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I
I FOREWORD

~~~~ his i~~~nual is a supp lement to the Eng ineer ing , User ’s ,

I 
and Systems manuals prepared for the Antenna Modeling

Program (AMP). This document descr ibes  the operation ,

theory ,  and coding of the changes  made to AMP in order to

I decrease the running time for large voluminous s t ruc tures

with wire appendages. The options incorporated are surface

I modeling with surface patches as an al ternative to wire  gr id

modeling , and the use of approximate s t ructure  matrix elements

where appropriate. In addition , an option for the precautionary

I dumping of teh~p orary  file storage is included.

.• The AMP code as modified (AMPZ) has been implemented

on the Naval Ship Eng ineering Center CDC 6700 and has been

delivered to the Naval Research  Labora tory,  U. S. Army

Strateg ic Communications Command , and the Rome Air  Develop-

ment Center under the Off ice  of Naval  Researc~ Contract

N O 0 O l 4 - 7 l - C~~~l87. The program is under the direction of

E. S. Selden an\G. 3. Burk e of MBAssociates and M. L.

Musselman and R~ K. Royce of Naval Research Laboratory.
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1.0 INTRODUCTION

The H ybr id  W i r e - S u r f a c e  Program (AMP2) described in this I
manual  is an extension of the basic Antenna Modeling Program (AMP)

detai led 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). Wh en modeling voluminous bodies , su r faces  are represented by

patches on which the surface currents are computed f rom the magnetic

field integral equation (MFIE). Any number  of w i res  and sur f aces may

be included in a model with mutual interactions computed by a hyorid  of

the MFIE and EFIE . Wi res  may be connected to su r faces  at the centers

of su r f ace  patches althougn not at edges.  The program may also be used

with surfaces alone, but onl y for scat ter ing calculat ions since voltage

sources may be app lied onl y on wi res .

The basic program AMP , us ing  the th in  wi re  fo rm of the

EFIE , ca n be used to model surfaces  b y use of wire  g r ids .  The MFIE ,

however , has been found to yield more accurate results with less cornpu-

tation time than wire grid modeling for  voluminous s t ructures .  Also

fewer decisions are required of the user  in model ing a surface  with patches

than in choosing the locations and directions of w i r e s  in a grid. There are

l imi ta t ions , however , in t he typ es of su rf aces t ha t can be modeled b y the

- .  
MFIE. The surface  must be closed , such as that represent ing a th ick

solid body. Thin bodies , suc h as conducting plates cannot be modeled with

the MFIE since two parallel surfaces  close together  (the f ron t  and back)
-. will  resul t  in severe numerical  e r rors .

In addition to surface modeling, p rogram AMP2 provides two

other options not in the basic program AMP . The time for  matr ix  fil l ing

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

are greater  than a specified value. In addition a t ime interval can be specified

at which intermediate results will  be dumped to f i le  storage to permit

res ta r t ing  the program after  a machine fa i lure .  Execution continues after

each such dump.

S - 1 —
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This manual contains , f i r s t , instruct ions for  use of the new S

features  of program AMP 2 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 ( referenc e 2) and Systems Manual ( reference  3) respectivel y.

Included also is a complete list of the AMP Z code in section 7.

-2- ‘
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2 . 0  PROGRAM OPERATION

Th e basic in fo rm at ion needed t o use p r o g r a m  AMP Z is cont ained

in the AMP U s e r s  Manual  ( re fe rence  1) . Th i s  section contains supple-
me n t a r y  in s t ruc t ions  and informat ion for us ing  AMP2 to model surfaces.
When  used to model s t ruc tu res  with  wi res  onl y, the oper ation of program
AMP2 is ident ical  to that of p rogram AMP . The one exception is that

AMP2 uses a t ime saving approximation in f i l l ing  the interact ion matrix

for  in te rac t ion  dis tances  grea ter  than  one wave length .  For resul ts  identical
to those of AMP in all di gits pr inted , th i s  approximat ion range should be
inc reased  to g rea te r  than  the max imum s t r u c t u r e  dimension in wavelengths
b y use of a RH card.

W h e n  su r faces  are included in a model they  are represented by
smal l  f la t  su r f ac e patches co r re spond ing  to the segments  used to model
wires. Two new types of data cards may be used in the structure geometry
input to specif y surfaces. These are described in section 2. 3. The

prog ram operation with sur faces  is o therwise  identical  to that of program
AMP with the exception that the fo l lowing options are not available when
surfac.e s are  modeled:

nea r f ie ld  ca lcu lat io n

imperfec t  ground (perfect  g round  is allowed)

ground wave in the radiated field.

E n addit ion , vol tage sources and impedance loading may not be applied
on sur face  patches.

2. 1 SURFACE MODELING
A co nduct ing s u r f a c e  is modeled b y means of mu lt iple small

flat sur face  patches corresponding to the segments  used to model wires.
The patches are chosen to completely cover the surface  to be modeled ,
confo rming  as closel y as possible to curved  su r f ace s .  The parameters
defining a surfac e patch are tne Car tes ian  coordinates of the patch
center , the component s of the outward directed unit normal vector and
the patch area. These are i l lustrated in fi gure  l (a) where  i~ = x0 ~ +

y0 ~ + ~ is the position of the segment center , + fl Y +

~ is the unit normal vector and A is the patch area.  The shape of

-3 -  
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(a) Patch position and orientation

x

(b) Connection of a wire to a surface patch

FIGURE 1
SURFACE PATCH GEOMETRY
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the  pa tch  (s qu ar e , rec tangular , etc. ) is not specif ied since there  is no

integration over the patch unless a wire is onnected to the center.

Tne program computes the surface current on each patch along the

orthogonal  unit  vectors  t 1 and t 2 which are tangent to 
the surface. These

ar e chose n by the program according to the fo l lowing ru les :

• 1. For a horizontal  patch

t
_ l 

=

t 2 
= y

2. For a non-horizontal patch

(z x n)/( z x n j

= n X t 1

When a s t r u c t u r e  having plane s y m m e t r y  is for m ed b y ref lect ion in a

coord ina te  plane us ing  a GX input card  (see r e f e r e n c e  1) the vectors t1

t 2 
and n are  also reflected so that the new patche s will have t = - n X t 1.

When a wire is connected to a sur face  the wi re  must end at the

center  of a patch with identical coordinates used for the wire end and the

patch center .  Tne program then divides the patch into four equal patches

about the wire end as shown in Fi gure 1(b) where a wire nas been connected

to t he second of t h r ee pr eviou s l y identical patches. The connection patch

is divi ded alon g lines defined by the vectors  t 1 and t 2 
for  that patch with

a square patch assumed. The  four  new patches a re  o rd ina ry  patches like

tr iose input by the user , except when the 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 patche s to represent  tne current

from the wire onto the sur face , and the funct ion  is numerical ly integrated

over the patches. Thus , the shape of tne patch is s ignif icant  in this case.

The user should t ry  to choose patches so that those with wires  connected

are approximately square with side s parallel to t 1 and t 2 . The connected

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

of the patch.

-5 -  
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As with wire modeling, patch size measured in wavelengths is

ve ry  important for accuracy of the results .  A minimum of about 25

patches should be used per square wavelength of surfac e area , with the
maximum size for an individual patch about 0. 04 square wavelengths.

Large  patche s 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 ed ge can

• lead to more accurate result s since the current magnitude may vary rapidl y

in this  region.  Since connection of a wire to a patch causes the patch to
be divided into four smaller patche s a larger patch may be input in anti-
ci pation of the subdivis ion.

While patch shape is not input to the program , ve ry  long narrow
patches should be avoided when subdividing the surface.  This is illustrated
by the two methods of modeling a sphere shown below.

Uniform segmentation Variable segmentation

The f i r s t  uses uniform divisions in azimuth and equal cut s 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 widt h are kept more nearl y equal. The areas are again kept
approximately equal. The result s of tne two segmentations are shown in
Figure 2 for scattering by a sphere of ka (2 TTx radius/wavelength)  equal

-6-
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to 5. 3. The uniform segmentation used 14 increments in az imuth  and

14 equal bands along the vertical axis. The variable segmentation used

13 equal increments in arc length along the ver t ical  axis with each band

from top to bottom divided into the following number of patches in

azimutn: 4, 8, 12 , 16 , 20 , 24 , 24 , 24 , 20 , 16 , 12, 8, 4. Much better

agreement with experiment is obtained with t~ze variable segmentation.

In general , the use of surface  patches is res t r ic ted  to modeling

voluminous bodies . The  sur face  modeled must be closed since the

patches only model the side of the surface from which their normals are
S directed outward. A single wire grid , in contrast, can model both sides

of the surface that it fo rms .  If a somewhat th in  bod y, suc h as a box with

one narrow dimension , is modeled with patches the nar row sides (ed ges)

must be modeled as well as the broad surfaces .  Fu r the rmore  the parallel

surfaces  on opposite sides cannot be too close together or severe numerical

error will occur .

2.2 EXECUTION TIME

The program execution t ime depends on the number  of patches

and the number of wire  segments used.  Tne centra l  processor  time
• approximately follows the fo rmula

T = T 1 +T 2 + T 3 + T4
T ~~(A kN 2 +A kN 2 + A k N N + A N ) / M

1 1 s 2 p 3 s p  4 c

T = B ( N  + Z N ) 3/M 2
2 s p

T = CM -(N + ZN ) 2 /M3 e S p
T = DkN (N +2N )4 f s p

where

N = number of wire segments

N = number of surface patchesp
N = number of connections between a wire and a surfacec S

N = number of different  excitations

N1 = number of far field calculation points

M = number of degrees of symmetry

k = 1 if s t ructure  is in f r ee  space

2 if s t ructure  is over ground 
S

-8-
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T is the time to fill the interaction matrix; T
2 

is the time to factor the

matrix;  T 3 is the time to solve for the current s for all excitations and

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 roug hly

A 1 = 2. (10~~~)

A2 = 3. ( 1O -
~ )

A3 = 3. (10~~ )
A4 = 1. (l0~~ )
B = 5. (10

_ 6 )
C = 2. (10~~ )
D = 3. (10~~ )

• Unless a large number of excitations or far fields are requested , T 1 and

T
2 
will account for nearly all of the running time . If the matrix does not

fit in core T1 and T2 
will be larger than indicated above.

If the matrix fill approximation is used for interaction distances

• greater than R.~, (RKH = R 0 / X )  then A 1 is multiplied by (1. - 0.7  R~~)

and A 3 is multiplied b y (1. - 0.5 R~ ) where Rw is the fraction of all segment

pairs for which the separation is greater  than R0 and R~ is the fraction of

all segment-patch pairs for which the separation is greater than Ito.

2 . 3  NEW INPUT CARDS

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

used in program AMP2. In add it ion two new cards have been added for
input of surface patche s, 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 result s to permit

restart ing the computation. When surface patche s are input the cards

GM , GX, GR and GS for moving duplicating or scal ing a structure act on

patches as well as on wire segment s as described in referenc e 1. All

patche s input before the GM , GX, GR or GS card is encountered will be

• a ffected. Since patche s do not have the tag numbers that segments have

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

-9-
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The number of pat ches and segment s that may be used in a model
is limited by program dimensions. If the number of segment s is N 5 and
the number of patches N~ then the standard limits in the program are

N +N �l000jf N � 500S p p
N + 3 N ~ 2000 if N > 500S p p

The new input cards are described on the following pages.

- 10-
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SURFACE PATCH (SP)

PURPOSE: to input the parameters of a single surface patch

CAR D: _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _

,fl T 10 2~ 30 40 50 60 70 80

SP Fl F2 F3 F4 F5 F6 B*ink

11 xc vc ZC AL BT AR

Tbs ~~~~~~~ along di. top rifif to flu lait COlUiflh) lfl ..di fiald .

I I I I I
PARAMET ERS:

INTEGERS - None

DECIMAL NUMBERS

XC (Fl)  - x , y and z coordinates

YC (F2) - of the center of the
ZC (F3) - patch

AL (F4) - elevation ang le 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 (unit s are the square of

the unit s used for XC , YC , and ZC)

NOT ES:
• The use of AL and BT in defining the normal to a patch is

• illustrated in the f igure below. For a horizontal patch

AL 90. and BT = 0.

— 1 1 —
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z

A
n

a
—y

B
A L = a S

- B T = g
x - 1

NOTES:
• 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 specif y ing wires

and any other geometry data cards.

• At the end of structure geometry input the patch coordinates ,

like the wire coordinate s , must be in meters .  If other units

are used for input they may be scaled by use of a GS card
which scales both patch dimensions and wire dimensions.

-12-  i •  
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M ULTIPLE SURFAC E PATCHES (SS)

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

the previous patch input with shift s in the X and Y directions.

CARD: ~ 21 30 
— 

40 50 70 50

58 Ii 12 Fl F2 Blink Blank Blank Blank Blank

N NY DX DY

Th. numbirs ilong di. to p rufit to di. itt column m ascii fiald.

I I I I I
PARAMETERS:

INTEGERS

NX (Ii)  - the previous patch input is reproduced

NX t imes  with increment s in the X direction

NY (12) - the prev ious  patch input is reproduced NY

times with inc rements  in the Y direction

DECIMAL NUMBE RS
DX (Fl) - X coordinat e increment  for reproduced

patches

DY (F2) - Y coordinate increment for reproduced patches

NOTES:
• The surface generated by a SS card is NX + 1 patches wide

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

The patch is f i r st  reproduced NX t imes  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.

- 13-
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• The increments DX and DY must be consistent with the
area of the patch reproduced so that the sum of the areas
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 a rb i t r a ry  direction of shift but it operates on all patches
and wires input before the GM card.

-14-
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INTERACTION APPROXIMATION RANGE (KR)

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

sav ing  approximation in f i l l ing the interaction matrix.

CAR D: 
~~~~ 

