1 under the headings X1, Y1 and Z1, and i 2 under the headings
X2, Y2, and Z2.

Following the printing of frequency the value of RKH is printed
in the format

APPROXIMATE INTEGRATION EMPLOYED FOR SEGMENTS

MORE THAN '"RKH'' WAVELENGTHS APART.

Finally, following the segment current data, is a Block labeled
SURFACE PATCH CURRENTS. This lists, for each patch, the coordinates
of the patch center in wavelengths, the patch area in square wavelengths
and the surface current density in amps per meter. The surface current
is given both as surface components along the vectors ?:1 and %2 in magni-
tude and phase, and as x, y and z components in real and imaginary parts.

The remainder of the output is the same as for the standard program AMP.

2.5 SAMPLE CASE

As an example of the use of the program for surfaces and wires

the input cards and resulting output are shown on the following pages for

a cylinder with a wire antenna and another parasitic wire element attached.

«]18a




The cylinder is generated by first specifying three patches in a column
centered on the x axis as shown in figure 3(a). A GM card is then used

to produce a second column of patches rotated about the z axis by 30
degrees. A patch is then added to the top and another to the bottom forming
parts of the end surfaces. The model at this point is shown in figure 3(b).
Next a GR card is used to rotate this section of patches about the z axis

to form a total of six similar sections, including the original. A patch

is then added to the center of the top and another to the bottom to form

the complete cylinder shown in figure 3(c). Finally two GW cards are

used to add wires connecting to the top and side of the cylinder. The
patches to which the wires are connected are divided into four smaller
patches as shown in figure 3(d). Although patch shape is not input to the
program, square patches are assumed at the base of a connected wire
when integrating over the surface current. Hence a more accurate
representation of the model would be as shown in figure 4 where the
patches to which wires connect are square with equal areas maintained

for all patches (before subdivision). The remaining data cards scale

the structure by a factor of 0.01, specify a irequency of 465. 84 MHz,
specify a unit voltage source at the base of the wire on the top of the

cylinder and request computation of a radiation pattern.

19«
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DEVELOPMENT OF SURFACE MODEL FOR CYLINDER WITH ATTACHED WIRES
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FIGURE 4 ; ,
SEGMENTATION OF CYLINDER FOR WIRES CONNECTED
TO END ANDSIDE
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ANTENNG MODEL ING PHOGRAM

- = = = COMMENTIS = = = =

CYLINDER wiTh ATTACHEN wiOFS,

= = = STRUCTURE SPECIFICATION - ~ -

COORNINATES muST BE INPUT [N
METENS OW HE SCALED TO METERS
WFFOKE STRUCTURE IneUT IS ENDED

ALUECTSES. CASE A,

wiaf NO. OF FIRST LAST TAG
NO. b vi 21 a2 ve 22 WADIUS SEG. SECr. SEG. NO.
e 10.017000 0.00000 7.33330 0.00000 0,00000 14,60000
2v  j0.00000 0.00000 0,00000 0400000 0,00000 I8,40000
*  10.00000 0.00000 =7,33330 0.00000 0.00000 V4,40000
THE STRUCTUWE =4S AFEN MOVEDe MOVE NATA CARD IS =
-0 I 0.00000  0,00000 30,00000 <=0,00000 -0,00000 <-0,00000 =0,00000
% 5.39000 0.00000  )1,000n0 90.00090 0,00000 44.,4R000
L 6.49000 0.00000 ~11,0000n0 =90,00000 0,00000 “4,.84000
STRUCTURF ROTATED AROUT 2-AXlS5 4 TIMES, LAALFS INCREMENTED 4y -0
“ve 0.00000 0.00000 11.00000 90,00000 0.00000 44,89000
S0P 0.00000 0,00000 =11,00000 =90.00000 0,00000 44,89000
1 0.00000 0,00000 11,00000 0.00000 0,00000  23,00000 «10000 4 1 “ -0
¢ 10.090000 0.00000 v,00000 27.60000 0,00000 0.00000 «20000 S 5 < -0
STRUCTURE SCALED AY FACTOR «01000
TNTAL SEGMENTS USED= b NOs SFGe IN A& SYMMETRIC CELL® 9 SYMMFTRY FLAGs 0
TOTAL SATCRES SENe 6 NO. PATCHES IN & SYMMETOIC CELL® 56
= = = = SEGMENTATION DATA = = - -
COORUINATFS [N WFTERS
Te AND 1= INNICATE THE SEGMENTS REFORE AND AFTER [
sEn, COORNINATES OF SEG, CENIER SFG, ORTENTATION ANGLES wiRE CONNECTION DATA 4G
NO. x v 2 LENGTH ALPHA ETA tus 1 1 I nO,
1 0.,00000 0.,00000 12500 «03000 40,00001 0.00000 1 & -0
e G.00u00 0,00000 «15500 «N3000 90.00000 0.00000 2 ) -0
3 0.00690 0,00000 14500 «03000 90.00000 0.00000 b ] 4 -0
. 0.00000 0.00000 «21500 N3N0 90,00000 0.00000 L 0 -0
S «11780 0,000006 0U.00000 03524 Vev000u V.00000 S L -0
6 «15240 0,00000 0.00000 «PI520 0,00000 0.00900 L3 ? -0
7 12800 0.00000 0,00000 «03520 0.00000 V.00000 6 ? ” -0
A «22320 0,00000 0.06000 «N3520 0.00000 0.0r%00 L L) k] -0
e 25460 0.n0000 0.00000 03520 0.00000 0.9 000 «00200 s 9 " -0
« = = SURFACF PATCw NATA = = =
COORDINATES IN METEWS
PATFH  COCHOINATES OF PATCw CENTER UNIT NORMAL vFCTOR PATCH COMPONFNTS OF UNTT TANGENT VECTORS
NO, « v 2 x v 2 AwEA vl 52 v2
1 «lonno 0.00000 «07334 1.0000 00000 040000 «003A6 1.,0000 0.0000 040000 0.0000
2 109500 «01569 «0159 1.00u0 N.0000 0.0000 «00096 1.,0000 0.0000 0.0000 0.0000
3 #0000 = 01549 «01569 1,0000  0.0000 0.0000 +00096 1.0000 0,0000 040000 C.0000
“ «10000 =.01563 =+ 01549 1.0000 0.0000 0.0000 +00096 1.,0000 0.0000 0.0000
5 01369 =e01Suy 1.0000 0.0000 0.0000 +N0096 0,0000 0.0000
L 0.00000 ~e07333 0.0000 0«n000 +0034a
7 .05000 07333 «5000 0.0000 «00384
L +05000 0.00000 +5000 0.0000 00386 0.0000
9 .05000 ~-.07333 +5000  0.0000 +00336 0.0000
10 1400000 «11000 0.0000 1.0000 00469 1.0000
11 0.,00000 =«11000 0.0000 =1.0000 «00%69 =1.0000
12 L0R6A0 «6733) «R6K0  0,0000 «00334 0.0000
13 +08K60 0.0n000 PLLIL) 0.0000 «00384 0.0000
1e «R6K0 0.0000 «00354 0.0000
15 1.0000 Ue0000 00334 0.0000
1o 1.0000 0.0000 00384 0.0000
17 1.0090 00000 «00334 0.0000
» 0.0000 1.0000 00469 «5000
19 0.0000 =1.0000 «00649 =«5000
20 «ABK0 0.0000 +0038e 0.0000
21 860 0.0000 «003R4 040000
22 «A660 Gan000 «003486 0.0000
23 «5000 0.0000 «00346 0.0000
24 «5000 0.0000 «0038¢6 0.0000
25 +5000 0.0000 00386 0.0000
ELY 0.0000 1.0000 «00649 =5000
27 0.0000 <«1,0000 00469 +5000
n =+0000 0.0000 «0038e 0.0000
29 «+0000 0.0000 «00384 0.0000
10 =.0000  0,0000 «003R6 0.0000
3l ~45000 0.0000 «003u6 0.0000
32 -.5000 u.nn00 <0033« 0.0000
13 PLUALEY 0.0000
e =1.0000
s 1.0000
" 0.0000
" 0.0000
n 0.0000
1% 0.0000
“ 0.0000
<l 0.0000
23 “+5000
) +5000
“ 0.0000
5 0.0000
b 0.0000
«? 0.0000
CL] 0.0000
«9 0.0000
S0 «l1000 0.0000 00449 5000
s) 0 )usS “shinio n.0000 0.0000 «006e9 #5000 «,96«9 0,0000 =.9660 =.S000
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z2
l.0000
1.0000
1.0000




Se «0inty LAY shiOuy Uaouuy Ve0Guy ta0000 2T J.0000  U,0000 U,00u
53 =.01nTS JOlers 11000 0,0000 0.0000 1.0000 00112 1 U.0000 0,0000
54 =0187S 01675 «il000 02,0000 0.0000 1.0000 00112 1.0 0.,9000 0,0000
sS «01ATS =,01875 «11000 0,0000 0.0000 1.0000 00112 1.00 0.0000 ¢,0000
56 0.00000 0.00000 ~s11000 0,0000 0.0000 ~1,0000 « 00649 1.00 0,0000 0,0000
* DATA C8RD w0, | fa -0 1 ~0 =0 4.65440€+02 -0, ~0. -0.

DATA CARD w0, 2 Ex -0 -0 1 =0 1.00000€+00 -0, ~0e -0,

DATA CARD NO. ) wP -0 n 1 luoo o, Ue 5400000F+00 0.

e == m e FREQUENCY = = = ~ = =

FREUUFNCYE @, n6HeEe0 mnZ
CAVELFNGTNG $,6600F~n] METEAS

APONNEMATE (NTEARATION E%PLAOTFD FOR SEGMENTS MORE TrAn 1000 wAVELENGT

- = = CTRUCTURE JWRSDANCE LOADING = = =

TH1s STRUCTUWE S NOT LOADED

= = = ANTENNA FNVIRONMENT = = =

Futf SPaCE

- = = WATIlA TIMING = = =

fFlue Yeln) SEC,e FACIORE 11e521 SEC.

- e = ANTEANA INPUY PARAMETEWRS = = «

=S AoAwT

VevoLO
0.0000
0.0000
0.0060
0.0000

-0,
-0,
-0,

140000 v,0000
1.0000 0.0000

1.0000 0,0000
=1.0000 0.0000

=0
-0
0o

TaG “FG. VoL TAGE (v TS) Commbn T tAWP ) ULt GANCE  (GmMS) ANMITTANCE (M=0S) FOwFR
N NO. wE M ™A, QAL TMAG, oF AL MG, REAL 1MAG. (wATTS)
-0 I 1400000F00 =0, Tol1 30260 T7.73029F =00 1.u01#eEe0) =),25952E002 1.113026=03 T7.74029F-03 55,5651 2F =l
. =« CukdbANTS AND LNCAYION = = =
DISTANCES [N WAVELENGTHS
SEf,  Tah Conan, oF <EG. CENTER SEG. = = = CUMWENT (AMPS) = = =
NO.  ND. T v Z LENGTR CEAL 14AG, “aG. BHASE
1 -0 2.0000 0.,0000 L196) WNanss 141130663 7.7R036 =01 7.8665¢-0) A1 ,A56
7 -0 040000 040000 ale0? PLLLLY QA IROTF=Ne 5,0R91F=03 6.1474E-03 L2 A0
3 -0 040000 0.0009 «2R1Y WNensSH 7403006 =06 4,0363F=03 @ 08951F=0) ROLLLS
- -0 040600 040001 «3335 oNaasa Pe3egr =06 1.5RSS5F=N)  J K] 24E=03 19.51¢#
5 -0 w1326 0,000 0.,0000 0566 <A, T268F =06 1,5334F=N] 1. 7h44F<03 119,645
L -0 2373 046000 0.0000 PLLTLLY 06235 =06 1.«135F=03 1.4272F-03 119.700
7 =-a Pelv 240000 0.0000 NSehB  =6,7010F=0% 1,1750F=01 1.3526E-03 119,69+
s <0 2debh 0,000 b,000n 05666 e ]F=04 K 163GF-04 9 1924E-06 119,634
v -0 waol2 0,000 40000 o566k =1.9136F =06 3, 3792F=04 3. 4RI4F=04 119,527
= = = = SURFACE PATCH CURRENTS = = = =
OISTANCE IN ®AVELENGTHS
CURRENT IN AMPS/Mp TER
- = SUAFACE COMPANENTS ~ = o = = RECTANCULAK COMPONFATS = «
PaTCH PATCH CFNTFR OATCH TANGENT vEClOR | TANGENT VECTOR 2 x v 4
NO " v { ARF A vab. PHASF “AG, BHASF aF b Imac, mF M Imac, wE AL 1™AG,
1 «155 2.000 Jlle  L0092h 1,7142F«03 =166,95 7,0100€=03 =36,50 0. 0. 1,476 <00 =3, ATE=10 S.TRE=0Y =1,97F =01
e 026 026 00231 441709F=03 =~41.7R 1,7924E-02 =69.64 Do Ne 4,36F =03 =R, 0RF=03 S,01E=07 =].0&F=02
3 07 026 L00231 9.1709k<03 118,22 1,1924E=02 =4«G,68 0. . ELTECLELE] OME=03 G.01E=03 =|.0nF=0F
“ W24 =026 00211 9,1A%F=N) 113,14 5,46495E-0) 96,19 0. 0. 4,33 =03 R,00E=03 ~6,06E=-04 S.alf=0)3
5 026 =,02¢ 00231 9.1496F=0)  ~61.8h 9,46A5F-0) 96,39 0. 0. 31«03 =R.00E-03 ~6.08E=D6  S,6)F=03
& Ne0nN0 =.1)é  L00924 1,71356=93 =1h6,70 1,17956-03 37,39 0. 0. 21 HTE=09 =3, 94E=10 G,37E-06 T,16F=06
7 074 lle 00926 1.66925 =03 ~30,95 §5,37926=03 =ti.018 =R.29F=07 9,25F=06 ),46F=0h <] ,A0F=03 S,1RE=0Y «1,02F-03
a WOTA 0,000 00926 3.9261F =03 =71456 4,73376<03 =32,10 =6.21E=04 1.AAF=03 |,00E=0]3 =3,22F=03 &.01E-01 =2,52F=03
9 COTA  =ulle 00926 Lo7234F=03 «93,79 2,1165E=03 =3),90 S.AvE-05 «60F =0l ~G HEFDS =1 ,49F=03 |.97E~00 =1,22F=03
19 0.000 JIT1 L01082 1,2706F=02 =[04.82 1,7943E=-09 -167.70 =3.25E-40) W2V =02 =) 75F=0% =3, A2E-10 O. 0.
1 0,000 =.171 01082 1,6185F=03 «Rs6l 1,7898E-09 12441 1460E=03 =2,076=06 =) 75E=09 =3,856=10 O. 0
12 136 Wlle 00926 1.5629F=0) =125.80 4,4N93E-03 S 7.92€-04 «10£-03 S7F s =A, JF =Pl 6o VRE=DY =~ 37F 06
i 1% 0,000 L0092k 1.5614E=0) =11047R &,3713F=03 =32,39 4, 76E=04 1,25F-03 ~2,71k-04 L1 1E=0Y =2,A1F=03
le o136 =.lle ,00926 L.6AS0F<NI =133,90 3,7035€-03 =4k.41 3 1,04F=03 +5,77F <06 2.6KE0Y =2, 77F =03
15 <155 elle  L0092A 1,3623F=n3 =159,H4A 4,3566E-03 12,21 142KE=07  4,62F=06 . 04E-1) “oPaE=01 1.05¢6~01
1e L155 0,000 00926 1 1487501 =15A,23 4,9901E=03 32,42 1.09E=01 4,33F<06 1.,S0F=13 A,00F=1b & 21600 =2 6RF=0)
17 165 =oll%  ,0092h len6T3F=03 =1AT7.8]1 4,2640E=03 =56,07 1.518=07 3,27F<06 2,09F=13 &.52f=14 2.50€~01 =1 &SF~0)
(8] «093 171 01082 1,38175-02 =106enh [,4AWGE=0F 167,064 =7,458=04 =5,40F=0) ~3,64F~03 =1,20E-02 0. e
13 093 =, L7101 L010R2 ], AS8HE=NY 57 1.5K67E=03 LehGE=n3 5F =05 ebab=De =1.50F=D3 0. 0.
20 lie olle L0092+ 1,2522F«n) 4,7391€-03 . LeNRE=DD o IHF =06  K,26F U6 =1,03E=06 JE~0Y =2,35¢ 06
21 Y136 0,000 ,00926 1.017AE=03 (75,08 5,1150E=01 =32,AD R, 7HE=04 =7,59F =05 65,0706 =4 IAF05 4 WE~0) =2,77F=03
2? W13 =.l16 L00926 1,6961F=0) 172479 &,1015€=01 58,86 1,2RE=03 =],61F=06 7,37F=06 <9,32F=05 2.31k~01 =1,39F-03
23 “078 slle  ,00926 A,A001F=06 159,42 5,4126E-0) Hehl  3e2WF =04 =]1,21F =06 S,5uF=0a =2,106=06 S SE<0Y K |10F=0&
24 078 0,000 ,00925 A.N%4F=04 162420 5,2003E=03 32,43 2,90F=Ny =9,326<05 5,01 =0« =1.81E-0& 4 V17E~0) =2,R2F =03
25 L0092 3,1991F=04 162,37 4,0730E=03 ~57,63 3,00 =04 =1,26F =06 6,76F=04 =2,156-06 2.19€~0) =3,44F=0)
26 01082 LewiBlF=n? =1NALba 1,17R6k=03 =177.56 Jeoht=i3 6,91F=03 ~),3ef=ul i9t~02 0. o,
27 0102 1./080F =03 =93,33 1,4794E=0) “1442 133 =03 7,70F-04 A,58F=04 =1,41F~03 O
rL 00926 1,ASR6F =09 14480 S,7108E-0) “heBh  5,50F=]19 1,3RF=19 «],38F=03 =9,46F~)0 QYE~0) =6, 25F-04
29 00926 5,5%205F=09 102,62 S,2367E=0) «32.9] =4 H7F=]1d 2,21F=17 1.I5k=0R =5,)9F~08 AES0] =2 ,Ref =03
30 JO0926 1 nSESF N 3,392626203 56,36 5.58F=]4 I, HhF =19 ] I4F=08 “9,41F«]0 2.17E~0) =1,27€-0)
3 00926 6.,HA01F =04 Seul26€-0) Bebl o230 =0a =1,21F=06 «5,50F«04 2,10F~04 SIRE=D) 9,)10F =04
32 200976 6,0964F N0 $42003E=03 =32,83 2,90F=04 =9,32F205 =5,01 <04 1,81E~04 @ 17E0) =2, B2F=03
Rk} #0096 B, 1392F«ne G NTI0E=0T «GT7,63 FoQ0F =4 =] ,26F Db «£,75F=04 2,]15F =04 “E-0y - “fF =03
6 “.000 SI71 L0102 L.6aInF <02 2oRTSTE=N9  Bl.1] Se19E=01  1,35F=02 ~).2uf=0y =2, 3aF-09 0.
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35 -.107

- = ANGL
THETA
OF GREF S

0.00
5.00
10.00
15.00
20.00
25.00
30.00
35.00
40,00
©5.00
50.00
55.00
60.00
65,00
70.00
75.00
40.00
#5.00
90.00
95.00
100.00
105.00
110.00
115.00

ssess DATA CAGD NO.

£ o= =
T
DEGREES
0.00
0.00
0.00
0,00
0.0
0.00
4.00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.90
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00

0.00

LLlom2
00920
00926
L00920
L0992k
00926
L00974
01042
01082
L0092s
JO0v2n
L0096
L0924
L0094
00996
01042
01042
L0027)
0027)
00271
00271
JU1042

- POWER GAINS -

Fah220F =03 =) 17,36 2,471066-09

1.2522F =) =09 4, 7391F=0)
L0} TR =0 ) ~a.9e 5,11506-03
LebablF=n? ~T1.41

Lolad ¥ =0
LelaA?6=03 P1eTT 4,9901€-0)
LeSalyf=n) 12,19 4.2he0E-0)
LeaaB1F =02 ~104.66 |, 17084€-03
Leh060E=03 =371.3) Ll.e79F-0)
1.5629F-0) Se,20
tefalat=0) 49,22
LetsS0k -0 4610 ), 1035 -0)
LeRa92b=01) 904,05 5,27926-0)
J.926)F=0) I0R, 44 4 7V37E=0)
Lal239 =0y Mbedl 2.1165e-03

20402

133176202 ~106,85 |, ,4R4esE-0)
L.ASBAE=N)  =49,57 661€-03
I.S2IAF =02 =6T7.22 3.4012€-02
J.6alSE~02 19420 3,5986E-02
3.balSE~02 79.20 3,59R6E-02
3.5234F-02 <=37.22 1.40126-02

4.n283E-03 =12.22 1.K046E-09

- = = POWER AUDGFT - = =

=11%.he

143303
7492604
=372,39 474606
=ed.el  1.00E-03

“l1.1A =¥ 20E-07
«32,10 =6,21E~04
=31.90

37.95

7.00€-0¢ 1,35¢-03
1.08E=07 =), 78F <06
1RE=04 =1,59F 05
RE=0)
Le?20E=03
1e096-03
1.51€=0)
JashE=03

SehQL =05
=T46SE-06
Lobo€=-01
~4,63E-03
6442€~01
6.426=03
=4, 6303 ~3,50F-02
4.52F=03 =9,79¢-04

INPUT POWF & = 5.56516-06 wATTlS
RADIATED POWE== 9,5651F~06 wATTS

STRUCTURE LOSS= 0.
NFTwOdK LOSS = 0

WATTS
wAlTS

EFFICTIFNCY = 100,00 PERCENT

- = = WANTATION PATTERNS = = =

- - = POLARI

VERT. HOR, T0TAL AXTAL
o8 DL} or ®ATIO
~A.78  =128.132 AL 78 00000
=9.16  =127.99 -9.16 +00000
.86 =127.60 -9,.86 «00000
=10.9% =127.40 -10.98 «00a00
=12.489 =127.12 =-12.69 «00000
=15.28  =]126,n4 =15.28 +00000
“i¥e20  =126452 19,20 200000
“22.46  =]12b.60 =22.96 «00000
=19.12 =126.29 “19.12 «00000
=le.56 =]126.01 ~1e.56 «00000
= =125.15 =11.3e +00000
=123.71 ="l «00000
=1¢5.54 =7.02 «00000
=125.44 =5.46 +00000
=129.6n ~aold «00000

~2.39% =125, 2475 +00000
~i.30 =125.29 -1.90 00000
=125.24 =96 «00000
=125,25 =.le +00100

=125.26 #5957 +00000

1e15  =1¢5.29 1.15 +00000
1e60 =125.0) 1.60 «00000
1,90 =125,40 1.90 «00030
2.75 =125.44 2.05 +00000
2ene  =125.59 2406 +00000
1.25 =125.71 1445 +00000
leeh  =125.%4 1.48 «00000
A9 =]26,02 «00000
N8 126,20 «00100
~lel =126.41 «00000
125,81 «00000
=126.47 «00000
=127.)1 «00n00
=127.41 00000

~9.hT  =127.70 «00000
“128.00 «00000
=123, +00000

=12 k4 +00000
=129.02 «00000

-129,3a « 00000
129,77 «00000

=130.1% 00100
=130.57 +00000

=130.94 «00000

=131 .00 00000
=131,42 «00000
=132.24 «09 +00000

-132.41 .32 «00100
~133.1 52 «00n00
~133,35 68 +00000
=133,h6 o177 «00000
=133,n9 .18 +00000

- EN -0

=[34.07

~128.3? -A.78

-0 -0 =0 0.

«25-

2ATION - = =
1

~ = = E(THETS

TILT SENSE MAGNITUNE

DEGe VOLTS/™
=e00  LINEAW 1.03226€-01
.00 LINEAR 4.88070€-02
=.00 LINEAR Ye11714F =02
.00 LINESR 4e01192F =02
0 LINEAR 5.58005€~02
LINEAR «,B88511F-02
LINEAR 3.11040€-02
=.00 LINEAR 2.064029€-02
00  LINEAR 3.14011€-02
<00  LINEAR 5.30517€-02
00 LINEAR T.T0483€-02
+00 LINEAR 1.01613€E-01
«00 LINEAR 1.26346€=01
<00 LINEAR 1.51240€6-91
«00 LINEAR 1.76607€-01
«00  LINEAR 2.01988E=-01
00 LINEAR 2.,27919€-01
200 LINEAR ?2.53857€-01
«00  LINEAR 2.79144E=01
#00 LINEAR 3.02850F-01
«00 LINEAR 1.23865E-01
«00 LINEAR 3.41012€-01
<00 LINEAR 3,531626-01
«00 LINEAR 3.59340€-01
«00 LINEAR 3.58A)116-01
«00 LINEAR 1.51141€-01
00 CINEAR 3,36213E-01
<00 LINEAR 3.14356€-01
<00 LINEAR 2.86150€-01
<00 LINEAR 2.52651€-01
<00 LINEAR Z2e1€361E-01
<00 LINEAR 1.76320€-01
«00 LINEAR 1.38785E=01
«00 LINEaR 1.08135F=n1
<06 LINEAR 9,32114E-02
<00 LINEAR 9.97322€-02
200  LINE&H 1e21475€=01
«00 LINEAR 1.48618E-01
+00  LINEAR 1.755A0€-01
00 LINEAR 1.99710E-01
«00  LINEAK 2.20147F =01
00 LINEAR 243681 1FE=01
200 LINEAR 2.50135€~-01
<00 LINEAR 2.61061F=01
«00 LINEAR 2.70321E=-01
«00 LINEAR 2.,78717E =01
00 LINEAR ?.86663F =01
«00 LINEAw 2.94234E =01
<00 LINEAY 3.01132F=01
00 L INEAW J.06542F =01
«00  LINEAR 3.09845F=0]
~«00 LINEAR 31.10175€ =01
=a00 LINFAR 1.06944F -0 )
=.00 LINEAR 2.99870€-01
=.00 LINEAR 2,88850F-01
=.00 L INEaR 2.74165€-01
=400 LINEAR 2.563184E-n]
=400 LINESR 2.36232€-n1
=.00 LINEAR 2.16271E6-01
=00 LINEAW 1.92916F =01
=400 LINEAR 1.71884€=01
=400 LINEAR 1.,525%F-n1
=400 LINEAR 1.35788F -0}
.00 LINEAR 1.22212€-01
.00 LINEAR 1.12106E-01
=,00 LINEAR 1.,05451€=-01
=e00  LINEAR 1.019)eE-01
=00 LINEAR 1.00905€-01
=400 LINEAR 1.01637F =01
=00 LINEAR 1.03200€-01
«.00 LINEA®R 1,068]18F =N
=00 LINEAR 1.04922F <01
.00 CINEAR 1.03226F =01

=0 -0, “0.

=1.29E=09
6. 20E-04
5,06 -06
=137 ~06
6.91€6-17
S.9%€-11
B.30F-11
3. 36E-0D
=6H.95E =04
4.STE-06
2413604
S5.776-06
“l.44F=0h
~1,0%E=04
S.HeE-US
JetoF =03
~2.64E-0%
“5.616-0)
=5.54E-03
5.54E~03
S5.€)E-03
~1.276=09

) ==
PHASE
NEGHFES

1.99
2,81
.66
l.16
=2.44
=-10.01
-21,97
-78,064
=132,16
=154,12
166,25
=175,.68
175.69
167,26
158,87
150,56
142,42
134,57
127.10
120,07
113,53
107,49
101,95
96,92
92,42
84,48
85,15
82,54
90,91
A0.25
81.37
85,09
93.17
104,60
133,05
159,14«
177,823
=170.31
=162,15
«155,65
145,73
=143.30
=137.94
~130.81
-123,62
=116,05
-104,25
=100.41
-92.4817
~85,17

“2.36E-09
1.03F =06
&, 385 -05
9.326-05
2.53-11
2.IRE-11
1.79€-13
1.19€-02 0.
1.41E-03
6. VeE =06
T.21F =04
6.00E-04
1.60€-03
3.272€-03
f.4%9€-03
1.20€-02 0.
1.506-03 0.
=1,56£-02 0.
=3.566-02 0.
3.56€-02 0.
3.56€-02 0.
“9,RA7E-10 0.

- - - E(PHII
MAGN I TUDE
VOLTS/M
1.0RR7¥ =07
1.13000F-07
1.17071€E=-n7
1.21067€E=07
1,24964€=07
1.2873E-07
1.32347F=07
1.35774E~-07
1.3R9RGE =0T
1.61949€E~07
1o4dbasE~nr
1.47050€E~07
1.49151€-07
1.50935€~07
1.52397€=07
1.53533F~07
1.5¢341E~07
1.56823E~07
1.5697RE~07
1.54R06E~07
156 V0RE~07
1.53483E~07
1.52332€~07
1.50855F~n7
149057607
1.46943E~07
1.6452hE<07
1.641820E~07
1.I8847€~07
1.356306-07
1.32199F~07
1.?RSR3F~07
1.26R14E=07
1.20921€~07
1.169326-07
1.12R70€E~07
1.08756E-07
1.04609F~07
1.006abE-07
9.42825€E-0A
Q.21 393608
A.A0DI93E-0R
B.40104E-08
R,00856F=0R
7.53027€-08
T7.27032€-08
$.93309€-08
6.62299F =R
6. Va630E-0R
5.101026-n8
S.R96T0E-08
S5.73613F =R
5.61613F-0R
9.56busE-0R
5.51974F-0R
5.56203E=-0R
54512R3IE-NA
Se72938E-08
S.A90K1F=0R
#.094208-08
A.33720E-08
Ae61ANT7E-08
©,92582E-0R
T.26513€E-08
T.62653E~0R
R, 00KSTE-0R
0102€-08
«HOA02E-0R
92181 7€E-0R
G5 3659E 08
1.00529€-07
1a0a711€-07
1.,0RARTIF <07

0.

LS

0.

A TIESOY =2, 356 ~ue
4.30E~03 =2,77F=03
2.0E~03 =1,39 =03
4 R4t 01
©¢21€E-03 -2 ,6RF=D3
2.50E-03 ~1,45F=0)

1.05F =03

0,

0. .

4o WWE-0Y =6 VW06
41 1E-0Y =2 0 )k~03
2.4tE<0Y -2, TTE=0)
SelRE~0) =1,02F=03
4 01€E-G1 =2,52F=03
1.976-03 =1,22F=03

fe

PHASE
NEGREES
160.97
157.91
154,87
151.89
145,01
146,24
163,62
fat 0
138,90
136.81)
134,95
133.31
131.88
130,66
129.67
128,90
128,35
128.01
127.90
12R.01
128.33
128.R8
129.64
130.%8)
131.84
133.27
136,92
136.78
138,85
16112
163,58
1e6.20
168,97
15184
156.8¢
157,88
160.95
166,02
167,04
170,00
172.R6
175.60
178.20
~179.35
~177.07
~176.9
~173.03
~171.30
~169.76
vlbR b
~167.13
<16F,45
~165.82
~165.43
165,30
“185.46
~165.43
“16k,47
~167.35
~168.46
-169,79
“171.33
«173.06
~176.99
=177.10
«179.38
178,18
175.50
1728
169.99
187,04
166,02
160,97

-

|
|

yR—




3.0 FORMULATION

The theory behind the basic AMP code which uses thin wires
in modeling structures is outlined in detail in the Engineering Manual
(reference 2). Of main interest here is the modification to the AMP

code which allows for the modeling of a generally shaped voluminous

structure by means of surface patches as an alternative to wire grid
modeling. An example of the general type of structure being considered
is illustrated below; in this case thin wire appendages are connected to

a conducting voluminous structure.

¥

As described in the Engineering Manual, the electric field
integral equation (EFIE) specialized to thin conducting wires is being
used in the basic AMP. Though the EFIE could be used for the voluminous
structure as well, the magnetic field integral equation (MFIE) is generally
more attractive for this case4; in particular this is true for structures
having a large smooth surface. Therefore, both the MFIE and the EFIE
are being used in the modified program to obtain the currents for structures
of the type illustrated above.

Using notation which is similar to that used in the Engineering

4
manual, the EFIE and the MFIE can be written respectively

I T in e kg & TR LN
@ xEF) = - o A @I [T, @+ T T TeFmiaa )
1 S
] and
n(m) x BlFd = - 1/27 &) + 4—1;5(?;) x)th @ x7vg [ T)da )
- S
E
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where the integration is carried out over the surface enclosing the entire
body excluding the singularity as indicated by the principal value integral
sign. As discussed above, for our application the EFIE will be enforced
| only on wire portions of the structure and the MFIE is enforced only on
the large surface portions of the structure. Thus r, which locates the
observation point on the surface is restricted to wires in equation (1),
and in equation (2) o is restricted to the large surface areas; together,

the two equations account for the entire structure.

With the thin wire approximation included equation (1) becomes

~ e P 2 ~ ~ Z —
-so.EI(ro)=- HT—QE- {I(s) [s' sokz- S-saafg—;]g (r, ™) ds -

—-ﬂ—4ir,”k oo f [Ts (F) Kk + (T () + 7) F] g (T, To) dA
S
where the integration over the surface in the second integral now of course
excludes surface portions covering the wires. In order to reduce the
vector equation (2) to two scalar components, a local coordinate system
is defined as shown in the illustration such that the unit vectors El and ;2
are orthogonal vectors tangent to the surface and n is the normal vector

as before. Now using tne identityu * (Vxw) = Uxv)'w

—

27

(3)
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and noting the fact that El Xn= - EZ and EZ Xxn = Gl' equation (2) with the

thin wire approximation included becomes

b () - HI(F) = -zl-ﬁ ;z (7o) - { I(S)(s x?g('r'.?o)) ds

)T, ) - g () gcl‘fs('r') x vg (T, T)da (4a)

-El ('1‘.0) . ‘}'{1(;’0) = g ;;l(-r'o) . { 1 (s)(-s' X v g (-;,—r'o)) ds

(Fo) - Ty (Fo) + 3= &) (%) - ! T (F)x T (T, T)da (4b)
These two components suffice since there is no nolrmal component of
equation (2).
The method of collocation as outlined in the Engineering manual
is used to reduce the equations (3) and (4) to a system of linear equations.
As before, the wire current is expanded into a set of functions having

constant, sine and cosine terms, i.e.

N
I(s) = Z Uj (s) IAj + Bj sin k(s-Sj) + Cjcosk (s—Sj)] (5)

j=1

where Uj(s) is 1 when s is on the subinterval j and zero otherwise. On
the other hand, the surface current is expanded into a set of pulse functions
except in the region of a wire connection as will be discussed later, The

pulse function expansion is given by

1. £ — - —
Js (1) =j§1 V; (r) [Jlj £ty (#) # JZj tz(r)] (6)
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where V_(r) is 1 for points in the jth subsection and zero elsewhere.

These expansions are substituted into equations (3) and (4). The wire

integrals in equations (3) and (4) can then be written in terms of a

summation of integrals over the wire subintervals. There are now three
unknown quantities, Aj, Bj, and Cj on each subinterval; however, through
the use of the current interpolation previously discussed (2)’ two of

these unknowns are eliminated and the current function is then

expressed in terms of the unknown center point currents on each interval.
A final approximation for wires is that straight wire segments are used
to approximate the wire subintervals. Of the resultant integrals, only
those related to the constant current terms need numerical integration.
This integration is performed by the Romberg variable-interval width

(2)

The terms involving surface integrations in equations

technique

(3) and (4) are handled in a simpler manner than the wire terms. Since
pulse functions are used for the current expansion, no current interpolation
is necessary. The two unknown current components, Jlj and ‘IZj’ on
each surface subsection will be accounted for by enforcing the two
equations, 4(a) and 4(b), on the center of each subsection. The surface
subsections are approximated by flat surface patches and the resulting
integrals are evaluated in one step; that is, the value of the integral
is equal to the product of the kernel at the center of the patch and the
patch area. No special consideration is necessary for the case of the
source and observation point on the same patch as happens in equation (4)
since these terms are identically equal to zero. Note that for a flat
surface, the resultant vector of the surface integral in equation (4) is
normal to the surface; thus, when dotted with surface tangent vectors,
these terms are identically equal to zero.

More accurate treatment of the surface integral in equation

(3) is necessary in the region of a wire connection. The treatment used
is quite similar to that presented by Albertsen et 31(5)‘ After Albertsen,

the surface current density, Es’ around the connection point should meet

the requirement

fl




Gs. j-s (x, y) =Jo (x, Y) + 15 8 (%, ¥)

where the coordinates are defined in the illustration below, ;s' denotes
surface divergence, J, (x, y) is a continuous function in the region ABCD,

and I, is the wire current flowing onto the surface. One expansion which

meets this requirement is

4
Tix, Y=le £miv)+ R Bpdxe 033, ~ b £) (7)
S j=l J J J

where

f(x,y) = p B 5 5 AP

2m (x2+y2)
F A X, .)
j s o
f.=1 (x. .)
j- ( Bt

and the interpolation functions g. (x,y) are cho4sen such that: gj (x,y) is

differentiable on ABCD; gj (xi yi) = § iJ.; and Z gj (x,y) = 1. The specific

functions used in AMP are the following: jnd
1 1 ;
gy (x,y) = 'az (d+x) (d+y) g, (x,y) = Y (d-x) (d+y) |
1 1 *
gy (x,y) = e (d-x) (d-y) By (X,y) = PP (d+x) (d-y)
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When computing the field in equation (3) on the attachment wire segment

which is due to the surface current, the expansion for the current given
in equation (7) is used in place of the pulse function expansion over the

flat square region ABCD, The current flowing onto the surface is, to a
good approximation, equal to the current at the center of the attachment

segment; therefore, I, in (7) is set equal to the segment centerpoint
current. The integration over the region is performed numerically using

the rectangular rule.

At this point the equations can be reduced to matrix form. The
solution of this matrix equation for the currents is obtained using the
Gauss-Doolittle factorization method as described in the Engineering
manual, In addition, structure symmetry can again be used to greatly
reduce the time taken in the matrix solution; the techniques employed are
the same as those for wires alone. Once the structure currents have
been obtained, the far electric field is readily calculated by summing the
electric field from the wire and surface portions of the structure. The

expression for the field can be written

P A= ikno 'ikro P vt - 0 ,—. _—
E(ry) = g ero [f [(k-I(s))k-I(s)] elk T ds
Lt
+ f [(k-?s (1)) 11-?8 (?)] g rdA] (8)
S1 -

where ;9 is the vector from the origin of coordinates to the observation
point, k is in the direction of ;o. and k = 21/X . The evaluation of the
wire term in equation (8) is outlined in the Systems manual (3), and
the evaluation of the surface term is by straight forward rectangular rule
integration,

To demonstrate the validity of the approach taken for the solution

of the surface-wire structure problem, three comparisons of computed

and experimental radiated field patterns are presented in Figures 5, 6, and 7.
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The basic structure is a cylinder whose length is 22 cm and whose

diameter is 20 cm, To this cylinder, two wires are attached in various
locations as illustrated in the upper right hand corner of the figures.
Wire a is driven and wire b is passive in each case. The experimertal
measurements were made at the Univeristy of Denmark by Albertsen

et al(s). The numerical computations were made using the cylinder
model illustrated in figure 3(c); furthermore, figure 3(d) illustrates the
specific wire attachment case whose results appear in Figure 5. No
special consideration has been given to the edges of the cylinder, but in
view of the results shown in the three figures here and results for other
configurations obtained by Albertsen, this is apparently not of significant
practical importance, On the other hand, increased patch density near
an edge has yielded more accurate results in certain instances. It should
be pointed out, however, that the MFIE is not valid for field points
directly on ideally sharp edges; moreover, in this formulation wires

cannot be attached directly on an edge.

3.1 APPROXIMATE MATRIX ELEMENTS

When wire segments in a structure are distant from an obser-
vation point with respect to wavelength, simple expressions can be used
to obtain accurate values for the fields. This fact can be used to substan-
tially reduce the time required in calculating the corresponding interaction
matrix elements. The following expressions are used in the AMP2

code when segment-observation point separation permits:

- o3 1
Er(ro) = ']'Z:—:r—e ikzq (rjz + ———-3) cos B (9a)
x iwer,
E, (;0\! . 1L -ikro (&u " 'nz + 1 ;) sin e (9b)
- 4m To To iwero
— I4 -ikr ik 1
M (fg)w Somg TR (— + — sin 6 (9c)
(7] 4m To 1_ez )
=3B
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These are the fields of an incremental dipole of moment I£ located at the

origin of a standard spherical coordinate system and oriented in the

z direction(é). At sufficient distances equation (9) is used for the field of

a segment where £ is set equal to the segment length and I is set equal to
the center point current. Thus, these expressions are the same as would
be obtained using a pulse function current expansion and one step inte-

gration,

This approximation has been found to yield good results for
separation distances as small as .25 to .2 wavelengths. Table 1 shows
the accuracy obtained for a particular structure, a 2) dipole, for various
segmentations and for various separation distances for which the expressions
in equation (9) were used. The KH parameter in the table specifies the
distance criterion in wavelengths where separations greater than the
criterion use the expressions in (9) and separations less than the criterion
use accurate integration over the segment. The column on the left hand
side of the table shows the number of segments away from the self segment
which are integrated over. For this example it can be seen that the
impedance accuracy remains within a few percent for a KH down to .21
wavelengths. It should be pointed out, however, that due to the quantized
nature of the problem a KH parameter slightly less than .2 wavelengths
will cause an abrupt change to integration over one fewer segments. For
the case of .2 \ segment lengths, this means integration for the self term
only and the results are poor. This problem can be avoided by keeping
the KH parameter larger than the longest segment. It should also be pointea
out that the minimum value for KH seems to depend to some extent on the
structure size, type, segmentation, and excitation. Values of KH up to
.5 A have been necessary to obtain only a few percent error for some
structures with very asymmetric feeds. No exact guidelines have been
established; therefore, it is probably best to experiment with any given
class of problems if a minimum value of KH is sought. The default value

for the KH parameter in the AMP code is one wavelength.
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STRUCTURE SEGMENT LENGTHS

NUMBER OF
SEGMENTS
INCLUDED 0.2 0.1 0.05
KH PARAMETER
.01 .01 .01
0 WS e S e ladies il Galtes e
47.2, 53. 77.3, 135. 97.4,170.4
.21 RA .06
] 2.2,.62 12.4,12.4 21.4,190
41 .21 1
2 —————— — — — — | — — — — —
E .068, .015 13,24 12,31.5
61 31 .16
y SV Pkl A T SR
35,.015 .09, .09 23,9.5
.81 41 21
4 _______ - e e s | e — e c—
19,.33 .028, .30 13, 3
1.21 .61 31
6 ——————— B . ———
06, .003 .035, .12 01, .23
1.65 .81 41
8 e S S e e, ek, it e e il e e o
02, .022 .09, .19 .037, .041
Table 1

PER CENT ERROR OF THE INPUT IMPEDANCE OF A 2\ DIPOLE
USING PARTIAL INTEGRATION AS COMPARED TO COMPLETE
INTEGRATION
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4.0 DESCRIPTION OF THE COMPUTER CODE

In this section of the manual, the details of the additions and

modifications to the AMP computer code will be discussed routine by

routine. Only those routines which have been modified in some way

other than the simple change of a common block or are entirely new will

be discussed. A description of all other routines can be found in reference 3.

The following list denotes those routines which have been modified and those

which are new:

Modified

MAIN
CABC
CATLOG
CHKPRT
CMSET
CONECT
CONVRT
DATAGN
ETMNS
FACTR
FACTRS
FFLD
ISEGNO
JMELS
LFACTR
MOVE
NETWK
REFLC
SOLVES
WIRE

New
APRXE
APRXH
FFLDS
GH
HFK
HFLD
HINTG
HMAT
HWMAT
MATFIL
PATCH
PCINT
UDOTES
UNERE

The discussion of each of these routines follows these introductory remarks,

and the discussions are arranged alphabetically by routine name for the

entire group of routines.
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In addition to the modified routines listed above, other routines
have changed simply because common/DATA /and common/RESTRT /have
been changed. Common/DATA /now acts as the geometry data storage
location for both wire segments and surface patches; therefore, the total
number of patches, M, and the number of patches in a symmetric section,
MP, have been added to the variable list. Furthermore, in each array
the wire segment data is stored from the beginning of the array sequentially
to N, the total number of segments, while the patch data is stored in
reverse sequential order starting at the last location in the array and
proceeding for M locations. Thus the length of each array must be known,
and this quantity, LD, is also included in the new common/DATA/. This
storage of the segment and patch data in the same arrays prt;vides the
maximum program flexibility in a given amount of storage, but since
variable names were chosen for the wire case, the variable names for
the surface patch case are not necessarily mnemonic. The use of the

arrays for surface patches is as follows:

X

Y = arrays containing the x, y, z coordinates of the

Z patch centers in wavelengths

SI - = array containing t| for each patch

BI = array containing patch areas in square wavelengths
ALP = arrays containing tly and tlz respectively for

BET each patch

ICON1

ICON2 = arrays containing the x, y, z components of €Z
ITAG respectively for each patch.

Most routines involved in surface calculations equivalence these variables

to others which have more meaningful names.

The common block/ANGL/is also used to store patch data from
the top of array SALP, sequentially downward. The quantity stored for a
patch is +1 if (il’ ?:2, n) for that patch form a right hand coordinate system

and -1 if (i 1’ t 2’ n) form a left hand coordinate system.

«39.
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The common block/RESTRT /has been expanded to contain
variables associated with the precautionary file dumping. The variables
IDUMP, TMDUM, and EXTIM have been added. The variables are defined

as follows:

IDUMP = file dump flag, = 0 (default) no dumping,

= 1 for dumping
TMDUM = time interval in seconds between file dumps
EXTIM = clock time in seconds at execution start

At this point we turn to the discussion of individual routines.
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APRXE
PURPOSE: to compute the electric field due to an infinitesimal
current element as the wire to wire interaction matrix element

for large separation distances.

METHOD: The electric field due to a current element with
F current I and length A oriented along the z axis at the origin of

_ a spherical coordinate system is
P o

. = I
= e
“L E=E X
E'=E f£+E' 8
r 6
where :
_(A/Nm_-i2mR ( TR el e | ]
E‘r- > e R 3> cos O |
R R
E'=QA/X![] e-12ﬂR(12TT i 1 .4 1 1 ) k'S
6 4m R RZ 2m R3

n -,/u/e

R is the distance from the current element to the observation

point divided by wavelength () and 6 is the angle from the z axis 5
to the vector to the observation point, f. The component of |
E' parallel to the observation segment is the matrix element. ?
In the code, E'r and E'e are computed at AE14
and AE15 respectively. The r and 6 components are converted {1
to z and p components in cylindrical coordinates at AE16 and
AE17, At AE18 GN is called to modify the field for reflection
from the ground if the case being computed is the field of the

image of a segment in a ground plane (indicated by IP=2). Finally

the matrix element is computed at AE19,
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SYMBOL DICTIONARY:

A0
Al
Cl
DLJ

DIR
EP
EPE
ER
ET
ETA
ETI
ETR
 EZ
EZE

IP

PI2

RKH1

ZP

cos 6

sin 6
exp (-i21R)
dot product of the unit vectors in the directions
of the source and observation segments
éot product of the unit vector in the direction
of the observation segment with the p unit
vector in the cylindrical coordinate system.
p component of E!'
array for gaining access to the real and imaginary
parts of EP
E|
r
=}
n
imaginary part the matrix element
real part of the matrix element
z component of E'
array for gaining access to the real and imaginary
parts of EZ
flag to indicate (if equal to 2) that field being
computed is reflected in ground plane
2m
distance from source to observation segment
(in wavelengths)
p coordinate of the observation segment in a
cylindrical coordinate system with origin at
the center of the source segment and z axis in
the direction of the source segment (in wavelengths),
2R
A/

z coordinate of observation segment (see RH)
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APRXH i1

PURPOSE: to compute the magnetic field due to an infinitesimal

current element as the wire to patch interaction matrix element

for large separation distances,

METHOD: The magnetic field due to a current element with
current I and length A oriented along the z axis at the origin of

a spherical coordinate system is

o i s

— - I — a
H=H -, 0 -H ¢ |
- ]
H' = L——l%" N i <—f,_ +i -—2‘) sin 8 ;
¥ R

The matrix elements for the two scalar components of the MFIE
are + fl » H' where the upper sign applies for a patch where
L

lower sign applies for a left hand system (patch reflected in a

fz, %) form a right hand system (normal case) and the

symmetry plane). H'is computed at AH17 and the matrix element

contributions at AH22 and AH23. The contributions are accumu-
lated in TWHR and TWHI so that when a ground is present the
routine can be called first for the direct field and ‘aen for the

ground reflected field with the fields summed.