-

~ 

—

~~~ ~~~~~~~ 
~~~~~~ 30 ~ 4O 50 60 70 80

Fl Slink Blank Blank Stank Blank

1 1 1 1
Thu numbers along the top refer to th. last column in each field.

I I  I I I I
PARAMETERS:

iNTEGERS - none
DECIMAL NUMBERS

RKH (Fl )  - The approximation is used for interactions

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.

• The KR 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 dat a set by
use of a new KH card.

-15-
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• If no KM 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 structur e

si ze , type , segmentation , and exc itation. Value s of

25 wavelengths or less have been found acceptable for

sym m e tr i c all y excited s t ructures  and e lec t r i ca l ly  small

w i r e  g r ids; on th e oth er hand , values up to . 5 wavelengths

have been required for  very asymmetr ica ll y fed s t ructures .

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-
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FiLE DUMP TIME INTERVAL (DP)

PURPOSE: to set the time interval between automatic dumps of file

storage to permit restart ing the program after a machine

failure.

CARD: 
_ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _

$ K) 15 21 30 40 50 60 70 80

OP Fl Blank Blank Blank Blank Blank

1 1 1 1
• ~ ~ TMDUM

The numbers along dii top refit to dii lait column in uith field.

I I  I I I I
PARAMETERS:

INTEGERS - None

DECIMAL NUMBERS

TMDUM (Fl)  - Time interval in seconds between dumps

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.

• Instructions for restarting a run from the file dump are

given in Appendix B of reference 1.

-17-
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~ 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

su r f ace  patches.  The new data pertaining to patche s is i l lustrated in the
sample case in section 2. 5.

Under STRUCTURE SPECIFICATION the surface patch cards
are listed with the patches numbered sequentially under the heading

WIR E NO. Patch numbers  are  followed by a P to dis t inguish them f rom
• wire s, which are numbered separately. Following the patch number , the

x, y and z coordinates of the patch center are printed under the headings

Xl , Yl , and Z l .  Next the angles o. and ~~~~ , defining the normal  to the patch ,
are printed un de r the headings X2 and Y2 respectivel y. Finall y the patch
area is pr inted under the heading RADIUS. The other columns used for
wire data are blank for patches.

Following SEGMENTATION DATA , a block labeled SURFAC E
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 component s of the unit tangent

vector t 1 un ier the headings Xl , Yl  and Z l , and t 2 under the headings

X2 , Y2, and Z2.
Following the printing of f requency the value of RKH is printed

in the format
APPROXIMATE INTEGRATION EMPLOYED FOR SEGMENTS

MORE THAN ‘RKH WAVELENGT HS APART.

Finall y, following the segment current  data, is a bloc k labe led

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  densit y in amps per meter. The surface  current

is given both as surface component s along the vectors t 1 and t 2 in magni-

tude and phase , and as x, y and z component s 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 resul t ing output a re  shown on the following pages for

a cy linde r with a wire antenna and another parasitic wire element attached.
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The cy linde r is gene r ated by f i r s t  specif ying three patches in a colum n

centered on the x axis as shown in f igure  3(a) . A GM card is then used

to produce a second column of patches rotated about the z axi s by 30

degrees.  A patch is then added to the top and anothe r to the bottom forming

parts of the end surfaces. The model at this point is shown in f igure 3(b).

Next a GR card is used to rotate this section of patches about the z axis

to form a total of six s imilar 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 f igure  3(c). Finall y two GW cards are

used to add wires connecting to the top and side of the cy linder. The

patches to which the wires are connected are divided into four smaller

patches as shown in f igure  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 f igure  4 where the
-

• patche s 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 rrequency of 465.84 MHz,

specify a unit voltage source at the base of the wire on the top of the

cylinder and reque st computation of a radiation pattern.
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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 generall y shaped voluminous

structure by means of surface patches as an alternative to wire grid

modeling. An example of the general type of s tructure being considered

is illustrated below; in this case thin viire 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 t rue for s t ructures

having a large smooth surface. Therefore, both the MFIE and the EFIE

are being used in the modified program to obtain the current s for s t ructures

of the type illustrated above.

Using notation which is similar to that used in the Engineering

manual , the EFIE and the MFIE can be written respectively

- 4~~r k  ~(~o )x J [ i~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ( 1)

and

..n (~~) x i 1’( ’~) = - ‘/2 ~~~ (~ o) + .~~;-n(;~) x j T ~
(’
~

) x g  (‘i. r0) dA (2)

-26- 

__ __ _.___



_ _ _ _ _ _ _  - _ _ _  _____  _

where  the integration is carried out over the surface enclosing the entire

body excluding the singulari ty as indicated by the pr incipal value integral
sign.  As discussed above , for our application the EFIE will be enforced
onl y on wire portions of the structure and the MFIE is enforced onl y on
the large surface portions of the s tructure.  Thus i~ which locates the
observation point on the surface is restricted to wires in equation ( 1),

and in equation (2) r0 is restr icted to the large surface areas;  together ,

the two equations account for the entire structure.

With the thin wire approximation included equation (1) becomes

= - 

~~~~~~ 
,f I (s) [~s ~ 0 k 2 

- 

J~~~~J g  (
~, ~~

) ds -

4~~0~ . I [Is (
~~) k2 

+ (Js (
~~

) ~
) V I  g ~~ ~~ dA (3 )

where the integration over the surface in the second integral now of course

excludes surface portions covering the wires. In order to reduc e the

vector equation (2) to two scalar component s , a local coordinate system

is defined as shown in the illustration such that the unit vectors t1 and

are orthogonal vectors tangent to the surface and n is the normal vector

as before. Now using tne i d e n t i t y u’  (~~x ’ )  = (~~x~~)~~~

-2 7-

~

.‘  ~~~~--~~-~~~~~~~
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and noting the fact that t 1 x n = - and x i~i i~ , equation (2) with the

thin wire approximation included become s

~~~ 
(
~~o )  = - 

~~~~~~ ~~~~ 

(
~~

) .1 I ( s )( s  x v g  ( , To)) ds

_ f — t1 ( r ) J (;~) -  T~ 
t
2

( i ’0)  4 I ~( )  x ~~ g ( ~,~~ o ) d A

and

-t
1 ~~ 

, 

~~~~~~ 
= •:i.~

—
~
;- t 1(~~0) • I i (s) (~~ x v  g (-;,;~)) ds

~~~ t2 (~~o )  I~ (ro ) + .fr t 1 
(~~

) . ~~~ ( r )  x ~~ g ( ,  ~~) dA (4b)

These two component s suffice since there is no normal 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 ha ving

constant , sine and cosine terms , i. e.

I(s) = E U . ( s )  [A j + B~ sin k ( s - sj ) + cos k (s
~~si)I (5)

where U
i

(s) is 1 when s is on the subinterval j and zero otherwise. On
the othe r hand, the surface current is expanded into a set of pulse functions
except in the region of a ‘-vire connection as will be discussed later, The
pulse function expansion is given by

ij (
_
~

) = v3 
(‘i) [~~l j  t 1 (

_
~~) + t 2 

(~ ) ]  (6) 

: . _ ~~~~~~~~~~~~
_
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where V ( i )  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 wri t ten in te rms of a

summation of integrals over the wire subintervals. There are now thj~ee

unknown quantities, A3, B. , and C3 on each subinterval; however, through
the use of the current  interpolation previously discussed , 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 strai ght 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)technique .

The terms involving surface integrations in equations

(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, J 1. and J2~, 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 patche s 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 al~
5
~. After Albertsen ,

the surface current density, J , around the connection point should meet

the requirement

- 29-
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V .  J (x , y) 3o (x , y )  + L~ ~ (x . y )

where  the coordinate s are defined in the illustration below , V ‘ denotes
5

surface divergence, J0 (x , y) is a continuou s function in the region ABCD ,

and J~ is the wire current  flowing onto the surface. One expansion which

B

2C
‘ 3 y

d

S 4  A

d
0

meets this requirement is

4
J (x , y) = L’., 1(x , y) + E- g. (x, y) (J. - J~ 1.) ( 7)

S 
j = 1  ~ J 3

where

I ~~~x~~~+y 9  -(x , y) .- 
2 22rr (x +y )

3 . = 3 (x ., y.)

f .~~~f ( x ., y .)

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

different iable  on ABCD; g. (x . y .)  = ~ . . ;  and ~~ g. (x , y)  = 1. The specific
3 1, 1 j = l  ~functions used in AMP are the following:

g 1 (x , y) = —
~
-
~ 

(d+x) (d+y) g2 (x , y) = —~
-
~j  ( d-x) (d+y)

g 3 (x , y) = —
~~~~~~ (d-x) (d-y)  g4 (x , y) = (d+x) (d-y)

-30 -

~

-.--‘  —‘— -.—~~~~~~~~~~~~~~~~~- ~~--- -~~~~~ -~~-~ - ~ -~~ —-~ _ __  _ _ _ _ _



““‘~~~‘-  ...—‘,‘~fl,0J-,”4~~~,-?.~~.-,. .- ..-,---’.’.’.j01 ”5 >“S . ~~~~~~~~~~~~~~~~~~~~~ - ,
-
~ ~~~~~~~~~~~~~~

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 attachm ent

segment;  therefore,  10 in (7) is set equal to the segment centerpoint

cur ren t . 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-Doolittl e 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

— ikr~0 -ikr0 A — — ‘k —
E ( r0) = _____  

e 
f  [(k . I (s) ) k - I (s)J e 

1 • r ds4r ’  r0 L -

+ 
f  (

~~
. J ( r ) ) k -I (

~
) 

J 
e ~~ r 

dA] (8)

S1 
I 

—

where r2, is the vector from the origin of coordinates to the observation

point , ~ is in the direction of r 0, and k = 2-ri, )4 . 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.

-31-

-‘-‘-—‘——- - ‘- -

~ 

—- ---- - -- - - -~~~-- - -—- -- -~~~~~~~~~ .- ~ ---- ——- --—~~~-~~~~~—~~



~~~~~- - -~~~. - - ~~~~ -~o- —~~~ - - - - ~~~~~~~~ 
- - - --------

~~~ —

-~~~~~~-

ç
~~

I $
:
•

w
—, •

S
.

. _:
. >.

• ‘ 
U

~~~~~~

•S
•

II II
~-

44

C .~~C-,
1f3

~~ uJ~~~

I ‘~~~ I I (I

H19N3~I1S ciii ii ]AI1V1~~

3034-13065

— --. —---
~~~ ~~~~~~~.0.~_  

_ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _



- ~~~~~
-
~~~

.--- 
~~~~~~~~~~~~~~~~~~~~~~~~~

• m

: 

-

~~~~~~~~~ 
.
. 0

0n~~~~~~~~~ 
S.

0o~~~~ 
II •

II II •

0 < I
03 z <ç S

•
•

S
•

- .

S 
• •

I . 0
I 0

H19N3~I.LS 01~ IJ 3M1V1]~I

2264-12803

— —~~

_ _ _ _ _ _ _ _ _ _ _ _ _ _  
_ _ _  -“-~~~~~~~~~~~~~~~~~



>
~ -~uJ

5 U
• 0

or$
00 ~~‘

II ~~
‘

39 .0 .-< Z
‘~-0

wS <I
S 

• .
~~~~~~

. .

•S

.0
~~~~ U-W ~~~

—

S
V -— S

S
S 0

S ~~ • 0

HJ.DN3~I1S O13IJ 
]AIiV1]~J

.34 .. 
2264 1 2802

~~~~~~~~~~ - - —- - ~~~~~~~~~~~~~~ -



— 
~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ - - -

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 experimer.tal

me. surements were made at the tJniveristy of Denmark by Albertsen

et al~
5
~. The numerical computations were made using the cylinder

model illustrated in fi gure 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 sub stan-

tially reduce the time required in calculating the corresponding interaction

matrix elements. The following expressions are used in the AMPZ

code when segment-observation point separation permits:

E ( r 0) = ~~ e”
~’~~° (

...fl. 2. + 
1 )

~~~~ 

cos e (9a)
iWCr 0

E (r ~ = -u-- e
_ i

~9a’~ ( 

iw~~ + + 1 
)  