SYMBOL DICTIONARY:
H = H!
(/7]
ILC

location of the patch coordinate data in the
common/DATA /arrays

K = do loop parameter

PDT =+ ; ({1 or 22) upper sign is used when

(t 1’ tz, ﬁ ) form right hand system

PX = x component of :p
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PY
PZ

RFL

RK
R2

ST
TPI
TWHI
TWHR
T1X
T1lY
T1Z
T2X
T2Y
T2Z

y component of &-

z component of ¢

distance from source segment to observation

patch (in wavelengths)

+1 for direct field of segment
-1 for field reflected in ground
2R

RZ

A/X

sin 8

2m

imaginary part of matrix elements

real part of matrix elements

x, y and z components of 31

%, y and z components of ?:2
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CABC (modified)

PURPOSE: to compute the coefficients in the sinusoidal basis
functions for the current on each segment, given current at the
center of each segment. Also the patch currents are converted

from two surface vector components to x, y and z components.

MODIFICATION: The code added from CB86 to CB101 converts i:he

patch currents from the two components

J =J1 t +'J2 t2

to the three components

T=J x+J_y+J z
x y z

The components Jx’ J_and Jz are stored in the array CUR in

place of Jl and J If there are N segments the currents for patch

2
i are stored as follows:

CUR (N + 2i)

J1=CUR(N+2i-1) J

(=
1]

J =CUR (N+3i-2) CUR (N + 3i - 1)

x i

J CUR (N + 3i)

z

Hence the conversion starts with the last patch and proceeds down
in patch number to avoid writing over values of Jl and J2 before

they are converted.

LOCAL SYMBOL DICTIONARY:

‘L CLL = JZ

: CLO = Jl
CUR = array containing current values
JCOl1 =N +2i-1
JCO2 =N+ 3i -2
K = location of patch data in data arrays |
LD = dimensioned length of data arrays ;
M = total number of patches

e i b i b e i
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T1X
TlY
T1Z |
T2X
T2Y
T2Z

= X, y and z components of t

= x, y and z components of t
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CATLOG (modified)
PURPOSE: to write the information contained on files 11-16

onto file 17. File 17 can then be used to restart the AMP program

at the point where the files were dumped.

MODIFICATIONS: In AMP, the program execution was stopped
after the files were dumped. The routine has been modified so
that execution is not stopped for the case of the precautionary
file dumps, rather control is returned to the calling program.
The statements CT56 and CT57 replace the STOP statement.
Other small modifications entail changes in variable

names in the common block RESTRT. The new common block

variable names are equivalenced to the variable names used in the

routine.




CHKPRT (modified)

PURPOSE: to check for interrupt during out of core matrix

handling and to control automatic file dumping.

METHOD: This routine is called at convenient times for

program interruption during out of core matrix filling and

factorization, The current program run time is compared to
i ‘ an input quantity TMDUM, if the run time is greater, routine
The

files are then repositioned in CHKPRT and control is returned

CATLOG is called to dump the scratch files onto file 17.

file dumps.

3.

EXTIM =
I =
ICK =
IDUMP =

TMDUM =

T1 -
T2 =

user to include cther options relating to file dumping.

SYMBOL DICTIONARY:

to the calling program. The next dump will occur when the
time since the last dump is greater than TMDUM. In case of
machine failure, the program can be restarted from one of these

The routine CHKPRT could be revised by the

these options are discussed in the CHKPRT writeup in reference

clock time in seconds at execution start
loop index

flag checking first call to CHKFRT

flag indicating if auto dumping is desired
number of backspaces required on certain
files during repositioning

running time in seconds when the dump is
initiated

minimum time between dumps in seconds,
input quantity

clock time at start of checking period

current clock time in seconds

-48.
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VARIABLES IN COMMON:
ICASE, ICl1, IC2, IC3, IDUMP, NBLSYM, NPRES, NRES,

TMDUM (other variables in common not referenced, see

listing).
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CMSET (modified)

PURPOSE: to control the filling of the structure matrix in the
CM array.
METHOD: The structure matrix in the AMP2 code can be

completely composed of wire elements or surface elements, or

there can be a combination of wire and surface elements. The

latter case will be discussed here since it includes the former cases.

3 The layout of the structure matrix for an unsymmetric wire-surface
structure is illustrated in figure 8. Filling of the matrix is arranged

so that wire to wire interaction terms appear in the upper left hand

box of the matrix and surface to surface interaction terms appear
in the bottom right hand box of the matrix. The rectangular boxes
at the other corners of the matrix contain the terms representing

the interaction between wires and surfaces., The size of the boxes

is governed by the number of wire segments, N, and the number of

surface patches, M., CMSET calls other routines to actually calculate
and fill the appropriate boxes in the matrix, and these routines have
been indicated in figure 8 in their respective boxes. The routines
INTG, APRXE, and HWMAT handle element calculations only,
CMSET then calls MATFIL for placing the elements in the CM
array.,

Figure 9 illustrates the matrix layout for the case
of a wire-surface structure with two period symmetry. The

complete matrix has the form

2] 1
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OBSERVATION LOCATIONS

WIRE SEGMENTS

SOURCE LOCATIONS
WIRE SURFACE
SEGMENTS PATCHES
< N 2M ~p
Y }
|
INTG or APRXE : UDOTES
< |
| ——
|
|
+ Pr— S CEEED D NN G ——— + ————————————— e
|
: -t
9 |
w
z |
e I
< = HWMAT | HMAT
W o~ l
Q
= ] O
[V
e |
=
@ |
|
|
|
\ 4 |

NOTE: M SURFACE PATCHES YIELD 2M ELEMENTS

FIGURE 8
EXAMPLE LAYOUT OF A STRUCTURE MATRIX

FOR AN UNSYMMETRIC STRUCTURE WITH WIRES
AND SURFACES

-51.

a»>

3654-13135




aiodey

:%_.-1 a - 17< ‘
O
O
(2]
™
AYLIWWAS AOINId OML HLIM UNLONYLS IDVIUNS-IYIM V ¥O4 AIYOLS SI 3
HOIHM XI¥LVW J¥NLONYLS V 40 13Vd IHL 40 LNOAVT I TdWVX3 "
6 33NOI4
NOILD3S JIYLIWWAS V NI SINIWITI XIHLVIN dW Z G13IA
NOILLDIS JIHLIWWAS V NI STHOLYd 3DVIUNS dW :TLON
T ! 5
| v ~
_ _ % .
| I | >0
J N B2
LVWH [ 1vwmH LVWH LVWMH T 0@
g _ _ © » R
- <
_ : 2 %
I “ 03
_ | e
b i e il s i e e e S I - - B
o _ _ £3
s310an | 3x¥dv 20 9INI sa10an | 3xyav 10 00m1 =29
_ _ L
_ i i
| I “ =
w \_ ] ¢y @
PRRSERE ||Iv_fll.._z |'T||| awz VT N ——»p
SIHILVd SINIWO3S
3DVIUNS MM

o

o




however, the only part stored and shown in the figure are the

unigue blocks IA B ] . As in the unsymmetric case, the total
number of unknowns is determined by the number of wire segments,
N, plus twice the number of surface patches, M. The size of the
submatrices A and B on the other hand are determined by the
number of wire segments in a symmetric period, NP, plus twice
the number of patches in a symmetric period, MP, The placement
of the boxes representing the various types of interactions within
the submatrices is shown in figure 9.

The filling of the matrix takes place in two major
steps. All matrix elements representing wire segments as sources
are filled first, and the elements related to patches as sources are
filled second. The part of CMSET which handles wire sources is
contained in the DO loop 19 which starts at CM49 and ends at CM 179,
Within this wire source loop is the observation point loop which
cycles over all the appropriate observation points, wire or surface,
As will be discussed later, for out of core processing the appropriate
observation points are limited to a matrix block. Finally, within
the observation loop there is a ground loop which sets parameters
for the image of the source if present.

The general wire-wire interaction matrix element,
Gij’ is the tangential component of electric field at the center of
segment i due to a unit current at the center of segment j and zero
current at the center of all other segments, Because of the sinusoidal
interpolation used, the current basis function for segment j extends
onto segments connected to either end of j although it is zero at the
center of these segments. Rather than integrating over the entire
support of the basis function for segment j in one operation to

obtain the complete matrix element Gij the code integrates over the

=




extent of segment j only, while integrating three functions
simultaneously: the center of the basis function for segment j
and the ends of the basic functions for adjacent segments, The
values obtained represent contributions to Gij and other elements
Gik where k is any segment connected to segment j,

In general the electric field is computed by routine
INTG which assumes that the source se/ment is located at the

origin of a cylindrical coordinate system. Thus, if segments

i and j have their centers at

1
»
»
-+

<
]

+
N
N>

s . .
1 1 1 7

T.=xR+y.§+z 2
J J YJY J

and unit vectors in the direction of the segments are

£y
=i ®4d $F+i 2
X Yy z

¥ Bt 1 x"’JYY+JZZ
a cylindrical coordinate system (p', @', z') is defined with origin

at r, and with 2' = j. The cylindrical coordinates of segment i in

this coordinate system are computed as
B | el 1 | ;

pij = (1'i -rj) =%

Z,, = z,, ss = .s
ij | 1J| % | i I

The coordinates are supplied to routine INTG which returns the cont-
ributions to the matrix elements. If the segment separation distance
is greater than RKH (one wavelength is default), the field is not

calculated by the integration process in the routine INTG as

o




discussed above, but rather is calculated by the routine APRXE
which uses the field expressions for a very small current element.
Fields are calculated more quickly through APRXE. If a ground
plane is present INTG or APRXE is also called for the image of
segment j and returns the field of the image segment modified by
the reflection coefficient for reflection in the ground plane. The
reflection coefficients are computed in CMSET and passed to the
routines that compute the field. The field of the image of segment
j is added to the same matrix elements as the field of segment j.
Elements are placed in the CM array by the routine MATFIL.

For the case when the observation point is a surface
patch, the two tangential components of the H field of the wire are
calculated by the routine HWMAT. If a perfect ground plane is
present, HWMAT is called for the field of the source and image and
the fields are summed. The matrix elements are placed in the CM
array by MATFIL.

When the wire source loop has been exhausted, the
elements corresponding to surface patches as sources are filled.
This is done entirely by the two routines UDOTES and HMAT. The
only function of CMSET in this case is to calculate and pass the range
of rows (observation locations) in the matrix which are to be filled.
When all matrix elements have been filled, a final function of the
CMSET routine is to modify the diagonal wire-wire matrix elements
for the case of impedance loading.

When the matrix is too large to fit into core storage,
the filling operations discussed above are confined to predefined
matrix blocks, and each block is written out onto file 11. The DO
loop from CM34 to CM205 which encloses most of the program cycles
over these matrix blocks until all the blocks are written on file 11.
Examples of how a matrix might be divided into blocks are shown in
figures 8 and 9; the arrows at the right of the matrix indicate points
where the matrix might be divided into groups of rows. It is the
transpose of the structure matrix which is actually stored in the CM
array, so the blocks then become groups of columns in the transpose
matrix. Due to the matrix blocking, parameters are present in the
code which keep track of an element location within a block as well

as the location in the total matrix.
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Coding Summary:
CM22-CM30 initialization
CM34-CM205 loop over matrix blocks when matrix is

stored out of core

CM49-CM179 loop over wire source segments

CM62-CM178 loop over observation points in a block

CM82-CM144 ground loop for wire observation points

CM140-CM143 calculation of wire-wire elements

CM149

placement of wire-wire elements in CM

CM152-CM160 initialization for patch observation point

CM165-CM170 ground loop for patch observation point

CM170

calculation of wire source - patch obser-

vation elements

CM172-CM176 placement of elements in CM
CM182-CM191 calculation and placement of patch source

elements

CM195-CM199 modify diagonal wire elements for loading

CM201

write out matrix block for the out of core

case

SYMBOL DICTIONARY:

B
CAB
CABI
CABJ
CM
CTH

DIJ
DIK
DIL
DIR
ETA
ETI
ETR

wire radius of segment j ( /))

array containing jx

= j

x
Ix
array for storage of the transpose structure matrix

cosine of angle between normal to ground and the

reflected ray from segment j to i
)
see routine TRIO

see routine TRIO

A

Oij'l

=Ju J e, (impedance of free space)

_ arrays containing respectively the imaginary

and real parts of the three contributions to the

wire source matrix elements

.56
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FJ

IFLG

1J
IK

IMI
IM2
1P

IPATCH
IPR

isv

IT
IXBLKI1
12

J

JCOl1
JCO2
NCOL
NIl

NROW
PI2

Ve

multiple purpose index, from CM63 to CM 178

indicates observation location number in complete
matrix

flag for routine MATFIL indicating when approxi-
mate matrix elements are used

i-j

flag denoting surface component equation after
CM154, IK = 1 for component 1 and = 0 for
component 2

first and last column number respectively of the
block in the transposed matrix which is being filled
multiple purpose index, ground loop index at
CM82 and CM165

patch number

loop index over columns in a transposed matrix
block

the column number of the beginning of the last
block processed

number of columns in a block

do loop index for cycle over blocks

number of words in a block to be written on file 11
multiple use index, CM49 to CM179 indicates
source segment j

ICON1(J)

ICON2(J)

number of columns in matrix (number of columns
in two blocks when file storage is used)

lower do loop limit for IXBLKI (=1 except during
restart when it equals number of first block to
be filled)

number of rows in matrix (=N + 2M)

2m
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D —————

R = |ri -¥ |/)
REFPS = reflection coefficient for E normal to plane of
incidence at CM134,. Combined with REFS at
CMI135
REFS = reflection coefficient for E in the plane of incidence ]
RFL = multiplier used in constructing image segment
(=1 for actual segment, = -} for image segment) ]
RH = gij/), ]
RHOSPC = distance from coordinate origin to point where .
reflected ray from segment i to j reflects from
ground
RHOX =0 ij/x at CM88, and
RHOY Eij/| p_ijl at and after ,
RHOZ CM98 :
RKH = separation distance when non integrated matrix
elements are used ( /1)
RMAG =R
S = length of segment j ( /A)
SAB = array containing the y component of .segment direction
SA:BI = iy
SABJ = jy'
SALP = array containing the z component of segment
direction
SALPI = iz
SALPJ = jz ;
SALPR =], for segment j or its image
TWHI _ arrays containing respectively the imaginary and
TWHR real parts of the three contributions to the wire
source matrix elements when a patch is the
observation point. The first array index denotes
the three components; the second denotes the surface
component equation 1 or 2 i
g | _ constants for evaluation of radial wire ground |
T2 screen impedance

«58-
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X1J
XJ
XSPEC

XYMAG
YIJ

YJ
YSPEC
Zz1J

ZzJ

ZP
ZRATIS
ZRSIN
ZSCRN

(x, -xj)/)\ (wire)
xj/k
x coordinate of ground reflection point for ray

1"

from segment i to j

magnitude of projection (r. - T.)/\ on xy plane
1 )

(Yi - yj)/)\ (wire)
¥ /X
similar to XPSEC but y component

(z.1 - zj)/k (wire)
z./\

J

z../\

1)
(impedance of ground)/(impedance of free space)

1]

= quantity used in computing reflection coefficients
= quantity used in computing reflection coefficient

for radial wire ground screen

VARIABLES IN COMMON:

ALP, BET, BI, CABJ, IBLCK, ICASE, ICl, KSYMP,

M, MP, N, NBLOKS, NLAST, NP, NPBLK, NRADL, PX, PY,

REFPS, REFS, RHOX, RHOY, RHOZ, SABJ, SALP, SALPR, SCRWL,
SCRWR, SI, X, Y, Z, ZARRAY, ZRATI, ZRATI2 (other variables
not used in CMSET appear in the common blocks, check the listing).
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: CONECT (modified)

PURPOSE: to generate data describing the interconnection
of segments by searching for segment ends that are in contact with

each other or in contact with the center of a patch.

MODIFICATION: The code from CN25 to CN136 searches for
connections between segments, and from segments to a ground
plane. It is unchanged from that in program AMP. From

CN137 to CN168 a search is made for segments connected to

patches. When a connection is found the patch is divided into
four patches by subroutine SUBPH (entry point to subroutine
PATCH) leaving the connected segment end at the point where
the four new patches meet. If the original patch is patch number

i the four new patches are as shown below.

@ it+t2 ® i+l

®i+3 0

The number of each patch after the original patch number i

is incremented by 3 and the total number of patches is increased
by 3. In addition the connection number for the segment end
(ICON1 if end one is connected to the patch or ICON2 if end two is
connected ) is set to 10000 + i. Thus a connection number greater
than 10000 indicates connection to a patch and the amount by which
it is greater than 10000 gives the number of the first of the four

patches at the connection point,
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LOCAL SYMBOL DICTIONARY: (all lengths are in units of wavelength)

I
ISEG
X
LD
M
SEP

SLEN

SMIN

SSMIN
XI1
YI1
Z11
XI12
YI2 :
Z12
XS
YS

ZS

patch number (i)

segment number

location of patch data in data arrays
dimensioned length of data arrays

total number of patches

square of the separation distance between a
a segment end and a patch center

product of the square of segment length and
the square of SMIN

sepa\{ation tolerance. A segment end is
considé.fé‘d\c{nnected to a patch if its distance
from the patch center is not greater than the
product of SMIN and the segment length.
square of SMIN

X, y and z coordinates of end one of the segment

%, y and z coordinates of endtwo of the segment

x, y and z coordinates of the patch center

<61-
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CONVRT (modified)

PURPOSE: to convert the segment geometry data stored as
the x, y and z coordinates of each end of the segment to the

x, y and z coordinates of the segment center, the segment

length and two orientation angles.

MODIFICATION: The statement at CV13 has been added to cause
a return to the calling program when there are patches but no

segments in the model.
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DATAGN (modified)

PURPOSE: Main routine for input of structure geometry data.
MODIFICATION:

DA18 to DA23: initialization

DA31: check whether number of patches and segments

exceeds dimension limit

DA36 to DA37: branches to set patch data
DA40: branch to set special segment connection number
DAS51 to DA59: Subroutine PATCH is called to generate data

for a surface patch.
DA60 to DA65: PACHS (entry point to PATCH) is called to
generate surface by shifting last patch input.
DA94 to DA101: Patch dimensions are scaled by factor XW1.
DA113 to DA119: Connection number for the segment end specified
by a GC card is set to interpolate to image of

the segment current.

New Mnemonics:

SP: Defines a new surface patch

= x, y and z coordinates of patch center
)

@ orientation angle of the patch normal

B orientation angle of the patch normal

patch area
Forms a surface by shifting the last patch input.
= number of increments in x

number of increments in y

X increment
= y increment
Connection number for the end of the segment
specified is set equal to the segment number. This
causes the segment current to be interpolated to

its own image about the specified end. This card




——

can be used if a segment is connected to a surface
other than at a patch center. It does not cause inter -
polation of the surface current on to the wire, however.
The GC card should not be used in the normal case

of a segment connected to a patch center. |

ITG = segment tag number

NS = number of the segment in the set of segments having J
tag ITG. If ITG is zero, NS is the segment number |

XwWl = segment end. If XWI1 = 1. end one is affected if

XW1 = 2. end two is affected.
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ETMNS (modified)

PURPOSE: to fill the array representing the right hand side
of the matrix equation with the negative of the electric field
tangent to the segments and the tangential magnetic field on

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. For the it'h

surface patch there are two rows in the matrix equation (from the
two components of the vector equations) with locations N + 2i-1
and N +2i, where N is the total number of wire segments. The

contents of E for these locations are

EMN+2i-1)=-t, " (nxH)=1¢t,  H,

jaa]

EN +2i)=t

o @ xH) = 4E - H

where T—Ii is the magnetic field applied to patch i. The forms on
the right are used in the code with the upper sign applying when

(3 1’ '1:.2, n) forms a right hand system and Ehe lower sign when

left hand. To avoid the need to check (t, ty n) the sign is stored
in array SALP where for patch i SALP (LD + 1 - i) = + 1 according
to (%1, EZ’ n) with LD the length of the arrays in common/DATA/. q

Only minor changes have been made in the code for the electric
field on segments (see reference 3). The new code for the magnetic
field «n patches is described below. Refer to reference 3 for E
symbols not defined here

ET56 to ET67: Magnetic field due to a linearly polarized

plane wave is computed as

H ]

R - a1 -
H, ~ exp (-ik ri) #
whereﬁo= kxfo 1
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1LOCAL SYMBOL DICTIONARY:

ARG

I

IS

I1

12

LD

M

QX
QY
QZ
RETA
SALP
T1X
T1lY
T1Z
T2X
T2Y
T2Z
T1

ET82 to ET96:

plane wave is computed. The code is the same as for linear polar-

kT

location of patch data in data arrays

patch number

N + 2 1S-1

N +21IS

dimensioned length of arrays in common/DATA/

total number of patches

x, y and z components of the unit vector in the

direction of H i

1n=Je/u

array containing sign data described above

x, y and z components of El

X, y and z components of t 2

+ exp (-ik - _;i)/'q

Magnetic field due to an elliptically polarized

ization except that CX, CY and CZ are used for the complex H,

and T2 is used in place of T1.

ET153 to ET164:

Magnetic field due to an elementary current

source at the origin and directed along the z axis of a spherical

coordinate system has only a ¢gcomponent given by

H i e-ikR(—l- +1—k) sin @

(7] 41

RZ R
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CX
CY
Cz
DSH
I

1S

11

12
NPM

PX
PY
Pz
Pé6
T2

]

i LOCAL SYMBOL DICTIONARY:

~

x, y and z components of tH o
©®

I, ¢/(4m ) %)
location of patch data in data arrays

index for computing II

N + 21 -1 where i = patch number
N + 2i
sum of the number of segments and the number

of patches

x, y and z components of the unit vector
in the ¢ direction (¢)

2
I, 2/\

+




FACTR (modified)

PURPOSE: to factor a complex matrix into a lower triangular
and an upper triangular matrix using the Gauss-Doolittle technique. |
The factored matrix is used by subroutine SOLVE to determine the ’

solution of the matrix equation Ax =B.

MODIFICATIONS: There are only small code optimization changes
made in this routine. The new complex variable ARJ replaces
the subscripted variable A (R, J) in the inner most do loop of
steps 2 and 3 (see listing), and it replaces 1. /A(R, R) in the do
loop in step 5.
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FACTRS (modified)
PURPOSE: to control the factorization of the structure matrix.
In particular, when structure symmetries are present, the sub-

matrices are combined according to symmetric modes for

factorization.

MODIFICATION: The REWIND 15 at FS119 has been added to take
care of an unusual event related to the precautionary file dumps

and the restarting of the program.
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FFLD (modified)

PURPOSE: Shen to calculate the far electric field, neglecting the
& Q

e y
term for wire and surface structures.
Y 5 P

MODIFICATIONS: In the AMP code subroutine FFLD calculated the
far electric field for wire structures (see reference 3); in AMP2,
FFLD has been extended to include the far field due to surfaces.
The actual field calculations for surface patches are performed
in the subroutine FFLDS, so the main coding changes involve
checking for the presence of surface patches, calling FFLDS, and

summing the wire and surface fields.

A summary of the added coding follows:

FF6-FF8 modified COMMON/DATA/
FF18 addition of the complex variables EX, EY, EZ,

GX, GY, GZ to be used in surface field calculations
FF27 saving of the initial value of the parameter ROZ
FF33 checking if wire segments are present, if not, wire

coding is skipped |
FF168 after segment fields have been calculated, the ‘ ,
presence of surface patches is checked, if present,
field calculations for surface patches are performed f
FF172-FF174 initialization of pertinent variables for the case of 1
no wire segments
FF175-FF182 initialization of variables
FF183-FF189 surface patch ground loop. Only the effects of a

perfect ground are included with surface patches.

(Note, for structures with wires only, the effects of real
grounds are included through the use of Fresnel

reflection coefficients as before)

FF186 FFLDS called for calculation of surface patch
fields
FF190-FF194 summation of the wire and surface fields and #
i‘

calculation of the E and E field components

€ ®

-70-




SYMBOL DICTIONARY:

EX
EY
EZ
GX
GY
GZ
M
ROZS
RRZ

(new variables -- for variables not included
here see reference 3)
FF187 to FF189, x, y, z components of field
due to surfaces (used in ground summation),
FF190-FF192 segment field quantities included

X, Yy, z components of far electric field due to
surface patches returned from FFLDS
number of surface patches

initial value of ROZ

1+ ROZ

otla




FFLDS

PURPOSE: to calculate the x, y, z components of the far
electric field due to the surface currents; however, the term

-i2
e ! Trr°”/(rc,/>\) is not included.

METHOD: The expression for the far electric field for
surface currents given in equation 8 can be rewritten as follows
e-lZTT ro /)

_- sr [ = = i2nk . /) 2
Bl = T2 oo [k K s[ T (r)e dA /2
1

g fEs (-Ij)einrk- r/x dA/)\Z]
S1

where r, is the vector from the origin of coordinates to the

observation point, and k is in the ;o direction, Note that the
integrals in the above expression are identical, The integral
is calculated as a simple sum over the surface patches. The
quantity which is returned to the calling program is —rgﬂ——i (;o).

=12
oot mro /A

SYMBOL DICTIONARY:

ARG = 2nk. T/A
CONS =ino/2 i
3 12 7k - A
CF = multiple use complex variable, 612‘}’ 2 ;A/)\Z
at F1 22, k dot the integral at F1.28
EX :
EY = X, y, z components of integral summation at FL24,
‘ Baddiai . Twr ~1.30
EZ equal to (‘-izi”l‘u/%» E (ro) at FL3
= array location of patch data
J = loop index over patches

= current array index

S




r——-——————-———____’

ROX
ROY = x, y, z components of k
ROZ
S = A A/)\2 (the area of a patch) 3
SCUR = array where the x, y, z components of surface
current are stored
TEI = 2m
XS
. YS = arrays containing center point coordinate of
[ ZS patches in wavelengths

VARIABLES IN COMMON:
BI, LD, M, X, Y, Z (other variables in common not

referenced in FFLDS, see listing).
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GH

PURPOSE: to compute the function which is numerically

integrated for the near H field of a segment,

METHOD: The value returned by GH is

L ST ] o-ikr

G =
Geel . kel

where r = [p'z + (z -z')2 ] 5

p!' = p coordinate of the field observation point in a cylindrical

1)

coordinate system with origin at the center of the source

segment and z axis oriented along the source segment,
z' = z coordinate of the field observation point in the cylindrical
coordinate system.,
z coordinate of the integration point on the source segment,

21/

i

k

SYMBOL DICTIONARY:

CKR = cos (kr)

HR = real part of G
HI = imaginary part of G
R = RT

RHKS = (kp‘)2

RR2 =l /(kr)2

RR3 =5k /(kr)3

RS = (kr)2

SKR = gin (kr)

ZK = kz

ZPK = kz!'
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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 = \ is

k—
H_ = l‘.?.‘.[ : ’ + ] ikr
.-k‘é— [ 3 2 | e Td(kz)

©

(kr) (kr)

where r, p' 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 in reference 3. The integral is

multiplied by kp'/2 at HK82 and HK83 in the code.

SYMBOL DICTIOMARY:

(Excluding variables used in the numerical quadrature algorithm

which are defined under subroutine INTX in reference 3.)

RHK
RHKS
SGI
SGR
ZPK
ZPKX

kp'

(ko))

imaginary part of H‘D

real part of H(p

kz! (z' = z coordinate of observation point)

ZPK

-l




HFLD
to compute the near H field of filamentary currents

PURPOSE:
of sine, cosine and constant distribution on a segment,

The wire segment is considered to be located at

METHOD:
the origin of a local cylindrical coordinate system with the point

at which the field is computed being (p', @', z'). The geometry

for a filament of current of length A is shown below

N>

Segment
—\

For a sine or cosine current distribution the field can be written
sin k z . .
in closed form. For a current I, ( : > the field is
cos k z

=ils /N -ikr cos k A/2\ -ikr coskA/Z)
[e : ( pye (sin k A/2

1 1 -
B Ans B0 5 Thny -sin k A /2

-ikr A

A e 2 sin k —

LA el B e 2
% kr ( A

2

| i# assumed in this routine,




The field due to a constant current is obtained by numerical

integration which is performed by subroutine HFK, If p' is zero

all field quantities are set to zero since H_ is undefined,

CDK
CONS
DH
DK
EKR1
EKR2
FJ
FIJK
HKI
HKR
HPC
HPK
HPS

RH2
R1
R2

SDK
TP
T1
T2
ZP
Z1
Z2

SYMBOL DICTIONARY:

)

"

i

IR

%)

cos (kb /2)
-i/(2kp")
A/(2X)

k A/2

-ik
ell'l ]

e-lkrz

t=ofb

-i2m

imaginary part of HPK

real part of HPK

H‘pdue to a cosine current distribution
H(pdue to a constant current distribution
H(pdue to a sine current distribution
p'/A
(/1)

r, /X
rz/k

LYAN

sin (kA/2)
2m

(k2 + k5= )e L /kr :
(kz' - k-z—)e-ier/er

z'/\

(z' + A/2)/x

(z' - B8/2)/\

ik

-if =




HINTG

PURPOSE: to calculate the H field due to one patch observed

at another, and to calculate the resulting interaction matrix

element.
METHOD: The H field due to patch j at patch i is calcuiated

by the expression

iZn i | R
. S, § . R .. e ‘B;) = NA
Hy = an [“ +i2n -idd (Ri. )3 ] (x iy =3y Tah 4

where ii' = ?i - T, and AAj is the area of patch j. This expression
is equal to the kernel of the integral in equation (2) evaluated at
the appropriate patch center point multiplied by the patch area; in

addition the factor ZlFr- is included.

The components of equation (10) in the '211 and -22.1
directions are calculated for elements of the interaction matrix.
For the case of a perfectly conducting ground plane, the subroutine
HINTG is called twice to calculate the patch and patch image field,
and the appropriate field components are summed for this case in
HINTG.

SYMBOL DICTIONARY:

CR = cos (-k R)
FPI = 4m
F1X ]
FlY = -ﬁi. with Jl' as the current source.
Flz Note Jj = Jlj tlj i sz %Zj
F2X
F2Y } = --I—-Iijwith sz as the current source
Z P
giM = A (1 +ikR) i b
4m (_E_)S \ 2
A

18-
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GX
GY
GZ
Gl1

Gl2
G21
G22

1P

JJ

RFL

RK
RSQ
RX
RY
RZ

SR
TPI
T1QX
T1QY
T1QZ
T1X
By
TiZ )
T2QX
T2QY

T2QZ

GAM * R/\

—tl. - H... where H.., is the field with J..
i ijl ijl 1j

as the source

ST Eijz
-t Hijn
Ay B

observation patch number

image flag: 1 for structure patch, 2 for image

patch

source patch location in array

source patch number

R/)

parameter used in image calculation: 1 for structure
patch, -1 for image patch

-2TR/A

® /%)

R/
AA/N®
sin (-kR)

2m

21 for a patch

arrays containing the components of %1
t, for a patch

2
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T2X

TZ2Y = arrays containing the components of t

2
T2Z

VARIABLES IN COMMON:
ALP, BET, BI, ICONI, ICON2, IPSYM, ITAG
LD, M, MP, N, NP, SALP, SI, TIXI, T1YI, T1ZI, T2XI,
T2ZI, WLAM, X, XI, Y, YI, Z, ZI.

’
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HMAT

PURPOSE: to fill the matrix elements representing the inter-
;’ action between surface patches.

METHOD: Subroutine HMAT has as input the column range

(IM1 to IM2) in the transposed structure matrix between which the
surface to surface interaction elements are to be filled. For the
most part the matrix elements themselves are calculated in sub-
routine HINTG; thus, HMAT calls HINTG to obtain the elements

for each source-observation patch pair and places them in the

appropriate locations in the transposed structure matrix, CM.
The self terms on the other hand appear simply as + 1/2 and are
added directly into the matrix by HMAT. Each observation patch
accounts for two columns in CM as indicated by the two component
equations in equation (4); therefore, in dividing the matrix into
blocks for out of core processing these columns may appear in

different blocks, and extra coding is present to check and take

care of this situation.

The sign of certain matrix elements is dependent
on the symmetry used in structure construction. This happens
since the t vectors are reflected through a plane of symmetry and

the conditions tl X n o= -'1‘;2 and% X n= t1 on the first side of the

symmetry plane become tl X n =2t2 and %2 X n= 'El on the other side.
The result is sign changes in equation 4a and 4b; these changes are
made in the code through the SALP variable which is 1 for the
former case and -1 for the latter.

The subroutine coding is as follows: parameter
set up HM19 to HM28, observation loop HM30 to HM82, source

loop HM46 to HM82 divided into an outer symmetry period loop

and an inner loop over patches in period, ground loop HM 56 to
HM57, and matrix element placement HM58 to HM81.




- T —————

| SYMBOL DICTIONARY:

CM = transpose structure matrix array

Gll

Gz = matrix elements from HINTG

Gzl

G22

IL = observation patch array location

M1 = column number where fill begins

IM2 = column number where fill ends

P = patch number loop index

IPEND = last patch number within column range

IPST = first patch number within column range

ISELEN = flag denoting whether component equation 1 or 2 is
the last column in the matrix block

ISELST = flag denoting whether component equation 1 or 2 is the
first column in the matrix block

ISTART = first matrix column to be filled by HMAT

IX = ground loop index

I1 = column number in block for component 1 equation

12 = column number in block for component 2 equation

J = source patch number

J1 = row numbers for elements corresponding to the

J2 } source current components 1 and 2 respectively

K = matrix block column number index

L = symmetry period loop index

LL = index of loop over patches in a period of symmetry

NCOL = number columns in transposed structure matrix
(equal to the total number of equations for one
symmetric section)

NOP = number of periods of symmetry

NROW = number of rows in matrix (equal to total number
of unknowns)

i T1X
| TIiY = fl array
T1Z

w82 -




T2Y
T2Z
XS
YS
ZS

CONSTANTS:

= tz array

= array for the coordinates of patch centers in
wavelengths

+1/2 = matrix self terms

VARIABLES IN COMMON:

ALP, BET, BI, CH, CL, ICON1, ICON2, IFAR,

IPERF, IPSYM, ITAG, KSYMP, LD, M, MP, N, NP, NRADL,
SALP, SCRWL, SCRWR, SI, T1XI, T1YI, T1ZI, T2XI, T2YI,
T2Z1, WLAM, X, XI, Y, YI, Z, ZI, ZRATI, ZRATI2.
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HWMAT

PURPOSE: to compute the matrix elements associated with the H

field at a surface patch due to the current on a wire segment.

METHOD: Subroutine HWMAT is called by subroutine CMSET
to compute the H field tangent to patch i produced by three comp-
onents of the current basis functions on segment j. The three inte-
grated functions on segment j produce six matrix element contri-

butions for the case of the surface patch since the field of each

current function is decomposed along the two tangent vectors. The
expressions for the matrix element contributions are identical to
those presented in the INTG discussion in reference 3 if H is sub-
stituted for E, and in addition, the dot products are taken along

T-;:z and ¥ El’ the surface tangent vectors, rather than a wire
direction vector. (INTG calculates the matrix elements repre-
senting the E field at a segment i due to the current on a segment j).
The upper sign on the surface tangent vectors applies for the

patch where (21, 22, 1;) form a right hand system (normal case)

and the lower sign applies for a left hand system (patch reflected

in a symmetry plane). This can be seen in the derivation of the
scalar components in equation 4, and the matrix elements being
discussed here arise from the wire terms in equation 4. In addition
equation 4b has been multiplied through t - a minus sign for usage

in the code.

The H field of the segment j for a sine, cosine,
and constant current is calculated by the subroutine HFLD, The
field is calculated for the segment located at the origin of a
cylindrical coordinate system, so the cylindrical p and z coordinates
of the observation point are passed to HFLD and the phi components
of the field for sine, cosine, and constant current are returned to
HWMAT. (The phi component is the only non zero component). The
matrix elements are then calculated with the expressions discussed
above. When the source and observation points are separated by

a distance greater than a specified value (RKH), the field terms
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are no longer calculated by HFLD, Rather the routine APRXH

is called which calculates the field without integration and

returns the proper matrix elements to HWMAT,

For the case of a perfectly conducting ground

plane, HWMAT is called to calculate the matrix element contri-

bution for the source segment image as well as the source

segment., The contribution of the image is added to the same

matrix element as the actual source segment.

A summary of the coding follows:

HW22-HW29

HW32-HW37

HW41

HW53-HW72
HW54-HW59
HW60-HW71

SYMBOL DICTIONARY:

calculation of cylindrical coordinates of
the observation point

calculation of the x, y, z components of
cg in the cylindrical system centered on
the source segment

calculation of H field

loop over the two equation components
H field components

calculation of matrix elements

CABJ = x component of source segment direction
CK
CL
CONS
COSK

see INTG




HCDT

HKDT™

HPC
HPK
HPS
HSDT

IFLG

ILC

EP
IPATCH
K

PDT

PX
1247
P

REL
RH
RHX
RHY
RHZ
R2
SABJ
SALP

index for component equations

— —A

:?: 2 H or +¢t ;l where H is the field
2i [ 1i c c

due to a cosine current

+ %Zi A Hk or + t L s Hk where Hk is the field

due to a constant current
field due to the cosine, constant, and sine current
components respectively in the cylindrical

coordinate system
O e
* 2i ot ) th

due to a sine current

. ?IS where H_ is the field

flag returned to CMSET denoting use of HFLD
or APRXH

array location of patch data

ground flag

patch number

A

£t e WOt e ::5, the sign is determined by

2 1
contents of SALP array. For a right handed

system SALP = +, and left handed SALP = -,

= X, y, 2 components of the cylindrical ©

(cylindrical coordinate system centered at
source segment)

source-observation separation distance ( /X)
multiplier creating image segment

P

6 after HW31

RZ

y component of source segment direction

see PDT
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SALPJ

SALPT
SILK
SINK
SINL
SJ

TP
TWHI
TWHR

T1X
ELY
T1Z
T2X

T2Y |}

T2Z
XD
XJ
XS

YD
YJ
YS

ZD
ZJ
ZP
ZS

z component of source segment or image
direction

z component of source segment direction
see INTG

source segment length

2m

arrays containing the imaginary and real parts
respectively of the matrix elements. The first
index of the array refers to the current basis
functions, the second index refers to the

scalar component equations 4a and 4b.

arrays containing the x, y, z components of tl

arrays containing the x, y, z components of %2

(o = £} /A ‘

rx/k, the x component of the source segment
array containing x coordinates of patch centers
( /\)

(ro - x ), /A

ry/k

array containing y coordinates of patch centers
QAN

(ro ~ 1) 2 /\

rz/)\ of source and image

z in the cylindrical coordinate system

array containing z coordinates of patch centers

/%)

B




ZT = rz/)\ of source (input)

VARIABLES IN COMMON:
ALP, BET, ICON1, ICON2, SALP, SI, X, Y, Z

(other variables appear in common not referenced, see listing).




ISEGNO (modified)

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.

MODIFICATIONS: The formal parameter M in AMP has been changed
to MX in AMP2 to avoid conflict with the variable name M in the
new common/DATA /array. The MX variable occurs at IS1,
1S9, IS14, and IS20. In addition, execution is terminated for the
case of no wire segments since this would be an invalid call.

The segment condition is checked at IS16.
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JMELS

PURPOSE: to add matrix element contributions due to segments

at multiple junctions into the appropriate matrix locations.

MODIFICATION: The form of the structure matrix for the case of a
wire and surface structure can be seen in figures 8 and 9; thus,
the location, ¢, of a matrix element associated with a source

segment, j, can be written

2= 2 MP [J;Pl-] +j
where the integer part of the expression inside the bracket is
taken. This calculation has been added to JMELS in the form of
a statement function at JM13, and the matrix indices calculated
at JM16 and JM21 use this function. Previously the matrix
indices were equal to the appropriate segment numbers; this is the

case when MP = 0 above.
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LFACTR

to perform the Gauss-Doolittle factorization
This

PURPOSE:
calculations on two blocks of the matrix in core storage.

routine in conjunction with FACIO factors a matrix which 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 xTA :BT.

MODIFICATIONS: Minor optimization changes were made in the code.
The new complex variable AJR is used in place of the array element
A(J,R) in the innermost DO loop of steps 2 and 3 (see listing). AJR
is used again in place of 1. /A(J2P1,R) in the DO loop of step 5.
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MAIN (modified)

PURPOSE: to control the input, output and the flow of the

Antenna Modeling Program.

MODIFICATIONS: The modifications to the main code are simple in
nature and will be discussed individually in the list below. All
the changes relate to the three new functions of AMP2: calculations
involving wire and surface structures, use of time saving approxi-
mate matrix elements, and the precautionary file dumping for

restart.

Modification list:

MA33 inclusion of the KH and DP mnemonics for the
approximate matrix element and file dump data
cards respectively

MA43 call for time at execution start

MA71 no segment check

MAB87-MA97 printing of geometry data related to surface patches.
The patch normal is computed from n= _+_;1 x ;:2
where the plus sign is used for a right handed system
(tl, ty n), and a minus sign for a left handed system;
this information is stored in the SALP array. The
X, y, z components of n are temporarily stored
in TMP1, TMP2, TMP3 respectively for printing

MA102-MA108 minor data checking and defining

NEQ = total number of unknowns
NPEQ = number of unknowns in a symmetric section
NOP = number of symmetric sections

MA109-MA133 this section of code determines the matrix blocking
parameters for out of core matrix problems. The
size of the matrix is now determined by NEQ and
NPEQ and these two variables have replaced N and

NP respectively in this section of code
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MA160 initialization of the parameter RKH (see MA213
below)
MA172 initialization of the parameter IDUMP
MA193 test for mnemonic KH
MA195 test for mnemonic DP
MA213-MA219 setting RKH e¢qual to input value
RKH = the separation distance criterion in wavelengths

when approximate matrix elements will be used.

MAZ255-MA257 The only ground allowable when using surface
patches is a perfectly conducting ground. This code
checks that condition

MA258-MA360near field calculations are not allowed for the case
of surface patches. This code checks this
condition

MA454 no segment condition checked

MA461-MAA468 frequency scaling of patch geometry parameters

MA506 NROW substituted for N in the CMSET calling
sequence, and RKH is added to the calling sequence

MAS513 NPEQ is substituted for NP in FACTRS call

MA593 no segment condition check

MA624-MA641 This section of code prints the magnitude and phase
of the two surface current components on patches,
and it prints the x, y, z components of the total
patch current. The variables ETH, EPH, EX, EY,
and EZ are used as temporary storage during the
calculations. ETH and EPH are set equal to the
current components 1 and 2 respectively on a patch
while EX, EY and EZ are used for the x, y, z

components of the total patch current.




MATFIL

PURPOSE: to fill the CM array with matrix elements representing
fields due to wire segment currents (either E field on a segment or

H field on a patch).

METHOD: As discussed in the CMSET writeup, the basis function
for the source segment current extends onto the adjacent segments,
but the entire support of the basis function is not integrated at one

time. Rather, three functions are integrated simultaneously when

integrating over a given segment; one function for the segment itself,
and the other two for the adjacent segments. Thus, MATFIL places
these contributions into the proper matrix elements or calls the
routine JMELS for the case of multiplé segments connected to an end. j
When the matrix contribution has been computed by the current ;
element expression (routine APRXE or APRXH), only one element 4
contribution is obtained, and this element corresponds to the source ]
segment itself. This condition is signaled to the MATFIL routine
by the parameter IFLG.

The proper row in the transpose structure matrix for

contributions related to the segment j is computed by

L =2 MP [j -l/NPI +j
where f is the matrix location, MP is the number of patches in a
symmetric section, NP is the number of segments in a symmetric
section, and the segments are numbered consecutively from 1 to N
the total number of segments. The brackets imply taking the integer
part here. The origin of the expression can be seen by referring

to figure 9.

The sign of the contributions to the matrix elements
of segments adjacent to j is determined by the reference directions
of the adjacent segments compared to j. The connection data of the
adjacent segments (stored in the ICON arrays) is checked in order
to determine the proper sign. For the case of a segment connected
a surface, the connection parameter is assigned a value greater
than 10000. This case is treated in the same manner as a segment
connected to a perfect ground; the current is interpolated to the
segment image which means the contribution is added to the matrix

element associated with segment j.
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SYMBOL DICTIONARY:

CM

ETI
ETR

IFLG

IPR

J
JCOl
JCO2
JL(K)

JLOC
NCOL
NROW

= array for core storage of the transposed structure
matrix, or blocks of the matrix

= arrays containing respectively the imaginary and
real parts of the three contributions to the wire
source matrix elements

= flag indicating whether one or three term contributions
are being passed to MATFIL

= column number in CM array for elements

= source segment number

= ICON1(J)

= ICON2(J)

= statement function determining row position in
CM array

= integer variable used as row index

= number of columns in CM array

= number of rows in CM array

VARIABLES IN COMMON:

ICON1, ICON2, JIX, JiZz, JOX, JOZ, MP, NCIX,

NCIZ, NCOX, NCOZ, NP (other variables appear in common
blocks in MAFIL, but are not used, see listing).
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MOVE (modified)

PURPOSE: to rotate and translate previously defined segments
and patches, either moving the original structure or leaving it

fixed and producing duplicates of it.

i MODIFICATION: The transformation of segment coordinates is the
same as in program AMP. The new code from MO64 to MO103
transforms patch coordinates in the same way as segments. The
coordinates of the patch center are transformed at MO80 to MO82,
the vectors t) at MOB6 to MO88, and the vectors t, at MO92 to
MO94.
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NETWK (modified)

PURPOSE: To solve for the voltages and currents at the ports
of non-radiating networks which are part of the antenna. 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 is requested.

MODIFICATION: Only minor changes have been made. NEQ,
computed at NT19, is the total number of equations to be solved.
NEQ replaces N as a do loop limit at several places and all calls
to SOLVES have the number of patches, M, and the number of

patches in a symmetric cell, MP, in the parameter list.

o

Frre
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PATCH

PURPOSE: to define and modify the data for surface patch
geometry.
METHOD: Subroutine PATCH consists of three independent

parts. The first is entered through a call to PATCH, the second
through entry point PACHS at PA45 and the third through entry
point SUBPH at PA90.

PART 1:
The first section defines a single new patch with

center point coordinates (XC, YC, ZC), normal vector A= cosq
cos ﬁ;:+ cos Q sinﬁ§+ sin @ z where @ = AL and 8 = BT, and
area AR. Patch data is stored in common block/DATA/in the
same arrays as segment data but starting at the tops of the arrays
and filling decreasing locations as patches are input.

PART 2:

The section from PA45 to PA86 forms a flat surface
of patches by shifting the last patch previously entered in the data
arrays. NX new patches are first generated with successive shifts
of distance XC in the x direction. Then NY new rows are generated
by shifting the resulting row of patches by the distance YC in the y
direction. Areas and orientations of the new patches are the same
as for the original patch.

PART 3:
The code from PA90 to PA147 divides patch number

NX into four new patches each having 1/4 of the area of the original
patch. The four new patches are numbered NX through NX+3 and
all patches following the original patch number NX are incremented
in number by 3. Since patch data is stored in the arrays of common
block/DATA /from the top down with increasing number the data for
patches NX+1 through M must be shifted down in the arrays by 3
locations to leave room for the 3 new patches. This is done in

the code from PA94 through PA109. The original patch is divided
along lines parallel to the vectors t 1 and ; 2 and the new patch

data stored in data array in statements PA110 through PA147.
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K SYMBOL DICTIONARY:

AL =i ‘
AR = area of patch ;
BI = array containing patch areas ’
b BT o
IPSYM = symmetry flag
IX = do loop parameter
1Y = do loop parameter
| LD = length of arrays in common block/DATA/
c M = total number of patches input
MI = index for location of patch data in arrays
MP = number of patches in a symmetric section
N = total number of segments
NP = number of segments in a symmetric section
NX = number of increments in x in part 2, number

i of the patch to be divided in part 3

: NXP = NX+1
3 NY = number of increments in Y in part 2
' NYP = NY+1
SALN = temporary storage variable
] SALP = data array for patches. If (t 1’ 't‘z, ;1) forms a

g right hand coordimate system the value in SALP
for that patch is +1., if left hand SALP is -1.
SiX ] B
S1Y = temporary storage for x, y and z components of t
S1Z
S2X
S2Y = temporary storage for x, y and z components of t 2"
S2Z
i T1X
T1Y = arrays containing x, y and z components of t 1
T1Z *

1

~
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F2X
T2Y = arrays containing x, y and z components of EZ
T2Z
X = array containing x coordinates of patch centers
XA = temporary storage variable
XC = x coordinate of patch center in part 1, x increment
in part 2
XST = temporary storage variable ,
XwW1 = temporary storage variable :
Xw2 = temporary storage variable
Y = array containing y coordinates of patch centers
YC = y coordinate of patch center in part 1, y increment
in part 2
YW1 = temporary storage variable
YW2 = temporary storage variable
Z = array containing z coordinates of patch centers
ZC = z coordinate of patch center
ZW1 = temporary storage variable
ZW2 = temporary storage variable
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PCINT

PURPOSE:

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 below with respect to the vectors t 1 and t 2

e3 e2
A
L
t,
o4 ol 4d
1
d

where patch numbers indicate the order of the patches in the data
arrays. The position of a point on the surface is defined by

551 8,) =00 £5) ¢t +5, 1,
where po is the position of the center of the four patches, where
the wire connects, and S1 and S2 are coordinates measured from the
center. Representing the current over the surface by J (Sl’ SZ)

the currents at the centers of the four patches are

31 = J {d, d)

J, =7 (-d, d)
33 = J (-d, ~d}
J,=7(d, -d)

and the current at the center of the segment, flowing onto the surface

is I, . The current interpolation function is

= b 4 e 4 =
38, 9 =[£ ), S,) T g S 00T ] 2 +i=21 g, S, 5,7,

1
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~St *iszt2

21 (S1 +SZ)

where f (Sl’ SZ)

T =T d =@ +t,)/(4nd)

n
1

T (-d, d) = (.t"l

—_— — -~

i (-d, -d) = Gt

+ ;2)/(4wd)

[
1l

e EZ)/(4nd)

T(d, -d) = (¢, - £)/(4mq)

(o)
1l

g; (8, )-(d+S)(d+s)/(4d)
g, (5;, S,) = (d - S)(d+S)/(4d)
g5 (S}, S,) = (d-S)(d-S)/(4d) ’
L g4 (51, S,) =@ +S))(d- S)/(4d)

L; If Tl (E) dA and I‘Z (p) dA are the electric fields at the center of

the connected segment due to unit currents at p on the surface dA,

flowing in the directions tl and EZ respectively, the nine matrix

elements to be computed are
E, = fsgl (8 sz){- T, (p) da
E, =L g; 5, 5 i+ T, (p)aa
E, =ng3 (S,» S,)i - T (p)da
E4=fg4 (s, sz)f- T, (p) da

E5=. gl(l,S)l‘I‘z(p)dA

» E6=Ssg2(l,su-f2<a)dA
F E7=fsg3(1,5)1'_1:2(9_)dA
E8=fg4( S;, 8,01 . T, (3)da
Zl[((h Sy 21] [i" . Ty (E)] + [H By 5,)° 22]
[T <p))”dA
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where

) T

1 = the unit vector in the direction of the connected segment.

The integration is over the total area of the four patches and is
performed by numerical quadrature. The number of increments

in S1 and S2 used in integration is set by the variable NINT.

SYMBOL DICTIONARY:

CABI = x component of ;

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, g E9
El = El

E1X

ElY = x, y and z components ofT“1 (o) DA at PC46.
ElZ At PC47 ElX is set toi- T, (o) DA

E2 = ]E?.2

E2X )

E2Y = x, y and z components :)f 172 (o) DA at PC46.
E2Z At PC48 E2X is settoi * oy (p) DA.

E3 = E3

E4 = E4

E5 = E5

E6 = E6

E7 = E7

ES8 = E8

E9 = E9

FCON =1/(4md) fact?r inTl, TZ

Fl =11.(Sl, S?_)°'1‘:1

F2 h (SI’ZSZ) : t2‘

GCON = 1/(4d”) factor in g; (Sl, SZ)’ Ve




Gl
G2
G3
G4

Il

12
NINT

SABI
SALPI
Sl

S2
S2X
TPI
T1XI
T1YI
T1ZI
T2XI
T2YI
T2Z1

XI
XS
XSS
X1

YI
YS
YSS
Yl
VA
ZS
ZSS
Z1

g, (5. S,)
g, (5, S,)
33 (Sl' Sz)
gy (5}, S,)
do loop index
do loop index

number of steps in Sl‘ and S_ used in approximating

the integrals forﬁEl, EZ’ . .2.
y component of i

z component of ;

sl

SZ

initial value of SZ
21

~

x, y and z components of t 1

~

x, y and z components of t 2
area of each of the four patches

x coordinate of the center of the connected segment
x component of p Sy, SZ)

initial x coordinate of p (Sl’ SZ)

x component of p (d, d) used as reference for
computing 'p_ (Sl, Sz)

y coordinate of the center of the connected segment
y component of p (Sl’ SZ)
initial y component of p (Sl’ SZ)

y component of p (d, d)

z coordinate of the center of the connected segment
z component of F (Sl, SZ)

)

initial z component of p— (Sl, S2

z component of—p- (d, d)
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Gave

REFLC

PURPOSE: To generate segment data for structures having plane
or cylindrical symmetry by forming symmetric images of a

previously defined structure unit.

MODIFICATION: Following each section of the code that operates on
segments, a section has been added to perform the same operation
on patches. This involves reflecting or rotating the location of
the patch center and the vectors El and EZ' In addition, each time
that a patcn is reflected in a coordinate plane the value of SALP
for this patch, which has unit magnitude, is changed in sign. A

value of +1 for SALP indicates that (El, EZ’ r;) are related by

~

I'El X EZ = n while -1 indicates that El X 22 =-n. All patches generated
by subroutine PATCH have SALP = +1.
RE46 to RE65 reflects patches along z axis (about x, y plane).

RE90 to RE109 reflects patches along the y axis.
RE133 to RE152 reflects patches along the x axis.
RE181 to RE204 rotates patches about the z axis to form a

structure having cylindrical symmetry.




SOLVES

PURPOSE to control the solution of the matrix equation
GI = E where the structure matrix G has been factored into a
lower and upper triangular matrix, E is the structure excitation
vector, and I is the unknown current vector. For the symmetric
structure case, the solution is generated using uncoupled mode

solutions.

MODIFICATIONS: The structure excitation vector which is the input
B array in SOLVES is filled in subroutine ETMNS. Wire excitation
parameters are filled from B(l) to B(N) and surface excitation
parameters from B(N + 1) to B(N + 2M) where N and M are the total
number of segments and patches respectively. This corresponds 1
to the proper arrangement of the array for an unsymmetric structure
as can be seen by the matrix form in figure 9. For the case of
a symmetric hybrid structure, however, the arrangement must
correspond to the arrangement of equations as shown in figure \
that is, the wire parameters followed by the surface parameters
'i for each symmetric section. The required rearrangement is per-
formed by the new coding inserted from SS15 to SS33. On the other
hand, the solution vector which is returned to the calling program
in the B array is expected to be arranged with the wire currents from 1
B(l) to B(N) and the surface currents from B(N + 1) to B(N + 2M).
Therefore, the ordering discussed above for the symmetric case
sust be reversed before control is returned to the calling program.
This reordering is performed by the coding inserted from SS589 to

SS107.

Two new variables have been defined; NPEQ which J

is equal to the number of unknowns in a symmetric section and
NEQ which is equal to the total number of unknowns. For the case
of no symmetry NPEQ = NEQ. The variable NPEQ takes over the .
function of the NP variable in SOLVES. This replacement has been #
made at SS39, SS41, SS48, SS60,SS63, SS64, SS67, SS75, SS77,

and SS84. 4

e
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UDOTES

PURPOSE: to compute the E field along wires due to surface

currents and to fill the corresponding matrix elements.

METHOD: The column range in the transposed structure
matrix between which matrix elements are to be filled is passed
to the routine through the parameters Il and I2. The outer most

loop in the routine is a loop over wire observation points which

lie within this range. Internalto this is a loop over all the source
patches. The source loop is actually composed of two loops; the
first loop is over symmetric sections, and the second is over
patches in a symmetric section. The electric field due to a surface
patch is computed by calling the routine UNERE, and the component
of tfle fieldh tangent to the wire is computed by doting with -u_i =

ux.lx it iny % Uziz , the segment direction. The result is added to
the appropriate matrix element. For the case when the observation
segment is connected to the surface (indicated by an ICON parameter
greater than 19000), the electric field due to the four patches

around its base are calculated by the routine PCINT rather than
UNERE. As discussed in the theory section, a special interpolation
function is used for the current on these patches and the fields are
calculated by more careful integration. If a ground plane is present,
UNERE is called to compute the field of the image patch. The

matrix contribution of the image is added to the same matrix element

as the source patch.

Summary of the coding is as follows:
UD20-UD25 initialization
UD27-UD80  wire observation loop %

UD37-UD44 checking for a connection segment; in addition

checking which end is connected
UD46-UD80 loop over symmetric sections
UD47 computing starting row location -1 for filling the

symmetric section (see figure 9)
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UD48-UDS80 loop over patches in a symmetric section
UD59-UD80  ground loop
UD64-UD72 coding for the case of patches at the base of a

connection segment 1
UD75 routine calculating E field of general patch
UD77-UD78 matrix fill for general patches

SYMBOL DICTIONARY:

!
CAB = array containing u '
i

CABI il I I
CM = array for the transpose structure matrix elements Ei
EMEL = array containing matrix elements for the inter- E
polation case computed in PCINT |
E1X
ElY = components of E field due to surface current
ElZ component in the direction t 1 ]
E2X ‘
E2Y = components of E field due to surface current
E2Z component in the direction t 2
FSIGN = 1 for end 2 of segment connected to surface, -1
for end 1
I = observation segment number |
ICGO = parameter used in filling the matrix elements of |
patches at a connection segment base
IEND = last observation segment in the input column range
1L = row location corresponding to the connection segment
as a source, this location is needed because of the
patch interpolation function
1P = ground loop index, 1 = free space, 2 = image
IPCH = storage location of lowest numbered patch
at the base of a connecting wire segment,
after UD43
I1 = first and last column numbers respectively to be
12 filled in the transposed structure matrix
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; J = loop parameter
JL = row index for matrix element filling
JS = array location for patch data, after UD49
K = column number in CM array for filling
L = index for loop over symmetric sections
NCOL = number of columns in CM
4 NOP = number of symmetric sections
3 NROW = number of rows in CM
.E' RFL = parameter used for image calculations
S = array containing patch area ( /A7)
SAB = array containing uy
SABI = uyi
SALP = array containing u,
SALPI =
T1X
T1lY = arrays containing components of Z 1
T1Z
T2X
T2Y = arrays containing components of%2
T2Z
X8 ]
YS = arrays containing surface patch center point
VA coordinates of patches ( /A) %
ZSEP = z separation of source and observation point

VARIABLES IN COMMON:
ALP, BET, BI, ICONIl, ICON2, ITAG, KSYMP, .
LD, M, MP, NP, SI, T1XI, T1YI, T1ZI, T2XI, T2YI, T2ZI, X,
XI1,Y, YI, Z, ZI (other variables in common not referenced in
UDOTES, see listing).
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UNERE

PURPOSE: to calculate the electric field due to unit currents

in the t 1 and EZ directions on a surface patch.

METHOD: The electric field due to a patch j is calculated by

the expression

j 2 2
5 Go) i n, . [ (-l -12ﬂR/>\3+ 4m” (R/)) p A
i8m (R/)) ’

: 2 2 2N Gl
i +( 3 4 16nR/)\g4v R/N )J. « @ @] 2R, .
(R/X\) . gt

{ 3
where Tj = Jlj Elj o+ sz EZj y R is the vector from the source to the
l observation point, and A Aj 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 and leading constant in equation 3

where constant current and one step integration are used for the

patch.
;‘ SYMBOL DICTIONARY:
| CONST et A
2
81 i :
ER = intermediate COmplex quantity; 02 e-lZﬂ R./)\

i8m
at UE15, and Q2 (Elj + (R/))) at UELS, and
Q2 (t?_j - (R/)\)) at UE22. Q2 is defined below

E1X
ElY = x, y, z components of E field due to Jlj for J
ElZ
E2X
E2Y = x, y, z components of E field due to JZj for JZj = 1
E2Z |

lj:l

~
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) ER,for ER at UE 15

R/2)’
Q2 =(3+i6”R/" - 45”2 ‘R/“z) ER, for ER at UEL5 I
(R/X) i
R =R/\
RT - ®R/0)°
RX !
RY = X, y, z components of R/\ :
RZ |
R2 - R/2)
S = AAj
TPI =2m
T1 = -2nR/\
T1XI )
T1YI = X, y, z components of Elj
T1Z1
T2 : = a4 ®R/2)? .
1 T2XI i
T2YI1 = X, Y, z components of;zj
T2Z1

VARIABLES IN COMMON:
T1XI, T1YI, T1ZI, T2XI, T2YI, T2ZI, XI, YI, ZI

L f




WIRE

PURPOSE: To compute segment coordinates to fill common/DATA/

for a straight line of segments.

MODIFICATION: MP is set equal to M at WIl4 since any existing

symmetry is destroyed by a new wire.
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5.0 ARRAY DIMENSION LIMITATIONS

Limits on the antenna model due to array dimensions are the
same in program AMP2 as in program AMP (see reference 3) except for
the matrix storage limit and the maximum number of segments and patches.
If N is the number of segments in a model and M the number of patches,

the minimum array dimensions are as follows:
In-Core Matrix Storage (Ir):

Arrays: COMMON CM(Ir) or AR(ZIr)
Limit Constant: IRESRV = Ir at MA45 of MAIN

11_ is the amount of core storage available for storage of the
interaction matrix elements. Ir must be at least two times (N +2M) and
should be as large as possible since a large Ir will reduce the amount of
file manipulation required for matrix equation solution and thus can sub-
stantially reduce running time. A problem will run in core, without file

storage, if the number of complex numbers in the matrix (N ~l-2M)2 /L, where

L is the number of symmetric sections, is not greater than Ir'
Maximum Segments and Patches in Model:

Arrays: COMMON/DATA/X(N+M), Y(N+M), Z(N+M),
SI(N+M), BI(N+M), ALP(N+M), BET(N+M),
ICON1(N+M), ICON2(N+M), ITAG(N+M)

COMMON/ANGL/SALP(N+M)

COMMON/CRNT /AIR(N), AII(N), BIR(N),
BII(N), CIR(N), CII(N), CUR(N+3M)

COMMON/SAVE/IX(N+2M), IP(N+2M)
COMMON/ZLOAD/ZARRAY(N)
COMMON/SCRATM/D(N+2M) or Y(N+2M)
SUBROUTINE NETWK: RHS (N+2M)

Limit constant: LD = N+M at MA42 of main program ﬁ
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6.0 SUBROUTINE LINKAGE

The following chart shows the organization of subroutines
in the AMP2 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 one point in the program are shown as separate

blocks for each call.
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7.0 AMP2 LIST

The following list was generated from the AMP2 code which

runs on the CDC6600 computer system. The references to line numbers

in the text of this manual refer to the line numbers on this list.




[sXa¥al w

~>

PROGHAM AMP2 (INPUTWOGTRUT GTARE | L TARF |2« TAPE | Yo TAPE Lao TAPE LS TAPE
Li6eTARF L)

COMMON /UATAZ LDSNGNF MoMP o X (4000) oY (J000142(10060)+S101000)14BICLGO
L0) «ALP (1000)+RETCI000) ¢ ICONLIELNGOISICONCILI000) I TAGILUOO) swl AM,IPS
Fall

COMMON CM(6000)

COMMON /MATPAS/ [CASE JNBLOXS eNoGLK e NLAST e NOL SYMnOSYManL STM

COMMON /SAVE/ 1X(]15003 1P (1500)

COMMON /RFSTHTZ LCLeICloICIONRESINPRES e 13LCK o INUMP o TMOUMERT IM

COMMON /ANGLZ SALFP (1000)

COMMON 7/ JUNK/ NCOUX ¢ 0K (25) oNCIR JIX(25) oNCOZ o JOZ (251 oNCTZeJIZ(25)

COMMON /CRNT/ AI#(1000) oATIE1000)+BIR(10001«HIT(1000)eCTIR(1000)+C]
L110)000).C1IR(2000)

COMMON /GND/ 7RATIo2RATI2eCL oCHsSCREL +5CHURINFKADL «KSTMP o [F AR |PERF
COMMON /SCRATM/ GAINET1000)

COMMON /ZLOAD/ ZARQAY (1000

DIMENSTON CAR(L)s SAB(L)

DIYENSION ISEGLI(300e 15¢62¢30), YLIR(30)s v121¢300s YI2R{30}, Y121
LE30)e ¥22RP(30)e Y220030)e NTYE(30)e [SANT(JODe VSANT(1N)

OIMENS[ON LOTYP(IS)e (DTAGILS), LDTAGF (15) s LNTAGT(IS) e 2LR(1S) e 2
LTS e 2LCC1S)e 1GTRP () s TGAR(G)e IGNTPLLO)

DIMENSTON COM(13e5)e [TAR(7)e ATST(1R)y ISECN(S)e PNET(A) s WPOL (3)

DIMENSION FNORM(200)

DIMENSION TIXCL)e TIYCL)e Th2i1)e TZ2R(1)e T2Y(1l)e T22(1)
EGQUIVALENCE (CABIL)eM PLL))e (SamE])enETL]))

EWUIVALENCE (T1XeSTde (TLYGALP) . (T12e8ET)e (T2XeICONL)e (T2Y4ICON
12)s (T27241746G)

INTEGER AINSATSTePNET omP(L o MSLu qHC TR omCLIF

COMPLEY CMoF JoVSANT o€ THeEPHsZHATT o CURVCURT o ZARRAY (FRO ¢ ZHATTR

COMPLEX EXsEVYJEZeZPED

OATA (TTAP(I) oI=1e7071091020030]160l15e164177

DATA ATST/2HCE ¢2HFR92HLD s 2HON 9 2HE X s 2HNT 0 21X Q0 2HNF 4 2MGD s 2HRP s 2HCMe 2
LHNX s 2HENS 2HTL 4« 2HPT 4 2HRS 9 2HKH e 2HNP/

DATA ISECN/SH2.3e9¢6H263,1005M2,3.303140e3M1,07

DATA HPOL/6ML INEARSHRIGHT ¢ 4HLEFT/omALK sHC R/ 1M o SHCIRCLE/

DATA PNET/6M W2r  sEHSTRA[RG2HRT s 6HCROSSE « 1HN/

DATA [GTRP/6R = «6HPOWER +5H- DIRE+6HCTIVE /

DATA [GAX/6R MAJDR 46H MINOReOR yEFT.ebH HOR, /

DATA IGNTP/6H MAJOR 6+ AXIS +6H MINOReEH AXIS s6H VER«6RTICAL +6
IH HORIZ«6HONTAL vAH +6HTOTAL /

DATA PIoTAsTDeFI/3,16415926501,745325256-02¢57,2957R¢(0,914)7

DATA LOADMXoNSMAXoNETMA/154100307/ ¢NORMAL/400/ «NORMF/2007¢L0D71000/
CALL SECOND (EXTIm)

ISTART=0

IRESRV=4000

K=0
K=Kel

IF (K.GT.5) K=5
READ 140+ AINC(COM(Iex)sI=10e13)

IF (AINJNE.ATST(16)) GO 19 3

ISTART=]

GO TO 1

IF (KuaiTel) GO TO &

PRINT 141
PRINT 142
PRINT 1643
PRINT 144y (COM(Iek)oI=1413)

IF (AINGEQLATST(11)) GO TO 2

IF (AINJEQ.ATST(1)) GN 10 5
PRINT 145

SToP
CONTINUE
MPCNT=0

SETTING UP GEOMETRIC NATA [N Si1A. DATAGN AND PRINTING

CALL NDATAGN

1FLOwW=)

NRES=N

NPRES=hpP

IF (NJFQ.0) GO TO 7

PRINT 146

PRINT 147

D0 6 I=1eN

ALPI=ALP(T)*TD

BETI=BET(I)I*TD

PRINT 148¢ LoeX (D)oY (I oZ(1)9ST(T)eALPTSBETIZBI(I)«1CONL(I) el ICON2
LD oITAG(D)

CALP=COS(ALP(T1))

SALPUL)=SINIALPL]))

CAB(I)=CALP*COS(BET(I))

SAR(1)=CALPeSIN(BET(]))

IF (ST(I)eGTaleE=20eANDBI(I) GTaleE=20) GO TO &
PRINT 149

SsToP

CONT INUE

IF (M,FQ.0) GN TO 9

PRINT 202

J=L0*]

00 8 I=leM

J=J=1

TMPLZ(TIY(J)®T2Z (N =T12(J)18T2Y (1)) SSALP (J)
TMR2=(TIZ (N *T2Y () =T X(J)eT2Z( 1)) *5ALP ()

TMP3= (TIX () *T2Y () =TIV (I *T2x(J))*SALP ()

PRINT 203« 1.-(J».V(J)-Z(J;otnol.vunz.vnPJ.al«Jn‘tlltJ|.Ilthi'vll

17

-
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[ENIRE FIRNIRS FAA NI RS Y A O S& 96
A CONT INE mA 97
c © MA 98
c DECIDING wHAT TYPF OF MATRIX SO(UTION witt RE USED IE, IN-CORE MA 99
c DR QUT~OF =COKE MA 100
C M4 10}
9 NEUsNa oM MA 102
NPEQENP e 20 Mp MA 103
NOP=NE G /NPEQ MA 104
IF INLFO.0.0R M. EG.O) GO TO 10 MA 105
IF (N/NPLEGLM/MP) GO TO 10 MA 106
PRINT 204« NeNP M MNP MA 107
stop MA 108
10 NROWENE G MA 109
NROWS =1 PEQ MA 110
CALL FRLOCK (NALOKSINOBLE oNLAST . IRESRVNEQWNPEQs INT) “A 1))
IF (NEG.NELNPEG) GD TD )2 MA 112
IF (INY.EC.1) GO YO 1) MA 113
NCOL =NEF O MA ]l
1CASEs; MA 115
60 10 |5 MA 116
11 NCOL =2 onPRLK MA 117
1CASE=Y MA 118
60 10 5 A 119
12 IF (INTLEG.I GO TO 1) MA 120 ?
NCOL=ENPED A 121 ‘;
NCOLS=~FEQ “A 122 :
1CASE= MA 123 :
60 10 15 MA |24
13 CALL F3LOCK (NALSYMINDSYMeNLSYV . IRESRY ¢NPEQeNPEC INT) “A 125
NCOL=2eNPRLK MA 126
IF (INT.EQ.1} GO TO 1o MA 127
NCOLSENREG MA 128
1CASE=4 MA 129
60 Y0 1S A 130
1e NCOLS=2oNPSTM A 131
ICASE =5 < MA 132
15 CONT INUE MA 133
NBL DX X=NBLOXS MA 136
NPRLK L =NPBL K MA 135
NLAST k=N AST MA 136
NROWK =NROW MA 137
NCOL X=NCOL MA 138
PRINT 150 MA 139
e MA 160
{ FILE PREPARATION FOR OUT=0F=CORF MATRIX SOLUTIONs FILES REWOUND MA Q4)
c AND ENDFILE WRITTENS AND TESTING FOR RESTART MA 142
C MA 143
IF (ISTART.EQ,0) GO Tn 16 MA 144
CALL UNCAT . MA (4S5
GO TO 18 MA 146
16 IF (ICASELLT+3) GO 10 18 MA 1467
DO 17 T=147 MA 148
NUNIT=TTAR (1) MA 149
REWIND NUNIT MA 150
END FILE NUNIT MA 151
REWIND NUNTT MA 152
37 CONTINUE MA 1S53
18 CONTINUE MA 154
c DEFAULT VALUES FOR INPUT PARAMETERS AND FLAGS MA 155
160=1 MA 156
FMHZS=1300. MA 157
FMHZ=300. MA 158
NFRQ=] MA 159
RrH=], MA 160
NLOAD=n “A 161
KSYMP=| MA 162
[xrYP=g MA 16)
NET=0 MA 164
NRADL =0 MA 165
NEAR==) MA 166
IPTFLG=-2 MA 167
1FAR==) HA 168
2RATE=CMPLX L 4400) MA 169
1PERF =20 MA 170
IPED=0 MA 171
10UMP =1 MA 172
C MA 173
c MAIN TNPUT SECTION = STANDARD RFAD STSTEMENT = JUMPS TO APPRO- MA (76
(= PRIATE SECTION FOR SPFCIFIC PARAMETER SET UP MA 175
(- A 176
19 READ 151 AINLITMPI s ITMP2o 1TMP 3, ITMPL,THMP] o TNP2,TUP 3 TMPL TMPS, THP MA I;'.’
16 A |
MPCNT=uPCNT ] MA 179
PRINT 152¢ MPONTeAINGITMPL o ITMP2 3 1THMR I ITNPLTHMP L4 TMP2,TMP 3, THMP4sT MA 180
INPS . THPS “A 181
IF (AINLEQ.ATST(2H) Ga TO 21 MA 182
IF (AIn.EQ,ATST(3)) GN TO 23 MA 18]
IF (AINJEQ.ATST(&)) Gn TO 27 NA 186
IF (AIn.EQ.ATSTIS)Y) 6n T0 31 MA 185
IF (AINGEQ.ATST(B)) Gn TO 35 M4 186
E IF (AINLEQ.ATST(14)) GO TO 35 MA 187
L IF (AIN,EQ.ATST(1S)) GO TO 38 MA 188
IF (AINLENLATSTIT)) GO TO &6 HA 189
IF (ATn.EQ.ATST(H)) Gn TO 40 MA 150
IF (AINLEGLATST(9)) GO TO 43 MA 191
IF (AINLEQ.ATST(10)) 6O TO 45 MA 192
1F (AINJEQ.ATSTLLIT)) GO TO 22 MA 19)
IF (AINJEQ.ATST(I2)) GO YO ) A 194
118




1F (AINLFQATET(IM)) 60O TO 39 MA 155
E IF (AIn.NELATSTELDN) S0 TO 20 MA 196
IF (1TMP ) NEL0) CALL TATLOG MA 197
Stow MA 198
20 PRINT 15) MA 199
stoe “A 200
c MA 201 3
C FREQUENCY PARAMETERS MA 202 1
L Ma 203 §
21 1FRQ=1THR] MA 204
NFRQa[TupP2 MA 205
IF (NFROLEGLO) NFRO=E MA 206
FMnZ=TuR] MA 207
DELFR)=TMP2 MA 208
IF (IPENLEQ. L) 2PNORM=(, » MA 209
160=1 MA 210
IFLOwW=? MA 211
G0 1O 19 HA 212
[ MA 213
c MATRIX INTEGRATION LInIT MA 216
c . MA 215
22 RKM=TMP | MA 216
160=1 MA 217
1FLOw=2 MA 218
60 10 19 MA 219
(. MA 220
C LOADING PARAMETERS MA 221
c MA 222
23 IF (IFLOW.EQ, 1) GO TO 2« MA 223
NLORD=1 MA 224
1FLow=) MA 225
IF (160.GT2) 160=2 MA 226
IF (I1TMPl.FQ.(=1)) GO TO 19 MA 227
24 NLOAD=NLOADs] MA 228
& IF (NLOAD.LE.LOADMX) 5O TO 25 MA 229
PRINT 1S54 A 230
SToP MA 231
s LOTYP(NLOAD) =] TMP ] MA 232
LOTAG(NLOAD) =] TMP2 MA 233
IF (ITMP4.EQ.0) ITMP4=ITMP3 MA 234 4
LOTAGF (NLOAD) =1TMP3 MA 235
LOTAGT (NLOAD) = [ THP4 MA 236
IF (1TWP4.GELITMPI) 6N TO 26 A 237
PRINT 155+ NLOAD«ITMP341TMP4 MA 238 8
PRINT 159+ ISECN(3) MA 239
STopP MA 240
26 ZLR(NLOAD) =TMP] MA 241
ZLI(NLOAD ) =THPZ MA 242
ZUC (NLNAD) =TMP3 MA 243
G0 10 1% MA 244
c MA 245
¢ GROUND PARAMETERS UNDER THF ANTENNA MA 246
c MA 247
27 iFLow=4 MA 248
IF (I60.GT.2) 160=2 MA 249
IF (ITMPL.NE.(=1)) GO TO 23 MA 250
KSyMp=] MA 251
NRADL =0 MA 252
G0 10 19 MA 253
28 IPFRF=1THP] MA 254 R
IF (M.FQ.0,0R,IPERF.NF.0) GO TO 29 MA 255
PRINT 208 MA 256
Stop MA 257
29 NRADL=1TMP2 MA 258
KSYMP=2 MA 259
EPSR=TMP| A 260
S16=Tve2 MA 261
IF (NRADL.EQ.C) GO TO 30 MA 262
SCRWLT=TMP] MA 263
SCRURT=TMP4 MA 264
GO 10 19 MA 265
30 EPSRZ=THP] MA 266
S162=TuPs MA 267
CLT=TMPS MA 268
CHT=TMPS MA 269
60 70 19 MA 270
c MA 271
c EXCITATION PARAMETERS MA 272
C MA 273
31 IF (IFLOW.EG.S) GO TO 32 MA 274
IPTFLG==2 MA 275
NSANT =0 HA 276
IPEO=0 MA 277
IFLOwW=5 “A 278
IF (166.6T.3) 160=) MA 279
32 MASYM=[TMP4/1N MA 280
IF (1TMP],G6T.0) GO TO 34 NA 281
IXTYP=1TMP] MA 282
NTSOL =" MA 283
NSANT=NSANT | MA 284
IF (NSANT.LE.NSMAX) Gn TO 33 MA 285
PRINT 156 MA 286
STop MA 287
33 ISANT (NSANT) =[SEGNO(TTMP2+1TMP ) MA 288
IPED=]TMP4=MASYM® ] 0 MA 289
VSANT (NSANT) =CMPLX (TMP [ 4 TMP2) A 290
IF (CARS(VSANT(NSANT) ) LTo14E=29) VSANTINSANT)I=(1,404) MA 29} :
ZPNORM=TMP ) MA 292 9
IF (IPFNLEN.1.AND.7PNORM,GTL0) [PEN=2 MA 293
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GO TO 19 A 294

3% IF (IXTYPL.EQ.0) NTSOL=0 MA 295
1 IXTYP=ITMP] MA 296
i NTHI=THP2 MA 297

NPHI=]TMP) MA 298
XPRlaTMP] HA 299
APR2=TupP2 MA 300
XPRIaTMP) A 301
APRG=THPSG MA 302
XPRS=TMPS MA 303
XPROSTMPE MA 306
NSANT =0 MA 305
THETIS=xPR] MA 306
PHISS=XPR2 MA 307
GO 10 19 MA 308

c MA 309

€ NETWORK PARAMETERS A 310

(4 MA 311}

35 IF (IFLOW.EQ.6) GO 10 36 MA 312

NET=0 MA 31)
L) NTSOL =0 MA 316
E [FLOW=6 MA 315
IF (160,67.3) [6GO=3 nA 316
IF (ITMP2.EQ.(=1)) GO 10 13 nA 317
36 NETaNETe] MA 318
IF (NET.LE.NETMX) GO 10 37 MA 319
PRINT 157 MA 320
sTopP MA 321
37 NTYP(NET) =2 nA 322
IF (AINJEQ.ATST(6)) NTYP(NET) =) MA 323
i ISEG] (NET)=ISEGNO([TMP] ¢ 1 TMP2) HA 324
ISEG2(NET)=ISEGNO (TTMP3s I THPSG) MA 325
YLIR(NET)=THP] MA 326
YLII(NET)=TMP2 MA 327
YI2R(NET)=THPY MA 328
YI21 (NET)=THP4 MA 329
Y22R INET) sTHPS MA 330
Y221 (NET)=THP6 MA 331
IF (NTYPINET) .EQ.1.0R,TMP]1,G6T.0,) GO TO 19 MA 332
NTYP (NET) =) MA 333
YIIR(NFT)==TNP] MA 336
GO T0 19 MA 335 3

C MA 336

Cc PRINT CONTROL MA 337 .

c MA 338

38 IPTFLG=1TMP] MA 339

IPTAG=1TMP2 MA 340 &
IPTAGF=1TMP) MA 341
IPTAGT=1TMP4 MA 342
1F (1TMPA,FQ.0) IPTAGT=IPTAGF MA 343
GO T0 19 MA 364 3
i C NA 345
H € AUTOMATIC FILE DUMP PARAMETERS MA 346
C NA 347
39 10UMP=) MA 348
TMDUM=THO] MA 349
GO 70 19 MA 350

c MA 351

(% NEAR FTELD CALCULATION PARAMETERS MA 352

c MA 353

“0 IF («NOTo (IFLOW.EQ.B8.AND.NFRQ.NE.1)) GO TO &1 MA 354

PRINT 158 MA 35S
PRINT 159+ ISECN(1) MA 356
41 NEAR=[TMP] MA 357
IF (M.FQ.0) GN TO &2 MA 358
PRINT 209 MA 359
SToP MA 360
“2 NRX=[TuP2 MA 381
NRY=[TMP3 MA 362
NRZ=[TMP4 MA 363
XNR=TMp | HA 364
YNR=TMP2 MA 365
INR=THP Y A 366
OXNR=TMP4 MA 367
DYNR=TMPS MA 368
DZNR=THP6 MA 369 3
IFLOW=8 MA 370
IF (NFRQ.NE.1) GO TO 19 MA 3
GO TO (50+58+65:86,87)s 160 MA 372
Cc "A 37D
c GROUND REPRESENTATION MA 376
C MA 375
43 IF (oNOTo(IFLOW.EQ.9.AND.NFRQ.NFo1)) GO TO 44 MA 376
PRINT 159+ ISECN(2) MA 37

46 EPSR2=THP] MA 378
S1622TMP2 A 379 j
CLT=TMP) MA 380
CHT=TMP4 MA 381 ?
1FLOY=9 MA 382
G0 T0 19 MA 383

[+ NA 304

c STANDARD OBSERVATION ANGLE PARAMETERS nA 305

c MA 306

45 IFAR=I TMP] HA 307

NTH=ITuP2 MA 388
NPH=1TMP3 WA 389
IF (NTH,EQ.0) NTH=] MA 390
IF (NPH,EQ.0) NPH=] A 391 i
1PDO=1TMP4/10 nA 392
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IAVP= [ TMP&=IPNe]0 MA 393

INOR=[PD/10 MA 394
1PD=IPN=INOR® O MA 395
IAx=1NOR/Z10D MA 396
i INOR= [NOK=1AK®]0 MA 397
IF (JAX,NE,O) [AX=] MA 398
1F (IPT NE,O0) [PO=] MA 199
IF INTH,LT.2.0R.NPR.LT.2) JAVP=0 MA 400
IF (IFAR.FQ.1) [AvP=0 MA 401
THETS=TMP ] MA 402
PHIS=TuP2 MA 403
DTH=Tup) MA 406 |
DPH=TMPG HA 405 :
RFLDaTuRS MA 406
GNORETEP A MA 407
IFLOwW=10 MA 403
GO TO (5045846586091 60 MA 409
(- MA 410
c EXECUTE CARD = CALC. INCLUDING 2ADTATED FIELDS MA 11
¢ MA 412
6 IF (EFL0W.EQ.10.AND.1TMPL.FQe)) GO 10 19 MA 413
IF (NFOQLENl ANDLITMPL EQ,04ANN, [FLOWLGTL7) GO TN 13 MA 414
IF (ITWPl.NE.Q) GO TO 48 MA 415
IF (IFLOW,G6T.7) GO TO 47 MA 416 3
IFLOW=7 MA @17
60 T0 49 MA 418 :
o7 IFLOw=11 A 419 i
GO TO «9 MA 420
«a IFAR=0 MA 421
QFLD=0. MA 622
1PD=0 MA 423
1AvP=0 MA 424
INODR=Q MA 425
1Ax=0 MA 426
NTH=9] MA 427
NPH=] MA 428
THETS=c, MA 429
PHIS=0, MA 430
DTH=l.9 MA 431
DPH=0, MA 432
IF (ITuP].FQ.2) PHIS=S0, MA 433
IF (ITWP1.NE.3) GO 10 &9 MA 436
NPH=?2 MA 435
DPH=30, MA 436
«9 GO TO (50+58465:86,94)¢ 160 MA 4137
. MA 438
c END OF THE MAIN INPUT SECTION MA 439
c REGINNING OF THE FREQUENCY D0 ( noP MA 440
[ MA 4ol 1
S0 un/z) MA 442
s1 IF (MW7 ,E0.1) GO TO S MA 443
4 IF (IFPQ.EQ.1) GO TO S2 MA 44k
| FMHZeFunZ oDELFRQ MA 445
3 GO T0 53 MA 446
s2 FMHZ2FMHZODELFRQ MA 467
53 FRaFMM/ /FMHZS MA 448
WLAM=300,/FMH7 MA 449
PRINT 160+ FMHZ W AM MA 450 ]
PRINT 205« RKW MA 451
c FREQUENCY SCALING OF GEOMETRIC PARAMETERS MA 452
FMHZS=FMHZ MA 453
IF (N.FQL.0) GO TO S5 MA 456
00 S4 1=lsN MA 455
X(I)=x(1)eFR MA 456
YUI)=Y(1)eFR MA 457
Z(I)=Z2(1)*FR MA 458
SI(I)=SI(]1)*FR MA 4S9
54 Bl(1)=31(]1)*FR MA 460
sS IF (M.EN,0) GO TO S? MA 461
FR2=FReFR MA 462
J=t 01 MA 463
DO 56 T=z].m MA 466
J=y=-1 MA 465
X(J)=X(J)*FR MA 466 |4
Y(JI=Y (J)*FR MA 467
20 =7(J))*FR MA 468 !
56 Al(J)=AT(J)*FR2 MA 469
57 160=2 MA 470
C STRUCTRE SEGMENT LOANDING MA @71
S8 PRINT 161 MA 472
IF (NLOADJNE«D) CALL LOAD (LDTYPSLNTAGLDTAGF «LDTAGTeZLReZLI+ZLCON MA 473
1L0AD) MA 474
IF (NLNACLEQ.0) PRINT 162 MA 475
c GROUND PARAMETER MA 476
PRINT 163 MA 477
IF (KSYMP.EQ.1) GO TO 61 MA 478
IF (IPERF,EQ.1) GO TO 60 MA 479
ZRATI=CSQRT (1,7 (EPSR=SIG*ALAM®5Q,Q2¢F J)) MA 480
IF (NRANL.EQ.0) GO 10 59 MA 481
SCRWL=SCRWLT/WLAM MA 482
SCRWR=SCRWRT /wiAM MA 483 i
PRINT [85s NRADL +SCRW( TsSCHWRT “A 484
PRINT 164 MA 485
59 PRINT 165+ EPSR,SIG MA 486
GO TO %2 MA 487
60 PRINT 166 MA 88
60 TO &2 MA 489
sl PRINT 167 MA 490
62 CONTINUE MA w91
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sl Nal

63

aoon

ba

- XaXalal
w

LL

67

[aNaXal

69

70

71
12

STRUCTURE MATRIX SET uyP

IF (ISTART . NE.0) GO YO 63
1ICr=0

1c2=1C)

1C3=1C)

NROW=NROWX

NCOL =NCOL X
NBLOKS=NBLOKX
NPBLK=NPBLX X
NLAST=NLASTX

CALL SECOND (TIM1)
L

CALL CMSET (NROWeNCOL +CMoNL_OAD . RKM)
.

CALL SECOND (TIM2)
VIM=TIM2-TM}

MATRIX FACTORIAZTION

CALL FACTRS (NPEQeNOP+CMoIP s IX o NROWNCOL +NCOLSe IPSYM)
ISTART=0

IF (ICASE.LE.Y) GO TO 64

NROW=NPEQ

NCOL=NCOLS

CALL SFCOND (TIMI)

TIM2=T[M]l-TIM2

PRINT [68¢ TiIMeTINZ

160=3

NTSOL=0

EXCITATION SET UP (RIGHT WAND SIDE« <E 1NC.)

NTHIC=]

NPHIC=]

INC=1

NPRINT=0

IF (IXTYP.EQ.0) GO TO 68

IF (IPTFLG,LEL.0,ORIXTYP.EQe4) PRINT 169
TMRS=TASXPRS

TMPG=TA®XPRA

IF (IXTYP.LE.3) GO T0 67

THMP L =XPR1/9LAM

TMP2=XPR2/ WL AM

TMPI=XPRI /WL AM

TMP6=XPRE/ (WLAM® WL AM)

PRINT 171 XPR]4XPR2¢ kPRI« XPRG . XPRS . XPRS
GO TO 68

TMPLl=TASXRR]

THP2=TASXPR2

TMPIaTASXPR)

TMP6=APRE

IF (IPTFLGLLE.O0) PRINY 170+ XPR]¢XPR2¢XPRIHPOL (I1XTYP) (XPRE
CALL ETMNS (TMPLoTMR2,THMP 3o TMP4L «TMPS s TMPO IXTYP ¢ ISANT s VSANT s NSANT o

1CUR)
MATRIX SOLVING (NETwx CALLS SOLVES)

IF (NET.EQ,0.0R,INCsGT.1) GO YO T2
PRINT 173

1TMPI=q

ITMPL=NTYR (1)

00 71 13142

IF (1TWP1.£Q.3) ITMPL=2

IF (ITWP],EQ.2) PRINT 174

IF (1TMPL,EQ.1) PPINT 175

DO 70 Us1NET

1TMP2=NTYP (J)

IF (LITMPR/1TMP]) ,EQ.1) GO TO &9
1TMPI=TTHR2

G0 10 70

1TMP4=ISEG] (J)

[TMPS=1SEG2 (D)

IF (1TMP2,GE2,ANDY111(J) LELO.) YILTI(J)aWLAN®SORT ((X(ITMPS) =X (IT
1MP6) ) 024 (Y (ITMPS) =Y ([ TMP4) ) ®02. (2(1TMPS) <2 ([ THP4) ) #*2)

PRINT 172y ITAG(ITMP&) s ITHPLoITAGIITMPS) o ITMPSeYIIR(JIeYIL1(I)0Y12
IREINOYI2I0U) 0 Y22R(J) oY22T () oPNET (201 TMP2=1) sPNET (201THP2)

CONTINLE

IF (ITMPI,EQ.0) GO YO 72

1TMP1=1THP]

CONTINUE

CONTINUE

IF (INCoGY.1eANDIPTFLGLGT,0) NPRINT=1

CALL NETWK (ISEGIsISEG2sY1IReY1I110Y12ReY1210Y22Rey2214NETINTYP,ISA
INToVSANT eNSANT s CMo IPsCURINROWNCOL s TXsPIN¢PLOSNT sNPRINT ¢ MASYM ZPED

24NTSOL)

NTSOL =)

1F (IPFD.EQ.0) GO TO 73

ITUP L =MHZ v @ (MHZ=])

IF (1TWP],6T.(NORMF=3)) GO TO 73
FNORM(TTMP] ) =REAL (ZPEN)
FNORM(ITMP]+1)=AIMAG(7PED)
FNORM(1TMP] +2)sCABS (ZPED)

FNORM (TTMP | +3) =CANG (ZPED)

IF (IPED.EQ.2) GO TO 73

IF (FNORM{ITMP]142) GT . 2PNORM) 7ONORM=FNORM(1THP]+2)
CONT INUE
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an

T4

75

76
7

78

79
a0
Lrd

L1Y

8s

F ZaXalel

POOO
~

89

90

91

PRINTING STRUCTURE CURRENTS

IF (N.FQ.0) GO TO A2

IF (IPTFLG.EU.(=1)) Gn TO 75

IF (IPTFLGL.GT.0) GO T0 Té

PHINT 178

PRINT 177

G0 T0 15

IF (IPTFLGLEQ. .00, INC.GT.1) GO TO 7§

PRINT 7R« XPRIJHPOL (T1ATYP) «XPRA

PLOSS=1,

1TuP) =0

JUMPE IR TFLGe]

DO K1 I=leN

CuRI=CIR(T) *wl AM

CMAG=CARS (CURT)

PHzCANG (CURT)

1F (NLOAD.FQ.O) GO TO 76

IF (ARS (REAL(ZARRAY(1)1))4LTo1.F=20) 0 TO 74
PLNSS=PLOSS*«SOCMAGSCMAGORFAL (ZARRAY ([))eSTt])
IF (JuMP) ROR1.77

IF (IPTAG.EG.N) GO TO 78

IF (ITAG(I).NELIPTAG) GO TO 81

[TMPl=1TMP] ¢ ]

IF (ITMEL LT IPTAGF ORLITMPLLGT, IPTAGT) GO TO M1
IF (IPTFLG.EQ.O0) GO Tn 8O

IF (IPTFLGLLT.2,0R,INC.CTNORME) GO TO 7%
FNORM ( [NC) =CMAG

15avE=]

IF (IPTFLGJNE .Y) PRINT 179« XPR]eXPR24CMAGOM,]
60 TO a1 e
PRINT 180 ToITAG(I)eX¥ (1) o (1) aZ (1) oSI (1) eCURTCMAGPH
CONTINUE

IF (M.FN.0) GN TO R4

PRINT 206

Jan-1

1TMP = Ne]

DO A3 [=]l.™

J=)e2

1TMP1=1TMP] -]

ETH=CUR (D)

EPH=CUR (Je1)

EXzZETHOTLIX(ITUP]) «FPHeT2X([THP])
EYZETHOTIY(ITMR]) «FPHOT2Y([TMR])
EZETHOTIZ(ITMRL) sEPHaTZZ(1THR])

ETHM=CARS (ETH)

ETHA=CANG(ETH)

EPHMECARS (EPH)

EPHA=CANG (EPH)

PRINT 207+ To*(ITMPL) Y (ITMPL) o7 (ITMRL) oBI(1TMPL) sETHMIETHACEPHMIE

IPHAEXEYIEZ

IF (IXTYP.NELD) GO TO AS

TMP] =P [N~PLOSNT=PLNSS
TMP2=100.2TMP] /PIN

PRINT 191+ PINyTMP ] +PL OSSePLOSNTTHER
CONTINUE

160=4

IF (IFLOW.NELT) GO TO 86

TF (IXTYP.GTe0.ANDLIXTYP.LTe4) GO T0H 128
IF (NFRCW.NE.1) GO TO 135

PRINT 150

GO T0 19

CALCULATION OF AsRsC TN CURRENT EXPANSION

CALL CanC
160=5

NEAR FTELD CALCULATION

IF (NEAR,EQ.(=1)) GO 1O 93
PRINT 1R2

INRT=ZNR=DZNR

DO 92 [=1eNRZ

INRT=ZNRT ¢DZNR

IF (NEARL.EQ.0) GO TO A8
CTH=COS(TA®ZNAT)
STH=SIN(TA®ZNRT)
YNRT=YNR=DYNR

DO 92 '=1+NRY
YNRT=YNRTSDYHR

IF (NEARLEQ.0) GO TO A9
CPH=COS (TASYNRT)
SPH=SIN(TA®YNRT)
XNRT=XNR=DXNR

D0 92 xKx=]eNRX
XNRT=XNRT +DXN2

IF (NEAR,EQ.0) GO TO 90
XOR=XNATESTHeCPH
YORZXNRT®STHO®SPH
ZOA=XNATSCTH

60 TO0 31

XOA=XNRT

YOR=YNRTY

20R=7NaT

TMRL=XNA/ WL AM
TMP23YNA/WLAM
TMP3I=270A/WLAM

CALL NFFLD (TMOLeTMP2,TMPIJEXsFYIE?)