. (9b)e °~~ 4-ri r0 r0 2 iwc r 0

(r 0) = &_ e ’
~~

’” 0 
~~~~~~~~~~~ 

+ ‘-

~~ 
)  

sin e (9c)
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These are the fields of an incremental dipole of moment IL located at the

orig in of a standard spherical coordinate system and oriented in the

z direction~
6
~. At sufficient distances equation (9 )  is used for the field of

a segment where I 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 show s

the accuracy obtained for a particular structure, a ZX dipole , for various

segmentations and for various separation distances for which the expressions

in equation (9) were used. The KR 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 cri terion

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
— natur e of the problem a KR parameter slightly less than . 2 wavelengths

will cause an abrupt change to integration over one fewer segments. For

the case of . 2  X segment lengths , this means integrat ion for the self te rm

onl y and the results are poor. This problem can be avoided b y kee p in g

the KR parameter larger  than the longest segment.  It should also be pointeu

out that the minimum value for KR seems to depend to some extent on the

structure size, type , se gmen tation , and exc itation. Values of KR up to

5 ~ have been necessary  to obtain onl y a few percent  error  f o r  some

st ruc tures  w ith very  asymmetr ic  feeds.  No exact guidel ines  have been

established; therefore , it is probabl y bes t to experime n t with an y g iv en

class of problems if a minimum value of KR is sought. The default  value

for the KR parameter  in the AMP code is one wavelength.

-3 6-
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STRUCTURE SEGMENT LENGTHS

NUMBER OF
SEGMENTS
INCLUDED 0.2 0.1 0.05

KH PARAMETER
.01 .01 .01

0 %ERROR REAL .~MAO.
47.2 , 53. 77.3 , 135. 97.4, 170.4

.21 .11 .06
1 

2.2 .62 12.4 , 124 21.4, 190

.41 .21 .11
2 - — 

.068, .015 1.3 , 2 4  .12 , 31.5

.61 .31 .16
- - 

~~ oT5 - To~ o~ 
-- 

i~~ 9.5 
-

.81 .41 .21
- - 

.19~~33 
— 

.028~.30 
— 

~~3, 3.

1.21 .61 .31
6 - — 

.06, .003 
— — 

.035, 12 
— — 

01, .23 
—

- 1. 65 .81 .41
8 - — 

02 ,.022 
— - 

O9~~19 
- — 

.037~~041 
—

Table 1

PER CENTERROR OF THE INPUT IMPEDANCE OF A 2X DIPOLE
USING PARTIAL INTEGRATION AS COMPARED TO COMPLETE
INTEGRATION

3604-13129 
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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 b y

routine. Onl y those routines which have been modified in some way

other than the simple change of a common block or are  ent irel y new will

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

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

which are new:

Modified New

MAIN APRXE

CABC APRXH

CATLOG FFLDS

CHKPRT GH

CMS ET HFK

CONECT HFLD

CONVRT HINTG

DATAGN HMAT
ETMNS HWMA T

FACTR MAT FIL

FACTRS PATCH

FFLD PCINT

ISEGNO UDOTES
JMELS UNERE

LFACTR

MOVE

NETWK
REFLC
SOLVES
WIR E

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

and the discussions are arranged alphabeticall y b y 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 ar ray  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  provides the
maximum program flexibility in a given amount of storage, but since
variable name s were chosen for the wire case , the variable names for
the surface patch case are not necessarily mnemonic. The use of the
ar rays  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 t 1~,, and t 1 respectively for
BET each patch
ICON!

ICONZ = arrays containing the x, y, z component s of
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 f rom
the top of array SALP, sequentially downward. The quant ity stored for a
patch is +1 if (t1, 

~~~
, i )  for that patch form a rig ht hand coordinate system

and -l  if (
~ ~~
. t 2, n )  form a left hand coordinate system.

- 39-



The common b lock/RESTItT/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 t ime in seconds at execution start

At this point we tu rn  to the discussion of individual routines.

-40-
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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

current I and length ~ oriented along the z axis at the origin of

a spherical coordinate system is

1=E’
a

E’ = E ’  ~- + E’ er e

where

E’ = (A/ X)r j  e~
12’

~~~ ( ....L.. — j —~—~~ J.... .

)  
cos er 2 Zn 3

(t ~/ X ) r~ -iZnR ,‘ iZrT 1 . 1 1 ~E~~= 
~~~ 

e R ~~~~~ 
sin 8

~

R is the distance from the current element to the observation

point divided by wavelength ( X )  and e is the angle from the z axis

to the vector to the observation point , ~. The component of

E’ parallel to the observation segment is the matrix element.

In the code , E’ and are computed at AE 14

and AE15 respectively. The r and 8 components are converted

to z and p components in cylindrical coordinate s at AE 16 and

AE17. At AEI8 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 AE 19.
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SYMBOL DICTIONARY :

A0 = cos 8

Al  = sin e
Cl = exp ( - i 2 r r R )

DLI = dot product of the unit vectors in the directions

o~ the source and observation segments

DIR dot product of the unit vector in the direction

of the observation segment with the p unit

vector in the cy lindrical coordinate system.

EP = p component of E’

EPE = array for  gaining access to the real and imaginary

parts of EP

ER = E ’r
ET = E ~
ETA = -n
ETI = imaginary part the matrix element

ETR = real part of the matrix element

- 
EZ = z component of E~
EZE = array for gaining access to the real and imaginary

parts of EZ

IP = flag to indicate (if equal to 2 )  that field being

computed is reflected in ground plane

P12

R = distance from source to observation segment

(in wavelengths)

RH = p coordinate of the observation segment in a

cylindrical coordinate system with ori gin at

the center of the source segment and z axis in —

the direction of the source segment (in wavelengths) .

RKH 1 = ZTT R

S — A I X
ZP = z coordinate of observation segment (see RH)

-42-  
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APRXH

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

— — I — A

X

H’ = 
( A / X )  

~~~~~~~ (j_ +~ ~.IL’) sin O
\ R 2 R ,

-n =

The matrix elements for the two scalar components of the MFIE

are + €
1 

11’ where the upper sign applies for a patch where

1’ ~~~ i’~~) form a righ t hand system (normal case) and the

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

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

contributions at AH2Z and AHZ3 . The contributions are accumu -

lated in TWH R and TWH I so that when a ground is present the

routine can be called first  for the direct field and 4len for the

ground reflected field with the fields summed.

SYMBOL DICTIONARY:

H = H’

ILC = location of the patch coordinate data in the

common/DATA/arrays

K = do loop parameter

PDT = + q~’ ( ~1 or t2
) upper sign is used when

(t 1’ ~~ r~ ) form right hand system

PX = x component of ~
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py = y component of ~
PZ = z component of ~
R = distance from source segment to observation

patch (in wavelengths)

RFL = +1 for direct field of segment

- 1 for field reflected in ground

RK = 2 nR

R2 = R 2

S

ST = sin e

TPI

TWHI = imaginary part of matrix elements

TWHR = real part of matrix elements

T1X

T 1Y = x, y and z components o f t 1
T1Z

TZX

TZY = x, y and z components of

TZZ
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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 current s are converted

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

MODIFICATION: The code added from CBB6 to CB 1O1 converts the

patch current s f rom the two component s

= J I ~l ~~~~ ~Z
to the three component s —

r =j  ~+j  ~÷j  ~x y z

The component s J , J and J are stored in the array CUR inx y z
place of J 1 and J2. If there are N segments the currents for patch

i are stored as follows:

J 1 = CUR ( N + 2 i - l )  J2 = CUR (N + Zi)

J = C U R ( N + 3 i - 2 )  J = CUR ( N + 3 i - l )
x y

J = C U R ( N + 3 i )

Hence the conversion starts with the last patch and proceeds down

in patch numbe r to avoid writing over values of and J2 before

they are converted.

LOCAL SYMBOL DICTIONARY:

CLL = J 2
CLO = J 1
CUR = array containing current values

JCO1 = N + 2 i - l

JCO2 = N + 3i -2
K = location of patch data in data arrays

LD = dimensioned length of data arrays

M = total number of patches

- 
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T IX

T I Y  x , y and z components of
TIZ

T ZX

TZY = x , y and z CO1 pu~ lc n t b  of

T ZZ

- 4 6 -
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~:A I LOC (modif ied)

P - ~ ‘USE: to w r i t e  the  in f o r m a t i o n  conta ined  on f i l e s  1 1- 1 6

onto f i l e  17. File 17 .an  t h e n  be used to r e s t a rt  the AMP program
at the  point w h e r e  the  i ; i e s  w e r e  dumped .

IOL) 1FICATIONS: In AMP , the  pro g ram execut ion was stopped

af t e r  the  f i l e s  were dumped. The routine has been modified so
that  execution is not stopped for the case of the  precaut ionary
f i l e  dumps , ra ther  control is re turned  to the calling program.
The statements CT56 and CT57 replace the STOP statement .

Other small modifications entail changes in variable
na mes in the common block RESTRT . The new common block

v a r i a b l e  names are  equiva lenced  to the  va r i ab l e  names used in the

rou t ine .
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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 f~l1ing and
f ac torizat ion. The current program run time is compared to
an input quantity TMDUM , if the run time is greater , routine
CATLOG is called to dump the scratch files onto file 17. The
files are then repositioned in CHKPRT and control is returned
to the calling program. The next dump will occur when the
time since the last dump is greate r than TMDUM . In case of
machine fa i lure , the program can be restarted from one of these
file dumps .

The routin e CHKPR T could be revised by the
user  to include other options relating to file dumping. Some of
these option s are discussed in th~ CHKPRT writeup in r eferenc e

3.

SYMBOL DICTIONARY :

EXTIM = clock time in second s at exe - u t ion s tar t

I = loop index

ICK = flag checkin g f i r st  call to CHKF-RT

IDUMP = flag indicatin g if auto dumping is desired

J = number of backspaces require d on certain

files during repositioning

T = running time in seconds when the dump is
ini t iated

TMDUM = minimum t ime between dumps in seconds ,
input quan t i ty

Ti  = clock t ime at s tar t  of checking  period
TZ cu r ren t  c lock t ime  in seconds

-48-
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VARIABLES IN COMMON:

ICASE , Id , 1C2 , 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 AMPZ 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 sinc e it includes the former cases.

The layout of the structure matrix for an un symmetric wire-surface

structure is illustrated in figure 8 . Filling of the matrix is ar ranged

so that wire to wire interaction term s 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 boxe s

at the other corners of the matrix contain the terms representing

the interaction between wires and surfaces.  The size of the boxe s

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 boxe s in the matrix, and these routines have

been indicated in figure 8 in their respective boxe s. The routines

INTG , APRXE, and HWMAT handle element calculations onl y,

CMSET then calls MATFIL for  placing the elements in the CM

array.

Figure 9 illustrate s the matrix layout for the case

of a wire-surface structure with two period symmetry. The

complete matrix has the form

A B

B A
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SOURCE LOCATIONS
I WIRE I SURFACE
I SEGMENTS I PATCHES

N P~J4 2M

L TIlEd 
_ _ _

— 

HWMAT HMAT

NOTE: M SURFACE PATCHES YIELD 2M ELEMENTS

FIGURE 8
EXAMPLE LAYOUT OF A ST RUCTURE MATRIX
FOR AN UNSYM METRIC STRUCTURE WITH WI RES
AND SU RFACES
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however , the only part stored and shown in the figure are the

unique blocks [A B ]  . A~ in the unsyrnmetric 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 dete rmined by the

number of wire segments in a symmetric period , NP, plus twice

the number of patche s in a symmetric period, MP. The placement

of the boxes representing the various types of interaction s 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 CM179.

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 ioop there is a ground loop which sets parameters

for the image of the source if present.

The general wire-wire interaction matrix element,

G.., 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 G.. the code integrate s over thc

-53 -
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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 G .. and other elements
13

where k is any segment connected to segment j.

En general the electric field is computed by routine

INTG which assumes that the source segment is located at the

origin of a cylindrical coordinate system. Thus , if segments

i and j have their centers at

r . = x~ ,t + y. ~ -f z . 2
1 1 1 1

= x . ~ + y. -
~~ + z . 2

3 3 3 3

and unit vectors in the direction of the segments are

i = i  ~~~~~ + i  ~~~~~ + i  2
x y z

a cylindrical coordinate system ( p t , cp ’ , z ’) is defined with ori gin

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

this coordinate system are computed as

~ .. = [ (r . -r .) . j j
13 1 3

= (r . -r .) -z
13 1 3 13

z.. = ~~~~.. p . . =
13 13 13 13

The coordinates are supplied to routine INTG which retu rn s the cont-

ributioris to the matr ix  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
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discussed above , but rathe r is calculated by the routine APRXE

which uses the field expressions for a very small current  element.

Fields are calculated more quick l y throug h APRXE . If a groun d

plane is present INTO or APRXE is also called for the image of

segment j and re turns  the field of the image segment modified by
the reflection coefficient  for ref lect ion in the ground plane. The
reflection coeff icient s are  computed in CMSET and passed to the
routines that compute the f ield.  The field of the image of segment
j is added to the same mat r ix  element s as the field of segment j .
Elements are placed in the CM a r r ay  b y the routine MAT FIL .

For the case when the observation point is a surfac e
patch , the two tangential component s of the H f ie ld  of the wire are
calculated b y 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 element s are placed in the CM
array by MATFIL .

When the wire source loop has been exhausted, the
elements corresponding to sur face  patche s as sources are filled.
This is done entirely b y the two routine s UDOTES and HMAT . The
onl y function of CMSET in this  case is to calculate and pass the range

of rows (observation locations) in the matr ix  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 CMZO5 which encloses mo st of the program cycles
over these matrix blocks until all the blocks are writ ten on file 11.
Examples of how a matrix mig ht be divided into blocks are shown in
fi gures 8 and 9; the arrows at the rig ht of the matr ix indicate points
where the matrix might be divided into group s of rows. It is the
transpose of the structur e 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 t rack  of an element location within a block as well

as the location in the total matr ix.

- 5 5 -  

~~ - - - — —  - - - ~~~~~~~~~~~~



__________________________________________ - - - .————~——— —-. .- ~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_
~~~~~~~

- -
~ -_--- - ‘I ,

Coding Summary:
CM22-CM3O in i t i a l i za t ion

CM34-CMZO5 loop over ma t r ix  blocks  when m a t r i x  is

stored out o f co r e

CM49.CM 179 loop over w i re  source segments

CM62-CM 178 loop over  obse rva t ion  points  in a block

CM82-CM144 ground  loop for  w i r e  obse rva t ion  poin ts

CM 14O-CM 143 ca lcula t ion  of w i r e - w i r e  e l emen t s

CM 149 placement  of w i r e - w i r e  e lements  in CM

CM 15Z- CMI 6O in i t i a l i za t i on  for  patch obse rva t ion  point

C M 16 5 -C M I 7 O  g ro und loop for patch o b s e r v a t i o n  point

CM17O calculation of wire source - patch  o b s e r-

vation e lements

CM 17Z-CM 176 placement of elements in CM

CM182-CMI91 calculation and placement of patch source

elements
CM 195-CM 199 modif y dia gonal w i re  e lement s for  loading

CM2O 1 wr i t e  out mat rix  block for  the out of core

case

SYMBOL DICTIONARY:

B = wire radius of segment  j ( / X )

CAB = a r r ay  containing i x
CABI = i x
CABJ = j x
CM a r ray  for s to rage  of the t ranspose s t r u c t u r e  matr ix

CTH cosine of angle between normal to ground and the

reflected ray f rom segment j to I

DIJ = i . j

DIK = see routine TRIO

DIL see routine TRIO

DIR

ETA .J 7/ f  
(impedanc e of f r ee  space)

ETI arrays  containing respect ively the imag inary

ETR and real parts  of the three  contr ibut ions  to the

wire source matr ix  element s
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FJ =

I = multiple purpose index, from CM6 3 to CM 178

indicates observation location number in comp lete

matrix

IFLG flag for routine MATFIL indicating when approxi-

mate matrix elements are used

IJ = i-j

1K = flag denoting surface component equation after

CM154 , 1K = 1 for component 1 and 0 for

component 2

IMI = f i rs t  and last column number respectively of the

IM2 J block in the transposed matrix which is being filled

IP = multiple purpose index , ground loop index at

CM82 and CM165

IPATCH = patch number 
.

IPR = loop index over columns in a transposed matrix

block

ISV the column number of the beginning of the last

block processed

IT = number of columns in a block

IXBLK1 = do loop index for cycle over blocks

12 = number of words in a block to be written on file 11

3 = multiple use index , CM49 to CM179 indicates

source segment j
JCOI = ICON J (J)

JCO2 = ICON 2 (J)

NCOL = number of columns in matrix (number of columns

in two blocks when file storage is used)

NIl lower do loop limit for IXBLK 1 (=1 except during

restart when it equals number of f i rs t  block to

be filled)

NROW = number of rows in matrix (=N + ZM)

P12 = 2 i r
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R = 1 i ~~ ~~
REFPS = ref lect ion coeff ic ient  for  E normal  to plane of

inc idence  at CM134. Combined  wi th  REFS at

CMI 35

REFS = r e f l e c t io n  c o e f f i c i e n t  f o r  E in t he plane of inci dence

RFL = mul t ip l i er  used in c o n s t r u c t i n g  image  segment

(= 1 f o r  a c t u a l  segment , = — 1  f o r  image segment)

RH = ~—Ii
RHOSPC = distam e f r o~~i ( o o r din a t e  o r i g i n  to point  where

r ef lec ted  ray  f r o m  segment  i to j r e f l e c t s  f rom

g r o un d

RHOX - 
p . ./ A  at CM88 , and

13

RHOY p. . / p . .  at and af te r
13 1)

RHOZ CM98

RKH = separat ion dis tance  when non in tegrated mat r ix

element s are  used ( / ~. )

RMAG = R

S = length of segment  j ( / X )  
-

- SAB = a r r a y  containing the y component of segment direction

SABI = i y
SABJ = j ~
SALP = ar ray  containing the z component of segment

direction

SALPI = i z
SALPJ = j z
SALPR = for  segment j or its image

TWHI 
= 

ar rays  containing respectively the imag inary  and

TWHR real parts of the three contributions to the wire

source matrix elements when a patch is the

observat ion point . The f i r s t  a r r a y  index denot es

the three (~omponents; the second denotes the surface

component equation 1 or 2

Ti  constant s for  evaluat ion of radial  wire  ground

T2 sc r een im pedance
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XIJ = (x. -x ) / X  (wire)

XJ
3

XSPEC = x coordinate of ground reflection point for ray

from segment i to j
XYMAG magnitude of projection (i. - r . ) / X  on xy plane

YIJ (y. - ~~) IX (wire)

YJ = y j /x

YSPEC = similar to XPSEC but y component

ZIJ = (z . - z . ) / X  (wire)

zJ = z j /x
ZP

13
ZRATIS = (impedance of ground) / (impedance of f ree  space)

ZRSIN = quantity used in computing reflection coefficients

ZSCRN = quantity used in computing r eflection coefficient

for radial wire ground screen

VARiABLES IN COMMON:
ALP, BET , BI, CABJ , IBLCK , ICASE , Id , 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 , ZARRA Y, ZRATI, ZRATI2 (other var iables

not used in CMSET appear in the common blocks , check the listing).
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CONECT (modified)

PURPOSE: to generate data descr ib ing  the interconnection
of segments by searching for segment ends that are in contact w ith
each other or in contact with the cente r of a patch .

MOI~~F ’ICATION : The code from CNZ 5 to CN 136 searches for

connection s between segments, and from segments to a ground

plane. It is unchanged from that in program AMP. From

CN 137 to CN 168 a search is mad e for  segments connected to

patches . When a connection is foun d 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 patche s meet. If the ori ginal patch is patch number

i the four new patches are as shown below.