13




g b ot

92

aRa Nl )
-

9%

95

9%

97

98
99

100
101

102

103

104

105

106
107

TP =CARS(EX)
THP2sCANG (EX)

THPI=CABS(EY)

THMPL=CANG (FY)

TMPS3CARS(E2)

THP63CANG(E2)

PRINT 123: XOBeYOBsZ0RTHP ] o THP 2o TMP 14 THPL o THPS o TUP6
CONT INUE

IF (MH7 ,EQ,NFRQ) NEARz~]

IF (NFRG.NE.]1) GO TO 93

PRINT 150

GO0 10 19

CONT INUE

STANDARD FAR FIELD CALCULATYION

IF (IFARL.EQ.~1) GO 10 128
IF (IFAR.LT.2) GO TO 96
PRINT 184
IF (IFARLLE.3) GO TO 95
PRINT 18Ss NRADL +SCRW|I_T9SCRWRT
IF (IFAR.EQ.4) GO TO 96
IF (IFAR.EQ.2,0R.IFAR.EQ.5) HCLIF=nPOL (1)
IF (IFAR.EN.3,0R.IFAREQ.6) HCLIF=HCIR
CL=CLT/WLAM
CH=CHT /uLAM
ZRATI2=CSQRT(]1,/(FPSR2=S1G2*WLAN®S9,92eF J))
PRINT 1864 HCLIFsCLTICHTSEPSR245]162
IF (IFARGNE.1) GO TO 97
PRINT 190
GO TO 99
1=2#1PD«]
J=]e]
ITMPL=2eAXe]
ITMP2=1THP ] o]
PRINT 187
IF (RFLD.LT.1.E-20) GO TO 98
EXRM=WLAM/RFLD
EXRASRFLO/WLAM
EXRA=~360,2 (EXRA-AINT (EXRA))
PRINT 188, RFLDJEXRMJEXRA
PRINT 199, IGTP(I)IGTP(U) IGAX(ITHP]),,IGAX(ITNP2)
IF (IXTYP.EQ.0) GO TO 101
IF (IXTYP,EQ.4) GO TO 100
PRAD=0,
GCON=4 . %P1/ (], +XPR6SXPRE)
GCOP=GCON
GO TO 102
PINZ394 .S19XPR6*XPRE®WLAMSYLAM
GCOP=WL AMOWLAMS2 ,#P [/ (376,73¢PIN)
PRAD=PIN=PLOSS=PLOSNT
GCON=GCOP
{F (IPDNE.O) GCON=GCON®PIN/PRAN
=0
GMAx=-].E10
PINT=0,
TMP | 3D0PH®TA
TMP2=,5%DTH*TA
PHI=PHIS=DPH
DO 123 KPH=] oNPH
PHI=PH]I +DPH
PHASPHI®TA
THET=THETS=DTH
DO 123 KTH=]loNTH
THET=THET +DTH

IF (KSYMP.EQe2 . AND.THETGT,90.01+AND.IFAR,NE.1) GO 10 123

THA=THET®TA

IF (IFAR.EQ.1) GO TO 103
CALL FFLD (THAGPHASETHIEPH)
GO TO 106

CALL GFLD (RFLD/WLAMIPHAZTHET /WL AMIETHIEPHIERDZRAT I oKSYNP)

ERDM=CABS (ERD)

ERDA=CANG (ERD)

ETHM23REAL (ETHOCONJG(ETH) )
ETHMsSQORT (ETHM2)

ETHASCANG (FTH)

EPHM22PEAL (EPHOCONIG (FPH) )
EPHMESQRT (EPHM2)

EPHASCANG (EPH)

IF (IFAR.EQ.1) GO TO 122
ELLIPTICAL POLARIZATION CALC.
IF (ETHM2,6T.1.E~20.00,EPHM2,6T,.1.6-20) GO TO 105
TILTA=z0,

EMAUR2=0.

EMINR2=20.

AXRAT=0,

ISENS=HBLK

GO Y0 110

DF AZ=EPHA=ETHA

IF (EPHALLT.0,) GO TO 106
DFAZ2=0FAZ-360,

GO TO 107

DFAZ2=NFAZ+360.

IF (ARS(DFAZ) GT.ARS(DFAZ2)) DFAZ2=DFA22
COFAZ=COS(DFAZOTA)
TSTOR| =E THM2~EPHM2
TSTOR2=2.*EPHMSETHMOCNFAZ
TILTA=,5%ATGN2 (TSTOR2,TSTOR])
STILTA=SIN(TILTA)

124




TSTORI=TSTORL®ST L TA®STILTA MA 78S
TSTOR2=TSTORZCSTILTA®COSITILTIA) MA 750
EMAURZ==TSTOR ] «TSTORZCeETHM? MA 791
EMINR2=TISTOR| =TSTORZer FHMZ2 MA 762
IF (EMINRZ,LT.0.) FMINRZ=2D, MA 793
AXRAT=SORT (EMINRZ /FMA JH2) MA 794

TILTA=TILTA®IN

IF (AXZAT,0T.1.E=5) G0 TO 108
ISENS=nPOL L)

GO O 110

108 IF (DFAZ.GT.0,% o TO J09
ISENS=HPOL ()

GO0 TO 110

109 ISFNS=HPOL ()

110 GNMJ=NB L0 (LCONTEMA JE)
GNMNEDAL0 (GCONSEMINRZ)
GNY3DH 10 (GCONSE THMp )
GNHzDA L0 LGCONSEPHN2)
GTOTENATO(GEON® (£ THMCEPHY2Y )
IF (INOR,LT 1) GO TO 117
=101
IF (1.0T . n0NMaX) GO T0 L7
GO YO (1112101231 3:0059115)s 1Nk

11 TSTOR| =GN |
GO T0 116

112 TSTOR] =GNy
GO Y0 114

113 TSTOR] =GNV
G0 10 116

116 TSYOR] =GNm
6O 10 116

115 TSTYOR1:=5T0T

116 GAIN(T)=TSTOR]

IF (TSTOR1.GT,GMAR) GuAx=T<TOR)

117 IF (1AVP.EQ.0) GO 10 1A
TSTORI=GCOPO(ETHMZEPHM2 )
TMPI=THA=TMP2
TMP43THACTURZ
IF (KTH,EQ.l) THME3=THA
IF IKTH,EQ.NTH) THP4G=THA
DA=ABS (TMP1® (COS(TMP3)=COS(THMP4) ) )
IF (KPR ,EQ.1.0RXPHENNPH) DAz, 5°DA
PINTZPINT«TSTORL®DA
IF (JAVP,.EQ,2) GO TO 123

118 IF (IAx.EQ.1) GO Tn 119
TMPS=GRMY
THP6=GNMN
GO T0 20

119 THPS=GNY
THPE=ONM

120 IF (RFLNJLTL.1.E~20) Gn TO 121
ETHMSE THMSE XRM
ETHAZE THACF XRA
EPHMZEPHMSF XRM
EPHAZECHASEXRA

121 PRINT 191 THETAPH] TMPS  TMPEGTOTsAXRAToTILTACISENSIETHMIETHALEPH
1M EPHA L]
GO TO 123

122 PRINT 192¢ RFLOWPHIsTHETsETHMyFTHAJEPHMsEPHAERDMERDA

123 CONTINUE
IF LIMVP,ENLD) 6D TO 126
TMP32THETSeTA
TMP4L=TMP JeDTHOTACF | QAT (NTH=1)

TMP3I=ARS (DPHOTASFLOAT (NPH=1)*(COS(THMPR3I)=COS(TMP4)))
PINT=PINT/TMP}

TMPI2THMP3/P]

PRINT 193¢ PINTTMP)

124 IF (INORLEG.0) GO TO 128
IF (ABS(GNOR) 4GY41,E~20) GMAX=GNOR
ITMPL1=(INOR=1)%2+]

ITMP2=1TMP] +])

PRINT 19+ IGNTR(ITMP])IGNTP(I1TMP2) ,GMAX
ITMP2=NPHENTH

IF (ITHMP2,GTNORMAX) [TMPZ2=NORMAX
ITMPL=(1TMP2+2) /)
ITMP2=1TMP | #3=] TMP2

TTMPI=1TMP]

1TMPL=201TMP]

IF (ITMP2,EQ.2) ITMP4L=1TMP4~-]

00 125 I=1.1TMP)

ITMP3=[TMP3¢]

1TMP4=1TMP4 ]

J=(I=1)/NTH

TMPL=THETSeFLOAT (1=J*NTH=1)*DTH
TMP2=PHIS+FLOAT (J) 0P

J=(ITMPI=]1) /NTH

TMP3=THETS+FLOAT (1TMPI=J®NTH=1) DTH
TMP4=PHIS+FLOAT (J) *DPH

J=(1TMP4=]) /NTH
TMPS=THETS+FLOAT (I TMP4=J®NTH=1)8DTH
TMP6=PHIS+FLOAT (J) *0PH
TSTOR1=GAIN(T) =GMAX

IF (1.FDLITMPLLAND,ITMP2,NELO) 60 TO 126
TSTOR2=GAIN(ITMP ) ~GMAX
PINT=GAINITITMPS) =GMAX

125 PRINT 105« TMPLyTMP24TSTOR1 eTMP 3o TMP 4o TSTOR2+TMPS THP6PINT
GO TO 12A

126 IF (ITwP2,EQ.2) GO T0 127
TSTOR2=GATHITTMP3) ~GMAK

125




127
128

129

130

131
132

133
134

135

136

137
138

140
161
162
1643
145
146

167

148
149
150
152

153
154

155
156
157

PRINT 195, THPL,THP2,TSTOR] s THP Y, THP&, TSTOR2
GO T0 128

PRINT 195+ THP]+THP24TSTOR)

IF (IXTYP,EQ.0.,0R.IRTYP,EQ,4) GN TO 134
NTHICENTHIC)

INC=INCe)

XPR12XPR] *XPR&

IF (NTHIC.LENTHI) GO TO 66

NTHIC=]

XPRI=THETIS

XPR2=XPR2+¢XPRS

NPHICENPHIC+]

IF (NPHIC.LE.NPHI) GO TO 66

NPHIC=)

XPR2=PHISS

IF (IPTFLG,LT,.2) GO To 134

ITHP L anTHIeNPHT

IF (ITNMP1LE.NORNF) Go TO 129

1TMP] =NORMF

PRINT 196

TMP L =FNORM (1)

D0 130 J=2,1TwP]

IF (FNORM(J) oGT,TMPL) THMPLaFNORM(J)
CONT INLE

PRINT 197+ TMP1XPR3IsHPOL (IXTYP) s XPR6 ISAVE
00 133 J=],.NPHI

1TMP2sNTHI® (J=1)

DO 131 I=1.NTHI

1TMP3=]« I THP2

IF (ITMF3,GT.ITMPL) GO TO 132
TMP2=FNORM (1TMP3) /THP ]

TMP3I=DAR20 (THP2)

PRINT 198, XPR1sAPR2+TMPI,THP2
XPR1=XPR] ¢ XPR4

CONTINUE

KPRI=THETIS

KPR2=XPR2*XPRS

CONTINUE

XPR23PHISS

IF (MH2,EQ.NFRQ) IFAR=~]

IF (NFRQ.NE.1) GO TO 135

PRINT 150

GO T0 19

MHZ3MHZ + ]

IF (MH?,LE,NFRQ) GO TO SI

IF (IPED.EQ.0) GO TO 138

PRINT 199¢ ISANT(NSANT) ¢+ ZPNORM
1THP1=NFRQ

IF (1TMP],LE.(NORMF/4)) GO TO 136
ITMP | sNORMF 74

PRINT 200

IF (IFRQ.EQ.0) TMP)3FMHZ=-(NFRQ-]) ®DELFRQ
IF (IFRQ.EQ.1) THR]I3FMHZ/ (DELFRQ®*® (NFRO=-1))
DO 137 I=1,1TwP1

1TMP2=][eke ([=])

TMP23F NORM (1TMP2) /2PNORM

TMP3IaFNORM (ITMP2+]1) /ZONORM
THP4LSFNORM (I TMP242) /ZPNORM
THPS=FNORM ([ THP2+3)

PRINT 201+ TMPL+FNORM(ITMP2) o FNORM(TTMP241) sFNORM (ITMP22) ¢ FNORM (T
1TMP243) « THP2 s TMP I+ THP4 » THPS

IF (IFRQ.EQ.0) THP1=TMPL+DELFRQ

IF (IFRQ.EQ.1) TMP]3TMPL®DELFRO
CONTINUE

PRINT 150

CONT INUE

NFRQO=1

MHZ=]

GO Y0 19

FORMAT (A2+1346)

FORMAT (1M1)

FORMAT (///¢33X¢30M 0//7+36K ¢ 26HANTENN
1A MODEL ING PROGRAM¢// ¢ 33X« J0M )

FORMAT (///7¢3TKe24H= = = = COMMENTS = = = «¢/)

FORMAT (25X+13A6)

FORMAT (/77/¢10Xe34HINCORRECT LABREL FOR A COMMENT CARD)

FORMAT (////733X¢33H= = = = SEGMENTATION DATA = = = =4//4340X9¢21HCO0
IRDINATES IN METERS://+25X+S0HIe AND 1= INDICATE THE SEGMENTS BEFOR
2E AND AFTER Le//)

FORMAT (2Xo&HSEGes3X+26HCOORDINATES OF SEG. CENTER+SX+4HSEG.eSXe 18
JHORIENTATION ANGLES +4XoAHWIRE 14X o 1SHCONNECTION OATA9IX ¢ INTAGe/e2Xs
23MNO« s 7TX s LHX 99X o IHY 99X 0 LHZ 4 TX o 6HLENGTHo SX o SHALPHA s SR o AHBETA ¢ 6X o 6HR
JADTUS s Xe2HTI=oIXo1HIsaXe2HT ¢ 04X ¢ INND, )

FORMAT (1XoISe6F10.5¢1%X03F106541X031S02X015)

FORMAT (19K SEGMENT DATA ERROR)

FORMAY (7/7/77)

FORMAT (A2413¢315+6E1043)

FORMAT (1Xos19H®e®ea DATA CARD NOosT393X0A2¢1XeT1303(1IXeIS)e6(1IXeEL2
1.5))

FORMAT (7//+10%e4SHFAULTY DATA CARD LABEL AFTER GEOMETRY SECTION)

FORMAT (///7+10Xe48HNUNMBER OF LOADING CARDS EXCEEDS STORAGE ALLOTTE

10)

FORMAT (///7¢10X931WDATA FAULT ON LOADING CARD NO.=¢IS+SXe11NITAG S

1TEP1=+ 154294 IS GREATER THAN 1TAG STEP2%,1S)

l;gﬂ;l? (777+10X+S1HNUMBER OF EXCITATION CARDS EXCEEDS STORAGE ALLO
ED)

FORMAT (/7/7+10X+4BHNUMBER OF NETWORK CARDS EXCEEDS STORAGE ALLOTTE

126
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158

159
160
161
162
163
164
165
166
167
168

169
170

171
172

173
174

175

176

177

178

179
181

182

183
184
185

186
187

188
189

190

191
192
193

194

195
196

197

198
199

1

FOUMAT (///7410K+T9nunEN MULTIPLF FREQUENCIES ARE REQUESTEDs ONLY O
INE NFAW FLELD CARD CAw BE USED =9/0104422nLAST CARD READ IS USED)

FORMAT (10x425HSEE USFRS MANUAL SECTION +A6)

FORMAT (////333Xe3dh= = = = = = FREQUENCY = = = « = =4//436Ks10HFR
JEQUENC = oF 1l sbvielt MRZ /03X s Ll 1 naAVFLENGTH=GE L) 4o TH METERS)

FORMAT (///430X440n = = = STRUCTURE [MPEDANCE LOANING = = =)

FORMAT (/+35X42BHTn1S STRUCTURF IS NOT LOADED)

FORMAY (///43aXe3ln= = « ANTENNA ENVIKONMENT = « <4/)

FOQMAT (40Xe2[HMEDTUM UNDER SCRFEN =)

FOQMAT (40x27THRELATIVE DIFLECTRIC CONSTa=eF7.34/,4084¢13IHCONDUCT IV
LITYSeE 04301 1M MHOS/MFTER)

FORMAT (42X¢JaMPERFECT GROUND)

FORMAT (eaxslOnFREE SPACE)

FORMAT (///932Ke25m= = = MATRIX TIMING = = =¢//026XeSNFILL®+F9,3.1
15K SEC,s FACTOR=,F9,3:¢5hn SEC,)

FOMMAY (///460X422H= = = ExCITATION = = =)

FORMAT (/eGXo]OMPLANE WAVE (4XohHTHFTA=FT7,2411h DFGe Phlz=eFT7.2411
IH DEGe ETAZFT.2413K UEGe TYPF =ohbolSHe AXIAL RATIOS.F6,.30

FORMAT (/431X 17RPOSITION (METFES) «14Xs IBRORIENTATION (NEG)Z/e2RXe
LIHX o120 o lnY e 12X e lHZ2 o 10X s SHALPHALSK+4HBETALX s 1 INDTPOLE MOMENT e/ /04
29 J4MCURRENT SOURCE s 1Xe303xeF10,5) 0 1Xe213NaFT7,2)04XebB, )

FORMAT (4X,4(T1541%)eB(3XeF1]144)e3KeA6.A2)

FORMAT (///944Kkel6h= = = NETwOwX DATA = = =)

FORMAT (/ehXs|RH=- FHOM = = TN =31 1Ke 1 THTRANSMISSTION LINF+15Xe36
IM= =  SHUNT ADMITTA  ES (MHOS) = =slwKe4HLINE/96Re21nTAG SEG.
2 TAG SEGes6XaYHT “HEDANCE 96X o GHLENGTH 12X s L1H= FND ONE = l7Xs11H
3= FEND TwO =ol2Xs4HTPFa/sbXe21lANO. NOW NO. NOo» FX 9 4HOHMS o 6K 0
GOHMETEC S s SR o4HREAL o L0OY sSHIMAG . s GX o 4HREAL 10X eSHIMAG,)

FORMAT (/46XeRH= FROM =44x46H= TO =426Xe4S5H~ = ADMITYANCE MATRIX
1 ELEMENTS (MHNS) = «o/4hXe21HTAG SEG TAG SFGes ]l IXNsOH(ONE «ON
2E) s J9XSHIONE s TWO) s 19X s IH(TWO s TWO) s/ 06X 9 21HNO . NO.o NOo NO. o8
IXeGHREAL s LOX s SHIMAG . 9 GX s SHREAL s 10X« SHIMAG, ¢ GX o 4MRFAL 10X e SHIMAG, )

FOAMAT (///929%X+334= - = CURRENTS AND LOCATION = - =¢//¢33Xs24HDIS
ITANCES 1N wAVELENGTHS)

FORMAT (//42Xe4HSEG.s 2K s IHNTAG4X 421 HCO0RD, OF SEG, CENTERsSXe4HSEG
l1eo]2Ke26H~ = = CURRENT (AMPS) = = =9/e2Ke3HNO 493K e 3NNO, s5Xe IHX 48X«
2IHY o BX o IH2 46X o AHLENGT HaSX s arREAL s BX eSHIMAG . ¢ TX 0 4H4AG e ¢+ BN s SHPHASE )

FORMAT (///433Xs40n= = = RFCEIVING PATTERN PARAMETERS ~ = =¢/043Xs
LGHETA=F7,2¢8H DEGREES+/v43Xe6HTYPE =9A60/043Xe12HAKIAL RATIO=.F6,
230//70 11X eSHTHETA AL s J4PHT 9 J0Xe ) IH= CURRENT =99X¢3INSEGs/911Xe5H(D
JEG) oSHGSHIDEG) ¢ TX 4 GHMAGNT TUDE ¢4 X s SHPHASE ¢ 6X ¢ 3WNO 4 4 /)

FORMAT (10X92(FT7a243X)s1XsELllatesIXeFT.2v4X015)

FORMAT (1Xe21S5+3F G, 4eFF.Se1Xe3F12,49F9,3)

FORMAT (///¢40Xs24n= = = POWER AUDGET = = =¢//+43X«1SHINPUT POWER
I =esEl1.4v6h WATTS./943Ks IGHRAODTATED POWER=ELl 406k WATTSe/e43X01
2SHSTRUCTURE LNSS=4F 11,4960 WATTSs/943Xe ISHNETWORK LOSS =eEllewebH
3 WATTSe/e43Xe ISHEFFICIENCY 2,F7,248H PERCENT)

FORMAT (///433%X323r= = = NFAR FIELDS = = =e//¢12Xs14H= LOCATION
1=e21Xe0H= EX =9]5KsPH= FY =,1S5XeBK= E2 =9/9aXelNX910Xs1HY,10
2X e 1HZ 10X+ GHMAGNT TUOE ¢ 3X 4 SHPHASF 96X s IHMAGNT TUDE ¢ 3X ¢ SHPHASE ¢ 6X o SHMA
IGNTTUDE + 3X s SHPHASE ¢ / s A X s bHMETERS e 5K s GHME TERS 9 SX 9 6-METERS e 8X o THVOLT
4S/Me3X s THDEGREES 16X s THVOLTS /My 1y THOEGREES ¢ 6X ¢ THVALTS/ M4 3X » THDEGRE
SES)

FORMAT (2Xe3(2x+F9,4) 41Xy 3(3XsE11e402XeFT7,2)1)

FORMAT (///931x939H= = = FAR FIELD GROUND PARAMETERS = = =4//)

FORMAT (40X42SHRADTAL WIRE GROUND SCREENs/+40XeISe6h WIRESe/ 040X )
12HWIRE LENGTH=4FB,247H METFRSs/+40Xe12HWIRE RADIUS=¢EL0.397H METER
2s)

FORMAT (40X+A6e6H CLIFF9/440Xe14HEDGE DISTANCE=4FQ,2¢7H METERSe/ ¢4
10X 7HHF IGMT=9FRL 24 7H METERSs/940Xe ISHSECOND MEDIUM =9/440X+27THRELA
2TIVE DIELECTRIC CONST.=eF7,39/440Xe13HCONDUCTIVITY=sE104345H MHOS)
FORMAT (///+4RXs30H= = = RADIATION PATTERNS = = =,/)

FORMAT (S4Xs6HRANGE=9F13,647H METERS/954Ke 16H2, #0T®EXP (=JKR) /4 5H(
IKR)=9E12.5+9H AT PHASEF7,2¢8H NEGREESe/)

FORMAT (4X4]léH= = ANGLES = =s8X¢2A6¢THGAINS =sTX924h= = = POLARIZA
ITION = = ~44X420H= = « E(THETA) = = =+4XslRH= = = E(PH]) = = =4/¢
24X oSHTHETASX o IHPHT o TX 0 A6+ IX 9 A6 44X e SHTOTAL 46X e SHAXTALeSXe4HTILT 43X
3¢SHSENSE 92 (SX s QHMAGNT TUDE ¢4 X s 6HPHASE )9/ 91X e2(2X s 7HDEGREES) 317X
42HDB) s AX s SHRATIO SR s 4HDEG . ¢ BX s 2 (6X ¢ THVOLTS/Me4X o THDEGREES) )

FORMAT (///¢28X+s40n = = = RADIATED FIELDS NEAR GROUND = « =¢//¢BXs
120H= = = LOCATION = = =3s]10Xsl6H= = E(THETA) = ~481(s14H= = E(PN]) =
2 =4B8X31TH= = E(RANIAL) = =4/ ¢TXe3HRNO96X e IHPHTsGX o IHZ e [2K e IHMAG 6X
3eSHPHAGE 99X ¢ IHMAG s 6X » SHPHASE ¢ 9X 4 IHMAG s 6X s SHPHASE ¢ 7 ¢ SX s 6RMETERS ¢ 3X o
GTHDEGREES o4 X o 6HMETERS 48X s THVOLTS/Me 3N 0 THDEGREES ¢ 6X e THVOLTS/Me 3N+ TH
SDEGREES +6X ¢ THVOLTS /M9 31Xy THNEGREF S« /)

FORMAT (1Xs2F9,292X93F9,2+2XeF9,5:FG,292XeA692(3XeE12.5+F5.2))
FORMAT (3X4F9,202XsF7,202%eF9.241Xe3(IXeELL.402XeF742))

FORMAT ( //+3Xs 19HAVERAGE POWER GAIN=+E12.5¢7Xe16HSOLID ANGLE USE
10+15H IN AVERAGING=(+F Tebs16H)2P] STERADIANS.s//)

FORMAT (//437X931H= = = = NORMALIZED GAIN = = ~ =4//+37Ke2A694HGAL
IN+/¢38%922HNORMALTIZATION FACTOR =4FS,293H DBe//e3(4Xelbh= = ANGLES
2 = «9b6XeUHGATINITR) o/ s 14X sSHTHFTALSX ¢ IHPHI ¢ RX e 2HDR9BX) 703 IXy THOE
3GREES»?X s THOEGREES«16¥) )

FORMAT (3(1Xe2F9241X4F9,2,6X))

FORMAT (///7+6XeSIHRECFIVING PATTERN STORAGE TOO SMALL+ARRAY TRUNCA
1TED)

FORMAT (///432Xs40H= = = NORMAL 1ZED RECEIVING PATTERN = = =¢/sa]Xe
121HNORMALTZATION FACTOR=4E1le4e/ o4l Xe4HETA=oF 7,208 DEGREESe/e4]Xe
26MTYPE =sAbs/s4l X 12HAXTAL RATINZ4F6,30/941Xs 12HSEGMENT NO =0 [5¢//
3921 XeSHTHETAs6X e IHPHI 49X e 13H= DOATTERN =/ e2IKeSH(DEG) o SKsSHINFGH
4eAXe2HDRBX ¢ JHMAGNTTUNE + /)

FORMAT (20%X42(F742¢3X)elXsFT7e2e4XeE1144)

FORMAT (///7436Xe32H= = = INPUT TMPEDANCE DATA « = =¢/¢45X¢18HSOURC
1F SEGMENT NO«sT49/445%s2 1 HNORMAL JZATION FACTOR=4E12.50//7+7XsSHFREQ
2e913Xe34H= = UNNORMALIZED IMPFDANCE = =e21Xe32h= <« NORMALIZE
3N IMPENANCE = =~¢/¢13Xs 10MRESTSTANCE +4X ¢ JHREACTANCE 16X+ GHMAGNT TUD
GE 24X o SHPHASE » TX o LOMRESISTANCE 14X s IHREACTANCE 9 6X ¢ IHMAGN I TUDE ¢ 4X ¢ SHP
SHASE o/« AK s THMHZ o L 1 X ¢ 4HOMMS 4 10X ¢ 4HOHMS ¢ L 1 X s 4HOMMS s 5K o THNEGREES s 67X o
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MA 987
MA 988
MA 989
MA 550
MA G691
MA 992
A 993
MA 9G4
MA 995
MA 996
MA 997
A 998
MA 999
MAl000
MAl1001
MAl002
MA1003
MAl004
MA1005
MA1006
MAL007
MAL008
MAL009
MAL1010
MALG1)
MALNL2
MALINL]
MALOLl4
MAl015
MALIN]6
MAY017
“Al018
MAl019
MA1020
MAL021
MAl022
MAL 023
MALDZ24
MA1025
MAl026
MALN27
MA1028
MAL029
MA1030
MAL031
MAl032
MA1033
MA1034
MA1035
MA1036
MA1037
MA1038
MA1039
MA1040
MALO41
MA1062
MA1043
MA] 064
MA1 045
NAL046
MAl047
MA1048
MA1049
MA1050
MA1051
MAl0S2
MA1053
MA1056
MA1 055
MA1056
MA1057
MA1058
MA10SS
MA1060
MAl061
MAL1062
MA1063
MAL1064
MA1065
MA1066
MAL067
MAT068
MA]0459
MA1070
MAL1071
MAl072
MA1073
MA1074
MA1075
MALO076
MALO??
MAl1078
MALINTS
“A1080
MA)DB)
MAY082
MA1083
MA1084
MA108S

o AT e e b




|
I STHDEGREES /) MAL086
| 200 FORMAT (///+aKe62NSTORAGE FOR TMPEDANCE NORMALIZATION TOO SMALLe A MALOS?
i IRRAY TRUNCATED) HAlo088
201 FORMAT (4XoF9,302K02(2K0E12e5103KeE12.502K¢F7.202%0212X0E12.5)43Ks MAL0E9
LEL2.5+20eF7.2) MA1090

202 FORMAY (////7+¢04Ke30N~ = = SURFACE PATCH OATA = = «4//7:49Ke21HCOORD MA109])
| LINATES IN METERSs//s LxsSHPATCH, IXe2THCOORDINATES OF PATCH CENTER,8 MA1092
i 2Ko1BHUNTT NORMAL VECTOR.9XSHPATCH 12X J4nCOMPONENTS OF UNIT TANGE WA[093

INT VECTORS /e 3X s INNC . o SR o 1AeOX o MY 99X o IN2o 11X eIHRBRINYeBXoINZe9 MALO94

CUAMAREASTEI2HA ] s6Xo2MY 1 06X 92HZ 1 08X 0 2MA296X s 2HY20h K¢ 2N22) MA1095

203 FORMAT (1Ae19:3F10,592503F G, 60F11.502X43F8,442143F8,6) nAL096

206 FOGMAT (40n GEOMETRY DATA INCONSISTENT = NoNP.MoMBE,416) “A1097

205  FORMAT (///774200+5SMAPPROXIMATE INTEGRATION ENPLOYED FOR SEGMENTS MAL096

IMORE TN FB,. 3,100 WAVELENGTHS APART) MAL1099

206 FORMAY (////+45Re3gN= = = = SURFACE PATCH CURRENTS = = = =¢//,54Ks MAL1100

12INOISTANCE IN WAVELENGTNS, /9561321 nCURRENT IN AMDS/METERe//+60Ke2 MAL1101

26Me « SURFACE COMPONENTS = =9190s34he = ~ RECTANGULAR COMPONENTS - MA1102

3 o ca/ N SHPATCH, 4R [2HPATCH CENTEROXeSHPATCHeIX o JONTANGENT VECT MAL103

QOF Lo YN LONTANGENT VECTOR 2011XelHRolIXe LMY 19KeluZ o/ e2R e INNO, s&Xe MAL]O04

‘ SIMNBR IMY s6X o |MZsSRoGMAREAsGK s 4HMAG e o+ TA+SHPHASE ¢ 3X s @HMAG . ¢ TX ¢ SHPH MA] ) 0S
| SASE s DIt amREAL oORONINAG. )) MAL1106
207 SONMAY (IXeT6eIFT IeFR.Se2(EL1.00FB,2)46€10,2) MALLIO?

i 208 FORmAT (S59% ERROR--ONLY PERFECT GROUND IS ALLOWED wlTh SURFACE PAT MA1108
1CnEs) MA1109

i 209 FOOMAY (7im EAROR--NEAR FIELD MAY NOT BE COMPUTED whEN SURFACE PAT MAL110
[ ICHES AGE PRESENT) MALIIY
I EnD MAY )12~
SURROUTINE APRXE (ReS+ETAWPI2sDIJeDIRZPIRHIETRIETIIP) AE i

c AE 2

c APRXE CALCULATES TwE FLECYRIC FIELD OF AN INFINITESIMAL CURRENT AE 3

€ ELEMENT FOR THE MATRIX ELEMENT APPROXIMATION FOR SEPARATION AE 4

c DISTANCES GREATER THAN RKH, AE 5

c AE 6

DIMENSION E2E12)s EPE(2) AE 7

COMPLEX CleERIETIEZVEP AE 8

EQUIVALENCE (EZ.EZENs (EPJEPE) AE 9

RKH]=P[20R AE 10

AQsZP/R AE 11

Al=RW/R AE 12

Cl=CHMPLR (COS(RKHL) ¢ =SIN(RKKH1)) AE 13

ER=SOETAPAQPC)OCMPLE (] o0~) ,/RKH]) / (P12R*R) AE 1

4 ET=S®ETA®ALOC oCMPLE (] o sRKHL =] . /RKH]1) /(2. 2P 2%R*R) AE 15
E2sEReAQ-ET®A] AE 16

EPSER®ALCET®AQ AE 17

| IF (IP.EQe2) CALL GN (EZEC(IFEZE(2IEPECLIVEPE(2)) AE 18
i ETsDIJeEZ+DIRCEP AE 19
4 ETR=ETRREAL(ET) AE 20
ETI=ETI+AIMAGIET) AE 21

RETURN AE 22
END AE  23-

SUBROUTINE APRXH (ReR2sSeTPLeSTTWHRTWHIILCoPXePYoPZoRFL) AN 1

c AM &

c APRXH CALCULATES THE YAGNETIC FIELD OF AN INFINITESIMAL CURRENT AH 3

c ELEMENT FOR TWE MATRIX ELEMENT APPROXIMATION FOR SEPARATION AH 4

c DISTANCES GREATER THAN RKM, AH 5

c AW 6

COMMON /DATAZ LDsNsNPoMsMP X (1000)+Y(1000)42(1000)+S1(1000)+BI(100 AW 7
QONILP(MOM.BET(loomolconl(looh'ICONZ(IOOM-lTlG(ldoﬂl-nLAn.lﬂs AM :

Y™ AH

COMMON /ANGL/ SALP(1000) AH 10

OIMENSTON TWHR(3+2)e TWHI(3+2) AR 11

OIMENSION TIX(1)e TAY(1)y TIZ(1)s T2x(1)e T2Y(1)e T2Z(1) AH 12

COMPLEX W AH 123

[ EQUIVALENCE (TIXoeSTis (TIVeALP)e (TIZeBET)s (T2Xe[CONL)e (T2YJ[CON AH 14
F) 12)e (T2Z+1TAG) AN 1S
3] RK=TPI*R AH 16
B H=SSSTECMPLX (COS (RK) 9 =SIN(RK) ) 8CMPLX (14/R2¢TRI/R) /(2.%TPI) *RFL AH 17
] 00 I K=1+2 AW 18
IF (K.EQel) PDT=PXT2X (ILC) *PYT2Y(ILC)*P2#T22(1LC) AW 19

IF (K.EQe2) POT=PXSTIX(ILC)PYSTIY(ILC)+P2TI2(1LL) AW 20

POT=PDTOSALP(ILC) M 21

THHR (24K ) =TWHR (2+K) =PDTOREAL (H) AR 22

TWHI(2.K) =TWH] (25K) =PDTOAIMAG (H) AW 23

1 CONT INUE AH 24

RETURN AH 25
END AH 26~

FUNCTINN ATGN2 (XsY) AT 3

c AT 2

c ATGNZ [S ARCTANGENT FUNCTION MODIFIED YO RETURN 0, WHEN X=Y=0, AT 3

{~ AT &

IF (X) 30143 AT S

1 IF (Y) 34243 AY 6

2 ATGN2=0, AT 7

RETURN AT 8

3 ATON2=ATAN2 (X4Y) AT 9

RETURN AT 10
END AT 1l

128
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SUSROUTINE BLCKOT (NUNTIT ol e12,4BLXSJNEOF)

BLOKOTY CONTROLS ThE WeADING AND weITING OF MATRIX HLOCKS ON FILES
FOR THF OQUT=0F =COWE MATRIX SOLUTION.

COMMON AR (1000

LOGICAL ENF

WRITE (NUNIT) (AR ) e =11e12)
RETURN

ENTRY s CxIN

DO 2 [=1«NHLKS

READ (NUNIT) (aR(J)ed=11e12)
IF (ENFINUNITY) GO 10 3

CONT INUF

RETURN

PRINT 4o NUNITONSLAS ol OF

IF (INEOF . NELTT77) STOP

NEOF =0

RE TURN

FORMAT (13% F0F ON UNITI1e9n KNHLEST ol 3eRn NENFs 4]5)
END

SUBROUTINE CARC

CABC CNMPUTES COEFFICIENTS OF 1wE CONSTANT (A)e “INE (B)e AND
COSINE (C) TEWMS Ih Tub CURRENT [INTERPOLATION FUNCTIONS FOR THE
CURRENT VECTO®R Cuw=,

COMMON /DATA/ LDsNNP MaME X (1600)9Y(1000)¢21000)S1(1000)«RTICL00
10)+ALP (10001 «BET(1000)+1CONI 10001+ 1CONZL1000)«ITAGILOO0) sWLAMSIPS
2™

COMMON /CRANT/ AIR(1000) +ATT (100N eRIR(1000)+8I1(1000)+CIR(1000)4C,
110(1000)«CU~(2000)

COMMON /7 JUNK/ NCOX4JOX(25) yNETx o JIR (251 oNCOZ e JOZ(25) oNCTI20J12(25)

COMMON /ANGL/ SALZ(1000)

OIMENSTON TIX(1)s TUI¥(loe TIZ2(C13s T2XC1)s T2Y(1)e T22(1)

COMPLEY CUSeCLOWCLL oCL YoAKBXCX

EQUIVALENCE (TIXeSThe (TIveALF )4 (TI24RET)e (T2XeTCONI)e (T2YWICON
12)s (T2241TAG)

DATA TP/6.,283175304/

IF (N.FG,0) GO TO 20

DO 19 1=1wn

CALL TRIO (1+3C0L1suCOMDIL,DIK)

CL=TPeNIL

Cr=TPen X

SINL=SIN(CL)

COSL=CAS(CLY

SINK=SIN(CK)

COSK=CNS (Cx)

SILK=SINICE +Cx)

CELLO=SINLeS1K=SILK

IF (JCO1.6T.16000) GO TO A

IF (JCOL) 14647

CLO=(0,404)

IF (NCIXxeLTel) GO 10 13

D0 2 K=14NCIx

JIXK=)TX(K)

CLO=CLA+CUR (JTXX)

CONTINIIE

IF (NCOX,LT.1) GO YO 5

DO & K=1sNCOX

JOXK=JOX (K)

CLO=CLO=CUR (JOXK)

CONT INGE
60 T0 9
CLO=(0.+0.)

GO 10 9
CLN=CuUR (JCOI1)

IF (ICON2(JCO1).EQ.I) GO TO 9

IF (JCO1.EQ.1) GO TO o
CLO==CLO
GO TO &

CLO=CuUR (1)
cLL=Cun ()

IF (JCN2.GT.10000) GO TO 17

IF (JCN2) 10415416
CLY={04904)

IF (NCNZ.LT.1) GO T0 12
DO 11 ¥=14NCO/

JOZK=J02 ()

CLY=CLY*CUR(JOZK)

CONTINUE

IF (NCTZ.LT.1) GO TO 14
DO 13 x=zleNCIZ

JIZK=J12(K)

CLY=CLY=CUR(JIZK)

CONTINUE
60 10 1A
CLY=(0,404)

60 10 19
CLY=CuR (JC02)

IF (ICON1(JCO2) EQ.1) GO Tn 18
IF (JEN2.EQ.I) GO TO 18
CLy==CLY

G0 TO 18

cLy=Cup ()

BL
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18

19

aNaNalal

21

aNaNal

[sXsNaNaNal

AX= (CLO®SINK=CLL®STLK«CLY®SINL) /CELLO

BX= (CLO®(COSK=],)+CLL®(COSL=COSK) +CLY®(1+=COSL))/CELLO
CX== (CLO®SINK=CLL® (SINL*SINK) +CLY®SINL) 7/CELLO
AIR(I)=REAL (AX)

ATT(I)=AIMAGLAX)

BIR(I)=REAL (BX)

BII(I)=AIMAG(BX)

CIR(I)=REAL(CX)

CIT(I)sAIMAG(CX)

IF (M.FQ.0) RETURN

SURFACF CURRENT ON EACH PATCH IS CONVERTED FROM TwO SURFACE
COMPONENTS TO THREE RECTANGULAR COMPONENTS

K= D-M

JCOL=Ne2OMe]

JCO22C0) oM

DO 21 I=leM

KaKe]

JCO1=JC0L=-2

JC02=4002-3

CLO=CuR (JCO1)

CLL=CUR (JCOL+1)

CUR (JCO2) =CLOSTIX(K) *CLL®T2K(K)
CUR(JCO2+1)=CLO®TLY (K)*CLL®T2Y (k)
CUR(JC02+2)=CLO®TIZ (K) «CLL®T22 (k)
RE TURN

END

FUNCTION CANG (2)

CANG RETURNS THE PHASE ANGLE OF A COMPLEX NUMBER [N OEGREES.
COMPLEX Z

CANG=ATGN2 (AIMAG(Z) +REAL(2))#57,2957796

RETURN
END

SUBROUTINE CATLOG

CATALOG CONTROLS THE WRIVING OF FILES 11=16 ON FILE 17 4HEN THERE
IS A REQUEST TO INTERRQUPT CALCULATION. FILE 17 IS USED TO RESVART

THE PROGRAM,

COMMON CM(4000)
CONMON /SAVE/ [X(15GGi«IP(150G)
COMMON /MATPAR/ ICASE «NBLOKS +NPRLK sNLAST sNBLSYMeNPSYMoNLSYHM

COMMON /RESTRY/ IC1+IC29IC3+NRESoNPRES s IBLCK+IDUMP ¢ THDUMSEXT IM

DIMENSION IT(7)

COMPLEX CM

LOGICAL ENF

EQUIVALENCE (NeNRES) e (NPeNPRES)s (1241BLCK)
DATA (IT(1)ol=147)711412013014,15416417/
DO 1 1=1+7

NUNIT=IT (L)

REWIND NUNIT

WRITE (17) IC1+1C2+1C3sNsNPo12,1CASE

END FILE 17

ISIx=6

IF (ICASE.EQ.4) ISIX=]

D0 4 I=1,1SIX

NUNIT=IT(])

NEOF=777

IFLCNT=0

CALL BLCKIN (NUNITy14129¢1¢NEOF)

IF (NEOF ,EQ.0) GO TO 13

CALL BLCKOT (1741912010 1)
IFLCNT=IFLCNT ]

GO T0 2

END FILE 17

PRINT 10+ IFLCNToNUNIT
CONTINUE

IF (ICASE.NE.4) GO TO 9
IFLCNT=0

READ (13) (CM(I)sI=lenP)
IF (ENF(13)) GO TO 6
WRITE (17) (CM(I)eI=14NP)
IFLCNT=IFLCNT«1

GO T0 s

END FILE 17

PRINT 10¢ IFLCNTSIT(D)
IFLCNT=0

READ (15) (CM(I)sI=loNP)
IF (ENF(15)) GO To 8
WRITE (17) (CMLUI)o1=m1oNP)
IFLCNT=IFLCNT+]

GO 10 7

END FILE 17

PRINT 10+ IFLCNT#IT(S)
CONT INUE

WRITE (17) (IX(I)er=leN)
WRITE (17) (IP(I)e1=1sN)
REWIND 17

IF (IDUMP.EQ.0) STOP
RETURN
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[ ct 58
10 FORMAT (/4154264 FILES WRITTEN FROM OUNIT 415/) cT s9
END cl  60-
SUKROUTINE CMxPRIT cn 1
c [
C CHAPRT CHECKS FOR INTERRUPT DU ING GUT=0F ~CORF MATRIX mANDL ING, cH 3
c THIS SUAROUTINE IS CALLED AT CONVENIFN] PROGRAM [NTERRPT POINTS, CH &
c v 5
COMMON /RESTRT/ IC1elC2s1CIaNIESeNPRFSe IBLCK o [DUMO o TMDUMEXT IM cn 6
COMMON /MATPAR/ TCASE JNBLOKSINPALK JNLAST oNBLSYMINDSYMINLSTM cho 7
OATA [rx/0/ 8
PRINT 7+ IClelC201CH cn 9
IF (INUMP.EQ,0) KETURY cH 10
€ cno 11
c AUTOMATIC FILF DUMPING cH 12
C cn 13
CALL SECOND (T2) [ U
I1F (ICxEN.0) TI=ExT]M cn 15
1Cx=1 cHo 16
IF ((T2-T1) LT TMDUM) ETURN [T &4
T2T2<ExTIM cH 18
PRINY Ry T cHo 19
CALL CATLOG cn 20
PRINT = cn 21
Ti=T12 w22
[ cH 23
C REPOSITION FILES ch 24
c ch 25 .
00 1 I=11.16 CH 26
1 BACKSPACE | cH 27 r
IF (IC/.EQ.0) RETURN cH 28
IF (ICASE=4) 24345 cho29
2 RETURN cH 30
3 J=ENRES~1C2#NPRES cH 31
IF (J.FQ.0) RETURN CH 32
D0 & I=1eJ CH 33
A BACKSPACE 13 CH 34
RETURN cH 35
s J= (NRES/NPRES=-1C2) *NBLSYM cH 36
IF (J.FQ.0) RETURN cH 37
00 6 [=1+J Ch 38
6 BACKSPACE 11 cH 39
RETURN CH 40
c [oL Y |
7 FORMAT (12H CHECKPNINT s415) Ch 42
R FORMAT (30H FILE DUMP INITIATED: TIME=,F10,3¢44 SEC) CH 43
9 FORMAY (22H FILE DUMP COMPLETE) CH &4
i ENO CH 45~
SUBROUTINE CMSET (NROWsNCOL +CMoNLOAD «RKH) c™ 1
3 c ™2
3 c CMSET SETS UP THE COMPLEX STRUCTURE MATRIX IN THE ARRAY CM ch 3
(o} cH 4
COMMON /DATA/ LDeNsNPMeMP 4 X (1000)+Y(1000)¢2(1000)+S1(1000)+B1(100 CM S
10) +ALP(1000) +RET(1000) « ICON1(1000) + ICON2(1000) «ITAG(1000) swLAMs IPS CM 6
2YM cH 7
DIMENSION CMINR0WNCOL ) cM 8
COMMON /MATPAR/ ICASE +NBLOKS +NPALK «NLAST ¢NBLSYMeNPSYMNLSYM cM 9
COMMON /RESTRT/ IC1eIC2¢IC3sNRFSeNPRES I1BLCK s IDUMD ¢ TMDUMGEXTIM M 10
COMMON /ANGL/ SALP(1000) cHo11
E COMMON /JUNK/ NCOX+JOX(25) 4NCIXeJIX(25) ¢NCO29JOZ(25) oNCIZ9JI2(25) CM 12
E COMMON /REFL/ RHOXsRHOYsRHOZ+CARJ+SABJ9SALPRIPXePYIREFSIREFPS cM 13
COMMON 7ZLOAD/ ZARRAY (1000) CM 14
COMMON /GND/ ZRATI«ZRATIZ2sCLCHeSCRWL +SCRWReNRADL «KSYMP 4 IFARSIPERF CM 1S
DIMENSTION CAB(1)+ SAB(]) CM 16
OIMENSTON ETR(3)s ETI(3)e TWHR(T92)e TWHI(342) ™17
EQUIVALENCE (ETReTWHR)s (ETIeTwHI)s (CABsALP)e (SARBET) CM 18
COMPLEY FJsCM4ZARRAY CM 19
COMPLEY ZRATI«ZRATI2¢REFSIREFPSsZRSINCZRATISeT142SCRN CcH 20 i
DATA P12/6,283185308/+ETA/376.73/sFJ/(0e914)7 cH 21 1
IF (ICASE.GT.2) REWIND 11 cH 22
12=2%NPRLK*NROW cMo23 i
1BLCK=T12 CM 24
4 1T=NPBLK M 25
E NIl=1Cl+1 c™ 26
IF (IC1.,EQ.0) GO TO 1 cM 27
IF (1C1.LE.(=1)) GO Tn 25 CM 28
CALL BLCKIN (11ele12+1Cl0e1) c™ 29
1 CONTINUE M 30
C (oL I} |
c CYCLE OVER MATRIX ALOCKS cN 32
(~ cM 2]
NO 24 TXABLK1=NI]eNBLOKS CM J4 3
1SV=(IXALK1=1) *NPALK CM 35
IF (IXALK1.EQ.NBLOKS) IT=NLAST CM 36
IF (ICASE.LT.3) IT=NCNL cM 37
IF (NRADL.EQ.D) GO 10 2 cM 38
T1=FJ®*2367.067/FLOAT (NRADL) cM 39
T2=SCRYR*FLOAT (NRANL) CM 40
ZRATIS=2RATI CH 4l
2 NO 3 I=1+NROW (oL Y]
D0 3 y=lelT CM 43
3 CM(19)1=(0.+0,) CN 46
IF (NJFN.0) GO YO 20 CM S
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WIRE SOURCE LOOP

DO 19 UsleN

CALL TRIO (JsJCOLeJCO2+DIL4DIK)
S=S1(J)

8=81(J)

XJ=X ()

YJayY ()

2432t

CABJ=CAB ()

SARU=SAB (L))

SALPJ=SALP (J)

OBSERVATION LOOP

DO 18 [PR=].IT
I1=ISVe1PR
IF (1.GT.NP) GO TO 14

WIRE ORSERVATION POINT

XIJ=X(1)=Ry
YIJ=Y (1) =YJ
1J=1-y
CA8l=CaB(1}
SARI=3AR(])
SALPlxsALP(I)
DO & 1P=],3
ETR(IP)=0,
ETI(IP)=0.
RFL==1,

GROUND LOOP

IFLG=0

00 13 [P=]l.KSYMP

RFL==RFL

SALPR=SALPJSRFL

Z1J=Z(1)=RFL*2J
ZP=X1JeCARJ+Y1JO®SABJ+ 7 1J*SALPR
DI1J=CABI*CABJU+SABI*SARJ*SALP[*SALPR
RHOX=X][J=CABJe2ZP

RHOYSY ] J=SABJeZP
RHOZ=Z1J-SALPRe®ZP

RH=SQRT (RHOX®*RHOX +RHOY*RHOY *RHOZ*RHOZ)
IF (RH,GT.1.E=6) GO TO S

RHOX=0,

RHOY=(],

RHOZ2=0,

DIR=0.,

GO T0 &

RHOX=RHOX /RH

FHOY=RHOY/RH

RHOZ=RHOZ/RH
DIR=RHOX®CABI+RHOY®SABI +RHOZ®SALP]
RaSQRY (XIJeXTJeYIUOYI eZ1Ue2]y)

IF (IP,NEG2) GO TO 1)

14=1

IF (IPERF,EQ.1) GO T0 11

RMAG=R

XYMAG=SQRT (XIJ®XIJeYIy®Y1J)

SET PARAMETERS FOR RADIAL WIRE GROUND SCREEN.