• j +2  • i + ~~ I

A
t 2

I 
•i+3 •i

The number  of each patcn a f te r  the or ig inal  pat ch 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
(IC~~N l  if end one is connected to the patch or ICØNZ if end two is
connected ) is set to 10000 + i . Thus a connection number greate r

than 10000 indicate s connection to a patch and the amount by which
it is greate r than 10000 gives the number of the f i rs t  of the four

patches at the connection point.
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LOCAL SYMBOL DICTIONARY : (all lengths are in units of wavelength)
I = patch number (i)

ISEG = segment number

LX = location of patch data in data ar rays

LD = dimensioned length of data ar rays

M = total number of patches

SEP = square of the separation distance between a

a segment end and a patch center
SLEN = product of the square of segment length and

the squar e of SMIN
SMIN = separation tolerance. A segment end is

considefed--ço~nnected to a patch if its distance

from the patch cente r is not greater than the

product of SMIN and the segment length.

SSMIN = square of SMIN

XI’
Yll  x , y and z coordinates of end one of the segment

Zil

XIz
YI2 = x, y and z coordinates of end ~~~~~ of the segment

ZIZ

XS
YS = x, y and z coordinates of the patch center

zS
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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.

MODIF ICATION: The statement at CV 13 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 s t ructure  geometry data.

MODIFICATION:
DA18 to DA23: initialization

DA31: check whether number of patche s and segment s
excee ds dimens ion limit

DA36 to DA37: branche s to set patch data

DA4O: branch to set special segment connection number

DA51 to DA59: Subroutine PATCH is called to generate dat a

for  a surface patch.

DA6O to DA65: PACHS (entry point to PATCH) is called to

generate surface b y shift ing last patch input .
l)A94 to DA 1O 1: Patch dimensions are scaled by factor XWI .

DAI13 to DA 1I9: Connection number for the segment end specified

by a GC card is set to interpolate to image of
the segment current .

New Mnemonics:
I--i

SP: Define s a new surface patch

XW 1

YW 1 = x , y and z coordinates of patch center
zW 1
XWZ = a orientation ang le of the patch normal
YW2 = $ orientation angle of the patch normal

ZW2 = patch area

SS: Forms a surface by shift ing the last patch input .

ITG = number of increments in x

NS = number of increments in y
XWI = x increment

YW 1 = y increment

OC: Connection number for the end of the segment

specified is set equal to the segment number .  Thi s

causes the segment cu r ren t  to be interpolated to

its own image about the specified end. This card

-63 -
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can be used if a segment  is connected to a surface

other  than at a patch center .  It does not cause inter-

pol ation of the su r f ac e c u r r en t  on to the wi re,  however.

The GC card should not be used in the normal case

of a segment connected to a patch c e n t er .

ITO segment tag number

NS number of the segment in the set of segments having

tag ITG. If ITO is zero , NS is the segment  number

- 

- 
XW 1 segment end. If XW 1 1. end one is a f fec ted  if

X W I  2. end two is a f f ec t e d .

I

- b4  -



5--_~ —-.------- ---~~~ - ~~-~~~~~~~~5-_~~~~~~~ - 
_
~~~~

__ 
~~~~~~~~~~~~~ -

ETMNS (modif ied)

PURPOSE: to fill the a r ray  representing the r ig ht 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 a r ray  E represents the right hand side of the

matrix equation. For the ~th segment the rig ht 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 ~
th

surface patch there are two rows in the matrix equation (from the

two component s 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

E (N + 2i -1)  = - (~~~~ ) = .

E(N+2i)= t
2~~~

(n x H . )= + t 1~~~H.

where H is the magnetic field applied to patch i. The forms on

the right are used in the code with the upper sign applying when

Ct 
~~
, t 2, xi ) forms a rig ht hand system and the lower sign when

left hand. To avoid the need to check (~ ~~
, t 2, xi)  the sign is stored

in a r ray  SALP where for patch i SALP (LD + 1 - i) + 1 according

to (t 1, 
~ V x i )  with LD the length of the arrays in common/DATA!.

Onl y minor changes have been made in the code for the electric
field on segments (see reference 3). The new code for the magnetic

field c-n patches is described below. Refer to reference 3 for

symbols not defined here
ET56 to ET67: Magnetic field due to a linearly polarized

plane wave is computed as

— H 0H. = exp (- i s  r
1
)

where H 0 k x E 0
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LOCAL SYMBOL DICTIONARY:

ARC
I = location of patch data in data arrays

IS = patch number
I i  = N + 2I S - 1

12 = N + 2 1 S

LD = dimensioned length of a r rays  in common / DATA/
M = total number of pa tches

QX
QY = x , y and z components of the unit vector in the

QZ direction of 1i 
~

RETA = 1 / ~~ =/ ~7~
SALP array  containing sian data descr ibed  above

T 1X

T 1Y x , y and z components of t 1
T1Z

T2X

T2Y = x , y and z component s of ~ 2
T2Z
Tl + exp (-iiZ . r .) / ’~

ET 82 to ET96: Magnetic field due to an elliptically polarized

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

ization except that CX , CY and CZ are used for the complex H0
and TZ is used in place of T i .

ET 1S3 to ET 164: Magnetic field due to an elementary current

source at the origin and directed along the z axi s of a spherical

coordinate system has onl y a ~~component g iven b y

I L — ikR I 1 i k \  -
H = e I—  + —.-- , sin O~

° 
~~~R

2 R i
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LOCAL SYMBOL DICTIONARY:

CX
CY = x , y and z components of + H  co
CZ

DSH = I~~ L/ (4TT X 
2

)

II = location of patch data in data arrays

IS = index for computing U

Ii = N + Z i  - l  where i patch number

12 = N + 2 i
NPM sum of the number of segments and the number

of patches

PX

PY = x, y and z components of the unit vector

PZ in the ço direction (~ )
P6 = 10 2/ X

2

TZ
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FACTR (modified)

PURPOSE: to factor a complex matrix into a lower t r iangular
and an upper triangular matrix using the Gauss-Doolitt le 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 fact orization of the structure matrix.
In particular, when structure symmetries are present , the sub -
matrices are combined according to symmetric modes for
factorization.

MODIFICATION: The REWIN D 15 at FSI19 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: to calculate the far  electric field , neg lect ing the

-1 .‘.
term e , 

, for wire and surface s t ructures .r 0 I X

MODIFICATIONS: In the AMP code subroutine FFLD calculated the

far electric field for wire s t ructures  (see re ference  3); in AMP2,

FFLD has been extended to include the far field due to sur faces .

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 ,

CX , GY , GZ to be used in surface field calculations

FF27 saving of the initial value of the parameter ROZ

FF33 checking if wire  segment s are present , if not , wir e

coding is skipped
FF168 after segment fields have been calculated, the

presence of surface patches is checked , if present ,

field calculations for surface patche s are per formed

FF 172-FF174 initialization of pertinent variables for the case of

no wire segments
FF 175-FF 18Z initialization of variables

FF 183-FF 189 surfac e patch ground loop. Onl y the effects  of a

perfect  ground are included with surface patches.

(Note, for s t ructures  with wires  onl y, the effects  of real

grounds are included through the use of Fresnel

reflection coefficients as before)

FF186 FFLDS called for calculation of surface patch

f ields
FFI9O-FF 194 summation of the wire  and sur face  fields and

calculation of the E and E field component s
0

-7 0-
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SYMBOL DICTIONARY: (new variables - - for variables not included
here see reference 3)

EX = FF187 to FF189, x, y, z component s of field

EY due to surfaces (used in ground summation),
EZ FF 19O-FF 192 segment field quantities included
CX

GY = x, y, z components of far electric field due to
GZ surface patches returned from FFLDS
M = numbe r of surface patches
ROZS = initial value of ROZ
R R Z  =± R 0Z
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FFLDS

PURPOSE: to calculate the x , y, z con1p oncnt ~ (if the f a r

electric field due to the surface  currents ;  h owe ’~ t r , the te rm
-iZTT r0 / Xe /( r 0 / X )  is not included .

METHOD: The expression for  the f a r  c 1 -  t r i c  f i e ld  for

surface currents  given in equation 8 can be rewr i t t en  as follow s
_ i 2 r r ~~/ \  - -

E ( )  = ~~~ e 
r o / ~, [l~ k f  J ( r ~ e~~~~

k . r/~ dA/X 2

S1 

~~~~~~~ ~~~~~ 
~~~~~~~ d A/ X ~~~ 

J

where r0 is the vector from the origin of coordinates  to the

observation point , and k is in the r 0 d i rec t ion . Note that the

integrals in the above expression are ident ical . Th e integ ral

is calculated as a simple sum over the s u r f a ce  patches.  The

quantity which is returned to the calling p rogram is 
, 

E ( r 0) .
e ffr0 , X

SYMBOL DICTIONARY:
ARC = 2ri k~ ~~~
CONS = i~~~/2 

—

CT = mult ip le use co m plex v a r ~aUle , e ’~~~ 
- n A

at F L Z 2 ,  k dot the in teg ra l  at FL~~8

EX

EY = x , y ,  z compon ent s of i n t e g r a l  s u m m a t i o n  at FLZ4 ,

EZ equal to 
~~~~~~~~~~ ~ (r e )  at FL3 i)

I a r r a y  locat ion of patc h data

J = loop index over  pa tches

K cu r r e n t  a r r a y  i nde ,<

- 7 2 -  
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ROX
ROY x , y, z components of k

ROZ
S A A I X 2 (the area of a patch)

SC UR = ar ray  where the x , y, z component s of surface

current are stored

TPI Zir

XS
YS a r rays  containing center point coordinat e of

ZS patches in wavelengths

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

referenced in FFLDS, see listing).