IF (NRADL.EQ.0) GO 10 8
XSPEC=(X(])*20¢Z(1)®XJ)/(2(1)e7 )
YSPEC=(Y(1)220¢Z2(1)®YY)/7(Z2(1)e2))
RHOSPC=SORT (XSPEC*XSPEC+YSPEC#YSPEC+T2412)
IF (RHOSPC.GT,SCRWL) GO TO 7

ZSCRN=T | *RHOSPC®*ALOG (RHOSPC/T2)
ZRATI=(ZSCRN®ZRATIS) 7 (ETA®ZRAT IS+ 2SCRN)

GO T0 8

ZRATI=7RATIS

IF (XYMAG.GT.1.E=6) GO TO 9

CALCULATION OF REFLECTION COEFFICIENTS WHEN GROUND IS SPECIFIED.

PX=0.

PY=0.

CTH=2],

ZRSIN=(1ee04)

GO 10 10

Px==Y[J/XYMAG

PY=XIJ/XYMAG

CTH=Z] J/RMAG
ZRSIN=ZCSQRT (1, =ZRATI®ZRATI® (] ,=CTHOCTH))
REFS== (CTH=ZRATI®ZRSIN) 7 (CTHOZRATI*2RSIN)
REFPS=(ZRATISCTH=ZRSIN) / (ZRATJ&CTH*ZRSIN)
REFPS=REFPS=REFS

MATRIX ELEMENTS FOR WIRE SOURCE POINTS AND WIRE O9SERVATION POINTS

IF (R.,GT.RKH) GO TO 12

CALL INTG (BeSeRHeZPsOIJeOIRIETARVETIWOILOIR T Je 1)

IFLG=1
GO 10 13

CALL APRXE (RySeETAIPTZe0TIJs0IRIZPoRHIETR(Z)ETI(2)41P)

CONT INUE
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[ CH 145
3 (4 FILL MATRIX ELEMENTS. ELEMENT LOCATIONS DETERMINFD By CONNECTION CM 146
g (~ DATA, CH 147
- c CH 148
CALL MATFIL (ETRIETIoIPReJ4JICO)4JICO24CMoNROWINCOL . IFLG) CH 149
GO T0 19 c™ 150
C SURFACE OBSERVATION POINT c™ 151
14 IK=]=NP cH 152
IPATCH=(IKe1) /2 Cc™ 153 i
IK=[K=(1K/2)®2 CM 154 |
If (IK.€EQ.0.AND.IPRNFl) GO T |7 CH™ 155
00 15 1P=1.3 c™ 156 |
TwHR(IPel)=0. cHM 157 |
TWHR (1P 2)=0. C™ 158
TWHI(IPe1)=0, cM 159
15 TuHI (1P42)=0, ™ 160
c cu 161
c GROUND LOOP Ccw 162
[ C™ 163
1FLG=0 Ccv 164
NO 16 [P=].KSYMP cM 165
€ CH 166
( MATRIX ELEMENTS FOR WTYRE SOURCF POINTS AND SURFACF OBSERVATION cv 167
c POINTS cM 168
[4 CM 169
16 CALL HWMAT (X.)e¥JeZJeSeCARJISAH joSALPIsDILeDIKeIPATCHsTUHR TUHIZIP CH 170
1eRXH IFLG) cH 171
1F (IX,€Q.0) GO VO 17 c™ 172
‘CALL MATFIL (TWHR(]1o1)sTWHTI(Lo1) e IPReJ9JICOL¢JCO29 MeNROWSNCOL s IFLG CM 1;3
) cH 1764
GO Y0 19 CcH 175
17 CALL MATFIL (TWHR(1¢2)eTWHI(1e2)9TPRsJ9JICOL0JCO2¢CMeNROWINCOLSIFLG CH 176
1 cM 177
18 CONT INUE CcH 178
19 CONTINIE cH 179
IF (NRADL.NE.O) ZRATI=ZRATIS Cn 180
IF (M,FQ.0) GO TO 21 cm 181
20 IMI=[Svel Ccv 182
M2=lSyelT cH 183
c CM 184
c ELEMENTS FOR SURFACE SOURCF POINTS AND WIRE ORSERVATION POINTS CM 185
c CM 186
IF (IM].LE.NP) CALL UNOTES (IM14IM2+CMeNROWSNCOL ) Ccm 187
c CM 188
(~ ELEMENTS FOR SURFACE SOURCE AND OHSERVATION POINTS CcH 189
C CHM 150
IF (IM2,GToNP) CALL HMAT (TM1e¢IN2,CM¢NROWINCOL) cH 191
c cw 192
c MATRIX ELEMENTS MODIFIED BY LOADING CW 193
c CH 194
21 IF (NLOAD.EQ.0) GO 10 23 CM 1585
00 22 1=1,17 CM 196
J=[SVe] cH 197
IF (J.GTNP) GO TO 23 c™ 198
22 CM(JoI)3CM(Jo 1) =ZARRAY (D) CcH™ 199
23 IF (ICASE.LT.3) GO T0 24 Cm 200
CALL BLCKOT (11elsl201431) Ccn 201 x
1C1=1x3LK] cw 202
IF (IC1.EQ.NBLOKS) GO TO 24 cn 203
CALL CHKPRT cH 206
26 CONTINUE CH 205
IF (ICASE.LT.3) GO T0 25 c™ 206
1C1==2 cM 207
IF (ICASE.EQ.3) ICl=~-] CM 208
CALL CHKPRT CM 209
REWIND 11 CH 210
25 RETURN cH 211
END cm 212~ j
SURROUTINE CONECT (IGND) cN 1
c N 2
(< CONNECT SETS UP SEGMENT CONNECTTION DATA IN ARRAYS ICON1 AND ICON2 CN 3
Cc BY SEARCHING FOR SEGMENT ENDS TWAT AQE IN CONTACT, CN 4
c CN S
COMMON /DATA/ LOsNoNPMsMP4X(1000)+Y(1000)+2(1000)+SI(1000)+81(¢100 CN 6
;0)vALP(IOOO)cﬂCVilOOOloICONl(looo)'ICONZ(IOOO)-IVIG(IOOO)oULAﬂ-lPS N7
Y™ CN 8
OIMENSION X2(1)s Y2(l)s 22(1) N 9 |
EQUIVALENCE (X2(1)eST(1))e (Y2(1)eALP(L1))s (Z2(1).RET(1)) cN 10
SMIN=],E=3 cN 11 |
JNO=0 cN 12 |
IF (IGND.EQ.0) GO TO 3 (<L I & ] i
PRINT 41 CN 16 |
IF (IGND«GT.0) PRINT 42 cN IS
IF (IPSYM.NEL2) GO 10 1 N 16 i
NP=2eNP [ ¥ J
MP=20Mp cN 18
1 IF (IARS(IPSYM).LE.2) GO To 2 cN 19
NP=N cN 20
MP=M cN 21
2 IF (NP,GT.N) STOP CN 22
IF (NP,EQ.N.ANDMEQ.MP) IPSYM= N 22
3 IF (NJFQ,0) GO TO 16 N 26
00 32 131N CN 25
X11=x(1) CN 26
Yil=v(p) cN 27
ni=z(n CN 28
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19
20

21
22
23
26
25

26

27
28

29

Xl2=x2¢l)
Yizsy2(1)
212=22(1)
SLENSSORT ((XI2=X11)®®2e(VYI2=Y]]) 0020 (2]2~21]1)002)

DETERMINE CONNECTION DATA FOR END | OF SEGMENT.

IF (IGNDJLTSl) GO 1O S
SEP=Z1)/SLEN

IF (SEP,GT,(=SMIN)) GO TO
PRINT 43y I

STop

IF (ABS(SEP) .GT.SMIN) GO TO S
1CONL (1) =]

GO T0 17

IF (ICONL(T).NELO) GO TO 17
00 6 IC=14N

IF (ICLEQ.I) GO TO 6

ISEG=1C

SEP= (ARS(XI1=-X(1C))*ARS(YI1=Y(]C))+ABS(2I1=2(1IC)))/SLEN
IF (SEP.LT.SMIN) GO To 7
SEP=(AAS(X[1=X2(IC))*ABS(YI1=Y2(]C))+ABS(211=22(1C)))/SLEN
IF (SFR.LT.SMIN) GO To 12
CONT INUE

G0 10 17

IF (ICONL(ISEG)) 948410
ICONL (1) =1SEG

ICON] (ISEG) =1

G0 10 17

ICON1 (1) =1CONL (ISEG)

GO 10 17

INO=INN-1

ICONL (1) =UNO

IX=ICON1 (ISEG)

ICON1 (1SEG) =UNO

IF (ICON1(IX),EQ.ISEG) GO TO 1)
ICON2(1X)=JNO

GO TO 17

ICONL (1X)2)NO

GO T0 17

IF (ICON2(ISEG)) 14+13+15
ICONL (1) =1SEG

ICON2(1SEG) =1

GO 10 17

TCONL (1) =ICON2 (ISEG)

GO0 10 17

JNO=JUNO-1

ICON1 (1) =JNO

IX=ICON2 (ISEG)

I1CON2 (1SEG) =UNO

IF (ICONL(IX)EQ.ISEG) GO TO le
T1CON2(1X)=JNO

GO TO 17

ICONL (1X)=UNO

DETERMINE CONNECTION DATA FOR END 2 OF SEGMENT.

IF (IGND.LT.1) GO TO 20
SEP=712/SLEN

IF (SEP,.GT.(=SMIN)) GO TO 18
PRINT 434 |

SToP

IF (ABS(SEP).GT.SMIN) GO TO 20
IF (ICON1(T).NELT) GO TO 19
PRINT 44s 1

STopP

ICON2 (1) =1

G0 10 32

IF (ICON2(1)NELD) GO TO 32
00 21 1C=1.N

IF (IC,EQ.I) GO To 21
ISEG=1C

SEP= (ARS(XT2=X(1C)) *ABS(YI2=Y(IC))+ABS(212=2(1C)))/SLEN
IF (SEP,LT.SMIN) GO To 22
SEP= (ARS (X12=X2(IC) ) *ABS(YI2=Y2(IC))+ABS(212=22(IC)))/SLEN
IF (SEP,LT.SMIN) GO To 27
CONTINUE

GO T0 32

IF (ICON1(ISEG)) 24923425
ICON2 (1) =1SEG

ICONL (1SEG) =1

GO TO 32

ICON2 (1) =ICON] (ISEG)

G0 TO 32

JINO=INO=1

TCON2 (1) =UNO

IX=ICON1 (ISEG)

1CONI (1SEG) =UNO

IF (ICONL(IX) EQ.ISEG) GO YO 26
TCON2 (1X) =INO

G0 T0 32

TCONL (1X) =INO

GO 10 32

IF (ICON2(ISEG)) 29429430
ICON2(1)=ISEG

ICON2 (1SEG) =1

GO T0 32

TCON2 (1) =1CON2 (1SEG)

60 T0 312
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30 JINOZUNN =1 CN 128
ICON2 (1) =NO Cn 129
IX=1CON2 (15EG) CN 130
ICON2 (I1SEG) =JNO CcN 131
IF (ICONL(IX),EQ.ISEG) GO TO 3) CN 132
ICON2 (1X) = JNO CcN 133
GO TO 32 CN 136

31 ICONL (1 ¥) =UNO CN 135

32 CONT INUE N 136
IF (M.FQ.0) GO TO 36 cN 137

C CN 138

c SEARCH FOR SEGMENT ENNS CONNECTFD TO PATCH CENTER<, WwHEN FOUND CcN 139

c SET CONNECTION DATA FNR SEGMENT END AND SURDIVIDE PATCH, CN 140

c CN 14l
SSMIN=SMIN®SMIN CN 142
1x=LDe] CN 4]
D0 35 [=lem CN 144
IX=1x=-| CN 165
XS=X (1) CN 166
¥YSaY (Ix) CN 167
2S=2(1x) CN 148
NO 34 [SEG=leN CN 169
XI1=X([SEG) CN 150
YI1=Y(1SEG) CN 151
211=2(1SEG) N 152
X12=X2(1SEG) CN 193
Y123Y2(1SEG) CN 154
212222 (1SEG) CN 155
SLEN=((XI2-X11)9924(Y]2-Y[]1)®02.(212=211)982)*SSMIN CN 156
SEP=(X[]=XS)®824(Y[1=YS)®e2e(2]]~25)®e2 CN 157
IF (SEP.GT.SLEN) GO Tn 33 CN 158
TCONL (1SEG)=10000+] CN 159
CALL SUAPH (T+ICexXIloYIleZIloX[20Y1202]12) CN 160
GO TO 1S CN 161

33 SEP=(X[2=XS)e82e(Y]2=YS) 0026 (2]2=25) 002 CN 162
IF (SEP.GT.SLEN) GO Tn 36 CN 163
ICON2(1SEG)=10000+1 CN 164
CALL SURPH (T+ICoxIlovIleZIlexI2eYI24212) CN 165
GO Y0 13S CN 166

34 CONTINUE CN 167

35 CONTINUE CN 168

36 PRINT 4Se¢ NoNPoIPSYM CN 169
IF (M.GT.0) PRINT 48y MoMP CN 170
IF (N.EQNP) GO TO 40 CN 171
ISEG=N/NP CN 172
IF (IPSYM) 38437439 CN 173

37 SToP CN 174

38 PRINT whe ISEG CN 175
GO TO «0 CN 176

39 1C=1SEG/2 cN I
IF (ISFG.EQ.8) IC=) CN 178
PRINT 47, IC CN 179

«0 CONT INUE CN 180
RETURN CN 181

c CN 182

6 FORMAT (/+3X+23HGROUND PLANE SPECIFIED,.) CN 183

42 FORKAT (/+3Xe4bHWHERE WIRE ENDS TOUCH GROUNDe CURQENT wILL BE +38H CN 184

LINTERPALATED TO IMAGE IN GROUNND PLANE.s/) CN 185

“3 FORMAT (304 GFOMETRY NATA FRROR-- SEGMENT«ISe21M FXTENDS BELOW GRO CN 186

1UND) CN 187
4b FORMAT (294 GEOMETRY NATA ERROR-=SEGMENT+ISe16H LIES IN GROUND +6H CN 188
1PLANE ) CN 189
“5 FORMAT (/+3X920HTOTAL SEGMENTS 1SED=¢ISe5Xe12HNO, SEG. IN «17HA SY CN 190
IMMETRIC CELL=eISs5Xe14HSYMMETRY FLAG=413) CN 191

46 FORMAT (14H STRUCTURE HAS+149¢25H FOLD ROTATIONAL SYMMETRYs/) CN 192

o7 FORMAT (144 STRUCTURE HAS+12+19H PLANES OF SYMMETRYe/) CN 193

48 FORMAT (3IXs19HTOTAL PATCHES USEN=¢15¢6Xe32HN0, PATCHES IN A SYMMET CN 194

1IRIC CELL=s1S) CN 195
END CN 196~
SURROUTINE CONVRT cv 1

C cv 2

€ CONVERT CHANGES GEOMETRY DATA FROM THE FORM STATING XeYe2 cv 3

Cc COORDINATES OF EACH SEGMENT END TO XeYeZ OF THE SEGMENT CENTER cv “

( PLUS SFGMENT LENGTW AND ORIENTATION ANGLES AS REQIIRED IN MAIN cv S

c PROGRAM, Ccv 6

Cc (4] 7
COMMON /DATA/ LDsNsNPMoeMP X (1000)¢Y(1000)+2(1000)+ST1(1000)+81(¢100 CV 8

10) «ALP (1000) +RET(1000) « ICONL1(1000) + ICON2(1000) ¢ ITAG(1000) sWLAM,IPS CV 9
2/m

DIMENSTON Xx2(1)e Y2(1)e 22(1)

EQUIVAL ENCE (X2(1)oST(1))e (Y2(1)4ALP (1)) (22(1).RET(1))
1F (N.FQ.0) RFTURN

DO 1 T=leN

XA=X (1)

YA=zY(])

ZA=2(1)

XA=R2(1)

Y9=v2(1)

23=22(1)

A([)=(xAexB)e, 5
Y(l)a(vAevq)e 5

21 =(2he7- 10,5

XA=XRA-xA

YAzYB-vA

ZA=78-7A
SI(1)=SORT(XASXACYASYASZA®ZA)
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| ALP (1) =ASIN(ZA/SICI)) cv 28
] 1 BET(1)=ATGN2(YAsXA) cv 29
} RETURN cv 30
{ END cv 31~
SURROUT INE DATAGN oA 1
€ oA 2
c DATAGN IS THE MAIN ROUTINE FOR INPUT OF GEOMETRY NATA. DA 3
€ DA . P
COMMON /DATA/ LDoNNPoMoMP X (1000)+Y(1000)+2(1000)+S1(1000)+81(100 DA S
;0)-ALP(loOODout'(IOOO)-ICONI(IOOODOICONleOOO)-IYAG(lOOOD-ULlNOI’S DA 6
™ DA 7
DIMENSTON X2(1)s Y2(1)s 22(1) oA 8
DIMENSION ATST(9)s IFx(2)e IFY(2),s IF2(2) DA 9
INTEGER GM4ATST DA 10
EQUIVAI ENCE (X2(1)+STC10)s (Y2(1)sALP(1)De (Z22(1)4BET(1)) DA 11
DATA ATST/2MHGW » 2HGX s 2HGR ¢ 2HGS + 2HGE ¢ 2HGM e 2HSP ¢ 2HSS s 2HGC/ DA 12
DATA IFX/1n oIMX/oIFY/ZIN oIMY/oTF2/1H +1N2/ DA 13
- DATA Tas0.01745329252/ DA 16
E IPSYM=0 DA 15
NWIRE=n DA )6
N=0 DA 17
NP=Q DA 18
3 “=0 DA 19
wP=Q DA 20
00 1 I=1,LD oA 21
ICONL (1) =0 DA 22
1 ICON2(1)=0 oA 23 4
PRINT 21 DA 24
PRINT 22 DA 25
c DA 26
c READ GEOMETRY DATA CARD AND BRANCH T0 SECTION FOR OPERATION DA 27
c REQUESTED DA 28
c DA 29
2 READ 23y GMoITGNSoXW1oYWleZW1leXW2oYW2¢2W2RAD DA 230
F (NeM,GT.LD) GO TO 20 oA 31
IF (GM,EQ.ATST(1)) GO 710 3 DA 32
IF (GM,EQ.ATST(2)) GO TO 6 DA N
IF (GM,EQ,ATST(3)) GO TO 7 DA 34 ]
IF (GM,EQ.ATST(4)) GO TO 9 DA 15
IF (GM,EQ.ATST(7)) GO TO 4 DA 236
IF (GM,EQ.ATST(8)) GO TO S DA 37 ]
IF (6%,EQ.ATST(S)) GO TO 17 DA 38
IF (G4.EQ.ATST(6)) GO TO 14 DA 39
IF (5M,EQ.ATST(9)) GO TO 1S DA 40
GO TO 19 DA &1
c DA 42
€ GENERATE SEGMENT DATA FOR STRAIGHT wIRE. DA 43
c DA 44
3 NWIRE=NWIRE«] DA 45
IlsNe] DA 46
12=N+NS DA 47
PRINT 240 NWIRE oAW1 oYWl o2W] o XW2oYW2+ZW2oRADINSo11:1201T6 DA 48
CALL WIRE (XW1oYWloeZW]oXW24YW242W2+RADSNSeITG) DA 49
GO T0 2 DA SO
[ DA S1
c GENERATE DATA FOR A SURFACE PATCH DA S2
c DA S3
“ I1=Me] DA 5S4
PRINT 32+ TloXWloVYWloZWloXW2eYW2e2ZW2 DA S5
XW2=XW2*TA DA 56
YW22YW24TA DA S7
CALL PATCH (ITGoNSoXWLloYW1oZWloXW2oYW292W2) DA S8
GO 70 ? DA S9
c DA 60
Cc FORM SURFACE BY MULTIPLE SHIFTING OF LAST PATCH INPUT. DA 61
c DA 62
S PRINT 33+ ITGeXWwloNSeYW1 0A 63
CALL PACHS (ITGeNSoXW]loYW1leZWloXW2eYW202W2) DA 64
GO 10 2 DA 65
c DA 66
Cc REFLECT STRUCTURE ALONG XeYe OR 2 AXES OR ROTATE T0 FORM CYLINDER. DA 67
€ DA 68
6 1Y=NS/10 DA 69
I1Z=NS=1Y*10 DA 70
IX=1Y710 oA 11
1y=1Y=-1x®10 DA T2
IF (IX,NE.O) IX=) DA 73
IF (IY.NE.O) TY=l DA 74
IF (IZ.NE.0) 12=] DA 75
PRINT 25¢ IFX(IX*1)oIFYUIYel)oIF2(12+1)¢176G DA 76 E
GC TO A DA 77
7 PRINT 26+ NS+ITG DA 78
IXs=1 DA 79
8 CALL REFLC (IXoIYeI29ITGINS) DA 80
G0 TO 2 DA 81
c DA 82
(4 SCALE STRUCTURE OIMENSTONS BY FACTOR XwWle OA 83
c DA 84
9 IF (N«EQ.0) GO TO 11 DA 85
00 10 J=1+N DA 86
X(I)=x(1)*xwl DA 87
YD) =Y(I)®*xwl DA 88
2(1)=2(1)*xw) OA 89
X2(1)=x2(T)*xwl DA S0
Y2(1)=v2(1)*Xwl DA 91
22(1)=72(1)exwl DA 92
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AI(I1=AT(1)*xXd]
IF (M,F0,0) GO 1O 13
Ywl=Xw]exwl
14=zLDe =M

DO 12 1=IXeLD
XCL)=X(1)*xw]
YOI =Y ([)oxul
Zt1=2(1)oxul
AT(I)=at(1IoYy]
PRINT 27, xwl
GO Y0 2

MOVE STRUCTURE OR REPRODUCE ORIGINAL STRUCTURE IN NEW POSITIONS.

PRINT 29¢ JTGeNSeXWlovWleZwloXw2eYW2¢2uw2¢RAN
XWl=XWjeTA

YeizvwieTa

2wl=2u]eTA

CALL MOVE (XWloYWlo2W] o XW2yYM2e?W2sINT(RANS,5)eNSITG)
GO 10 >

I=1SEGARQ(TITGeNS)

IX=X¥]+,5

IF (IX,F0.,2) GO TN 16

1CONL) =1

60 Y0 -

1CoN2 (1) =]

G0 10 ¢/

TERMINATE STRUCTURF GFOMETRY INPUT,

IF (N.FQ.0) GO TO 18

CALL CONECT (176G)

CALL CONVRT

IF (New,GT,.LD) GO TO 20

RETURN

PRINT 29

PRINT 300 GMeITGONSoXWloYW] oZW] e XW2oYW292w2eRAD
STnP

PRINT 11

sToP

FORMAT (/7//+33%X935h= = = STRUCTURE SPECIFICATION = = =4//¢37Ke28M
1COORDINATES MUST BE INPUT INe/+37Xs29HMETERS OR BF SCALED TO METER
2S¢/+37x+IIHREFORE STRUCTURE INPUT 1S ENDED.//)

FORMAT (2Xo4NWIRE s 79X s6HNO, OF 46X oSHFIRST 42X o4HLAST ¢5X ¢ IHTAGe /92K o
I3MNO s A9 2HX L 09X 0 2HY 1 s IX92HZL 010K 2HK2eIX 9 2HY 29X ¢ 2H2246X « SHRADIUS
20 INGUHSEG . sSX e 4HSER y 9 X9 4HSEG, 95Xy IRND, )

FORMAT (A2413415+7F10,5)

FORMAT (2XeISe3FL11e591X06F11.5¢2X915¢4Ke1501%01503%e15)

FORMAT (6X¢34HSTRUCTURE REFLECTED ALONG THE AXESe7(1XeAl)e22H, TA
1GS INCREMENTED BY«IS)

FORMAT (6X+«30HSTRUCTURE ROTATED ABOUT Z-AXISeI3+30W TIMES. LARLES
1 INCREMENTED RY+IS)

FORMAT (6X+26HSTRUCTURE SCALED BY FACTORsF10,.5)

FORMAT (6X+49HTHE STRUCTURE HAS BEEN MOVEOe. MOVE DATA CARD IS =/6X
1413:1IS.7F10.5)

FORMAT (254 GEOMETRY NATA CARD ERROR)

FORMAT (1XsA2,13+1547F10.5)

FORMAY (69H NUMBER OF wIRE SEGMENTS AND SURFACE PATCHES EXCEEDS DI
IMENSTON LIMIT,)

FORMAT (1XelSelHPoF10.5¢2F11e5¢1Xe2F11.5011X0F1].5)

FORMAY (6X+29HLAST SURFACE PATCH REPRODUCED+13436+ TIMES IN X DIRE
ICTION wITH INCREMENToF11.h¢/7032%¥93HANDeI3¢36H TIMES IN Y DIRECTION
2 WITH INCREMENT«F11.6)

END

FUNCTION D810 (X)
FUNCTION DB=~ RETURNS DB FOR MAGNITUDE (FIELD) OR MAG%eZ (POWER) [

F=10.

G0 10 1

ENTRY NR20

F=20.

IF (X.1.Tel.E=20) GO TO 2
DB10=F=ALOGL1O(X)

RETURN

DB10=~999.99

RETURN

END

SUBROUTINE EFLD (ReSeRHeZP s T1JsEZRSEZISIERRSIERISEZRCIEZICIERRCHE
IRICIEZRN EZIKoERRKERIK)

EFLD RETUSNS FLECTRIC FIELD OF A SEGMENT IN RMO AND Z COMPONENTS
(CYLN, COORD. CENTEREN ON SOURCF SEGMENT) FOR CONSTANT, SINEs AND
COSINE CURRENT DISTRIAUTIONS ON THE SEGMENT,

COMMON /TMI/ 7PKsRXB2. 1JUX

DATA 77+TP/18R,.363635.6.283185308/
Tux=19

RHK=RNe TP

2Px=2De 1P

Ax=ReTpP

AKAZ 2RHK SRHK ¢ AK *BK
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RKB=SORT (RKkB2)

COINC=RNK/RKB

SKT=TRese( 5

IN2=2Pu-SKT

201 =Pk eSKT

R2«S=NkA2+2D2°202

R2K=SQRT (R2KS)

RIXKS=RxA2+70D1201

RIK=SQRT (R1KS)

SR23S[N(R2K) /R2K*727
CR22CNS (R2K) /R2K*27
SR1aSIN(RIK)/RIK®Z2
CR1=COSIRIK)/RIK®22

SRZr=Sa2/R2K

SRZRA=SR2/R2KS

CR2R=CR2/R2K

CH2ARR:CRZ2/RIKS

SRIR=SRLI/R X

SRIRESSR]L/RIKS

CRIR=CAL/RLK

CRIRR=CR]/RIKS

CST=COSISKTY)

SST=SIn(SKT)

T1=(CR2R=-SR2RR)*ZD2
T2=(CRIR=-SRIRTI 20}
TI=(SU2ReCR2RR) 202
T4=(SR)GCRIRR)®ZD]

Ti1S=T1esST

126=-T29557

T35=T3eSS7

TaS==T4e5ST

E2R55(5R2=-5R1)®CST+115-12S
E21S=(CA2=CR1)®CST=T13514S

ERRS== ((SR20ZD2-SR1*2ZN1)#CSTe (SR2+SR1)*SST+T154202-1259201) /RKB*CO
1INC
ERIS*~((CR282D2-CR1#2D1)®CST+(CR2+CR])SSST=TIS®*2D2+74592D1) /RxBeCO
1INC

Tis=TleCST

T2s=T2eCST

T3IS=T3eCST

TaS=TeeCST

EZRC= (- (SR2+5R])*SST+T15=-T25)
EZIC=(-(CR2+CR])*SST-T3S+T4S)

ERACS~ (= (SR2®7D2+SR1*7D1) *SST+ (SR2=-SR1)*CST+T150202-T25%201) /RKB*C
10INC

ERIC=~(~(CR2%7D2+CR1®7D]1)*SST+ (CR2=CR1)*CST=T3592N2+T4S*2D1)/RKB*C
101INC

ERRK=RKA® (CRZR=-SR2RR=CRIR*SR1RR) *COINC
ERIK=-pKB* (SR2R+CR2RR-SRIR=~CRIRR) *COINC
CALL INTK (=SKToSKTeBKe[JoCINTISINT)
EZRK==228SINT+T1=T2
EZIK==220CINT=T3eT4

RETURN

END

COMPLEX FUNCTION EFUNIZX)

EFUN(2)2SQRT(PT)®ZeEXP (292)®(]1,-ERF(2))s ERF(Z) 1S THE ERROR
FUNCTION.

COMPLEX ZvZSeSUMPOWsTERMZR

DATA TOSP/1.12R37917/,ACCS/1.E=16/+SP/ 1477265385/
7=2x

IF (CARS(2ZX).67,3,) GO TO 3

SERIES EXPANSTON

25=7%2

Sum=2

POows2

DO 1 I=1+100

Fl=la/1

POWE~POWS2SeF |
Flala/(24%1¢1.)

TERM=POWSF [

SUMESUM+TERM

TMS=REAL (TERMSCONJG (TFRM) )
SMSE=RE AL (SUM®CONJG (SUM) )

IF (TMS/SMS.LT.ACCS) GO TO 2
CONT INUE

PRINT A4 ZX

EFUN= (] ,~SUM®TOSP) ®2#CEXP (25) *SP
RETURN

ASYMPTOTIC EXPANSTON

IF (REAL(Z2).GF.0e) GO TO &
MINUS=]

222X

60 10 5

MINUS=0

I5=.5/(2*%2)

RPATL®] E+S

SuM=(],40,)
TERM®(1,40,)

DO 6 I=1+100
TERMu=TERM® (2, 0[=]1,) 7S

138

e ' A S




k Nal

LalaXal

annen

aonn

OON0Ww N

owns

TMS=REAL (TERM®CONJG(TERM) )
SMSERE AL (SMOCONJIG (SUM) )
RAT=TMS/SMS

IF (RAY,.GT.RATL) GO Tn 7
SUMaSUM+TERM

RATL=RAT

IF (RAT,.LT.ACCS) GO Tn 7
CONT INUE

PRINT @, 2x

IF (MINUS.EQel) SUMSSUM=2,#5P#28CEXP(292)
EFUN=SUM

RE TURN

FORMAY (38H SFRIES DIND NOT CONVFRGE IN EFUN, ARG2,2E13,.5)
END

LOGICAL FUNCTION ENF (NUNIT)
FUNCTINN ENF CHECXS FoR END OF FILE

IF (EOF (NUNIT)) 201
ENF=,FALSE,

RE TURN

ENF=.TRULE.

RETURN

END

SURROUTINE ETHUNS (Plep29PI,P4sPSsPOIIPRIISANT o VSANT oNSANTE)

ETMNS FILLS THE ARRAY E WITH THE NEGATIVE OF THE FLECTRIC FIELD
INCIOENT ON WIRES AND THE TANGENTIAL MAGNETIC FIELO (N X M} ON
SURFACFS, E IS THE RIGMT HAND SINE OF THE MATRIX EQUATION,.

COMMON /DATA/ LDONoNP MsMP X (1000)+Y(1000)+2(1000)+SI1(1000)+B81¢100
10)+ALP(1000)+RET(1000)+1CONL(1000)+1CONZ(1000)+1TAG(1000) +WLAM, IPS

2

COMMON /ANGL/ SALP(1000)

DIMENSION CAB(1)s SAB(1)

DIMENSION TIX(1)e TUY(l)e TI2(1)e T2XU(1)e T2Y(1)e T2241)
DIMENSION E(1500)+ VSANT(10)e ISANT(10)

EQUIVALENCE (CAR(1)+ALP(1))e (SAB(1)4RET(]))

EQUIVALENCE (T1XsSI)e (TIY4ALP)e (T1ZeBET)s (T2X4ICONL)s (T2YsICON

12)s (T22,1TAG)

COMPLEX F+CXoCYsCZoVSANToT]1eT2:FRIETIEZHIERN
DATA TP/£,.2831853/.RETA/0.00265447

NEO=NeMe

IF (IPR.GT,.0) GO TO 3

APPLIED FIELD OF VOLTAGE SOURCES FOR TRANSMITTING CASE

. D0 1 I=1eNEQ

E(1)=(0,40,)

D0 2 I=)eNSANT

I1S=1SANT ()
E(IS)==VySANT (1) /(ST (IS)*uLAM)
RETURN

IF (IPR,GT.3) GO TO 1]

INCIDENT PLANE WAVE s LINEARLY POLARIZED.
ELECTRIC FIELD ON WIRFS

CTu=COS(P])

STHsSINIP])

CPH=COS (P2)

SPHaSIN(P2)

CET=COS(PI)

SET=SIN(P]Y)

PR2CTHOCPHOCET-SPHSET

PY=CTHOSPHOCET +CPHOSET

P2==STHeCEY

WE2=STHOCPH

WY2=STHOSPH

W2e=CTH

QX=WY*P2-wZePY

QY=WZeoX-WxoP?

Q2=wXepy-wyepPx

IF (IPR,6T,1) GO TO 7

IF (N.FOQL0) GO TO S

00 & I=1eN

ARGE=TPO (GX®X (1) *WY®Y (1) ewZ®2(1})
E(1)==(PXOCAB(1)*PY®SAB(])+PZ*SALP (1)) *CMPLX(COS(ARG) ¢SINIARG))
IF (M,EN.0) RETURN

MAGNETIC FIELD ON SURFACES

1=LD*1

T1=N=1

D0 6 IS=]leM

I1=1=-1

11=11+2

12=11+1

ARGE=TP® (WXOX (1) *WY®Y (1) ewZ®2(1))
T1=CMPLX (COS(ARG) +SIN(ARG) ) *SALP(T)*RETA
E(I2)=(QXOTIX(I)*OY*TIY(])QZeTIZ(1))*T]
E(I1)=(QXOT2X (1) *QY*TRY () +QZ*TP2(1))*T])
RE TURN
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INCIDENT PLANE WAVEs FLLIPTIC POLARIZATION,
ELECTRIC FIELD ON wIRES

Tis=(0.,0l.) %P6

IF (IPR.EA,D) Ti=-71]

IF (N.FQ.0) GO TO §

CXsPXeT]®0X

CYsPYeT]®QY

CZsPZe719Q2

D0 8 1=1leN

ARG==To® (WroX () ewvev(l)ew2zeZ (1))

E(1)==(CXOCAB(])*CY®SAB(])+C2Z®SALP (1)) ®CMPLX(COS(ARG) +SINIARG))

IF (M,FQ,0) RETURN

MAGNETIC FIELD ON SURFACES

CX=QX-7]*Px

CY=QY=T)*PY

C23Q2-11P7

I1=L0D*1

I1=N-1

00 10 IS=1.M

I1=1-1

11=11.2

12=11¢]

ARG==To® (WXOX(])swYSY () ew2e2(1))
T2=CMPL X (COS(ARG) «SIN(ARG) ) *SALP (1) *RETA
E(I2)=(CXOTIX(I)*CY*T Y (])eCZOoT12(1))®T2
ECIL)=(CRET2X(TIoCYSTIV (1) oC2OT22(1))®T2
RETURN

INCIDENT FIELD OF AN ELEMENTARY CURRENT SOURCE.

w2=C0S (P4)

WX=WZeCOS (PS)

WYzWZESINIPS)

w2=SIN(P&)

DS=P6¢59,958

DSHEP6/(2,#TP)

NPM=NeoM

I1S=LD+1

T1=N=-1

D0 16 1=1,NPM

11=1

IF (I.LE.N) GO TO j2
1S=15=-1

11=1S

Il=11e2

1221141

PX=X(I1)=P1

PYaY(I1)=P2

P2sZ(11)=P3
RS=PX*PXePYSPYsPZOP2

IF (RS,LT.1.E~30) GO YO 16
R=SQRT (RS)

PX=PX/R

PY=PY/R

PZ=P2/R
CTHEPXoWX+PYSyYePZouZ
STH=SQRT (1 ,=CTHeCTH)
QX=PX=wX®CTH

QYzPY-wYSCTH

Q2=PZ-w2%CTH

ARG=SQRT (OX*QX+QY®*QY+nZ*Q2)
IF (ARGL,LT.1.E-30) GO TO 13
QX=QX/ARG

QY=QY/ARG

Q2=Q2/ARG

GO T0 14

ox=l.

QY=0.

Q2=0.

ARG==TPeR

T1sCMPLX (COS(ARG) +SIN(ARG))
IF (I1.6T.N) GO TO 1S
ELECTRIC FIELD ON wIRES
T2=CHMPLX(1,9=1,/(ReTP)) /RS
ER=DS®T10T2eCTH
EV=,50NSeT18((0s901.)®TP/ReT2)OSTH
EZH=ERSCTH-ETOSTH
ERHSERSSTHOETSCTH
CX=EZHOWX+ERH® QX
CY=EZHeWY+ERH*QY
CZsEZHewWZ+ERH®QZ

E(1) == (CX®CAB(T)*CY®SAB(I)«CZoSALP(I))
GO 10 16

MAGNETIC FIELD ON SURFACES
PX=WY*N2-WZeQY
PY=WZONX-WX*Q2
PZzuXeNY-WY®QX
T2=DSHeTIOCMPLX (1,/ReTP) /ROSTHOSALP(IT)
CX=T2epX

Cy=T2e#0Y

C2=12¢02
E(12)=CXSTIR(IT)¢CYSTIY(I])+C2eT)12(ID)
E(IL)=CXOT2R(IT)+CYSTRY (1) eC2ZoT22(1ID)
CONT INUE

RETURN

END
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SUBROUTINE FACIO (AsNROWINCOLsIR)
FACIO CONTROLS 170 FOW OUT=QF~CORE FACTORIZATION,

COMMON /MATPAR/ ICASE +NBLOKSeNPALK «NLASToNBLSYMINOSYMINLSYM
COMMON /RESTRY/ ICL1oIC2oICIINRESINPRES o IALCK 9 [DUMP ¢ TMDUMGEXT IM
COMPLEX A

DIMENSION A(NROWINCOL)+ [P (NKOW)

1T=28NPALKeNRNW

11=1

12=17

13=12+1

laz2e17

REWIND 12

REWIND 13

REWIND &

TIME=0,

IF (ICI,EQ,~1) GO TO -

IF (IC3.EQ.0) GO To 1

CALL BLCKXIN (11eleT2eNBLOXS995)

CALL BLCKIN (124141241C342)

Ix8Lx}=1C3

60 10 =

CONT INOE

BUFFER IN BLOCK] AND ALOCK2 Finw TAPL |

CALL BLCKXIN (11ellsl2:1e17)

CALL BLCKIN (11413414,141R)

CALL SFCOND (T1)

CALL LFACTR (AsNROWeNCOLs142¢1P)
CALL SECOND (T2)
TIME=TIME«(T2-T1)

BUFFER OUT BLOCKI TO TAPE2 (BLock] FACTORED)

CALL BLCKOT (124114124143)
IF (NBLOXS.LT.3) 6O TN 3

BUFFER OUT BLOCK2 TO FILED

CALL BLCKOT (13e¢13414,1,20)
D0 2 IxALX2=3.NBLOXS

BUFFER IN BLOCK2 FROM TAPE]

CALL BLCKIN (11+13414.1421)

CALL SFCOND (T1)

CALL LFACTR (AsNROWINCOL ]+ IX8LK2¢1P)
CALL SECOND (T2)

TIME=T[ME«(T2-T1)

BUFFER OUT BLOCK2 TO FILE3

CALL BLCKOT (13e13,14,1422)
CONT INUE

GO T0 «

CONT INUF

CALL BLCKOT (12413414,1423)
PRINT 10+ TIME

REWIND 12

REWIND 13

REWIND 14

G0 T0 7

IXALK]=1

IXBLK1=1XBLK1+1
IC3=IXaLKl=-1

CALL CHKPRT

IXBLK2=XBLK]+]

WITH THE EXCEPTION OF THE FIRST PASSe IFILEJ RECOMES IFILE« AND
VISA VFRSA,

IFILE3=14

IFILE4=13

IF (2% (IXALK1/2) «NEIYBLK1) GO TO 6
IFILE3=13

IFILEG=14

REWIND IFILE3

REWIND IFILES

BUFFER IN ALOCK] AND RLOCK2 FRoM IFILED

CALL BLCKIN (IFILEDsI1e124)024)

CALL BLCKIN (IFILE3eI3¢1401425)

CALL SECOND (T1)

CALL LFACTR (AsNROWSNCOL ¢ IXBLK] ¢ IXALK241P)
CALL SECOND (T2)

TIME=TINE« (T2-T1)

-

BUFFER OUT BLOCKL YO TAPEZ (BLorK] FACTORED)
CALL BICKOT (12«11e1241426)
BUFFER OUT BLNCK2 TO IFILES

CALL BLCKOT (IFILE&4sIYel6e1e2T)
IF (IXALK2,NE.NPLOXS) GO TO 9
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BUFFER OUT BLOCK2 TO TAPE2 (BLNCK) FACTORED=-~FACTORIZATION
FINISHED)

CALL BLCKOT (12413,16,1428)
PRINT [0 TINE
REWIND 12

IXBLK2=IXBLK2e]
IF (IXALK2,GT.NBLOKS) GO TO S

BUFFER IN BLOCKX2 FROM IFILED

CALL ALCKIN (IFILE3IeI3e1401+29)

CALL SECOND (T))

CALL LFACTR (AyNROWINCOL+IXBLK]«IXBLK241P)
CALL SECOND (T2)

TIMESTIME«(T2-T])

BUFFER OUT BLOCX2 TO FILES

CALL BLCKOT (IFILE«sl3e1ée1030)
GO 70 9

FORMAT (35H CP TIME TAKEN FOR FACTORIZATION = +E12.5)
END

SUBROUTINE FACTR (NeAIPNDIN)

SUBROUTINE TO FACTOR A MATRIX INTO A UNIT LOWER TRIANGULAR MATRIX
AND AN UPPER TRIANGULAR MATRIX USING THE GAUSS=DONLITTLE ALGORITHM

PRESENTED ON PAGES 411416 OF A, QALSTON-=a FIRSY COURSE IN

NUMERTCAL ANALYSIS, COMMEWTS QELOW RFFER TO COMMENTS IN RALSTONS

TEXT. (MATRIX TRANSPOSED.

OIMENSTON A(NOIMeNDIM) s IP(NDIM)
COMMON /SCRATM/ D(1500)

COMPLEX AsDsARY

INTEGER ReRM1+RPL4PJIIPR

1FLG=0

DO 9 R=1eN

STEP

00 1 K=x1eN
D(K)=A(RoK)
CONTINUE

STEPS 2 AND 3

RMl=R-1

IF (RM1,LT,1) GO TO &
00 3 J=]oRM]
PJaIP(J)

ARY=D (PJ)

A(ReJ)=ARY
0(PJI=N(J)

JPl1=Jge]

00 2 I=JP1«N
D(I)I=D(I)=A(Js1)*ARY
CONTINUE

CONT INUE

CONT INUE

STEP &

OMAX=REAL (D(R) *CONJG(D(R)))
1P(R) =R

RP12Re]

IF (RP1.GT.N) GO TO 6

00 S I=RP1.N
ELMAG=REAL (D (1) *CONJG(O(I} )
IF (ELMAG.LT.DMAX) GO T0 S
OMAX=ELMAG

1P(R) =T

CONTINUE

CONT INUE

IF (DMAX.LT.1,E=10) IFLG=]
PR=1P(Q)

A(RR) =D (PR)

DIPR)=NI(R)

STEP S

IF (RP1.GT.N) GO TO 8
ARJ=] . /7A(RJR)

00 7 [=RPL,N

ARy T)=D(T) *ARY

CONT INVE

CONTINUE

IF (IFLGEN.0) GO TO 9
PRINT 109 ReDMAX
1FLG=0
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CONTINUE
RETURN

FORMAT (1h +6HRIVAT (s 13+2m)3¢F1A,R)
END

SURROUTINE FACTRS (NP NOPsAs [P, [XyNROWsNCOL o NCOLS [PSTH)

FACTRS, FOR SYMMETRIC STRUCTUNE . TRANSFORMS SUBMATRICIES To FoaM
MATRICIFS NF THE SYMMFTRIC MOOFS AND CALLS ROUTINF TO FACTOR
MATRICIES, [F NO SyMMETwy, Tuf ROUTINE IS CALLED TO FACTOR THE
COMPLETE MATRIX,

COMMON /RESTRT/ I0] o102 e I1C aNRFSINFRES o IALCK s [OUME s TMDUMGE XT I8
COMMON /MATPAR/ 1UASE JNALORSsNPGLK oL AST eNALSTYMNDSYMaNL STM
COMMON /SMAT/ S(10.10)

COMMON /SCRATM/ DI(1500)

DIMENSTON A(NROWsNCOL)» [P (NROW) s 1K (NROW)

COMELE X AeDeDETERS

IF (ICASEL.LT.3) GO T0O 1

REWIND 12

REwIND 13

REWIND &

REWIND 15

REWIND 16

1F (NOPLEOLL) GO TO le

IF (IPSYM,.GT.0) GO 10 3

SET UP S MATRIX FOR ROTATIONAL SYMMETRY.

PHAZ=6,2831853072/N0P

00 2 [-24NOP

D0 2 J=14NOP

ARG=PHAZ®FLOAT (I=]1)*FLOAT(J=1)
S(1+J)=CMPLALCOS(ARG) «SIN(ARG) )
StIe1)1=S(1eJ)

GO T0 7

SET UP S MATRIX FOR P| ANF SYMMFTRY

Kx=]

Stlel)=(1400.)

IF ((NOP.FN.2) .0R. (NOP.EQ.G) O, (NCPL,EQeB)) GO TO &
stop

KA=NOP /2

IF (NOP,EQ,.8) xA=1}
DO 6 K=)eKA

DO S T=1.KK

D0 S 1=lXK
DETER=S([+))
S(1eJexx)=NETER
S(TeKK, jeKK)2=NETER
SUI+KX, ) =NETER
KK=KKS?

COMBINE NP X NP SUBMATRICIES To FORM MATRICIES OF SYMMETRY MODES.

IF (IC1.EQ.=1) GO T0 19
12=2*NOALX®NRNW
1COLS=nPRLK

IF (ICASE.LT.3) ICOLS=NP
DO 13 L=1«NBLOKS

IF (ICASE.LT.3) GO 10 8
CALL BLCKIN (11e1+1201+601)
IF (L.FQ.NBLOKS) ICOLS=NLAST
CONTINUE

D0 12 T=1+1COLS

DO 12 y=1eNP

DO 9 x=1+NOP

KA=Js tk=1) *NP

D(K)=A(KAyI)

CONTINUE

DETER=N(1)

00 10 xx=2+NOP
DETER=DETER+D (KK)
AlJs[)=DETER

DO 12 x=2+NOP

KA=zJe (x=])eNP

DETER=N(1)

00 11 xx=2,NOP
DETER=NETER+D (KK) 8 (K (KK)
A(KAST)=DETER

CONTINUE

IF (ICASE.LT.3) GO TO 13
CALL BLCKOT (12+1s12¢14603)
CONT INUE

IF (ICASE.GT.3) GO TO 17

FACTOR SUBMATRICIESs 0K FACTOR COMPLETFE MATRIX IF NO SYMMETRY
EXISTS,

NO 16 xx=].NOP

KA=(KK=]1)®NPe]

IF (ICASE.FEA.3) GO TO 1S

CALL FACTR (NPsA(KAGL) s IP(KA) ¢NROW)
GO TO 16

CALL FACIO (AJNROWINCOLIP)

FA

Fa
Fa
Fa
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CALL LUNSCR (ANROWINCOL s IXsIP)
1C3s~)

CALL CHKPRY

CONT INUE

RETURN

CONT INUE

REWRITE THE MATRICES AY COLUMNS ON TAPE 1)

D0 18 x=1.NOP

REWIND 12

1COLS=nPBLK

00 18 L=1«NBLOKS

CALL BLCKIN (12¢1412410602)
IF (LJEQ.NBLOXS) ICOLS=NLAST
DO 18 1COLDXA=)+1COLS

IRI= (K1) #NP o]

1R2aKenpP

WRITE (13) (A(14ICOLDX)s1=]IR141R2)
CONT INUE

CONT INUE

IF (ICASE.EQ.S5) GO 10 20
ICl==-1

CALL Cw~XPRY

REWIND 11

REWIND 12

REWIND 13

REWIND 15

IF (ICASE.E0.S) Go TOo 21
CALL SUB1 (NP.ASNOP+ IPsNROW)
RETURN

CONTINUE

CALL SUB2 (AsNPINCOLSeNOP s [Pe [ KoNROW]
RE TURN

END

SUBROUTINE FBLOCK (NBLOKSeNPBLKNLASTsIMAX, IROWsICOLSINT)

FBLOCK DETERMINES RLOCK SIZE AND NUMBER OF BLOCKXS WHEN OUT-OF ~CORE
MATRIX STORAGE IS REQUIRED, INT=0 RETURNED IF MATRIX FITS IN CORE

IF (IRQWSICOLLEIMAX) GO TO 3
INT=]

NCOLMX=[MAX/ [ROW

IF (NCOLMX,LE.1) STOP

1IF (NCOLMX,EQ.2) GO Tn 1

IF INCOLMX/2,EQ, INCOLMA=1)/2) NCOLMX=NCOLMX=]
NPALK=NCOLMX/2
NBLOKS=1COL/NPBLK
NLAST=1COL-nNBLOKS®NPBLK

IF (NLAST.EQ.0) GO T10 2
NRLOKS=NBLOKS+])

GO T0 s

NLAST=NPBLK

GO 10 S

NBLOKS=1

NPBLK =

NLAST=0

INT=0

RETURN

CONTINUE

PRINT 6+ NBLOXSoNPBLKNLAST
GO TO «

FORMAT (1Xs11H BLOCKING +415/)
END

SUBROUTINE FFLD (THETPHIZETHIEPH)

FFLD CALCULATES THE FAR ZONE RADJATED ELECTRIC FIELDSe
THE FACTOR EXP(JOK®R)/(R/LAMDA) NOT INCLUDED

COMAON /DATAZ LDeNNP¢MaMP X (1000)+Y(1000)¢2(1000)+S1(1000)+81(100

10) sALP(1000)+3ET(1000) ¢ TCONL (1000}« ICONZ(1000) ¢ ITAG(1000} «WLAM.IPS
2Ym

COMMON /ANGL/ SALP(1000)

COMMON /CRNT/ AIR(1000)sATT(1000)+BIR(1000)«BII(1000)+CIR(1000)+CI
11101000)+CUR(2000)

COMMON /GND/ ZRATT+ZRATI2+CLOCH+SCRUL s SCRWRINRADL «KSYMP o [F AR IPERF
OIMENSTON CAB(1)+ SAB(]"®

EQUIVALENCE (CAB(1)sAL=(1))s (SABLL)AETIL))

COMPLEX CIXoCIYoCIZoEXAIETHIEPHICONSTsCCX9CCY+CLZeCDPYCUR

COMPLEX ZRATI+ZRSINSRRVIRRHIRRV] sRRM1 +RRVZyRRHZ ¢ ZRATIZ2e TIXTIVeTZ
COMPLEX STORsT1+ZSCRN

COMPLEX EXVEYIEZ9GXeGY G2

DATA P1,TPCONST/3.14159265446,2831853084(0,9-29.979)/

DATA STORGETA/(0442367.067)¢376,73/

IF (IFARJLT.4) GO 70 )

T1=STOR/FLOAT (NRADL)

T2=SCPRWR*FLOAT (NRADL )

PHX2=SIN(PHI)

PHY=COS (PHT)

ROZ=COS(THET?

ROZS=ROZ

THX=ROZ*PKHY
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THYz=RNZ2 *PHX E 29

THZ==SIN(THET) FF 30
ROXZ«THZ®PHY FF 31
ROY=THZ®PHX FF 32
IF (N,FQ.0) GO TO 21 FF 33
o FF 34
c LOOP FOR STRUCTUKRE IMAGE [F ANy FF 35
c FF 36
NO 20 w=] KkSYMP FF 27
C FF 38
C CALCULATION OF REFLECTION COEFFFCIENTS FF 39
c FF 40
IF (K.f0.1) GO 10 S FF 4l
IF (IPFRF  NEL1) GO 10 2 FF &2
C FF 43
= FOR PERFECT GROUND FF 44
C FF 45
RRV=(=1,40.) FF 4«6
¥ RRM= (=] ,40.) FF &7
G0 TO 3 FF 4R
c FF 49
[ FOR INFINITE PLANAR GROUND FF S0
¢ FF 51
2 ZRSIN=CSQRT (1, ~ZRATI®7RATI&THZeTHZ) FF 52 4
RRY==(ROZ-7RATI®ZRSIN) / (ROZ2+ZRATI®ZRSIN) FF 53
RRH= (7PATI®ROZ=ZRSIN) / (ZHATI®HN7 ¢ 7HSIN) FF 5 !
: 3 IF (IFAR.LE.)1) GO TO & FF S5
Cc FF 56
c FOR THF CLIFF PROSLEM. TwD REFLCTION COEFFICIENTS CALCULATED FF 57 | 4
(= FF S8
RRV1=RAV FF 59
RRH]=ROH FF 60
TTHET=TAN(THET) FF 61
IF (1FAR.EN.4) GO 10 & FF 62
ZRSIN=CSQRT (1 ,-ZRATIZ2AZRAT[2%TH72eTHZ) FF 63
RRV2==(R0Z~-ZRATI2®7RSIN) /(ROZ+ZRATI2#2RSIN) FF 64
RRN2= (7RATI29R0Z=7RSIN) 7/ (ZRAT[2eR0Z+ZRSIN) FF 65
DARG=-1P82 &CHORO7 FF 66
a RO?2=-R07 FF 67
CCx=CIx FF 68
cCy=ClYy FF 69
cC2=C17 FF 10 4
s CIXx2(0,¢0.) FF 71
CIY=(0,+0,) FF 72
ClZ2=(0,40.) FF 73
€ FF 74
c LOOP OVER STRUCTURE SEGMENTS FF 15
C FF 16
00 18 I=1N FF 17
OMEGA== (ROX®CAB (1)1 ¢ROY®SAB (1) *eRNZ#SALP(])) FF 78
EL=zPI®SI () FF 79
SILL=OMEGA®EL FF 80
! TOP=EL+SILL FF 81
] BOT=EL-SILL FF 82
IF (ARS(OMEGA) JLT,.14E-7) GO TO & FF 83
A=2,®SIN(SILL) /OMEGA FF 84
GO 10 7 FF 85
6 A= (2.=0MEGASOMEGA®EL®EL/3.) *EL FF 86 1’
7 IF (ABS(TOP).LT.1l.E=7) GO TO 8 FF 87
T00=SIN(TOP) /TOP FF 88
GO 710 9 FF 89
8 T00=1.-T0P®TOP/6. FF 90
9 IF (ABS(ROT)«LTeleF=7) GO TO 1In FF 91
BON=SIN(BOT) /30T FF 92 :
GO TO 11 FF 93 3
10 B00=1,-R0T*BOT/6. FF 94
3 11 B=FL*(RO0~T00) FF 95
g C=EL®(R00+T00) FF 96
; RRzA®A[R(])+BeRII(1)+CeCIR(D) FF 97
! RIZA®ATI(1)=-BeBIR(I)+CoCIT (1) FF .98
E ARGETP@ (X ([)®ROX+Y (1) eRQY+2 (1) #R07) FF 99
IF (K.FN.2.AND.IFAR.GE.2) GO TO 12 FF 100
EXa=CMPLX (COS (ARG) + STN(ARG) ) SCMBLX (RRWRT) FF 101
c FF 102
(-4 SUMMATION FOR FAR FIELD INTEGRAL FF 103
Cc . FF 104
CIX=CIX+EXA®CAR(I) FF 105
CIV=CIY+EXA®SAB(I) FF 106
CIZ=CIZ+EXA®*SALP (1) FF 107
GO 10 1A FF 108
c FF 109
{7 CALCULATION OF IMAGE CONTRIBUTION IN CLIFF ANND GROUND SCREEN FF 110
C PROBLEMS o FF 111
c FF 112
12 DR=Z(T)1#TTHET FF 113
c FF 114
C SPECULAR POINT DISTANCE FF 115
c FF 116
DZOR®BHY X (1) FF 117 1
IF (IFARLEQ.2) GO TO 14 FF 118
D=SQRT (D*D+ (Y (1) =NROPUX) *#*7) FF 119
1 IF (IFARLEN.3) GO TO 16 FF 120
IF ((SCRWL=D),LT.0,) O TO 13 FF 121
C FF 122
(4 RADIAL WIRE GROUND SCREEN REFLFCTION COEFFICIENT FF 123
{+ FF 126
i D=neT? FF 125
7SCRN=T1#0¢ALOG(D/T2) FF 126
ZSCRN=(7SCRNS7RATI) / (FTA®ZRAT 4 7SCRN) FF 127 §
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ZRSINZCSQRT (1. =2SCRN®7SCRN®TH2STHZ)

RRV= (ROZ+ZSCRN®ZRSIN) 7 (~ROZ+ZSCRN®ZRS IN)
RRH= (ZSCRN®ROZ+ZRSIN) / (ZSCRN®RO2=2ZRS IN)
GO TO 17

IF (IFAR.EQ.4) GO TO 15

IF (IFAR.EQ.S) D3DR®PHY+X(])

IF ((CL=D).LE.0,) GO TO 16

RRV=RRY ]

RRH=RRM]

GO 70 17

RRVERARV2

RARHaRRH2

ARG=ARG+DARG

EXA=CMPLX (COS (ARG) + SIN(ARG) ) ®CMPLX (RRR1T)

CONTRIAUTION OF EACH IMAGE SEGMENT MODIFIED BY REFLECTION COEF,

FOR CLIFF AND GROUND SCREEN PROALEMS

TIx=EXACCAB(I)

TivsExAeSAR(])

TIZ=EXASSALP(])
COP=(TIX®PHX*TIY®PHY) ® (RRH=-RRY)
CIXZCIXsTIXORAV +COPOPHX
CIY=CIY+TIY®RRV+COPOPHY
CI2=C12-TI2°RRV

CONTINUE

IF (X.FQ.1) GO YO 20

IF (IFAR.GE.2) GO TO 19

CALCULATION OF CONTRIBUTION OF STRUCTURE IMAGE FOR INFINITE GROUND

COP= (CIXO®PHRCIY®PHY ) @ (RRH-RRV)
ClxsCCX+CIXNORAYV+CDPOPHX
ClY=CCY+CIY*RRVCDPOPHY
CIZ=CC2-CIZ*RRY

G0 T0 20

CixsCIxeCCx

Clv=ClveCCy

Cl12sC12+CCY

CONTINVE

IF (M.G1.0) GO 70 22

ETH= (CIXOTHRCLIY®THYSCIZOTHZ) ®*CONST
EPHE (CIKOPHX+CIYOPHY ) #CONST
RETURN

CIx=(0,+0.)

Clys(0,40.)

CI7=10,40.)

ROZ=ROZS

ELECTRIC FJELD COMPONENTS DUE Tn SURFACE CURRENTS

EX=(0.40.)

EY=(0.40.)

E2=(0.40.)

RFL==1,

D0 23 [P=],KSYMP
RFLs=RFL

RRZ=ROZeRFL

CALL FFLDS (ROX4ROYsRRZ9CUR(N®])4GXoGY+62)
EX=EXSGAORFL
EY=EY4GY*RFL

€2=E2+G2

EX=EX+CIX®CONST
EY=EYSCIY®CONST
EZ=E2+CI2*CONST
ETHSEXSTHREYSTHY+E2%THZ
EPHEEX®PHX+EYSPHY
RETURN

END

SUBROUTINE FFLDS (ROXsROYSROZsSCURGEXIEYIEZ)

CALCULATES THE xYZ COMPONENTS OF THE ELECTRIC FIELD DUE TO

SURFACE CURRENTS IN ARRAY SCUR

COMMON /DATA/ LDeNeNPoMoMP X (1000)¢Y(1000)¢2(1000)+SI(1000)+81¢100
10) +ALP (1000) +BET(1000) » ICONL1 (1000) ¢ ICON2(1000) ¢ ITAG(1000) sWLAM, IPS

2YM

DIMENSION SCUR(])

DIMENSION XSt))s ¥S(1)s 2S(1)s S(1)
COMPLEX CToCONSoSCURVEXIEY.EZ
EQUIVALENCE (XSeX)e (YSeY)s (2542)¢ (SeBI1)
DATA CONS/(0.+188,365)/

DATA TP1/6,283185308/

EX=(0,¢04)

Ev=(0,40.)

EZ=(0.40.)

1=L0e]

D0 1 J=zleM

I=i=-1

ARG=TPI® (ROX®*XS (1) +ROYOYS (1) *RO2#25(1))
CT=CNPLX(COS(ARG) *S (1) ¢SIN(ARG)#S (1))
K=3y

EX=EX+SCUR (X=2)oCT

EY2EY+SCUR (K=])#CT

E2=E2+SCUR(K) oCT

CONT INUE
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CT=ROKSE X eROY L Y *NQ2%F 7
ER=CONS® (CTORNX-EX)
EYCONSO(CTOROY-EY)
F2=CONSO(CTORNZ=E7)
RETURN

END

SUAROUTINE GF (Z2%CO0e=1)

GF COMoUTFS TwE INTEG.AND FAP(JKR) 7/ (KR) FOR NUMERICAL INTEGRATION.

COMMON /TM[/ 2PKewnn2,lJ
20%=2K - 2PK

RK=SQRT (RKG2e /NN /0K )}
SIaSIN(RK) /Rx

1IF (1)) 14241

CO=2COS (RK) /RK

RETURN

1F (R ,LT.,2) GO TO 3}
CO=(COS(RKI=1,1/RK
RETURN

RKS=RK oRX

CO2((=],3BRBRRBIE-1*RxS5+64,1666KK6TF=2) *RKS~,5) *RK

RE TURN
END

SURROUTINE GFLD (RHOPHIsRZKETHIEP [1ERD UK IKSYMP)
GFLD COMPUTES THE QADTATED FIELD INCLUGING GROUND WAVE,

COMMON /DATAZ LDeNeNPMeMPoX(1000) Y (1000)+2(1000)+SI(1000)+81(100
10)¢ALP(1000) +BET (10001 +ICONL(1000) ¢« ICON2(1000)+ITAG(L1000) swLAM, IPS

2rM
COMMON /ANGL/ SALP(1000)

COMMON /CRNT/ ATR(1000)+ATI(1000)«BIR(1000)+B1I(1000)+CIRC1000)CI

11(1000)+CUR(2000)

COMMON /GWAV/ RHSsCPHeSPHIRZeHel)sU2oXX]1 9 XX2+ERVIE7VIERHIEPHIEZH

DIMENSTION CAB(1)» SAB(1)
EQUIVALENCE (CAB(1)sALP(1))y (SAB(1)4BET(1))

COMPLEX CURSEPTIsCIX9CIVICIZVEKAIKXLoXXK2oUsUPIERVIEZVIERHIEPH

COMPLEX EZMsEXSEYSETHUXIERD
DATA P[+TP/3.14159264+6.2831853/
R=SQRT (RHO®RHO*RZA*RZX)

IF IXSYNP,EQ.1) GO 70 )

IF (CARS(UX)«GT4aS) GO TO 1

IF (R.GT,)1.ES) GO TO 1}

GO 70 &

COMPUTATION OF SPACE wAVE ONLY

IF (R2x.LT.1.F=20) GO TO 2
THET=ATAN(RHO/RZX)

GO T0 3

THFT=P @ ,5

CALL FFLD (THFT+PHICETHEPT)
ARG==TP#R

EXAZCMPLX (COS(ARG) «SINIARG) ) /R
ETHSETHeEXA

EPI=EPISEXA

ERD=(0,00.)

RETURN

COMPUTATION OF SPACE AND GROUNN WAVES.

R2=RZX

u=yx

u2=uey
PHX==SIN(PHI)
PHY=COS (PHT)
RX=RHOSPHY
RY==RHI®PHX
CIx=(0,40,)
Clv={0,+0.)
Cl1Z=(0,40,)

SUMMAT TON OF FIELD FROM INDIVIDUAL SEGMENTS

D0 17 1=1eN

OX=CAR(I)

Dy=SAB(1)

0Z=SALP (1)

RIXx=RX=x(1)

RivaRy-v(])
RHS2RIXSRIXSRIYSR]Y
RHP=SORT (RHS)

IF (RHE,LT.1.F=6) GO TO S
RHX2RT X /RHP

RHYZRTY /RHP

GO T0 »

RMX=],

RMY=0,

CALP=2],-07907

IF (CALP.LTel.,F~6) GO TO 7
CALP2GORT (CALP)
CRAFET=0X/CALP
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SBET=0DY/CALP G0 70
CPHERHXSCBET +RHY*SBET 60 71
j SPHERHYCRET-RHX®SAEY G0 72
GO 10 & G0 173
7 CPHERHY GD 174
SPHaRAHY 6D 75
8 ELaPIesSI(T) GD 76
3 RFLa~1, G0 717
c GD 78
c INTEGRATION OF (CURRENT)®(PHASE FACTOR) OVER SEGMFENT AND IMAGE FOR GD 79
g CONSTANT+ SINE« AND COSINE CURRENT DISTRIBUTIONS G0 80
6D 81
00 16 =142 GD 82
RFL==RFL G0 83
RIZ=RZ-Z2 (1) *RFL GO 84
RAYZ=SQAT(RIXSRIX+RIVORIVeRIZ*RTZ) GD 8S
RANX=RIX/RXYZ GD 86
RNY=RTY/RRY2 G0 87
RN2sRIZ/RXY2 GD 88
OMEGA=~ (RNX®DX +RNYSDY ¢RNZONZ*RF| ) 60 89
SILL=0OMEGA®EL GD 90
TOP=EL«SILL GD 91
ROT=EL-SILL G0 92
IF (ABS(OMEGA) ,LT,1.E-7) Go TO 9 GD 93
A=2,9SIN(STILL) Z/OMEGA 6D 94
GO 10 10 G0 95
9 A=(2,~OMEGA®OMEGA®EL®EL/3.) ®EL GD 96
10 IF (ABS(TOP)LT.l.E=7) GO TO I 60 97
TOQ=SIN(TOR) /TOP GD 98
GO TO 12 GD 99
11 T00=1.-T0P=T0P/6¢ GD 100
12 IF (ARS(BOT).LT.1.E=7) GO TO 13 GD 101 ’
B0O=SIN(BOT)/ROT GD 102
GO T0 14 GD 103
13 B800=1.-801+80T/6. GD 104
14 B2£L*(B00-T00) Gh 105
C=EL*® (RO0+T00) GD 106
RREASAIR (1) «8eBII(1)+CeCIR(]) GD 107
RIZA®ATI(1)-BeBIR(I)+CeCII(I) GD 108
ARG=TPe (X (I)®RNX*Y (1) ®RNY*Z (1) ®aNZ*RFL) G0 109 E
EXASCMPLX (COS(ARG) ¢ SIN(ARG) ) *CMPLX (RRWRI) /TP G0 |10
IF (K.EQ.2) GO TO 1S5 G0 111
XX]1=EXA G0 112
GO TO 16 GD 113
15 XX2=ExA G0 114
16 CONTINUE G0 115
H=Z2(1) GD 116
€ GD 117
Cc CALL SUBROUTINE To COMPUTE THE FIELD OF SEGMENT INCLUDING GROUND GO 118
c WAVE. G0 119
c GD 120
CALL GwAVE GD 121
ERHSERHOCALP*ERV®D?Z 6D 122 3
EPH=EPHSCALP G0 123
EZN=EZH®CALP+EZV*D2 GD 124
EX=ERH*RHX-EPHORHY 6D 125
EY=ERHERHY +EPHORHX GD 126
Clx=Clx+EX GD 127
Cly=CIve+EY 6D 128
17 ClZz=CI2+E2n 6D 129
ARG==-TPeR G0 130
EXASCMPLX (COS(ARG) s SIN(ARG)) GD 131
CIxsCIx®ExA GD 132
Cly=CIV®EXA GD 133
Cl2sCI7°EXA GD 134
RNXSRX /R GD 135
RNYsRY/R GO 136
RNZ=RZ/R GD 137
THX=RNZ *PHY 6D 138
THY==RNZ®PHX G0 139
THZ==RHO/R GD 140
ETH=CIX®THX+CIY®THYCIZ®THZ GD 141
EPI=CIX*PNX+CIY®PHY GD 162
ERD=CIX®RNX+CIY®RNY*CIZ®RNZ GD 143
RETURN GD 144
END GD 145~
SUBROUTINE GH (ZKeHReWI) GH 1
c GH 2
€ COMPUTES INTEGRAND FOR NUMERICAL INTEGRATION OF MAGNETIC FIELD DUE GH 3
c TO A CONSTANT CURRENT ON A wIRE SEGMENT GH 4
€ GH S
COMMON /TMH/ ZPKsRHKS GH 6
RS=ZK=7PK [
RS=RHKS+RS*RS GH 8
R=SQRT (RS) GH 9
CKR=COS (R) Gh 10
SKR=SIN(R) GH 11
RR2z1,/RS GH 12
RR3I=RR? /R GH 13
HR=SKR®RR2+CKR*RRAI GH 14
HI=CKR®RR2-SKR*RR]I GH 1S
RETURN GH 16
END GH 17~
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SURROQUTINE GN (EZR.E21+ERRLER])

GN MULTIPLIES THE FIELD COMPONENTS IN AND NORMAL TO THE PLANE OF
INCIDENCE AY THEIR GROUND PLANF REFLECTION COEFFICIENTS TO RETURN

TOTAL FIELD AFTER REFLECTION.

COMMON /REFL/ RHOX ¢RMNY 4RHOZ«CARJ+SARI¢SALPRePXPY ¢REFSREFPS
COMMON /GND/ ZRATI+ZRATI2+CL9CHeSCRUL +SCRaR oNRADL oKSYMP ¢ [F AR IPERF
COMPLEY EZsERERKGERYJERZIEPXEPYIREFSREFPSeZRAT[e2RATI2

IF (IPFRF.NEL1) GO TO |
EZR3=E7R

E21=-€71

ERRE=FUR

ERI==FRI

RETURN
EZ=CMPLX(EZRFZI)
ER=CMP! X (ERRER])
ERXZRMOXCERCARI®F7
ERYIRHNYSER*SAR J*E7
ERZ=RHNZSER*SALPROEZ
EPY=PXSERXPYSERY
EPX=PXFPY

EPY=PYSEPY
ERXZREFSOERNeREFPSOEPT
ERY=REFSOERYREFPSOEPY
ERZ=REFSOER?
E2=ERNCCARJ*ERYOSAR eFRIO5ALPR
ER=ERNCRAMON*ERYONHOY SFRZ )]
E2R=REAL (E2)
E21=AI4AGIEZ)

ERR=REAL (ER)
ER[=A[MAGIFR)

RETURN

END

SUAROUTINE GWAVE

GuAVE COMPUTES THE ELECTRIC FIFLDs INCLUDING GROUND wAVEs OF A
CURRENT ELEMENT OVER 2 GROUNT »i ANF USING FORMULAS OF K.A. NORTON

(PROC. IREe SEPT.e 1917« PP, 120%e12364)

COMMON /GWAV/ ANHSo(PHeSPHeRZoM 1020 XX e XR24ERVIEIVIERNIEPHIEZH
COMPLEY FUeTP JeU2eUsRK]oRK 29T, T2eT34T4oPloRVeOMRoWoF eQloRHIVeGoXR
L1oXR2eX]1 o X290 X Io N o NS o X6 T oEZVIERVIEZMIERMIEPH RN ' ¢ AX24ECONCEFUN

DATA FJU/(000la)/oTPI/(0.46,2831753)/
DATA P1/3,1415926/.ECON/(0,9~18R:36))/
20=RZ =+

R1=SQVTIRNS+2D*2D)

SPPP=2D/R]

SPPP2=SPPPeSPPP

CPPP22],=-SPPP2

CPPP=SART(CPPP2)

20=RZ ok

R2=SORT (RHS*ZD*70)

SPP=2n/R2

SPP2=SPPeSPP

CPP22] ,-SPP2

CPP=SQRT (CPPZ)

RK1=z=TPy*R]

RK2z=TC JoR2

Tl=zl.-u2eCpPP2

T2=CSORT(T1)

T32(1.~1./RK1) /RK]
Téez(l.=1./RR2) /RK2
Pl=RK2ey20T]e,5
RV=(SPP=U®T2) 7 (SPPeL*T2)
OMR=],=RV

W=]./0MR

Wz (6ee0s)*P[oWow

F=FJ®CSORT (W)

F=l.=EFUNI(F)

Ql=RK2°T1/(2,%02)

RH= (T2-U*SPP) / (T2+U*SPP)
V=le/(1e*RH)

V2(baoNs)®QloVey

G=F J*CSQRT (V)

6=1.-EFUNI(G)

XRI=Xx1/R]1

XR2=XX2/R2

X1=CPPP2oXR1

X2=RVeCPP2#XR2

XI=OMR® (1.,-U2+U2%U2%CPP2) *FOXR?>
RazUST29SPPe2 0 XR2/RK D
XS=XR14T30(],-3,95PPP2)
K6=XR20T4® (],-3,°5pP2)
EZVE(X]oX2eX3=Xb=X5=XK) *ECON
X1=SPPPECPPPeXR]
K2=RVeSPPECPPOXR2
X3=CPPOOMROUST2oF O XR2® (1.=,5% (112%T]1=5PP2*]1,/RK2))
Xb=SPPACPPOOMA®XR2 /RK 2
XS5=23,ePPPeCPPPOTISXR)
X6=CPPAUST2O0MROKR2/RK 2%, 5
XT723,05PPaCPPeTL%XR2
ERVE=(N]eR2=XJeXbaxSexh=XT)*ECON
EZH==CoMO (X]=X2+XJ=Rb=XS5=XhoXT)sECON
X1 =5PPP2eXR]

X22RVESPP2eXR?
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1 X33 (14 eRH) *GoXR2 G 63
s RASCPR2oU200MRSF *XR2 6w 64
2 XS=T3e(],~3,°CPPP2) *XR1 6w 65
] KEsT4®(1.~3,2CPP2) 1] ,~U2%(]++RV)=U2S0MRSF ) ®XR2 Gw 66
t‘ XT=2U2%CPP2oOMR® (1 ,~1./RK2) @ (FO (Y2071 ~SPP2=1./RK2) +]1./RK2) *XR2 Gw 67
ERH=CPHO (X) =X2¢XI=Xb4=XSeX6¢XT) *ECON GW 68
X1=XR] G 69
X2=RHOXR2 Gw 170
XJ= (RMe],)*GO*XR2 Gw 171
ResTI®xR] Gw 72
XS=T49(1,-U2%(]).*RV)=1200MR*F) e xR2 Gw 173
X6=,59)200MR® (FO (Y2°T | -SPP2~1,/RK2) +] ,/RK2) *xR2/RK2 Gw T4
EPHE=SPH® (X1 =X24X3=R4e XS+ X6 ) *ECON Gw 15
RETURN Gw 76

END Gw 177~

SUBROUTINE WFx (EL1+EL2sRHKsZPKX4SGR,SGI) HK 1
C HK 2
C HFK PERFORMS NUMERICAL INTEGRATION FOR THE MAGNETIC FIELD OF A L3 3
C CONSTANT CURRENT ON A WIRE SEGMENT BY THE METHOD OF VARIABLE K “
[ INTERVAL WIOTH ROMRBERG INTEGRATION, NS
(> HK 6
COMMON /TMH/ ZPKRHKS N7
DATA NXoNMeNTSeRX/]1165536049].F~4/ WK 8
2PK=2PKX w9
RHKS2RHK BRHK M 10
Z=fLl w11
ZE=EL2 HK 12
S=7E-7 WK 1)
EP=S/(]10.9NM) HK 146
2END=2F -EP WK 15
SGR=0.0 WK 16
SG1=0.0 He 17
NS=NX MK 18
NT=0 HK 19
CALL GH (Z+GlReGLID KK 20
1 DZ=S/NS KK 21
020T=D0*0.5 HK 22
2P=2+02 WK 23
1F (ZP-2E€) 34342 HK 26
2 02=2E-2 MK 25
IF (ABS(DZ31=EP) 17+17.3 MK 26
3 2P=Z+0D207 w27
CALL GH (ZP+G3R+G3T) MK 28
P=Z+N2 HK 29
CALL GH (ZP+GSR+GSI1) WK 30
“ TOOR=(GIReGSR) *DZOT we 31
Y00I=(Gl1+GSI)*DZ07 WK 32
TOIR=(100R+D2#GIR)*0.5 MWK 33
TC11=(T001+022G3I)*0.5 HK 36
TI0R=(4,0°TOLIR=-TOOR) /3.0 WK 35
T10I=(4,0°T011-TO01) /.0 HK 36
CALL TEST (TOIReTIORSTELR+TOLLeY10ITELD) w37
1IF (TEI[=RX) Se5+¢6 WK 38
L 1IF (TELR=RX) BeBs6 WK 39
6 2P=2+D2%0,25 WK &0
CALL GH (ZP+G2R+G2T) HK 41
2P=2+0290,75 HK 42
CALL GH (2PsGuR+G&I) HK 43
TO2R=(Y01R+DZOT*(G2R+G4R) ) *0.5 HK &4
TO02I=(TOLI+0ZOT*(G21*G411)%0.5 WK &S
TIIR=(4,0°T02R-TO1R) /3.0 MK 46
TI11%(4,0°7021-Y011)/3.0 HK 47
T20R=(16,02T11R~T10R) /15,0 HK 48
T201=(16,00T111~-T101)/15.0 HK 49
CALL TEST (T11ReT20ReTEZ2RsTLITsT20[0TERI) HK SO
1IF (TE21=RX) T+79014 WK S1
7 IF (TE2R=RX) 94914 MK S2
a SGRaSGR+T10R WK 53
SGI=SGI+T101 HK  S&
NT=NTe2 HK 5§
GO Y0 10 HK 56
9 SGR=SGR+T20R wK 57
SGI=SGleT201 HK S8
NT=NTe| KK 59
10 1=2+02 HK 60
IF (Z=2END) 11417917 WK 6l
11 GIR=GSR HK 62
Gl 1=6S] WK 63
1IF (NT=NTS) 1412412 HK 64
12 IF (NS=NX) 141013 HK 65
13 NS=NS/2 MK 66
NT=1 MK 67
60 70 1 HK 68
14 NT=0 HK 69
IF (NS=NM) 16415419 HK 70
15 PRINT 18s 7 W71
G0 10 9 w72
16 NS=NSe2 W 73
DZ=S/NS KK T4
D20T=D7%0.5 HK 75
GSR=G3IR HK 76
GS1=631 HK 77
GIR=G2R HK 78
6312621 KK 79
GO0 T0 4 HK 80
17 CONT INUE KK 8l
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SORISGRERMK e, §
SGlaSOIoRHKe 5
RE TURN

FORMAT (264W STEP SIZ2E LIMITED AT Z23,F10.5)
END

SURRQUY INE MFLD (SeRM 2P sHPSeHRC o HBX )

CALCULATES w FIELD OF SINE COSINE« AND CONSTANT CHRRENT OF SEGMENT

COMPLE Y FJUsF JKVEXKR) sEXRZaT]4T24rONS eHPSohPCoMPK
DAYA TUGF JeFUK/6423318530M4(0,014)0(0,0-6,233185308)/
1F (RW,LT.1,E~-20) GO TU 1

RH2=RHeIH

On=Se .5

DK=TPeNM

CDK=CNS (DX)

SDK=SINIDK)

21=2Penw

22322P=Nn

Q1=SQRT (RH2eZ1921)

R2=SQRT (RH2+22972)

EXRL=CFRP(FUKen])

EXR2=CFXP (F JK*R2}

Ti=21*7xR1/R]

T12=22%FxR2/R2

HPS=COK® (EXR2-EKR] ) =F )*SDX®(TZeT])
HPC=2=SNK® (EXKR2+EKR])=F JOCDK® (T2-T1)
CALL MFK (~DOKosDKoRHO®TO2ZP*TPeMKAeHK])
CONS==F )/ (2,9TPORH)

HPS=CONS ®HPS

HPC=CONSOHPC

HPK=CMPLX (NKRoHK])

RE TURN

HPS=(0,40,)

HPC=(0,40,)

HWPK=(0,404)

RETURN

END

SUBROUTINE MINTG (11+JJ9sG11+G124621462241P)
COMPUTE H FIELD DUE TO A SINGLE PATCH

COMMON /DATA/ LDINsNPeMsMP X (1000)+Y(1000)+Z(1000)+5[(1000)+8{ (100
10) ¢ALP (1000) +RET(1000) s ICON1(1000) ¢ ICON2(1000) 4 ITAG(1000) swL AMy IPS

2ym
COMMON /ANGL/ SALP(1000)
COMMON /DATI/ TIXToTIYIaT170eT2xIeT2YI4T2210x10v1e21

DIMENSTION Y1X(1)e TIY(1)e TIZ(1)s T2X(1)e T2V(L1)e T2Z(1)e S(1)

EQUIVALENCE (TIXeSTI)se (T1Y4ALP)e (T1Z2eBET)e (T2XeTCON1)»

12)e (T27Z+1TAGYs (SeBI)

(T2Y«ICON

COMPLEX GAMsGXoGYsGZoF LXoF1YoF17eF2R4F2YsF22+Gl10G12+621+622

DATA FP1/12,566370616/4TP1/64283185308/
IF (I1.EQeJJeANDoIP.EN1) RETURN
RFL=FLOAT(3=2%1P)

J=LD*1-0J

RX=X[~X (J)

RY=Y[~v(J}

R2=21~7 (J)oRF(

RSQO=RX®RXRYSRY+RZ#RZ

R=SQRY (RSQ)

RKz=TPTeR

CR=COS (RK)

SR=SIN(RK)

GAM= (CMPLX (CRySR) sRK®CMPLX (SRy=CR) )/ (FPI*RSQ®*R) *S (J)
GX=GAMORX

GY=GAMaRY

GZ=GAMeRZ

TiQX=TIX(J)

T10Y=Y1Y())

T10Z2Y12(J) *RFL

T20X=T2K(J)

T20Y=2T2Y ()

T20Z2=2T22(J)*RFL

Flx=GveT1Q2-G2*T1QY

F1Y=G2eT1OX=GX*T102

F1Z=GXeTINY-GY*TIOX

F2x=GY*T202-G2*T20Y

F2v2GZeT20x-6GX*T202

F27=26x%120Y-GY*T20x

GLIS(T oRISFIReT2YIOFLYeT221°F17)*RFL+G1]
GI2=(T2XIOF2NeT2YIOF2veT2219F27)*RFL+G12
G21=(TIXIOFIXeTIY@FlyeT121%F12)*RFL+G2]
G22=(TINT®F2X+TIVI®F2YveT1219F27)%RF L +G22
RETURN

END

SURAROUTINE HMAT (IM1eTM2+CMeNROWINCOL)

HYAT FILLS THE MATRIX ELEMENTS REPRESENTING THE W FIELD ON PATCHES

DUE TO SURFACE CURRENTS ON OTHF2 PATCHES
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COMMON /DATA/ LDeNoNP M MP X (1000)+Y(1000)42(1000)+S1(1000)+81¢100
10) ¢ALP (1000) +RET(1000) + ICONLI(1000) + ICON2(1000) ¢ ITAG(L000) +wLAM, IPS

2Ym
COMMON /ANGL/ SALP(1000)

COMMON /DATI/ TIXToTIvIoVIZIoT2x14T2Y1eT2214X10YIo2]

COMMON /GND/ ZRATI¢2ZRATI2+CLCH,SCRUWL » SCRWRoNRADL +KSYMP ¢ IF AR IPERF

DIMENSTON CM(NROWNCOL )

DIMENSION T1X(1)e TRY(1De TIZ(1)e T2X(1)o T2Y(l)e T22(1)s XS(1)y ¥

IStl)e 7St

EQUIVALENCE (TIXeSIhs (TIY,ALP), (TIZeBET)s (T2Xs[CONL}e (T2Y¢ICON

1200 (T2241TAG)e (ASsR)e (YSeY)e (ZSe2)

COMPLEX Gl1¢G12+G210G22eCH
COMPLEX ZRATI ZRATIZ
ISTART=IM]

IF (IM],LELNP) ISTART=NPel
IPST=(ISTART=NPe ) /2
IPEND= (IM2~NP+1) /2
ISELST=(ISTART=NP) /IPST
ISELEN= [ IN2=NP) / IPEND
K=ISTART=IMl~]

IF (ISELST,EQ.2) K=K-]
NOP =M/ P

ILsLO~PST+2
OASERVATION LOOP

DO 7 IP=IPSTsIPEND
K=zKe2

11=x

12=K*)

IL=IL-}
TIeI=TIx(IL)®*SALP(IL)
TIVI=TIv(IL)®SALP(IL)
TIZI=T1ZC(IL) ®*SALP(IL)
T2XI=TZR(IL)®SALP(IL)
T2YIsT2Y(IL) *SALP(IL)
T2ZI=T22(IL)*SALP(IL)
XI=XS(IL)

YI=YS(IL)

Z1=2S(IL)

SOURCE LOOP

J=0

D0 4 L=14NOP

J2EL® (NPe2OMP) =2 %P

DO 4 LL=1+MP

J23J22

Ji=J2-]

JzJel

Gii=0.

Gl2s=0.

DO 1 IxsloxSYMP
CALL HINTG (IPsJeG119GI206210G2241X)

IF (1P, NELIPST,.OR.ISELST.EOQ.1) 6O TO 2

CMiJle12) =621
CM(J2412) 2622
60 T0 &

IF (IP,NE.IPEND.OR.ISELEN.EQe2) GO TO I

CM(Jle11)=611
CM(J2s11)36)2

GO T0 ¢

CM(Jls11)2611
CM(J2411)2G12

CM(Jle12) 2621

CM(J2412) 2622

CONTINUE
J2=((1P=1)/MP+]) NP 28 ]P
Jlzga-1

IF (1P, NE.IPST,OR,ISELST.EQ.1) GO TO S

CM(J2,12)=2,54CH(J2412)
GO 70 7

IF (IP,NEJIPEND.OR.ISELEN.EGe2) GO Y0 6

CM(JloI1)2=,5¢CM(JLo 1)
GO T0 7

CONTINUE
CM(JLoTl)2=sSeCMCULo I
CMIJ2412)%0,5+CMEI2412)
CONTINUE

RETURN

END

SUBROUTINE HWMAT (XJsYJe2TsSJeCABI9SABIeSALPTVOILsDIKsIPATCHe TWHRS

ITWHIsIPsRKHe IFLG)

HWMAT COMPUTES THE MATRIX ELEMENTS REPRESENTING THE H FIELD AT A

PATCH QUE TO THE CURRENT ON A wIRE SEGMENT.

COMMON /DATA/ LDeNsNP+MsMP X (1000) Y (1000)4+2(1000)+5SI(1000)+81(100
10) «ALP(1000) sBET(1000)+» ICONL(1000) « ICON2(1000) +ITAG(1000) sWLAM, IPS

2™
COMMON /ANGL/ SALP(1000)
DIMENSION TWHR(3+¢2)s TWHI(3+2)

DIMENSION TIX(1)e TAV(1)s TIZ(1)e T2X(1)e T2Y(1)e T22(1)s XStl)e ¥

15t1)e 7S
COMPLEX HPSsHPCsHPK ¢HSDT ¢HCOT s MkDT

EQUIVALENCE (TIX+ST)e (T1Y4ALP), (T1ZeBET),

12)s (T2Zo1TAG)s (XSeX)s (YSeY)y (2Se2)
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DATA To/6,283185308/

RFL=FLOAT (3=20]P)

2Js2TeRFL

SALPJ=SALPTORFL

ILC=LD+1~-1PATCH

XD=XS(ILC)=KJ

YO=YS(ILC)=YJ

70=25(1LC) =2y

ZP=XD*CABJ+YD*SABJ+2DeSALPY

RHX=XD=CARJ®ZP

RHY=YD-SABU®ZP

RHZ=ZD-SALPJ*7P

RH=SORT (RHX®RHX s RHY SRHY ¢RHZ ®RH /)

IF (RH,LT.1.E-20) GO TO 3

RHX=RHX /RH

RHY=RAY /RH

RHZ=RHZ/RH

PX=SAB JeRHZ=SALP JeRNY

PY=SALP JPRHX=CABJ*RNZ

P2=CARJ®RHY=SABJ*RHX

R2=XD*xDeYD®YN+2D*20

R=SQRT (R2)

IF (R,GT.RKH) GO TO 2

IFLG=1

CALL HFLD (SJsRHeZPsHPSIHPCoHPK)

HPS=HPS®RFL

HPCaHPCORFL

HPKaHPK sRF L

CL=TPenNIL

CK=TP*DIK

SINL=SIN(CL)

cosL=Cns(CL)

SINK=SIN(CK)

COSK=COS (CK)

SILK3SIN(CL*CK)

CONS=STINL+SINK=-SILK

DO 1 K=142

IF (K.EQel) PDT=PX@T2x(ILC)*PY®T2Y (ILC)*P2eT22(ILC)

IF (K EQe2) PNT=PX8T1x(ILC)*PY®T Y (ILC)*P2eT1Z(ILC)
PDT=PDTSSALP (TLC)

HSNT==HPSePDT

HCOT==nPCePDT

HKDT==HPK*PDT

TWHR (1K) = (SINK®REAL (HKDT) ¢+ (COSK=1,) *REAL (HSOT) =STNK*REAL (HCDT) ) /C
1ONS*TWHR (1K)

TUHI (1K) 2 (SINK®ATMAG (HKDT) ¢ (COSK=1,) *AIMAG (HSDT) -SINK#AIMAG (HCOT)
1) /CONS+ TWHI (1K)

TWHR(2+K) =(=SILK®REAL (NKDT) ¢ (COSL=-COSK) *REAL (HSDT) ¢ (SINL ¢SINK) ®REA
1L (HCDT) ) /CONS+TWHR (29K)

TUHI(24K) = (=STLK®AIMAG (HKDT) ¢ (COSL=COSK) ®*AIMAG (HSDT) ¢ (SINLeSINK) ®A
LIMAG(HEDT) ) /CONS*TWHI (24K)

TWHR (3eK) = (STML®REAL (HKDT) ¢ (1.-COSL) *REAL (HSDT) =STNL®REAL (HCDT) ) /C
10NSeTWHR (34K)
TWHI(3eK)=(SINL®ATMAG (HKDT) +(1,-COSL)®AIMAG (HSDT) -SINL®AIMAG (HCDT)
1) /CONSeTWHI (34K)

CONT INUE

RETURN

CALL APRXH (RsR2+SJsTPRH/ReTWHR 4 TWHI+ILCsPXePYsP74RFL)
RETURN

IF (ZP,LT.1.E-20) GO TO 4

RE TURN

PRINT 5

STopP

FORMAT (46K H FIELD AT SOURCE POINT IS UNDEFINED [N HWMAT)
END

SUBROUTINE INTG (BeSeRHeZPsDIJsDIRIETRIETIsDILDIKeIIeIP)

INTG COMPUTES THREE COMPLEX FIELD COMPONENTS THAT MULTIPLY THE
THREE SEGMENT CURRENTS USED IN INTERPOLATING OVER A SEGMENT.
THESE COMPONENTSs ETR AND FTI4 GO INTO THE INTERACTION MATRIN.