-73-
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OH

PURPOSE: to compute the function which is numerically

integrated for the near H field of a segment.

METHOD: The value returned by OH is

1 i -ikr
3 + e

(kr )  (kr )

i 2  2 1 /2
where r + (z -z t )  

I

p t = p coordinate of the field observat ion point in a cy lindrical

coordinate system with origin at the cente r of the source

segment and z axis oriented along the source segment.

= z coordinate of the field observation point in the cylindrical

coordinate system.

z z coordinate of the integration point on the source segment.

k =  2ii/X

SYMBOL DICTIONARY :

CKR = cos (kr)

HR real part of 0

HI = imaginary part  of G

R = k r

RHKS = (kp ’)
2

RRZ = 1. / (k r) 2

RR3 1. / ( k r )
3

RS = (kr ) 2

SKR = sin (kr)

ZK = k z

ZPK = k z ’
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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 = X is

H~ = 
~~~~~~~~~~ 1(kr)~ 

+ 

(kr)
2] e~~~

rd(kz)

where r , p ’ and z are defined in the description of subroutine OH.

The numerical integration is performed by the method of Romberg

quadrature with variable interval width , wh ich is desc r ibed in th e

discussion of subroutine INTX in reference 3. The integral is

multiplied by kp ’/ Z at HK8Z and HK83 in the code .

SYMBOL DICTIONARY:

(Excluding variables used in the numerical quadrature algorithm

which are defined under subroutine INTX in reference 3.)

RHK = kp ’

RHKS = (kp ’)
2

SGI = imag inary part of H

SGR = real part of

ZPK = kz ’ (z ’ z coordinate of observation point)

Z PKX = ZPK

- 75-
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HFLD

PURPOSE: to compute the near H f ield of f i lamentary currents

of sine , cosine and constant distribution on a segment.

METHOD: The wire segment is considered to be located at

the orig in of a local cylindrical coordinate system with the point

at which the field is computed being (p ’ , cp’ , z t ) .  The geometry

for a filament of current of length A is shown below

~~z 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Segment — __________

—
--

- --
5- 

j)’ 
p

— 
—

— 
~~~~

2 $

For a sine or cosine current  distribution the field can be written
i s i n k z \  - .

in closed form . For a current  I~ I - the tield is
~cos k zi

- iI 0 I X  I -ikr / cos k A / 2 ’  -ikr cos k A / 2
H ( p t , z ’) = ZkP ’ ~

e 2 
~~~~~~~~ k A /2 )  -e 1 

~~~~
• 

k ~ /2

-ikr I .
A e 2 i sin k ---

- i ( kz ’ _k j — )  icr 
2

\co s k

-ikr ‘- sin k ~e 1 1  2
• I (k z ’ ~ k —)

2 1cr --
I cos k j

I -. assurn -’f In t h i s  r ou t in e .
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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.

SYMBOL DICTIONARY :

CDK = cos ( kA / 2 )

CONS = - i / (Z k o ’)

DH =~~~/(2 X )

DK = kA / 2

EKR 1 = e~~~ ’~i

EKRZ = e ”~’~2

FJ

FJK = - i 2rr

HKI = imaginary part of HPK

HKR = real part of HPK

HPC = H due to a cosine current distribution

HPK = H due to a constant current distribution(p
HPS = H due to a sine current distribution

(p
RH = p ’/ X

RHZ = (p ’ /X ) 2

Ri = r 1/ X

R2 = r 2 /X

S

SDK = sin (kA/ 2 )

TP

Ti (kz ’ + k -~ — )e~~~ ”l /kr 1
T2 (kz ’ - k -~— ) e ”~~2/kr 2
ZP = z t / X

Z i  = (z ’ + A / 2 ) / X

Z2 (z 1 - A I Z ) / X

- 7 7 -
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HINTG

PURPOSE: to calculate the H f ield 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 calculated

by the expression

~~~
. .  = 

~~~~~ [u + i Zii -
~~~--ij ) 

(

R 3  1 (!-ij) x T~ 
~~ 

j (10)

where = - and AA~ is the area of patch j .  This expression

is equal to the kernel of the integral in equation (2 ) evaluated at

the appropriat e patch center point multiplied by the patch area; in

addition the factor is included.

The components of equation (10) in the -t 11 and

directions are  calcul ated for elements of the interaction matrix.

For the case of a perfectly conducting ground plane , the subroutine

HINTG is called twice to calculat e the patch and patch image field ,

and the appropriat e field component s are summed for thi s case in

HINTG .

SYMBOL DICTIONARY:

CR = cos (-k R)

FF1

F 1X
FlY = - H . .  with J . as the current source.

13 — 
1~)

F1Z Note J. J . t . + J . t
j l j lj 2j Zj -

F2X
F2Y -1-I . .with J . as the current  source

13 2j

FZZ - iicR
CAM ~~~~~~~~~~~~~~~~~~~~~~ 2
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GX

GY = G A M *R / X

GZ

Gi l  - t . 
. 

~~~ .. where H. .  is the field with J
li  ij l ij i lj

as the source

012 = - t  . . T h .
i i  ij 2

021 = -t 2. H~~1
022 = - t . ~~T h .

Zi ij2

U = observation patch number

IF = image flag: 1 for structure patch , 2 for image

patch

J = source patch location in a r ray

JJ = source patch number

R = R / X

RFL = parameter used in image calculation: 1 for structure

patch , -1 for image patch

RK = -2~r R / X
RSQ = ( R / X ) 2

RX

R Y  = T& / X

RZ

S =

SR = sin (-1cR)

TPI 2rr

T LOX
T 1QY = for a patch

TIQZ
T 1X

T1Y arrays  containing the components of

TIZ
T2QX

T2QY = I2 for a patch

TZQZ

-79-
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TZY 

) 

ar rays  con ta in ing  the components of 
- - 

-

TZZ

VARIABLES IN COMMON:

ALP , BET , BI , ICONI , IC ONZ, IPSYM , ITAG ,
LD , M , MP , N , NP , SALP , SI , TIX I , T I Y I , T I Z I , T2XI ,
T2ZI , WLAM , X , XI , Y , YI , Z , ZI .

-80-  
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HMAT

PURPOSE: to fil l  the matrix element s representing the inter-

action between surface  patches.

METHOD: Subroutine HMAT has as input the column range

(IM1 to 1M2) in the transposed structure matrix between which the

surface to surface interaction elements are to be filled. For the

most part the matrix element s themselves are calculated in sub-

routine HINTO; thus , HMAT calls HINTG to obtain the elements

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

appropriat e 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

account s 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 t i x n -
= -t and t 2 x n = t 1 on the f i rs t  side of the