DIMENSION ETR(3)s ETI(D)
DATA TP/6,283185308/

COMPUTE TANGENTIAL FIFLD ON OBSFRVATION SEGMENT DUE TO SINEe
COSINE. AND CONSTANT CURRENTS ON SOURCE SEGMENT.

CALL EFLD (BeSeRMeZP s 1JsEZRSIEZTS+ERRSIERISEZRCIEZICIERRCIERICIEZ
IRKIEZINKJERRKERIK)

IF (IP,NE.2) GO TO 1

CALL GN (EZRS<EZIS+ERRSERTS)
CALL GN (EZRCEZIC+ERRCIERIC)
CALL GN (EZRKsEZIKERRKIERTK)
ETRS=E7RS*DTJ+ERRS*DIR
ETIS=E71S*D1J+ERIS#DIR
ETRC=E7RC*DIJ+ERRC*DIR
ETIC=E7IC*NIJ+ERICHOIR
ETRK=E7RK*D 1 J+ERRK#DIR
ETIK=E7IK*DIJ+ERIKSDIR

COMPUTE INTERPOLATION COEFFICIENTS AND FORM THE COEFFICIENTS OF
THE THREE SEGMENT CURRENTS USED IN CURRENT INTERPOLATION.

CL=TPeNTL
CK=TPeN K
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SINL=SINICL)
COSL=CNS(CL)
SINK=SIN(CK)
COSK=CoS (Cx)
SILX=SIN(CL*Cx)
CONS=SINL*SINK=SILK

ETR(1)=(SINK®ETRK (COSK=1.)*ETRS~SINK®ETRC) /CONS*ETR(1)
EVI(1)=(SINK®ETIKe(COSK=],)®ETIS~SINK®ETIC) /CONS*ETI(])
ETR(2) = (=SILK®ETRK« (COSL=COSK)®FTRS+ (SINL+SINK) ®ETRC) /CONS+ETR(2)
ETI(2) = (=SILKOETIKe (COSL=COSK)®FT[Se (SINLeSINK)®ETIC) /CONSETI(2)
ETR(I) =(SINL®ETRK (1.~COSL) *ETRS~SINL®ETRC) /CONS*ETR(])
ETI(3)=(SINLOFTIKe (1.-COSLI®ETIS~SINCOETIC)/CONSFTI )

RETURN
END

SURRQUTINE INTX (ELLefL2+841JeSGRVSGT)

INTX PERFQRMS NUMERICAL INTEGRATION OF EXP(JKR)/R BY THE METHOD OF

VARIABLE INTERVAL wlOTH ROMBERG INTEGRATION.
1S SUPPLIED BY SUBROUTINE GF.

DATA NXoNMINTSeRX/1+65536140]F =4/
Z=EL1

ZE=EL2

IF (1J.EQ,0)
S=7e=-2
FNM=NM
EP=S/(10.%FNH)
ZEND=ZF -EP
SGR=0.,
SGI=0,
NS=NX
NT=0
CALL GF
FNS=NS
DZ=S/FNS
0207=D7%.5
IP=Z+07

IF (ZP=7E) 3+342
DZ=2€-7

IF (ABS(DZ)~EP)
ZP=Z+D207

CALL GF (ZPsG3R+G3I)
ZP=Z2+D?

CALL GF (ZP+GS5RGSI)
TOOR=(GIR+GSR) *DZOT
TOO0I=(Gl1+GS51)*DZ0T
TDIR=(T00R+DZ#G3R) #0,5
TO1I=(T001+DZ*G31)#0.5
TI0R=(4.,00TOIR~TOOR) /3.0
T10I=(4,0*7011~7001)/3.0

7€=0,

(24G1R+G11)

1741743

TEST CONVERGENCE OF 3 POINT ROMSERG RESULT,

CALL TEST (TOIRsTIO0RSTEIReTOLI+TI0TTELT)
IF (TEL1T~RX) Sy5+6

IF (TEIR~RX) 84846
ZP=2+D7%0.25

CALL GF (ZPsG2R.G2I)
ZPxZ+D7%0.75

CALL GF (ZP+G4ReGoT)
TO2R=(TOLR+DZNT*(G2R+G4R) ) #0.5
T021I=(1011+0Z0T#(G21+G41))*0.5
T1IR=(4,00T02P=TO1R) /3.0
TIII=(4,007021-T011)/3.0
T20R=(16.0°TI11R=TI0R}I /15.0
T201=(16,0#T111-T101)/15.0

TEST CONVERGENCE OF S POINT ROMRERG RESULT,

CALL TEST (T11RsT20ReTE2R+TI114T201+TE2D)
IF (TE21=RX) T+7¢14

IF (TE2R-RX} 949414

SGR=SGR+T10R
SGI=SGI+T101
NT=NTe+?

GO 70 10
SGR=SGR+T20R
S61=SGT+7201
NT=NT+[
Z=7+07

IF (Z=2END)
GIR=G5R
Gl1=G51

IF (NT=NTS) 1+12912
IF (NS=NX) lelsl3d

11417017

DOUBLE STEP SIZE

NS=NS/2
NT=1

GO 10 1
NT=0

IF (NS=NM)
PRINT 20s 2
GO 10 9

16415415
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NS=NSe?
FNSaNS
D2=S/FNS
D20T=N7e0,5
6SH=61s
6S1=6131
GIas62w
6312621

GO TO «
CONTINUE

IF (1 19418419

ADD CONTRIRUTION OF NFAR SINGUL AKITY FOR NTAGONAL TERM

SGR=2,%ISGR*ALOGI(SART (BPHeS®5)5) /8))
5G1=2.%5G1

CONT INUE

RE TURN

FORMAT (24m STEP SJ2E LIMITED AT Z=4F1345)
END

FUNCTION [SEGNO ([TAGT «MX)

ISEGNO RETURNS THE SEGMENT NUMARFR OF THE MTH SEGMENT HAVING THE

TAG NUMRER ITAGI.

IF 1TAGI=0 SFGMENT NUMRER M IS RETURNED,

COMMON /DATA/ LDNoNPoMeMP X (1000)+Y(10001+2¢(1000)+S1(1000281¢100
10) +ALP (10002 +3ET(1000) ¢ JCONI(1000) « ICON2(1000) ¢ ITAG(L1000) swLAMeIPS

2™

IF (MX,GT.0) 6O To |
PRINT 4

SToP

ICNT=0

IF (ITAGI,MELO0) GO TO 2
1SFGNO=MX

RETURN

IF (NsLT4l) GO TO &

DO 3 I=14N

IF C(ITAG(I).NELIVAGI) GO Tn 3
ICNT=ICNT#}

IF (ICNTLEQ.MX) GO TO S
CONT INUE

PRINT 74 ITAGL

STOP

ISEGNO=]

RETURN

FORPMAT (4X+9)1HCHEC® DATAs PARAMETER SPECIFYING SEGMENT PO

1 A GROUP OF ENUAL TAGS MUST NOT BE 2ERO)
FORMAY (//7/+10Ke26MNO SEGMENT HAS AN ITAG OF
END

SURROUTINE JMELS (ETRIETIeNCP s D oNCMyJMe I+CMeNROWNCOL )

+15)

SITION IN

JMELS SUMS THF CONTRIRUTIONS TO THE MATRIX ELEMENTS FOR SEGMENTS
CONNECTED TO JUNCTIONS OF THREE OR MQRE SEGMENTS

COMMON /DATA/ LDoNyNPMsMP X (1000) Y (1000)+2(1000)¢SI(1000)+8I(100
10)«ALP(1000) +RET (10001« ICONL(1000)«ICON2(1000)+1TAG(1000) +WLAMSIPS

rall
DIMENSTON CMINROW.NCOL)
DIMENSTON JP{251e UMI25)
COMPLEX CM

STATEMENT FUNCTION TO CALCULATE MATRIX LOCATION

LK =( (K=} /NP) #20MP oK

IF (INCP,LT,1) GO TO 2

D0 1 J=1eNCP

JPYSILLIP (D))
CMIJPJeT)I=CMIJPJe 1) ¢CMPLX (ETRWFTI)
CONT INUE

IF (NCM,LT,1) GO TO &

DO 3 J=1eNCM

JMYEIL (M (D)
CMIIMIST)=CM (UMY ) =CMPLX(ETRGETT)
CONT INUE

RETURN

END

SUBROUTINE JUNC (JsINOINCIoNSEGTsNC2INSEG2¢D)

JUNC SEARCHES CONNECTION DATA ARRAYS ICON1 AND ICONZ2 TO FIND ALL

CONNECTED SEGMENTS AT A MULTIPLF JUNCTION,.

COMMON /DATA/ LDsNsNPMsMP X (1000)+Y(1000)¢Z(1000)+SEC1000)+81¢100
10) «ALP (1000} sRET (10001 + ICONT(1000) «ICON2(1000) o ITAGI1000) o+WLAM. IPS

2YM

DIMENSION NSEGI(2S)e NSEG2(25)
NCI=0

NC2=0

SNC=0,0
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DO & I=1l«N Ju 13
i . IF (ICONL(I)=INO) 241,2 N 1é
7 1 IF (1.FQ.J) GO 1O 2 Ju 15
NC1=NC] 1 Ju 16
IF (NC1.GT.25) 60 10 § Ju 17
NSEGLINCI) =] Ju 18
SNC=SNCeST () Ju 19
2 IF (ICONZ2(I) = NO) 44344 JuU 20
3 If (1.€G.J) GO TO & w21 {
NC2=NC2+] Ju 22
IF (NC2,6T7.2%) GO 10 § Ju 23
NSEG2 (NC2) =] Ju 26
SNCESNCSI (1) Ju 2%
) “ CONT INUE Ju 26
: FC=NC1e+nC2 Ju 27
D=(SI(J)*SNC/FC) /2.0 Ju 28
RETURN Ju 29
S PRINT 64 JUNO Ju 30
sTop Ju 31
c Ju 32
6 FORMAT (41M ERROR - TOO MANY CONNECTIONS TO JUNCTTONs14) J 3
END JU 4=
SUBROUTINE LFACTR (A3 NROWsNCOL,IX1s1x241P) LF 1
€ LF 2
C LFACTR PERFORMS GAUSS~DOOLITTLE MANIPULATIONS ON THE TwO BLOCKS OF LF 3
c THE TRANSPOSED MATRIX IN CORE STORAGE. THE GAUSS-DOOLITTLE LF “
c ALGORITHM IS PRESENTED ON PAGES 411-416 OF A. RALSTON == A FIRST LF S
c COURSE IN NUMERICAL ANALYSIS. COMMENTS BELOW REFER TO COMMENTS IN LF 6
¢ RALSTONS TEXT, LF L4
- LF 8
COMMON /MATPAR/ [CASE JNBLOKSsNPRLK «NLASToNBLSYMeNPSYMoNLSYM ir. 9
COMMON /SCRATM/ D(1500) LF 10
DIMENSTON A(NRPOWSNCOL) s IP(NROW) LF o1l
COMPLEX A+DeAJR LF 12
INTEGER RsR14R24PJsPR LF 13
LOGICAL LleL2.L3 LF 1e
1FLG=0 LF 15
c LF 16
[ INITIAL[ZE RIJR20J10J2 LF 17
c LF 18
L1=IX],EQ.l«AND.IX2.ENL2 LF 19
L2=11Ix2=-1) .EQ,Ixl LF 20
L3=IX2,EQ.NBLOKS LF 21
IF (L1) GO TO 1 LF 22
G0 10 2 LF 23
1 Rl=] LF 26
R232oNPALK LF 25
Ji=1 LF 26
J2=-1 LF 27 E |
G0 70 5§ LF 28
2 R1=NPBLK ] LF 29
R2=29NPALK LF 30
JI=(IX]1=])*NPHLK*] LF 31
1F (L2) GO T0 3 LF 32
G0 T0 & A -
3 J2=J1 *NPBLK=2 LF 34
GO YO S LF 15
o J2=J1 *NPBLK=] LF 236
S IF (L3) R2=NPBLK*NLAST LF 37
DO 16 R=R1.R2 LF 38
C LF 39
c STEP | LF 40
c LF &l
D0 6 K=)1+NROW LF 42
DIK)=A(KR) LF &3
6 CONTINUE LF &4
C LF 45
c STEPS 2 AND 3 LF 46 »
c LF &7
IF (L1.,0R.L2) J2=J2+1 LF 48
IF (J1.GT.J2) GO TO 9 LF &9
IXJy=0 LF SO
00 8 J=JlsJ2 LF Sl
IXJy=IxJel LF S2
PU=IP () LF S3
AJR=D(PJ) LF  S4
A(JoR)=AUR LF 55 E
0PI =N()) LF Sé
JP1=Je] - LF 57
DO 7 I=UP1«NROW LF S8
DI =D(T)=ALT IXJ)®AJO LF 59
9 CONTINUE LF 60
8 CONTINUE LF 61
9 CONTINUE LF 62
c LF 63
C STEP 4 LF 64
C LF 65
J2rl=J2+1 LF 66
IF (L1.0K.L2) GO TO 11 LF 67
IF (NROW.LT.J2P1) GO TO 16 LF 68
DO 10 [=J2P1«NROW LF 69
AlLsR)=N(]) LF 170
10 CONTINUE LF N
G0 TO 16 LF 2
11 DMAX=RE AL (DtJ2P1) *CONIGIDIJ2P1) ) WF M
1P(J2P))=J2P] LF s
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Jap2=z )2e2

IF (J2P2.GT.NAOW) 60 TO 13
DO 12 1=J2P2sNR0OW
ELMAG=UEAL (D(T)*CONIGIDIT)))
IF (ELYAG,LT,NMAK) GO TO ¢
DMAX=E| MAG

1Pca2e)) =t

CONT INLE

CONTINIE

IF (DMAX LT.),E~10) IFLG=1
PR=1P()2P1)

A(J2P14R) =D (PR)
D(PR) =N (J2P1)

STEP S

1F (J2P2,GT.N20w) GO TO 15
AJR=1./40J2P)4R)

DO 14 1=242P2.NR0OW
A(leR)=D(I) %A )R
CONTINUE

CONTINUE

IF (IFLG.FN.0) GO 10 15
PRINT 17+ J24NMAX
IFLG=0

CONT INUE

RETURN

FORMAT (1H +6HPIVOT(913e2H)24E14.8)
END

SURROUTINE LOAD (LDTYPsLOTAGSLDTAGF ¢LDTAGT«ZLRsZLT92LCoNLOAD)

LOAD CALCULATTS TAF IMPEDANCE 0F SPECIFIED SEGMENTS FOR VARIOUS
TYPES OF LOLDING

COMMON /DATA  LDsNeNPMyMP4X(1000)4Y(1000)+2(1000)+SI(1000)+B1(100
10) «ALP (1000} +RET(1000)«ICONL(1000)«TICON2(1000)¢ITAG(1000) «WLAMeIPS

2YM

COMMOM /ZLOAD/ ZARRAY(1000)

DIMENSTON LDTYP(1)s LNTAG(1)s LNTAGF (1)e LOTAGT(L)e 2LR(1)e ZLIC(L)
le ZLC(D)

COMPLEY ZARRAY«ZT+TPCUs2INT

DATA TPCJ/(0.+1.88365371E+9)/

PRINT HEADING
PRINT 23

INITIALIZE D ARRAY, USED FOR TFMPORARY STORAGE OF LOADING
INFORMATION.

00 1 I=1.N
ZARRAY (1)=(04404)
IWARN=0

CYCLE OVER LOADING CARDS

ISTEP=n

ISTEP=]STEPe]

IF (ISTEP.LE.NLOAD) GO T0 1
IF (IWARNGEQ.1) PRINT 24
RETURN

IF (LDTYP(ISTEP)+LF.5) GO TO 4
PRINT 2S5+ LOTYP(ISTEP)

SToP

LDTAGS=LOTAG(ISTEP)
JUMPELDTYP(ISTEP) #]

1CHK =0

SEARCH SEGMENTS FOR PROPER 1TAGS

Li=1

L2=N

IF (LDTAGS.NE.0) GO Tn S

IF (LOTAGF (ISTEP) ¢EQe 7 «ANDLDTAGT(ISTEP) «EQ.0) GO TO S
L1=LOTAGF (ISTEP)

L2=LDTAGT (ISTEP)

00 15 1=LI.L2

IF (LOTAGS.EQ.0) GO To 6

IF (LDTAGS.NE.ITAG(I)) GO TO 15

IF (LOTAGF (ISTEP) ,EQen) GO TO &

ICHK=ICHK 1

IF (ICHKGGE «LNTAGF (ISTEP) «AND 4 ICHKLE(LDTAGT (ISTEP)) GO TO 7
G0 T0 15

ICHK=]

CALCULATION OF LAMDA®TMPEDN, PER UNIT LENGTHe JUMP TO APPROPRIATE
SECTION FOR LOADING TYPE

GO TO (Be9¢l0s11012¢1%) 4 JyMP
2T=ZLR(ISTEP) /ST (1) +TPCUSZLICISTEP) /(ST (1) ®wLAM)

IF (ABS(ZLCCISTEP) ) «GTo1.E=20) 7T=7T+aLAM/ (TPCI*ST (1) *Z2LC(ISTEP))
GO T0 14

2T=TPC )*SI (1) @ZLC(ISTFP) /wLAM

IF (ABS(ZLTCISTEP) ) 6T el eE=20) 7T=714ST(I)®wL AM/(TPCU®ZLI(ISTER))
IF (ARS(ZLRUISTEP) ) 46T a14E=20) 7722714S1(1)/ZLRUISTEP)
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60 TO 14

ZT=2LRIISTEP) »WlL AM+TPCI*ZL I LISTEP)

IF (ABSIZLC(ISTER) ) «GY 1 eFE=20) 772711,/ (TPCI*SI(1)®STI(I)*ZLC(ISTE
1P

GO T0 14

ZV=TPC*SI(1)eST(1)*2 CLISTEP)

IF (ABS(ZLICISTEP)) 4614146200 72T22Te1./(TPCJI*ZLLI(ISTEP))

IF (ABSU{ZLRUISTEP )1 oGV L E=20) 2722741,/ (2LR(ISTER) Sw AM)

2Y=z1./27

GO TO 14

2Y=CMPLX(ZLR(ISTER) « 21 T (ISTEP)) /ST1(])

60 TO )4

ZVY=ZINTIZLR(ISTEP) ewL aMBI(1))

IF ((ARS(RFAL(ZARRAY 1)) “ABS(AIMAGIZARRAY (1))} ) <Y1 E=20) IWARNS
il

ZARRAY ([ ) =2ARRAY () +27Y

CONTINUE

IF (ICHX,.NE,0) GO TG 16
PRINT 264 LDTAGS
STopP

PRINTING THE SEGMENT | OADING DATA. JUMP TO PROPER PRINY

GO TO (17¢18+19420421,22)4 JuMP

CALL PRNT (LOTAGS.LOYTAGF (ISTEX) ,LOTAGT (ISTEP) ¢ZLR(ISTEP) +2LI(ISTEP
IV 0 ZCCOISTEP) 00av0avlas?r SERIESSTI

GO TO ¢

CALL PANT (LDTAGS+LOTAGF (ISTE®) LOTAGT (ISTEC) «2LR(ISTEP) +ZLILISTEP
1) eZLCIISTEP) 90,90,40.,8HPARALLEL +8)

60 10 2

CALL PRNT (LDTAGSyLOTAGF (ISTEP) «LDTAGT (ISTEP) +2ZLR(ISTEP) +ZLI(ISTEP
T1eZLCOISTEP 40es0as0as IBRSERIES (PER METER) 4 18)

GO TO 2

CALL PRNT (LOTAGS«LDVAGF (ISTER) (LDTAGT (ISTEP) +ZLR(ISTEP) «Z2LI(ISTEP
1) 9ZLC(ISTEP) 9049044044 20HPARALLEL (PER METER) +20)

GO0 TO 2

CALL PRNT (LDTAGS+LOTAGF (ISTEP) LOTAGT (ISTEP) ¢0e90,90,+2LR(ISTEP)
1ZUICISTEP v 04 v 1SHFIXED [MPEODANCE+1S)

60 TO 2

CALL PRNT (LDTAGS«LOTAGF (ISTEP) LOTAGT(ISTEP) 4049049000009 0asZLR(T
ISTEP) o6H  WIRF46)

GO 10 2

FORMAT (//+7X4BHLOCAT[ON»10Xs JOHRESISTANCE + 3Xs IOHINOUCTANCE s 2Xe Ll
1CAPACITANCE + 7X s 16HIMPEDANCE (OMMS) ¢+5X o 12HCONDUCTIVITY ¢4 Xo4HTYPES/ o
24X 44HITAG10H FROM THRU. 10X s4HORMS yBX ¢« 6NHENRYS s TX ¢ 6HF ARADS « BX ¢ 4HRE
AL +6X s OHIMAGINARY s 4 X4 | OHMHOS/METER)

FORMAT (/410XsT4HNOTE, SOME OF THE ABOVE SEGMENTS HAVE BEEN LOADED
1 TWICE - IMPEDANCES ADDED)

FORMAT (/+10X,46HIMPROPER LOAD TYPF CHOOSENs REQUESTED TYPE IS I3
1)

FORMAT (/910X SO0HLOAUING DATA CARD ERROR, NO SEGMENT HAS AN [TAG =
1 +15)

END

SUBROUTINE LTSOLV (AWNROWsNCOL, 1Xs8)

LTSOLV SOLVES THE MATRIX E0. Y(R)®LU(T)=B(R) WHERE (R) DENOTES ROW
VECTOR AND LU(T) DENDTES THE LU DECOMPOSITION OF THE TRANSPOSE OF
THE ORTGINAL COEFFICIENT MATRIx, TYKE LU(T) DECOMPQSITION IS
STORED ON TAPE S [N B OCKS IN ASCENDING ORDER AND ON FILE 3 IN
BLOCKS OF DESCENDING IRDER,

COMMON /MATPAR/ TCASE (NBLOKSINPALKsNLAST ¢NBLSYMINPSYMINLSYM
COMMON /SCRATM/ YI(1500)

DIMENSTON A(NROWINCOLY e HINROW), TX(N20W)

COMPLEY Moo YsSUM

FORWARD SURSTITUTION

1222 "NPALKONROW

J=0

D0 & [*BLK|=]NBLOKS

CALL BLCKIN (15skel2e1v121)
K2=NPRLK

IF CIXALK] L EQ.NBLOKS) X2=NLAST
DO 3 x=],x2

FLIEN]

d=Jel

SUM=1(0,+0.)

IF (UM].LT.1) GO TO 2

00 1 I=1leuMl
SUMESUMsA(T4K) Y (])
CONTINUE

CONTINUE

YD 2(BJ)~SUM) /A (J1K)

CONT INUE

CONTINUE

BACKWARD SUBSTITUTION

JENROW+ |
DO A IXBLK1=1l+NBLOKS

CALL BLCKIN (16+le12010122)
K2=NPBLK

IF (IXALK1.EQel) K2=ENLAST
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DO 7 K=1.K2 LY @2

KP3K2=Ke] LT 43
JP1=Y LT 4
J=y-1 LY &S
SUM=(0,404) LT 46
IF (NROW.LT,JPL) GO T 6 LT &7
D0 5 T=JP1.NROW LT w8
SUM=SUMeA([oKko)edL]) LY 49
s CONTINUE LY So
6 CONT INUE LT S1
Bl =V () =suM LY 52
7 CONT INUE £y 53
8 CONT INUF LY S&
{ = LY S5
(o UNSCRAMALF SOLUTION LT S6
C LY A7
00 9 [=1+NROW Lt 58
IXg=Ix(1) LT 59
YUIXDY=ALD) LT 60
9 CONT INUE [RA.YY
00 10 T=1eNROW LY 4
10 Blli=Y’D) LT 63
RETURN LY &
END LT 65-
SUBROUTINE LUNSCR (AsnROWNCOL«TXe1P) (VI |
(o Le 2
€ S/R WATCH UUNSCRAMBLES, SCRAMBLEN FACTORED MATRIX w3
c RV
COMMON /MATPAR/ ICASE+NBLOKSINPRLKsNLAST sNBLSYMeNOSYMoNLSYM v s
COMMON /RESTRT/ IC1eIC29ICIINRESINPRES IBLCK + IDUMB s TMDUMGE XT [M Ly 6
' DIMENSTION A(NOOWsNCOL)+ IP(NROW)s IX(NI0OW) w7
COMPLEX A TEMP v 8
IF (IC3.EQ.~1) GO TO 9 v 9
11=1 L 10
1222*NPALK#NROW w1
NM]1=NROW=] LV 12
DO & IXALX1=]+NBLOKS v 13
CALL BLCKIN (12+11412414121) LU 1e
Kl=(IXRALK1-1) #NPBLK +2 L 15
F IF (NM].LY.K1) GO TO 3 L 16
J2=0 L 17
00 2 K=K]1NM] w19
IF (J2,LT.NPBLK} J23J2+1 L 19
4 IPK=IP (K) L 20
DO 1 J=1ey2 v 21
TEMP=A (Ko J) L 22
AlKeJ) =ALIPK ) L 23
ALIPK. ))=TEMP v 26
| 1 CONT INUE v 25
2 CONTINUE LU 26
3 CONTINUE LU 27
CALL BLCKOT (15e¢11¢12414122) LU 28
“ CONTINUE L 29
DO S IXALK1=1«NBLOKS Lv 30
BACKSPACE 1S [NV ) §
IF (IXALKI.NE.1) BACKSPACE 15 v 2
CALL BLCKIN (15+11412414123) L 33
CALL BLCKOT (16+11¢12414124) LU 3
S CONTINUE L3S
00 6 I=1eNRCW LU 36
Ixcr =t L 37
6 CONTINUE Lu 38
DO 7 I=1+NROW L 39
IPr=1P (1) LU @0
IXr=1x(1) LU el
X =IX(1P]) L @2
IX(IPI)=IXT [V ]
7 CONTINUE LU &6
NB1=NBLOKS=1 LU &S
00 8 IXALKI=1.N8I Ly 4«6
CALL ALCKIN (15+11412414125) L 7
8 CONT INUF LU 48
Cc SKIP NR1 LOGICAL RECORDS FORWARND LU 49
9 RETURN LU SO
END Ly S1-
SUBROUTINE MATFIL (ETReETT+IPReJ»JICON»JCO2¢CMsNROWINCOL s IFLG) MF
(- MF
c MATFIL FILLS THE MATRIX ELEMENTS REPRESENTING FIELDS NUE TO WIRE  NF
C SEGMENT CURRENTS (EITHER E FIEIN ON A SEGMENT OR & FIELD ON A MF
C PATCH) MF
c MF

COMMON /DATA/ LDYNoNPsMoMP X (1000)+Y(1000)¢7(1000)¢SI(1000)BT(100 MF
10) «ALP(1000) +RET(1000) «ICONL(1000) « ICON2(1000) ¢ TTAG(1000) +WLAMe IPS MF

-
DNOVPWN=OCODNINEL DN -

2YM MF
COMMON /JUNK/ NCOXsJOX (25) ¢NCIXsJIX(25) eNCOZ¢JOZ(25) «NCI2+J12(25) MF
NIMENSTON ETR(3)s FTI(3)s CMINOWINCOL) MF
COMPLEY CM NF

[ MF
c FUNCTION TO CALCULATE MATRIX ELFMENT LOCATION MF
JLIK)Z((K=]1)/NP)S25MP+K NF

c MF
IF (IFLG.EQ.0) GO 1O 10 MF

(~ NF
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CONTRIBUTIONS TO ELEMENTS FOR SFGMENTS CONNECTED TO END ONE OF
SEGMENT U

IF (JCO1) 1542

CALL JUMELS (ETREL)GETTI (1) eNCIX, JIXeNCOXoJOX s IPRoCHMyNROWNCOL )
GO 10 &

IF (JCN1.LT.10000) GO TO 3

JLOC=JL (J)

GO T0 4

JLOC= L tyCol)

IF (ICON2(JCO1).EQ.J) GO TO &

IF (JCN1.EQ.J) GO 10 &
CMIJLOCIPR) =CM(JLOC TPR) ~CMPLX(ETR(1) JETTI (1))
GO0 TO S
CMIJLOCIPR)ZCMIJLOCHIPR) sCHPLX (ETRIL)ETE(L))

CONTRIRUTIONS TO ELEMENTS FOR SEGMENTS CONNECTED TO END TwO OF
SEGMENT U

IF (JC02) 641047

CALL JMELS (ETR(3),ETT(3)4NCOZ4JOZNCIZoJTZ4IPRCMoNROWINCOL)
GO YO 10

IF (JCN2.LT.10000) GO TO 3

JLoc=uL ()

GO 10 9

JLOC= L (4C02)

IF (ICON1(€C02).EQ.4) GO TO 9

IF (JCN2.EQ.J) GO TO 9
CM(JLOCIPR) =CM(JLOC IPR) ~CMPLX (ETR(3)4ETI(3))
GO Y0 10
CM(JLOCSIPR)IZCM (JLOCY IPR) «CNPLX(ETR ) ETT(I))

CONTRIBUTION TO ELEMENT FOR SEGMENT J

CONTINUE

JLOC=uL { J)
CM(JLOCIPR)=CM(JLOC IPR) *CMPLX(ETR(2)4ETI(2))
RETURN

END

SUBROUTINE MOVE (ROXsROYsROZeXSeYSe2SeITSeNRPTITGI)

SUBROUTINE MOVE MOVES THE STRUCTURE WITh RESPECT TO ITS
COORDINATE SYSTEM OR REPRODUCES STRUCTURE IN NEW POSITIONS,
STRUCTURE 1S ROTATED ABOUT XeY+? AXES BY ROXsROYsRO2
RESPECTIVELYs THEN SHIFTED BY XSsYSe2S

COMMON /DATAZ LDsNoNPoMyMP X (1000)+Y(1000)+2(100014S[(1000)+81(100
10) ¢ALP L1000} sBETL1000) »1CONLI(1000) s ICON2(1000) ¢ ITAG(1000) sWLAM, IPS

2YM
COMMON /ANGL/ SALP(1000)

DIMENSION TIX(1)s TIY(1)s TIZt1)s T2X(1)e T2Y(1)e T22(1)s X2(1)s ¥

12(1)s 72(1)
EQUIVALENCE (X2(1)+SI(L))s (Y2(1)9ALP(I)) s (22(1)4BET(1))

EQUIVALENCE (T1X9S1)s (TIY,ALPIs (T1Z+BET)s (T2XsICONl)e (T2YSICON

12) s (T2241TAG)

IF (ABS(ROX)*ABS(ROY) ,GT.1,E=10) IPSYM=IPSYM®#3
SPS=SIN(ROY)

CPS=COS (ROX)
STH=SIN(ROY)

CTH=COS (ROY)
SPH=SIN(ROZ)

CPH=COS (ROZ)

XX=CPHeCTH
XY=CPHeSTHRSPS-SPHeCPS
AXZ2=CPHeGTHRCPS+SPHeSPg
YX=SPHeCTH
YY=SPHeSTHeSPS+CPHeCPS
Y2=SPHESTH#CPS-CPHESPS
IX==STH

2Y=CTHeSPS .
22=CTH=CPS

NRP=ENRPT

IF (NRPT,EQ.0) NRP=]

TRANSFORM COORDINATES OF SEGMENTS

IF (NJEQ.0) GO TO 3
T1=ISEGNO(ITS1)

IX=11

K=N

IF (NRPT.EQ.0) K=11=-1

DO 2 IR=14NRP

00 1 I=T1leN

KaKe]

Xl=x(1)

Yi=yY(l)

Zi=2(1)
X(K)SXTOXXeYIOXY*Z[®X7+XS
Y(K)SXT®YXoYIOYY4ZIOY24YS
Z(K)=X[OZXeY[@ZYOZ[®2742S
X[=x2(1)

YI=Y2(1)

21=22(1)

X2(K) =X OXXOY[®XY o2 [®X2oXS
Y2(K)=X[OYXOY[OYYe2[®Y2eYS
Z2(K)=X[@ZXY®ZYe2]®72+25




-
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*» N

s s Nalal

ano

o000

BI(K)2AL(])
ITAG(X)=1ITAGI]I)«ITG!
CONTINIE

[laNe)

N=K

CONT INUE

TRANSFNRM COORNINATES UF PATCHFS

IF (MEQ.0) GO TO &

I11=1

L L]

LOI=LDe]

IF (NRPT.FN.0) K=0

D0 S I1=1«NRP

D0 4 I=11M

K=Ke]

IR=LOI-1

KR=L0]-x

xI=x(12)

Yizv(Iv)

21=Z2(19)
X(KR)=xTOXXeY[OXYe2]®x20xS
Y(KR)=x[eYXeY[OYYe2[OYZ0YS
ZIKR)=XI92XeY][92Ye2]1972+2S
X1=TIX(IR)

YI=T1Y(IR)

ZI=T1Z(IR)
TIX(KR)=XT®XXeY[OXYoZ]®X2
TIV(KR)=X[oVYXeY[OYYOZTOY2
TIZ2(KQ)=X[e7Xev[®7Y02]®22
XI=T2X (IR)

YI=T2Y(IR)

Z1=T2Z(IR)
T2X(KQ)=X[®XXeV]O®XYZTO®X2Z
T2Y(KR)=X[oYXoY]OYYSZ]OYZ
T2Z(XQ)aX[eZXeY]®ZVe21022
SALP(XQ) =SALP(IR)
BI(KR)=AT(TR)

Tl=Me]

M=

IF (INRPT,EQ.0) (ANDL ([X,EQ,1)) RETURN
NP=N

MP =M

IPSYM=Q

RETURN

END

SUSROUTINE NEFLD (x0BsYOB+20BsEXEYIEZ)

NEFLD COMPUTES THE NEAR FIELD AT SPECIFIED POINTS IN SPACE AFTER

THE STRUCTURE CURRENT; HAVE BEEN COMPUTED,

COMMON /DATA/ LDeNosNPMeMP X (1000)4Y(1000142(1000)¢ST(1000)+87(100
10) «ALP (1000) +3ET(1000) «ICON1(1000) « 1CON2(1000) «ITAG(1000) +WLAM, IPS

2YM
COMMON /ANGL/ SALP(1000)

COMMON 7/CAnNT/ ATR(1000)+AIT(1000)+RIR(1000)HII(1000)CIRI1000)C]

11(1000)+CUR(2000)

COMMON /REFL/ QX9QY9Q7+CART+SART+SALPL+PXPYIREFS,REFPS
COMMON /GND/ 7RATI+2ZRATI2+CL9CHeSCRWL + SCRWR «NRADL «KSYMP+ IFAR s IPERF

DIMENSION CAB(1)s SAB(])
EQUIVALENCE (CAR(1)vALP(1))e (SAB(1)eRET(1))

CrMPLEX FJsEZPERMOSEXIEYsEZ9sCURIZRSINREFSIREFPS(ZRATIVZRATI2

C'TA Fsz(0eel,)/
£ 2(0.40.)
eY=(0.400)
E2=(0..0.)

SUMMATION OVER FIELOS OF INDIVINUAL SEGMENTS.

D0 7 I=1eN
CABI=CAR(I)
SABI=SAR(I)
SALPI==SALP(])
XD=X0R=x (1)
YD=YOR=Y (1)
RFL==1,

LOOP TN INCLUDE FIELD OF IMAGE NF SEGMENT wHEN GRNOUND IS SPECIFIED

D0 7 J=1oRSYMP

RFL==RFL

70=Z0R=-7 (1) *RFL
SALPI=-SALPI
ZP=XD*CABT+YD®SABI+2DeSALPY
XYMAG=xXN®XD+YN*YD
RS=XYMAG+ZD*ZD
RH2=2RS-2P*2P

IF (RH2,LT,1.F=20) GO TO 1
RH=SQRT (RH2)
OX=(XN=2P*CABT) /RH
QY=(YD=72P*SABT) /R4
0Z=(2D=7P*SALPI)/PH

GO T0 >

RH=0.

ax=0.
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QY=0.

QZ=0.

2 CALL EFLD (AT(I)oSTUI) sRMeZP ol FZRSE7ISeERRSIERISIEZRCIEZICIERKC,

LERICE7RKGE2INERRKIERTK)

IF (J.nFL2) GO TO &

IF (IPFRF EG.1) GO T0 S

RMAG=SORT (RS)

NYMAG=SQRYT (RY4AG)

IF (XYMAG,GT.).E=6) GO TO 3
Pxz0.

PY=0.

CTu=l,

ZRSIN=(]1.404)

GO0 T0 &

3 PR==YD/AYMAG

PY=XD/XYMAG

CTH3Z0/RMAG

2RSINZCSORT (] (~ZRATI®7RATI® (1, ~CTHeCTH))

“ REFS==(CTH=2RAT[®7aS[r) /(CTHe/RATI27RSIN)}
REFPS= (7RATI®CTH=7RS1) /7 (7RAT1CTHe2RSIN)
REFPS=REFPS~RFFS

L CALL OGN (EZRS+EZISERQSFRIS)

CALL 6N (EZRCEZICIERRCIERIC)

CALL GN (EZRNEZIKJERRKIERIK)

3 CONTINUE

EZP=EZRKOAIR(T)=EZIKO®ATI (1) *EZRS®AIR(II~EZIS®RII () eEZRCOCIR([)-EZ
LICOCIT(T)oF @ (EZRKUATT(I) *FZIKeAIR(1)+E2RSOQIT(I)EZISCRTIR(T) *F2RC
2eCII(1)+EZICeCIR())

ERHOSEQRKOATR (T ) ~ERIKCATT (1) *ERRS*AIRIT)=ERIS®RIT (1) *ERRCOCIR(]) ~F
IRICOCIT (1) eF Jo (ERPKO®ATI (1) +ERIreAIR(])¢ERRSOBII (1) +FRISCBIR(])«ERR
2CeCII(T)*ERICOCIR(T))

EX=EXFZPOCAB] +ERHN®QX

EY=EY+EZPeSAB] +ERHO®QY

E7=EZ+F7PeSALPI*ERNO®NZ

7 CONT INUE
RETURN
END

SUBROUTINE NETWK (ISEGLeISFGReX11ReX11IeX12ReX1214X22ReX22] oNONET s
INTYP o ISANT ¢ VSANT sNSANT o CMo TP E TNCoNROWSNCOL « IX P INIPNLS eNPRINT JMAS
2YM: 7TPENWNTSOL)

SUBROUTINE NETWK SOLVFS FOR STRUCTURE CURRENTS FOR A GIVEN
EXCITATION INCLUOING THE EFFECT OF NON=RADTIATING NETWORKS IF
PRESENT.

anoaon

COMMON /DATA/ LDSNsNPoMsMP X (1000)¢Y (1000)¢2(1000)4SI1(1000)+RI(100
10)+ALP(1000) ¢RET(1000)+ICONL(1000) ¢ TCON2(1000) ¢ ITAG(1000) swLAM,IPS
2Ym

DIMENSION ISEGLI(30)s TSEG2(30)s X11R(30)s X111(30)s X12R(30)s X121
1030)s ¥22R(30)e X221(30)9 ISANT(10)e VSANT(10)s NTYP (30}

DIMENSTON CM(NRO®JNCOL)« EINC(NROW)s IP(NROW) e [X(NROW)

DIMENSTON CMN(30430) ¢ RHNT(30)e¢ IPNT(30)e NTEQA(3N)s NTSCA(30)s RW
1S(1500)« VSRC(10)« RMNX(30)

COMPLEX CMNoRHNTsYMITRHS o ZPED+CMIE INCoVSANT o VLT oCUR S VSRC e RHNK

DATA NDIMNSNOIMNP/30¢317+TP/6,283185308/

NEO=N+2 oM

PIN=0,

PNLS=0,

IF (NTSOL.NE.O) GO TO 42

NOP=NEQ/ (NP+29MP)

IF (MASYM,EQ.0) GO T0 14

COMPUTE RELATIVE MATRIX ASYMMETRY

o0

IROW]1 =9
IF (NONET.EQ.0) GO TO S
D0 & I=1+NONET
NSEGI=1SEGL (1)
00 3 ISCl=l+2
IF ([ROWI,EQ.0) GO TO 2
00 1 J=1yIROW]
IF (NSEGL.EQ.IPNT(J)) GO TO 3
CONTINUE
IROW1=TROW]+1
IPNT (IROW1) =NSEG]
NSEGL=1SEG2(I)
CONT INUE
IF (NSANT.EQ.0) GO TO 9
00 8 T=14NSANT
NSEGI=TSANT (I}
IF (IROW1.€Q.0) GO TO 7
00 6 J=1+IROW]
IF (NSEGL.EQ.IPNT(J)) GO TO 8
CONTINUE
TROW1=TROW]+1
IPNT (1ROW1) =NSEG]
CONT INUE
IF (IROWI.LT.NDIMNP) GO TO 10
PRINT 57
stoP
10 IF (IROW1.LT.2) GO TO 14
00 12 1=1+1ROVWI
ISCI=IPNTI(T)
ASM=ST (1SC1)
D0 11 J=1+NEQ
11 RHS(J)=(0.404)

NEw N

o » ~ o
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&

NOO—

AnOO

18
19

20
21

22

23
24

25

26
27

28
29

RHS(ISC1)1=(1.00.) NI
CALL SOLVES (NOPeCMs IR eRHS JNRDw (NCOL o TRINP aNoMP o M) Nt
DO 12 J=l+1R0w] NT
ISCl=1oNnT N N1
CMN(Je 1) =RHS(1SCL) 7ASH NS
&Sn=0, NTY
ASA=0, NT
DO 13 132.1R0¥] (1
1S€1=1-1 Nt
00 13 i=1+18C) (N
CUR=CHN (T o J) Nt
PwR=CARS ((CUR-CHN(Je1))/CI2) NT
ASAzASA+PWROPwR ~t
IF (Pun,LT.ASM) 60 TO 13 NT
ASM=PyC NT
NTEQ=1ONT(]) NT
NTSCSIPNT (J) NT
CONTINUE NI
ASA=SORT (ASA®2, /FLOAT (IROWI* ([MAWl=1))) Nt
PRINT She BASMINTEQINTSCASA Nt
IF (NONFT,EQ.0) GO T0 8 NT

NT
SOLUTINN OF NETWORK EQUATIONS NT

NT
00 15 [=1sNOIMN NT
QHNX(])=(0.90,) o
DO 15 4=1eNDIMN NT
CMNI(T4 )=(0,00,) NY
NTEQ=0 NT
NTSC=0 M

NT
SORT NFTWORK AND SOURCE DATA Ann BSSIGN ENUATION NUMBEWRS TO Nt
SEGMENTS. (3

~T
DO 38 )=1+NONFT NTY
NSEGL=TSEG] (J) NT
NSFEG2=1SEG2(J) NT
IF (NTYP(J).GT.1) GO 7O 16 NT
YIIR=XTIR(J) NY
YilI=x11100 NT
Y12R=X12R () NT
Yi2i=x)21( NT
Y22R=X22R () Nt
Y2212x221(J) NT
GO TO 17 NT
Y2ZR=ToeX111(.5) /Wi an Ny
Y12R=0, NT
Y121=21,/(X1IR(JI®SIN(Y22R)) NT
Y11R=X12R () NY
Y11J=2-v1214COS(Y22R) NT
Y22P=x22R (1) NT
Y2212Y]1114x221()) NY
Yilf=villexi2r(y) nY
IF (NTYP(J).ER.2) GO 10 17 NT
Y12R==v]2R NT
Y121==-v)21 NT
IF (NSANTL.EQ.0) GO TO 19 NT
00 18 1=1«NSANT NT
IF (NSFGL.NESISANT(I)) GO TO 1~ NT
1sci=g N1
GO T0 22 NT
CONT INUE NT
1SC1=0 NT
IF (NTFQ.EN.0) GO TO 21 NT
00 20 1sleNTEQ NT
IF (NSFGL.NE.NTEQA(I)) GO TO 20 NT
IROW1=1 N1
GO TO 2% NT
CONTINUE NT
NTEQ3ENTEQ*] NT
TROW]L =NTEQ NT
NTFOA(NTEQ) =NSEG] N
GO TO »5 NY
IF (NTSC.EQ.0) GO TO 24 NT
D0 23 1=1eNTSC NT
IF (NSFGLNELNTSCA(L))Y GO TO 23 NT
IROW] =ND IMNP =1 NY
GO T0 25 NT
CONT INUE NT
NTSC=aNTSCel NT
TROW] =ND TMNP=NTSC NT
NTSCA(NTSC) =NSEGL NT
VSRC (NTSC) =VSANT (ISC) NT
IF (NSanT.EQ.0) GO 10 27 NY
DO 26 T=1eNSANT NY
IF (NSFG2NELISANT (1) GO TO 24 (%
1sc2=1 NY
G0 10 10 [
CONT INDE NY
1sc2=0 NT
IF (NTFO.EQ.0) GO T0 29 NTY
PO 28 1=1eNTEQ NY
IF (NSFA2.NELNTEQATT)) GO TO 28 NT
1ROW2=1 NY
GO 70 13 NY
CONTINUE NY
NTEQ=NTFQe] NY
TROW2=4TED nY
NTEOAINTEN) =NSFG2 NY
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60 T 33

IF (NTSC.EQ.0) GO TO 12

DO 31 I=)eNTSC

IF (NSEG2.NEJNTSCA(I)) GO TO 31
IROW2=ND TMNP =T

GO TO 33

CONT INUE

NTSCaNTSCe1

TROW2=ND IMNP=NTSC

NTSCA(NTSC) =NSEG2

VSRC (NTSC) =VSANT (15C2)

IF (NTSCeNTEQ.LT.NDIMNP) GO TO 4
PRINT &7

SToP

FILL NFYWORK FQUATION MATRIX ANN RIGWT HAND SIDE vECIOR wlTh
NETWORK SHORT-CIRCUIT ADMITTANCE MATRIX COEFFICIENTS,

IF (ISC1.NE.0) GO TO 1S
CUN(TRNWIeTROWE) =CMN( [ROWL ¢ IROW]T ) =CMPLX(Y]1]1ReY])]1]1)®ST(NSEG])
CMN(TROW] + TROW2) =CMN ( TROW1 .+ [ROW2) =CMPLX (Y12ReY121)1%S1 (NSEGL)
60 TO 16

RMNX (TROW] ) =RHNX (TROW]) ¢CHPLX(Y1IR¢YLLT)®VSANT(1SCL) 7wl An
RHNX (IROW2 ) =RHNX (JRONW?) sCHMPLX (Y12R+Y12]) ®YSANT (ISF 1) 7wl oM

IF (ISC2.NEL0) GO TO 37

CMNLIRNW2 ¢ TROW2) SCUN L TROW2 ¢ IRON2) =CMPLA (Y22R4Y221) *S1 (NSEG2)
CHMNUIROW2« JTROW]) =CMN (THOWZ 4 IROW]) =CMPLX(Y12ReY12]) *ST(NSEG2)
GO 10 18

RHNX (TROW] ) =RHNX (TROW] ) ¢CMPLA(Y12RoY12[) SVSANT ([SC2) 7w AM
RHNX (IROW2) ZRHNX { IROW?) ¢CMPL X (Y22R,¥22 ) ®VSANT (ISC21 /wi AM
CONT INUE

ADD INTERACTION MATRIx ADMIVTANCE ELEMENTS TO NETWORK EQUATION
MATRIX

DO 41 I=)«NTEQ

DO 39 .=1eNEQ

ANS(J)=(0,40,)

TROW1 =NTEQA(TD)

RHS(IRAWLI=(14e00)

CALL SOLVES (NOPsCMsIPsRHS «NROWeNCOL ¢ IXoNONoMP M)
DO 40 J=1.NTEN

IROW1=NTEQA (J)

CMN (1 J)=CMNI(TeJ) +RNS(IROW])

CONTINIE

FACTOR NETWORK EQUATION MATRIX
CALL FACTR (NTEQsCMNs IPNT eND IHN)

ADD TO NETWORK EQUATION RIGHT WAND SIDE TNE TERNS DUE 10O ELEMENT
INTERACTIONS

IF (NONET.EQ.0) GO TO 48

00 43 [=1NEQ

RHS (D) =EINC(I)

CALL SOLVES (NOPsCMsIPsRHSsNROWNCOL + IX¢NPoNsMPoM)
D0 44 I=1eNTEQ

TROWI=NTEQR(T)

RHNT (1) ZRHNX (1) ¢RMS (TROW])

SOLVE NETWORK EQUATIONS
CALL SOLVE (NTEQeCMN+ IPNY sRHNT ¢NDTMN)

ADD FIFLDS DUE TO NETWORK VOLTAGES YO ELECTRIC FIFLDS APPLIED TO
STRUCTURE AND SOLVE FOR INDUCED CURRENT

DO 45 1=1sNTEOQ

TROW1=NTEQA(T)

EINC(IROW) ) =EINC (IROW] ) =RHNT (1)

CALL SOLVES (NOPeCMsIPsETINCINROWINCOL s IXoNPeNsMP M)
IF (NPRINTY.EQ.0) PRINT 59

IF (NPRINT,EQ,0) PRINT S@

DO 46 1=1.NTEQ

TROWI=NTEQALT)

VLT=RHNT (I)®ST(IROW]) *WLAM

CUR=EINC (TROW]) swLAN

YMIT=CUR/VLT

ZPED=VLT/CUR

IROW2=1TAG (TROW1)

PUR=,SeREAL (VLT#*CONJG (CUR) )

PNLS=PNLS=-PWR

IF (NPRINT,EQ,0) PRINT 60+ TROW2¢IROWIeVLToCURSZPEDsYNIT sPHR
IF (NTSC.EQ.0) GO TO 49

D0 47 1=14NTSC

TROW1=NTSCA(T)

VLY=VSRC (1)

CUR=E INC (TROW]) *WLAM

YMIT=CUR/VLT

ZPED=VLT/CUR

TROW2=TTAG(IROWI)

PWR=.S*REAL (VLT#CONJG (CUR) )

PNLS=PNLS-PWR

IF (NPRINT.EQ,0) PRINT 60¢ IROW2sIROWIsVLTsCURIZPFDYM]ITsPNR
GO TO 49

SOLVE FOR CURRENTS WHEN NO NETWNORKS ARE PRESENT
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S0
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83

Sée
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s7
58

59

B 60
61
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s Xalal

L ,_ |

CALL SOLVES (NOPsCMelRsE INCONROWINCOL o [KoNP oNoMP om)
NTSC=0

IF (NSANT,EQ.") RETURN

PRINT 41

PRINT SA

DO SS T=1«NSANT

ISCI=ISANT(])

VLT=VSANT(])

IF (NTSC.EN.0) GO TO S1

DO SO0 J=]1eNTSC

IF (NTSCA(J).FQ.ISCL) GO TO S2
CONTINUE

CUR=E INC(ISC])*wLAM

IROWl =)

G0 TO S4

TROWI =N [MNP =

CUR=RHNX (IROW])

DO S3 =] .NTENQ
CUR=CUR-CMN (Js TROW] ) *2HNT ()
CUR=(EINC(ISCL) eCUR) ®wi AN
YMIT=CUR/VLTY

2PED=VL T/CUR
PWR=SeQEAL (VL T®CONJIG (CUR))
PINSPIN+PWR

IF (IROWLNF.0) PNLS=PNLS*PWR
IROW2=ITAG(ISC))

PRINT £0¢ IROW24ISCLoVLTsCURCZPEDsYMITPWR
RE TURN

FORMAT (

2 JIKe2SHRMS RFLATIVE ASYMMETRY 1SeF10.3)
FORMAT (IXs44HERRNR = - NETWORK ARRAY DIMENSIONS TOO SMALL)

FORMAT (3XeIHTAGINeSHSEGeeSXe1SHVOLTAGE (VOLTS) ¢11X914HCURRENT (A
1MPS) 0 12X 9 L6HIMPEDANCE (OMMS) 0 10X 9 1 7RADMITTANCE (MKHOS) 98X ¢ SHPOWER e/
203X 9INNO L e IN9IMNO, o SX cSHREAL s X o SHIMAG , ¢ 3(BX e 4HREAL +9XeSHIMAG, ) ¢ TX

34THIWATYS))

FORMAT (///932Xe66H= = = STRUCTURE EXCITATION DATA AT NETWORK CONN

1ECTION POINTS = = =¢/)

FORMAT (2(1Xe15)+9€13,5)

FORMAT (///066X¢36H= = = ANTENNA INPUT PARAMETERS = = =4/}
END

SUBROUTINE PATCH (NXeNYoXCoYCo7CoALRTAR)

PATCH PERFNRMS VARTOUS OPERATIONS ON THE GEOMETRY DATA FOR PATCHES

COMMON /DATA/ LDeNsNPMoMP X (1000) Y (1000)¢2(10001+S1(1000)+B1(100
10) +ALP (1000) +RET(1000) » ICON1(1000) ¢ ICON2(1000) ¢ ITAG(1000) sWLAM, IPS

2Ym
COMMON /ANGL/ SALP(1000?
DIMENSTON TIX(1)s TIY(1)s TI2(1)e T2X(1)e T2Y(1)s T22(1)

EQUIVALENCE (T1XeST)e (TIY4ALP)s (T1Z+RET)s (T2XeT1CONL)s (T2Y.ICON

12)s (T2241T46G)
SET PARAMETERS TO DEFINE A NEW PATCh

NzMe]

1PSYM=)

NP =N

P =M

MI=LD+]=M

X(MT)=xC

Y(MI)=YC

(Ml =7C

BI(MI)=AR

Zw2=COS (AL)

Xw2=ZW2eCOS(BT)

Yu2sZW2eSIN(BT)

2w2sSIN(AL)

XA=SQRT (XW29XW2+YW20YW2)

IF (XA,LT.1.E-6) GO Tn 1
TIN(MI)=z=yw2/XA

TIV(MI)=XW2/XA

TI17(MI)=0.

60 T0 2

TixtMpy =],

TIV(MD) =0,

T1Z(MI)1=0.

T2R(MI ) =YW2OT12(MI)=Zuw28T1Y (M)
T2Y(MT) 22w TIX (M) =Rw2eT17(M])
T2Z(MD) =Xu2oT1Y(MT)=YWw2OTLIX(M])
SALP(MT =],

RETURN

GENERATE SURFACE AY MULTIPE SHIFTING OF THE LAST PATCH INPUT,

ENTRY O4CHS
MI=LD* 1M
ASTsX (M[)=xC
YWY (M])=-vC
Zwi=Z (1)
SIX=TIN(MI)
S1Y=TIY(MD)
S12=T12(M1)
S2X=T2X (M1}
s2y=T2v (M)
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258
259
260
261
262
263
266
265

267
268
269
270
2N
272
273
27
2715
276
217
218
279
280
281
282
283
286
285
286
281
288
289
290
291

293
2%
295
296
297
298
299~
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[aXaNal

oo

onw

S27s3271M))
XAsRL(MT)
SALNSSALP(MD)
NAP=NX |
NYP=NY«]

LOOF FNR SHIFTING PATcH IN ¥
DO & Iv=leNYP
Yul=VdlevC
Aw]l=xSY

LOOP FNR SHIFTING PATCH IN X
00 3 Ix=leNEP
AW)=AwW] «XC

IF (IX,EQ.1AND. IV, EQ. 1) GO TO 1
M=)

MI=Ml=-)
X(MI)=xwl]
Y(M[)=val
(M) =2wl
BI(MI)=xA
SALP(M]) =SALN
TIXIMI)=S)n
TIv(MI)=SlY
T12(M1)=S17
T2X(MI)=S2x
T2V (M])3S2v
T22 (M1) =527
CONT INUE
CONTINUE

NP=N

MP =M

IPSYM=)
RETURN

SURDIVIDE PATCH TO WwHICH A SEGMENT END IS CONNECTFD

ENTRY SuBPH
IF (NX,EQ.M) GO TO 6

SHIFT NATA FOR PATCHES NXel THROUGH M DOWN BY 3 LOCATIONS IN

ARRAYS

NXPENX+

IX=L D=~

D0 S Iv=NXP«M

IN=]Xe)

NYP=[X-]

XINYP) =X (1X)
YINYP) =Y (1X)
Z(NYP)=2(1IX)
RIINYP)=B1(IX)

SALP (NYP) =SALP(1X)
TIK(NYP)=TIX(IX)
TIV(NYP)=T1Y(IX)
TIZINYP)=TI2(IX)

T2X INYP) =T2R (IX)

T2Y INYP) =T2Y(IX)
T2Z(NYP)=T22(IX)
INSERT DATA FOR SURDIVIDED PATCHMES INTO ARRAYS
MI=LDe1=NX

XWl=X(mM1)

YMl=Y(M])

W1=Z(MD)
XA=BI(u[)*,25
XST=SQRT (XA)®,.S
SIXx=T1x(MD)
S1lysTiv(MD)
S12=T12(MD)

S2x=T2x (MI)

S2Y=T2Y (MI)

S22=T27 (MI)
SALN=SALP(MI)

Xw2=XST

Yw2=KSY

00 § [x=1e¢&
X(MI)=XW]leXW28S]XeYWRES2N
YIMI)=YW]+XW28S]YoYW2eS2Y
Z(MI) =7w]lexw2eS]12+YW25522
BI(MI)=XA

IF (IX.NE.1) GO YO 7
Xw2==Xw2

60 70 A

TIX(MI)=SIX
Tiv(MD)=S1Y

T12(M1) =512
T2X(M[)=52X

T2Y(M1) =S2Y

T2Z(M1) =522
SALP(MT)=SALN

IF (IX,EQ.2) YW2=-YW2
IF (IX,EN.I) Xw2=-xw2
MisMI-|

CONTINVE

M=Me]

IF (NX.LE.MP) MPaMPe3
RETURN

END

SUBROUTINE PCINT (X1sYleZ1eXACABI«SARTSALPIE)
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C PCINT PERFORMS THE NUMERICAL INTEGRAYION OF THE SURFACF CURRENT pC 3 i
c INTERPOLATION FUNCTION OVER THF FOUR PATCHES AT THE BASE OF A PC &
{ 4 CONNECTED wIRE TO YIELD THE E FIELD ON THE CONNECTING wIRE SEGMENT PC S
C PC 6
COMMON /DATE/ TIAT«TIvIoTiZEaT2xloT2YIoT2Z 0xlsYiaZ1 FC 7 3
DIMENSION E(9) PC 8
COMPLEY E10E2EIoELsECIEOIE P oEREIIELNELY S ELZ0ERYE2YWERZE PC 9
DATA TO1/6,2R318530A/.NINT/10/ PpC 10
D=SQRY (XA)e,S pC 11
DS=4.9n/FLOAT (NINT) PC 12
DA=DSens pC 13
GCON=], /XA PC 14
FCON=1,/(2.2TP1%0) PC 15
S1=DeDSe.S PC 16
XSS=X)1eS1®(TIxIeT2x1) ec 17
YSS=YleSl®o(TivIeT2Y1) PC 18
2SS=Z1+S1%(T171eT271) PC 19
S1=S]len pC 20
S2x=5] pC 21
E1=2(0..0.) PC 22
€22(0..0.) PC 23
E32(0..0.) PC 24
€62(0.40.) PC 25
£5=(0..0.) PC 26
E62(0..0.) PC 27
F72(0.40.) PC 28
E8=(0.40.) PC 29
€9=10..0.) PC 30
€ INTEGRATION OVER THE & PATCHES wiTH NINT X NINT STEPS PC 31
D0 1 T1=1eNINT PC 232
S1=S1-nS PC 33
s2=S52x PC 34
XSS2ASS-DS*T1x] PC 35
YSS2YSS-DSeT1Y] PC 26
25S=2255-DS*T1171 PC 37
XS=XSS PC 238
YS=YSS PC 39
75=2SS PC 40
00 1 [2=1sNINT PC 41
$2282-nS PC 42
XS=XS-nSeT2X] PC 43 |
YS=YS=NSeT2Y] PC 44
7S=25-nS*T221 PC &S
CALL UNERE (XT=XSeYI=YSeZ1=ZSeDAsEIXELYIELZeE2XeERYER2) PC 46
EIX=ELX®CABI*ELY®SABI+E1Z®SALPT PC &7
E2X=E2X*CABI*F2Y*SABI+E2Z*SALPT PC 48
Gl=tDs51)#(D+52)*GCON PC &9
G2=(D=S1)*(D+52) *GCON PC SO
63=(D=~51)*(D=52) *GCON pC 51
{' G4=(DeS1)*(D=S2) *GCON PC S2
F2=(S1eS)+S2052) TP PC S3
F12S1/F2=(G1=G2=63+G4) *FCON PC 54
F2382/F2-(G1+62-63=G4) *FCON PC 55
C SUMMATION OF THE 9 COMPONENTS - TwO SURFACE COMPONENTS EACH FOR PC S6
c THE FOUR PATCH CURRENTS PLUS THF SEGMENT CHIRRENT PC S7
El=E1+F1X2G) PC S8
E2=E2+F 1 X*G2 PC S9
E3=EJ+F1X*G3 PC 60
E4=E4sEIX®GH PC 61
ES=ES+E2xeG] PC 62
E6zE6eF2XeG62 PC 63
ET=ET+E2XG) PC 64
EB8=EBF2AGh PC 65
1 E9=EQ+F I XOF | +E2X*F2 PC 66
E()=€] PC 67
E(2)=E2 PC 68
E(3 =1 PC 69
E(4)=Es PC 70
E(S)=ES PC N
E(6)=F6 PC 72
E(7)=E7 PC 73
E(8)=ER PC T4
E(9)=F9 PC 75
RETURN PC 76
| END L A 2
SUBROUTINE PRNT (INLoINZ2eTINIeFL1oFL24FLISFLGIFLSOFLO IAICHAR) PR ;
€ PR
c PRNY SETS UP THE PRINT FORMATS FOR IMPEDANCE LOADING PR 3
c PR 4
OIMENSION IVAR(13)e Ia(l)e IFORM(A) e INI(3)y INT(3)s FLI(K)e FLTI(6) PR L]
1HTEGER HALL PR 6
DATA TFORM/SH(/IXeeIHTSe s IH5Ke s IHAS o s HHET 1,60 041 INe e INING4SH2AL0) PR 7
17 PR 8
| c PR 9
| (4 NUMBER OF CHARACTERS PER COMPUTER wORD 1S NCPw PR 10
c PR 11
DATA NCPW/10/+HALL/4H ALL/ PR 12
NWORDS= ( ICHAR=1) /NCPK+] PR 13
IN(L) =IN] PR 16
IN(2) =IN2 PR 15
IN(3I=1N3 PR 16
FLtl=FL] PR 17
FL(2)=FL2 PR 18
FL( =FL] PR 19
FLIG) 2F LG PR 20
FL(S)=FLS PR 21
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nnon

wn

ono

we

laNs Nelal

nnn

FL(6I=FLE
INTEGER FORMAT

NINT=Q

IVAR(1) =1FORMI])
K=]

11=1

IF (eNOT, (INL1LEQ,0.ANN,IN2,EQ40,ANDLIN3LERL0)) GO TO 1
INT (L) =mALL
NINT=]

11=2

KsKel
IVARIX)=[FORM &)
DO 3 I=11+1
K=xel

1F C(IN(1),EQ.0) GO T0 2
NINTENINT ]
INYININT) =IN(T)
IVAR(K)=IFORM(2)
GO TO 13
IVAR(K)=[FORM(3)
CONTINUE

K=xel
IVAR(K)2IFORM(T)

FLOATING POINY FORMAT

NFLT=0

DO S 1=1+6

K=xel

IF (ABS(FL(I)).LT,1.E-20) GO TO &
NFLTENFLTe1

FLTINFLT)=FLIT)

IVAR(K) =IFORM(S5)

G0 T0 s

IVAR(K)=1FORM (6)

CONTINUE

Kaxel

IVAR(K)=IFORM(T7)

KzKe]

IVAR(K) s IFORM(8)

PRINT TVAR. (INT(Idol=loNINT) o (FLT (U)o JS1oNFLT) o (TALL) 4L =1¢NNORDS)
RE TURN

END

SUBROUT INE REFLL (IXe1Ye1Z41TX4NOP)

REFLC REFLECTS PARTIAL STRUCTURF ALONG XeYs OR 2 AXES OR ROTATES
STRUCTIRE TO COMPLETE A SYMMETOTC STRUCTURE.

COMMON /DATA/ LDeNeNPMeMP,X(1000)+Y(1000)+2(1000)+S1(1000)+81(100
10) ¢ALP (1000) «RET(1000) ¢ ICONL(1000) ¢ ICON2(1000) ¢ 1TAG(1000) s WLAM, [PS
2'M

COMMON /ANGL/ SALP(1090)

DIMENSTON TIX(1)e TIY(L)e TIZ(1)e T2X(1)s T2Y(Ide T22(1)e X2(1)e ¥
12(1)e 72¢(1)

EQUIVALENCE (TIXeST)e (T1V4ALP), (T124BET)s (T2XsTCONL)s (T2Y4ICON
1209 (T2241TAG)y (X29ST)he (Y2eALP)s (224BET)

NPaN

MNP =M

1PSYM=0

ITI=1ITx

IF (IX,LTY,0) GO To 19

IF (NOP,EN,D) RETURN

IPSYM=)

IF ([Z.,€Q.0) GO TO 6

REFLECY ALONG Z AXIS

IPSYM=2

IF (NJFQ.0) GO TO 3

DO 2 1=1N

NX=[eN

€l=2t()

E2=22(1)

1F (ABS(EL1) *ARS(E2) oGTaleE=SANNLELPE2,GE,=]1,E~6) GO T0 1
PRINT 24 |

sToP

X(NK ex (1)

YINX) =Y (])

ZINX)==E]

A2INX)Y=X2(1)

Y2(NX)=v2(D)

Z2(NX)==E2

ITAGI=ITAG(T)

IF (1TAGI.EQ40) ITAG(NX)=0

IF (ITAGI.NELD) 1TAGINX)=ITAGL«1IT]
BLINX)=RT(])

NENS2

1TI=1T1e2

IF (M,EQ.0) GO TO &

NXX=LD+]

D0 S I=1eM

NXXENXX~]

NX=ZNXX =M

IF (ARS(ZINXX)) (6T, 1.F=10) GO TO &
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B
PRINT 25, | RE S2
2 SToP RE S3
ki 4 XANX) =X (NXX) RE 56
{ YANK) =Y (NXX) RE 55
ZINK) =<7 (NXX) RE S6
TIX(NG) =TIX(NXX) RE S7
TIVING =TIV (NXX) RE SR
TIZ(NK}==T1Z(NKX) RE 59
T2X (NX)=T2K (NXX) RE 60
T2Y (NX) =T2Y (NXX) RE 6]
T2Z(NX)3=T22 (NXX) RE 62
SALP (NX) ==SALP (NXX) RE 63
s BL(NX)=zR] (NXX) RE 64
MzMe2 RE 65
6 IF (1Y,EQ.0) GO TO 12 RE 66
c RE 67
C REFLECT ALONG v AxI[S RE 68 i
(- RE 69
IF (N.FQ.0) GO TO 9 RE 70
DO R I=z]eN RE 171
NX=]eN RE 72
El=Y(]) RE 73
E2=v21(1) RE 74
3 IF (ABS(E1)eARS(E2) aGTeleE=5.ANNE1#F2,6GE.~1.E=6) GO TO 7 RE 175
B PRINT 244 | . RE 76
9 stTop RE 77
7 X(NX)=x(]) RE 78
YI(NK)=-E] RE 79
ZI(NX)=7(1) RE 80
X2(NX)=%2(]) RE 81
Y2(NX)==E2 RE 82
Z2(NX)=Z22(1) RE 83
ITAGI=[TAG(]) RE 8¢
IF (ITAGI.EQ.0) ITAG(NX)=0 RE 85
IF (ITAGI.NE.D) ITAG(NX)=ITAGI«ITI RE 86
8 BI(NX)=RI(]) RE 87
NENS2 RE 88
ITI=1T1e2 RE 89
9 IF (M.FQ,0) Gn TO 12 RE 90
NXX=LD+1 RE 91
DO 11 1=z].M RE 92
NXX=NXX=] RE 93
NXENXX=M RE 94
IF (ABRS(Y(NXX)).GT.1.F=10) GO T 10 RE 95
PRINT 25, 1 RE 96
SToP RE 97
10 XONX) =X (NXX) RE 98
Y(NX) ==Y (NXX) RE 99
ZINX) =27 (NXX) RE 100
TIX(NX)=TLIX(NXX) RE 101
TIYVINX)==T1Y (NXX) RE 102
' TIZ(NX)=T12(NXX) RE 103
| T2X (NX) 2T2X (NXX) RE 104
1 T2Y (NX) ==T2Y (NXX) RE 105
T2Z (NX)=T22 (NXX) RE 106
SALP (NX) ==SALP (NXX) RE 107
11 BI1(NX)=RBI(NXX) RE 108
M=Ma2 RE 109
12 IF (IX,EQ.0) GO TO 1A RE 110
(+ RE 111
c REFLECT ALONG x AxIS RE 112
c RE 113
IF (N.FQ.0) GO TO 15 RE 116
DO 14 T=1eN RE 115
NX=]eN - RE 116
El=xX(]) RE 117
E2=x2(1) RE 118
IF (ABS(E1)*ARS(E2) eGT ol oE=SeANNLEL1®E2,GE.~1.E~6) GO TO 13 RE 119
PRINT 244 1 C RE 120
STOP RE 121
13 X(NX)==E] RE 122
Y(NX) =Y (]) RE 123
ZINXY=2(1) RE 124
X2 (NX) ==E2 RE 125
Y2(NX)=Y2(1) RE 126
72(NX)=22(1) RE 127
ITAGI=1TAG(]) RE 128
IF (ITAGILEQ.0) ITAG(NX)=0 RE 129
IF (ITAGIWNE.O) ITAG(NX)=ITAGI+IT] RE 130
16 BI(NX)=81(]) RE 131
N=N®2 RE 132
15 IF (M.FN,0) GN TO 18 RE 133
NAX=LD+] RE 136
00 17 1=zlM RE 135
NXX=NXX=] RE 136
NX=NXX =8 RE 127
IF (ABS(X(NXX))«GToleF=10) GO TN 16 RE 138
PRINT 254 | RE 139
StopP RE 140
16 X(NX) ==X (NXX) RE 161
YINK) =Y (NXX) RE 142
Z(NX) =7 (NXX) RE 143
TICINK) ==T X (NXX) RE 144
TIVINX)=T1Y (NXX) RE 145
TIZ(NK)=T]Z (NXX) RE 146
T2X (NX)2=T2X (NXX) RE 147
T2Y(NX)=T2Y(NXX) RE 148
T2Z (NX)=T2Z (NXX) RE 149

SALP (NX) ==SALP (NXX) RE 150




20
21

OO0

oon

OO0 WN -

BIINK) <R tnxx)
MuMe2
RETURN

REPRODUCE <1 '

FNGP=NGP

IPSyYM=-]
SAM=6,283185300/F ik
CS=COS (SAM)
SS=SIN(SaM)

IF (N,FQ,0) GO TO 2}
N=NeNOF

NAsNP o)

00 20 T=NX.N
K=[=ND

XK=X (K)

YK=Y ()
K(I)sxKoCS-yRoss
Y(I)=XXeSSayRars
ZiNr=21x)
XKex2(x)

YKaY2(x)
K2(1)=uxeCs~vxecs
Y2(1)=xKeSSeYreCs
Z2(1)=72(x)
ITAGI=1TAG(x)

10 FORM CYLINDRICAL STRUCTURE

IF (1TAGI.EQ.0) IYAG(I) =D

IF (ITAGI.NE.O) TTeGt1)
8l(I)=8]1(x)

IF (M,€Q.0) GO YO
MEMeNOP

NX=MP e

K={ De})

DO 22 TI=NK«M

KsK=]

JEK=MP

XK=X(K)

YK=Y (K)
X(J)=XK#CS—yKo55
Y(J)=AKeSSeyKeCs
Zt))=2(x)
AK=TLIX(K)
YK=TLlY(X)

TIXN(JS) =XKOCS~Yrehe
TIY(J) =XK®S3evrCT
TIZ(DH=T12(X)
XK=T2X (X)
yYK=T2Y(K)

T2X(J) =XKECS=Vrass
T2Y(J)=AK*SSYKaCS
T22(N) =122 (k)
SALP(J)=SALP(X)
BI(J)=RTIK)

RETURN

=ITAGIe1T]

FORMAT

(29M GEOMETRY

LYMMETRY)

FORMAT

(27H GEOMETRY

NATA FRUOR-=SEGMENT1Se26H LIES IN PLANE OF S

DATA FRROP-=PATCHe 16426 LIES IN PLANE OF SYM

IMETRY)
END

SURROUTINE 501 VE (NeA TP HINDIMY

SUAROUTINE T0O SOLVE THE MWATRIX EQUATION LU®X3B WHERE L 1S A UNIT
LOWER TRIANGULAR MATRIX AND U TS AN UPPER TRIANGULAR MATRIX BOTH
OF wHICH ARE STORED IN &. THE RHS yECTOR R IS INPUT AND THE

SOLUTION IS RETURNED THROUGH VECTOR B.

DIMENSTON A(NDIMeNDIM) o
COMMON /SCRATM/ Y(1500)
COMPLE Y AeBoYsSUM
INTEGER P1

FORWARD SURSTITUTION

00 3 I=1sN

PI=1P(])

Y1) =R(P])

B(PIV=A(])

P1=l+1

IF (IP1.,6T.N) GO 70O 2
DO 1 J=IPl«N
CIFIECIRIET XA RIS §
CONTINUE

CONTINUE

CONTINUE

BACKWAQD SUBSTITUYION

D06 K=14N

TeN=Ke+]

SUM=(0,.40.)

1P1=l+)

IF (IP1.,GT.N) GO TO S
DO & J=1PIlwN
SUM=SUMA (s 1) *B ()

(MATRIX TRANSPOSED.

IP(NDI4) s BINDIM)

170

151

153
154
155
15¢

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
193
194
195
196
197
198
199
200
201
202

204
205
206
207
208
205
210
211~
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w e

nnonon

“

o000 owns

000
nN

13
14

15
16

17

18

19
20

CONT INUE

CONTINUE
B(I)=(v(I)=SUM)/A(1s])
CONT INUE

RETURN

END

SURROUTINE SOLVES (NOP«As TP sBINQ0WsNCOL s IXaNPsNeMP M)

SURROQUTINE SOLVESe FOR SYMMETRIC STRUCTURES« MAND! ES THE
TRANSFORMATION OF THE WIGMT HAND SIDF VECTOR AND =OLUITON OF ThE

MATRIX EQ,

COMMON /SMAT/ S(10410)

DIMENSTION A(NROWSNCOL)e IP(1)e TX(1)s B(1)

COMMON /SCRATM/ Y(]1500)

COMMON /MATPAR/ ICASE NBLOKSNPALK sANLAST «NBLSYM NOSYMNLSYM

COMPLEX AsBeYsSUMsS
NPEQ=END « 2%MP
NEQ3Ne oM

IF (NOP,.EQ.1) GO TO 11
IF (N.FQ.0.0R.¥,EN,0) GO TO 6
00 I I=1.4€EQ
Y(I)=R(1)

KK=20MD

TAzNP

18=N

JENP

DO S X=1sNOP

IF (K.EN,1) GO TO 3
DO 2 I=1sNP

IA=1As)

J=Jel

B(J)=Y (IA)

IF (K.FQ.NOP) GO TO S
NO 4 [=]eKK

18=18+]

J=Jel

B(J)=Y(IR)

CONTINVE

FNOP=NOP
FNORM=],/FNOP

TRANSFORM MATRIX EQe RHS VECTOR ACCORDING TO SYMMFTRY wMODES

DO 10 1=1+NPEQ

DO 7 K=1eNOP
IA=[e(x=1)*NPFOQ
Y(x)=R([A)

SUM=Y(])

DO A K=24NOP
SUM=SUMeY (K)
B(1)=SuMeFNORM

D0 10 x=2.NOP
IA=1e(x=]1)®NPEQ

SUM=Y (1)

DO 9 J=2sNOP
SUM2SUMY (J) SCONJG (S (K9 J))
B(IA) =SUMSFNORM

IF (ICASE.LT.3) GO 7O 12
REWIND 15

REWIND 16

SOLVE EACH MODE EQUATION

00 16 KK=]sNOP
IA=(KK=-1) ®NPEQe1

18=1A

IF (ICASE.NE.4) GO TO 14

DO 13 T1=1.NPEN

READ (15) (A(JeT)eJyz1eNPEQ)

1B=1

IF (ICASE.EN.3.,0R,ICASE.EN,5) GO TO 15

CALL SOLVE (NPEQeA(IBs1)oIP(IA) 4B (TA)+NROW)

GO T0 16

CALL LTSOLV (ASNPEQsNCOLsIX(IA)«B(TIAY)
CONTINUE

IF (NOP.EQ.1) RETURN

INVERSE. TRANSFORM THE MODE SOLUTIONS

D0 20 1=1.NPEQ

00 17 x=1+NoP
TA=1e(K=1)*NPEQ
Y(K)=B(TA)

SUM=Y (1)

DO 18 x=2.NOP
SUM=SUMeY (K)
B(I)=SumM

DO 20 x=24NOP
IA=]e(x=1)*NPEQ
SUM=EY (1)

DO 19 J=2+NOP
SUMESUMeY (J) *S (K J)
AlTA)=SUM

IF (NJFN.0,0RMEQ,0) RETURN
DO 21 r1=1.NEQ
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21

22
23

2w
25

laNaNsNal

ononn

YUI)sA(])

KK20MP

1AZNP

1A=N

J=NP

D0 25 «=1+NOP

IF (x.FQ.1) GO TO 23
DO 22 1=1NP

[A=[A]

J=Je}

Blla)=v(y)

IF (K FQ.NOP) GO TO 25
DO 26 T=1exK

18=18.)

J=Jel

8181 =Y ()

CONT INUE

RETURN

END

SUBROUTINE SUSI (NPeANOPe [PeN)

SUR] IS USED FNR THE NUT UF COPF SYMMETRY CASE WHMEN THE NPONP
SUBMATRIX FITS IN CORF. IT CALLS FACTR NOP TIMES

COMMON /RESTRT/ IC1eIC2¢ICIeNRESONPRES s IBLCK e JOUNP ¢ THOUMGEXT IM
DIMENSION AINPWNP), [P (N)
COMPLEX A

NC1=1C2e¢]

IF (IC2.6Q,0) GO Ta 3

IF (IC2,EQ,NOP) GO 10 7
00 2 I=}eJC2

DO 1 K=1sNP

READ (13) (A(JeK) ezl oNP)
READ (157 (AlJeK)eysl4NP)
CONTINUE

CONY INUF.

CONT INUE

D0 6 Kk=NC]eNGP

D0 & I=leNP

READ (13) (A(Js1) ezl yNP)
KA= (KK=1)*NP @]

CALL FACTR (NP.A+IP(KA)oNP)
NO S Iz1NP

WRITE (15) (A(Jel)eus)eNP)
[1C2=KK

CALL CHKPRT

CONT INUE

REWIND 1S

RETURN

END

SUBROUT INE SUB2 (A NP NCOLSINOP+IPsT1XeN)

SUB2 Is USFD IN THE 0uT OF CORE SYMMETRY CASE wWhEN THE NPeNP
SURMATRIX DOES NOT FIT IN CORE. IT CALLS FACIO AND LUNSCR NOP
TIMES. :

COMMON /RESTRY/ 1C]1¢IC2+IC3oNRESINPRES IBLCK» IDUMP e TMDUMSEXT IM
COMMON /MATPAR/ ICASE JNBLOKSsNPALKeNLAST sNALSYMINOSYMeNLSYM
DIMENSTON A(NP4NCOLS), IP(NP)s TR(N)
COMPLEY A

NBLOKS=NBLSYM

NPBLKZNPSYM

NLAST=2NLSYM

1222°NPALK AN

NC1=1C2+1

IF (1C2.EN.,0) GO To 2

IF (1C2.,EQ.NOP) GO TO B

DO 1} I=1slC2

CALL BLCKIN (11eleT12+NBLOKS]190)
CALL ALCKIN (15+14129NBLOKSe19])
CALL BLCKIN (16¢)¢120NBLOKS192)
CONT INUE

GO 10 &

CONT InuE

IF (1C1.E0.~1) GO TO &

N0 S nxs),NOP

J2=NPRy «

DO & LeloNRLOKS

IF (L FONBLOXS) J2eN AST

00 3 mlese

SRAD 1V (A(Tesbernlney

CAL M CEnT (HielelZeleld)
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REWIND 1S5
REWIND 16
1C3=~1
RETURN
END

SURROUTINE TEST (FLRsF2ReTReFLI4F2IeT])
IF (ARS(F2R) .GTL.ARSIF21)) GO TO 1
DEN=F21

GO 10 ?

DEN=F2R

IF (ABS(DEN) .1 T.1,E=37) GO TO 3
TR=ABS ((F1R~F2R) 7/DEN)
T1=ABS((F1I~F21)/DEN)

RETURN

TR=0.

Ti=20.

RETURN

END

SURROUTINE TRIO (JsJCN1+JCO290TLeDIK)

SUBROUT INE YRJO DETERMINES WHICH SFEGMENTS

ARE CONNECTED 10 SEGMENT

Js SUSROUTINE JUNC IS CALLED Tn FILL COMMON/JUNK/ FOR MULTIPLE

JUNCTIONS.

COMMON /DATA/ LDsNoNP.MoMP,X(1000)«Y(1000)+2(1000)¢SI(1000)+BI(100
10) sALP (1000) +BET(1000) +ICON1(1000) «ICON2(1000) ¢ 1TAG(1000) sWLAMSIPS
2YM

COMMON /JUNK/ NCOXyJOX (25) «NCIX,4JIX(25) oNCOZ+J02(25) +NCIZ+JIZ(25)

S=S1())

JCOJ=ICON] ()

JCo2=1CON2(y)

IF 1JCOI) 14243

CALL JUNC (JsJICOLsNCOX s JOXGNCIX,JIXeDIL)
GO TO0 §

DIL=S/2.0

GO 70 &

1F (JCN1.LT.10000) GO TO &

DIL=(ST(JCO1)+S)/2,0

IF (JCn2) 6+7.8

CALL JUNC (JeJCO2sNCOZ3J0Z4NCIZ4JIZ2eDIK)
GO T0 10

DIK=S/2.0

60 70 10

IF (JC02.LT.10000) GO TO 9
DIxk=S

G0 70 10
DIK=(ST(JCO2)+5)/2.0

CONT INUE

RETURN

END

SUBROUTINE UDOTES (I11.12+CMeNRQWeNCOL)

COMPUTES E FIELD ALONG WIRES DUE TO SURFACE CURRENTS AND FILLS

APPROPRIATE MATRIX ELEMENTS

COMMON /DATA/ LDsNsNP,MsMP4X (1000)+Y(1000)+2(1000)+S1(1000)+81(100
10)¢ALP(1000) ¢BET(1000)+ICONL1(1000)+ICON2(1000)+ITAG(1000) s WL &M, IPS

2YM
COMMON /ANGL/ SALP(1000)

COMMON /GND/ ZRATI¢ZRATI2+CL9CH4SCRUL +SCRWRyNRADL «KSYMP ¢ IFAR IPERF
COMMON /DATI/ TIXI«TYYIaTIZEoTOXT0T2YIeT221eXT0Y1e21]

DIMENSION CAB(1)s SAB(1)s CMINOAWINCOL)

DIMENSION TIX(1)e TIY(l)s TIZ(1ys T2x(1)y T2Y(1)e T22Z(1)e XS(l)s Y

1S(1)s 25¢1)e S{1l)e EMFLID)

EQUIVALENCE (T1XeST)s (T1YGALP)s (T12+BET)e (T2Xe[CONI1)»

12)9 (T2ZoITAG) s (XSeX)s (YSeY)y (ZSe2)0e

(SeRI)

EQUIVALENCE (CAB(L)sALPIL))e (S2B(1)4BETI(1))

COMPLEY EIXsEIYsEL1ZoERX9ER2YIE27,CMeEMEL
COMPLEX ZRATI ZRATI2
IF (I1.,GToMP) RETURN
IEND=12

IF (12,6T.NP) I1END=NP
K=0

NOP=M/MP

1C60=1

0BSERVATION LOOP

00 6 I=11+1END

K=Kl

X[=x(1)

Yi=y(h

21=2(1)

cagr=Can(l)
SABI=SAR(D)
SALPI=SALP(T)

JS=L0s]

IPCH=0

1F (ICON1(1).1T,10000) GO YO 1
IPCH=17ONI (1) =10000

(T2Y+1CON

4e
45
46
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o0n

IPCHaYS~1PCH

FSIGN==].

IF (ICON2(1).LY.10000) GO Y0 2
IPCH=ICON2(1)~10000
IPCH= JS=1PCH

FSIGN=],

SOURCE LOOPS

00 & L=1.NOP
JLELO (NP e20MP) - 2%MP
D0 6 J=1eMP

JS=JS-]

JLsdLe?

Tixl=TIX(IS)
TIViaTlv(JS)
r2xlsr2utJsi
T2Y1=T2Y1IS)
CHMN=])ek)=(0,00.)
CHISLoXIu(0000,)
RFL3=],

GROUND L0OP

DO 6 (P3| XSYNP
RFL==RFL
TIZI=TYVIZ(JS) *QFL
T2Z1=722(JS) *RFL

IF (IPCH.NE+JS.AND,ICGOLEQLL) 6N TO &
IF (IP.£Q.2) GO TO &
IF (ICGO,GVel) GO 7O 1

CALL FCINT (XS(JUS)eVS(JS)eZS(US)eS(US) sCART«SABLeSALPTIEMEL)

ILsfe20upe (L=1)

CMUIL ok ) =CMITL oKD eEMEL (9) @FSIGN
CHMIJL=1K)SEMEL {ICGN)

CHIJL oi ) =EMEL (1CGO4)
1CGO=[CGOe 1

IF (ICGO.EN.S) ICGO=1

G0 10 S

2SEP=Z1-2S(JS) *RFL

CALL UNERE (XTeXS1JS)eYI+YS(JS) «2SEPeS(JSYeELRIELVet 120E2MeE2VeE22
1

CHIIL=1eK)s(EIXSCABLOF1YOSABICE120SALPT)*RFL eCH{JL =)o)
CHIILox) = (E2ROCABTIE2Y*SABI¢E270SALPT) SRFLeCHIN o %)

CONT INUVE
CONT INUE
RETURN
END

SUBROUT INE UNCAT

UNCAY QEADS FILE (7 AND SETS UP FILES 1l-16 FOR RESTARYING PROGRAN

COMMON CM(46000)

COMNON /RESTRT/ ICT1oIC2oICIINRFSoNPRES « IBLCK e TOUNP « THQUNGERT 10

COMMON 7SAVE/ [X(1500)«1P(1500)

COMMON /MATPAR/ ICASE ¢NBLOKS oNPALK ¢NLAST oNBLSYMeNPSYMONLSYM

DIMENSION IT(7)
COMPLEY CM
LOGICAL ENF

EQUIVALENCE (NsNRES)s (NPeNPRES)e (12¢18LCKY

DATA (TV(I)el=1e7)/11412013016415416417/
DO ) 1=1.7

NUNIT=IT(])

REWIND NUNTT

READ (17) ICL+IC2¢1CININPo 124 1CASE
READ (17) IX(D)

IF (ENF(1T)) GO TO 2

CONT INUE

1S1x=6

IF (ICASE.EQ.4) ISIX=]

DO S I=),ISIx

NUNIT=IY(])

NEOF =777

IFLCNT=0

CALL BLCKIN (17s141201NEOF)
1F (NEOF ,EN.0) GO TO &

CALL ALCKOT (NUNITlel2¢1e2)
IFLCNT=TFLCNT +1

GO 10 3

END FILE NUNIT

PRINT 129 IFLCNTONUNIY

CONT INUE

IF (ICASE.NE.4) GO T0 10
1FLCNT=0

READ (17) (CMED)el=lonP)

IF (ENF(17)) GO TO 7

WRITE (13) (CM(I)o1214NP)
TFLCNT=IFLCNT )

GO 70 &

END FILE 13

PRINT 12+ IFLCNTSIT(D)
1FLCNT=0

READ (17) (CM(TI)sI=leNP)

IF (ENF(17)) GO TO 9

MRITE (15) (CM(I)s1=1,NP)
TFLCNT=IFLCNT+}

GO 70 A

END FILE 15

PRINT 124 IFLCNTHITIS)
IFLCNT=2D
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o000

CONTINUE

READ (17) (IX(I)sl=LoN)
READ (17) (IP(I)el=lemM)
D0 11 1=1.7

NUNIT=IT(I)

REWIND NUNIT

RETURN

FORMAT (/415+28H4 FILES RETRIEVFD FROM UNIT «IS/)
END ’

SURROUT INE UNERE (RXeQYeRZ4SeELXIELIY.EL12eE2XRIERYeF22)

CALCULATES THE ELECTRIC FIELD DUE To UNIT CURRENT IN THE T1 AND T2
DIRECTIONS ON A PATCH

COMMON /DATI/ TIXIoTlvloT1ZleToXIyT2Y 14727 0X10v1.21
COMPLEX ER+QI«Q2+EIXeFIYeEIZERXIERY F22

DATA TPI,CONST/6.283185314447713412/
CONST=FTA/ (B, oP[%e2)

R2zRX*QX+QYOSRYRZ®*R2 A%
R=SORT (R2) ’ ‘
Ti==TP|eR

T2=TleT]

RT=R2*R

ERICMPLX (SIN(T1)+=COS(T1))®(CONSTeS)
Q1=CMPL X (T2=1,T1)®ER/RT
Q22CMPLX(3,=T24=3,8T1)%ER/ (RT*R2)

ER=02% (TIXT®RX+TIYI*RY+T12]*R7)

E1X=Q1*T1X[+ER®PX

E1Y=Q1eT Y[ +ER®RY

€12=01°T1Z1+ER*RZ

ER=Q2% (T2XI#RXT2Y[#RY+T2Z9RZ)

E2X=Q1#T2X [ +ER®RX

E2Y=Q1#T2Y[+ERORY

E27=019T221+ER*RZ

RETURN

END

SUBROUTINE WIRE (XWwlovwle?WleXw2eYWZeZW2eRADINSHITG)

SUBROUTINE WIRE GENERATES SEGMENT GEOMETRY DATA FNR A STRAIGHT
WIRE OF NS SEGMENTS.

COMMON /DATA/ LONsNPoMsMP4X(1000) Y (1000)+2(1000)+S1(1000)+81(100
101 +ALP (10001 +RETLIACAI ¢ ICONLILL080) ¢ ICON2E00D) ¢ 1TAGIIDDD) swLAM, JPS
2YM

DIMENSION x2(1)e Y2(l)s 22(1)

EQUIVALENCE (X2(1)«SI(1))s (Y2(1)4ALP(1))e (Z2(1)4BET(1))

IST=Ne+|

N=NeNS

NP=N

MP=M

IPSYM=n

IF (NS.LT.1) RETURN

FNS=NS

XD=(XW2-XW1)/FNS

YD=(YW2-YW1) /FNS

Z0=(2ZW2-ZW1) /FNS

XS1=Xwl

YSl=Ywl

251=2W]

00 1 I=1STeN

ITAG(T)=2ITG

XS2=XS1+XD

YS2=YS1+YD

7S2=2S1+20

X(1y=xs1

Y(I)=Ys]

Z(1)=2s1

X2(1)=xs2

Y2(1)=vs2

22t =782

BI(I)=RAD

XS1=x52

¥YS1=YS2

2S51=2S2

RETURN

END

COMPLEY FUNCTION ZINT(SIGL+ROLAM)
ZINT COMPUTES THE INTERNAL IMPEDANCE OF A CIRCULAR WIRE

COMPLEX THePHoFoGoFUeCNeBR14BR2

DATA PL4POTsTPsTPCMUSCMOTP4FUsCN/3,141592601.5707963+6.283185342.3
168705€+3¢60.00¢(0,01.)9(.7071067R,,70710678)7/

THIO) = ((((((6,E=To1s9F=6)8D*(=3,4E=645,1E=6))*D¢ (=2,52E=5+04))*D(
129,06E=54=9401E~5)) %D+ (0s+=9765E=4)) 2N+ (,01104B86+-,0110485))%De(0
249-43926991)

PHID)I = ((((((1,6F=6e=3,2E=6)2D¢(]1,17E=-5¢=2,4E=6))*N¢(I,46E~5¢3,30E~
15))8D¢ (5.€=792,452F=4))8D¢ (=1.3R13F=3e143A11E=3) ) oNe(=A.25001E=20~
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21.C=71190¢(,T071060:,7071048) t1]
F (D) =SORT (PQT/D)OCEAP (~CN®DoViu (=B, /80 ) 1
GIDI®),/SORT (TPOD) SCEUP (CNODTH (B, 710) 1
APSQRY (TBCHUSSTEL ) SROL AN n
IF (X.67,110.) GO YO 2 n
IF (2,07,8,) 60 70 ) 23
yeu/0, A n
vayey Z b1
Ssvev 2

sERs (4 t~0.o|¢-us-|.zrmtonOSo.onuunusu.ulOlnl'!-u.lb n
13456)0S¢113,77778) 0S=hb,)® I{]
uuﬂutCI.;M-“S-.OIuu«nos~.sznulson-lo.uunusou.u 21
nnvu«-lu. nunsqt.n-v

AR oCHL K (8L l
BER= Ll c-J.M-usu.“s’t-nOh.otomn'l-.““nuum.m 21
11600)9%014,222222) %S 4 00V) %R n
.u.uauu.oncos-s-v.rmu.nos-.uunuuso).nunnn-u.n :l

17770)05<10,666667) 05¢ ,Sy0x |
BR2aCUPL U (RER,BET) n
R} =0R) /BR2 21
60 Y0 1 2n
BR]SG (XY oF JoF (X) 7P} H
BR2G(X)OPH I8, /N) =F JOF (K) *PH (<R, /1) /0] 28
BRI=3R ) s8R2 21
60 70 Y 28
BRI, 7071067R,-070710678) 21
2INTSF JOSORT (CHOTP/STGL) 088 ) /@0 04 2t
RETURN 2t
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