symmetry plane become x n = t 2 and x n = -
~~~ 

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 HM3O 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 HM8 1.

-8 1-
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SYMBOL DICTIONARY:
CM transpose s tructure  matrix a r r a y

Gl1~~
012 

= matrix elements f rom HINTG
021

G22
IL = observation patch a r ray  location

IMl = column number where f i l l  beg ins

1M2 = column number where fil l ends

IP = patch number loop index

IPEND = last patch number within column range

IPST = f i r s t  patch number within column range

ISELEN = flag denoting whether  component equation I or 2 is

the last column in the matrix block

ISELST = flag denoting whether  component equation 1 or 2 is the

f i rs t  column in the matr ix  block

ISTART f i rs t  matrix column to be f i l led  b y HMAT

IX = ground loop index

Ii column number in block for  component 1 equation

12 column number in block for  component 2 equation

J source patch number

J I  = row numbers for element s corresponding to the

J~ J source cur ren t  components 1 and 2 respec t ive l y

K matrix block column number  index

L = symmetry period loop index

LL = index of loop over patches in a period of symmt -t r y

NCOL = number columns in t ransposed s t ruc tu re  m a t r i x

(equal to the total number of equations for  one

symmetric section)

NOP = number of periods of symmet ry

NROW = number of rows in matrix (equal to total n u m b e r

of unknowns)

T 1X

T I Y  t 1 a r ray

T 1Z

-82- 
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T2X

T2Y = £
2 

ar ray
T 2Z

XS

YS = array for the coordinates of patch centers in
ZS wavelengths

CONSTANTS: + 1/2 = matrix self terms

VARIABLES IN COMMON:

ALP , BET , BI , CH , CL , ICON1, ICONZ , IFAR ,
IPERF , IPSYM , ITAG , KSYMP , LD , M, MP , N , NP , NRADL ,
SALP, SCRWL , SCRWR , SI, T 1XI , T 1YI , T 1ZI , T2X I, T2YI ,
T2ZI , WLAM, X, XI , Y , YI, Z , ZI , ZRATI , ZRATIZ.

-8 3-
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HWMAT

PURPOSE: to compute the matr ix  elements associated w ith the H
field at a su r face  patch due to the cu r ren t  on a wire  segment .

METHOD: Subroutine HWMA T is called b y subroutine CMSET
to compute the H field tangent to patch i produced by th ree  comp-
onent s of the current  basis functions on segment j. The three  inte-
grated functions on segment j produce six matr ix  element contri-
butions for the case of the sur face  patch since the field of each
current  function is decomposed along the two tangent vectors.  The
expressions for the matr ix element cont r ibu t ions  are identical  to
those presented in the INTG discussion in re ference  3 if H is sub-
stituted for E, and in addition , the dot products are taken along
T t 2 and T t 1, the surface tangent vectors , rather than a wi re
direction vector .  (INTG calculates the matr ix  elements repre-
senting the E field at a segment i due to the cu r r ent  on a segment j ) .
The upper si gn on the sur face  tangent vectors  app lies f or th e
patch where (t 1, t 2, n )  form a ri ght hand s yste m (normal case)

and the lower sign applies for a left hand system (patch re f lec ted
in a symmetry plane). This can be seen in the derivation of the
scalar component s in equation 4, and the matrix elements b e ing
discussed here  arise f rom the wi re  t e rms  in equation 4. In addition
equation 4b has been multiplied throug h - 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 orig in of a

cylindrical coordinate system, so the cylindrical p and z coordinate s

of the observation point are passed to HFLD and the phi components

of the field for sine, cosin e, 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

-84-
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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:

HWZZ-HW2 9 calculation of cylindrical coordinates of

the observation point

HW32-HW37 calculation of the x, y, z components of

cp in the cylindrical system centered on

the source segment

HW4 1 calculation of H field

HW53-HW72 loop over the two equation components

HW54-HW59 H field components

HW6O-HW7 1 calculation of matrix elements

SYMBOL DICTIONARY :

CABJ = x component of source segment direction

CK

CL

CONS

COSK = see INTO -

COSL

DIK

DIL

-85 -
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HCDT + t H or T t . ‘ H where H is the field
Zi  c ii c

due to a cosine current

HEbT = + - H or + . 
. 

H where H j s the field
Zi k ii k k

due to a constan t current

HPC field due to the cosin e, cons tant , and sine cur ren t

HPK components respectively in the cy lindrical

HPS coordinate system

HSDT = . H or +~~ - 
. H where  H is the field2i S ii S S

due to a sine current

IFLG = flag returned to CMSET denoting use of HFLD

or APRXH

ILC = array  location of patch data

IP = ground flag

IPATCH = patch number

K = index for  component equal i n s

PDT = ± t
2 
. p or ± t z~ , the sign i s d~- t cr m ~ned b y

contents of SALP a r r ay .  For a ri ght  handed

system SALP = 4 , and le ft handed SALP = -.

PX - x , y, z Components  of the cy l i n d r ical

PY (cy l indr ica l  coo rd ina t e  sv s l  -~ 
- - e nt c - r e d  ~ t

PZ source segment)

R = sou rce - -observa t ion  s ep a l a t l ( n d i s t a n c e  ( / ‘  )

RFL = multi plier c reatin g ima~ e se c~ eni

RH = p

RHX

RHY = ~ afte r }1W3 1

RHZ

R2 = R
2

SABJ = y component of s o u r ce  se~~n i c n t  d i r e c t  on

SALP = see PDT

L ~~~~~~~T 
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SALPJ = z component of source segment or image

direction

SALPT = z component of source segment direction

SILK

SINK = see INTG

SIN L

SJ = source segment length

TP

TWIll = arrays containing the imaginary and real parts

TWH R respectively of the matrix elements. The f i rs t

index of the array refers to the current basis

function s, the second index refers  to the

scalar component equations 4a and 4b.

T 1X

T1Y = array s containing the x, y, z components o f t 1
T1Z

TZX

TZY = array s containing the x, y, z components of

TZZ

XD = ( r ~ - r )
~~ / X

Xi = r / X , the x component of the source segment

XS ~ array containing x coordinates of patch centers

/ X )

YD = (r o - r ) ~~/X

YJ = r / X

YS = array containing y coordinates of patch centers

/X)

ZD = (r c, - r ) / X

ZJ = r / X  of source and image

ZP = z in the cylindrical coordinate system

ZS = array containing z coordinates of patch centers

/X )

-8 7-
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- ZT = r / X  of source ( input)

VARIABLES IN COMMON:

ALP, BET , ICON 1, ICONZ , SALP, SI, X , Y , Z

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

r -88-
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ISEGNO (modifie d)

PURPOSE: to determine the segment number of the mth

segment ordered b y increas ing  segment numbers  in the set of

segment s with tag numbers  equal to the given tag number.

MODIFICATIONS: The formal  parameter  M in AMP has been changed

to MX in AMPZ to avoid conflict with the variable name M in the

new c o m m o n /D A T A / a r r a y .  The MX var iable  occur s at IS1,

1S9, ISl4 , and 1S20. 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 ISl6.

-89-
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JMEI-.S

PURPOSE: to add mat r ix  element contributions due to segments

at multiple junctions into the appropriate matr ix  locations.

MODIFICATION: The form of the structur e matrix for the case of a
wire and surface s t ruc ture  can be seen in f igures  8 and 9; thus ,

the location, L, of a matrix element assoc iated with a source
segment , j , can be wri t ten

1= 2 MP I ~NI~ I + i

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 JM 13 , and the matr ix  indices calculated
at J MI 6  and JM2 1 use this  funct ion.  Previously the matrix
indices were equal to the appropriate segment numbers ;  th is  is the
case when MP = 0 above.
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LFACTR

PURPOSE: to perform the Gauss-Doolittle factorization

calculations on two blocks of the matrix in core storage. This

routine in conjunction with FACLO factors a matrix which is too

large for core storage into an upper and lowe r tr iangular  matrix

using the Gauss-Doolittle technique. The factored matrix is used

by LUNSCR and LTSOLV to determine the solution of the transposed
T T  T

matrix equation x A =B

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). A3R

is used again in place of 1. /A(J2PI , R) in the DO loop of step 5.

Li
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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 AMPZ: calculations
involving wire and surface structures, use of time saving approxi-
mate matrix elements, and the precautionary file dumping for
restart.

Modification list:

MA33 inclua ion of the KH and DP mnemonics for the

approximate matrix element and file dump data
cards respectively

MA43 call for time at execution start
MA7 1 no segment check

MA87-MA97 printing of geometry data related to surface patches.

The patch normal is computed from n =  ±t 1 x t 2
where the plus sign is used for a right handed system
(t 1, t 2, n), and a minus sign for a left handed system;

this information is st ored in the SALP array .  The

x, y, z components of n are temporarily stored
in TM? 1, TMP2 , TMP3 respectively for printing

MA 1O2-MA 1O8 minor data checking and defining

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

MA1O9-MA 133 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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MAI6O in i t i a l i za t ion  of the parameter RKH (see MAZ 13

below)

MAI72 ini t ia l izat ion of the parameter IDUMP

MA 193 test for mnemonic KH

MA 195 test for mnemonic DP

M A Z I3 - MA Z I 9  sett ing RK1I equal to input value

RKH the separation distanc e cr i ter ion in wavelengths

when approximate mat r ix element s will be used.

MA25 5-MA2 57 The onl y ground allowable when using sur face

patches is a perfectly conducting ground. This code

checks that condition

MA258-MA360 near field calculations are  not allowed for the case

of sur face  patches.  This code checks this

condition

MA454 no segment condition checked

MA461-MA46S frequency scaling of pat ch geometry parameters

MA506 NROW substituted for N in the CMSET calling

sequence , and RKH is added to the calling sequence

MA5 13 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

component s of the total patch current .



MATFIL

PURPOSE: to f i l l  the CM a r r ay  with mat r ix  element s represent ing

fields due to wire  segment cur ren t s (either E field on a segment or

H f ield on a patch).

METHOD: As discussed in the CMSET wr i t eup,  the basis  function

for the source segment cu r ren t  extends onto the adjacent segment s ,

but the ent i re  support of the basis function is not integrated at one

t ime.  Rather , three functions are integrated simultaneously when

integrat ing over a g iven segment;  one funct ion for the segment itself ,

and the other two for the adjacent segments .  Thus , MATFIL places

these contributions into the proper matr ix  element s or calls  the

routine JMELS for the case of mult ip le segment s connected to an end.

When the matr ix  contribution has been computed by the cur ren t

element expression (routine APRXE or APRXH), onl y one element

contribution is obtained, and this element corresponds to the source

segment i tself .  This condit ion is s ignaled to the MATFIL routine

b y the parameter  IFLG.
The proper row in the t r anspose  s t r u c t u r e  matr ix  for

contributions related to the segment j is computed by

£= 2 MP [ i - l / N P J  + j
where L is the matrix location , MP is the number  of pat ches in a

symmetr ic  section , NP is the number  of segments  in a symmet r ic

section , and the se gm ent s are  numbered con secut ivel y f rom 1 to N

the total number of segments.  The brackets  imp ly taking the integer

part here. The or ig in of the expression can be seen b y r e f e r r i n g

to figure 9.

The sign of the contr ibut ions  to the matrix element s

of segments adjacent to j is determined by the re fe rence  direction s

of the adjacent segments  compared to j. The connection data of the

adjacent segments (stored in the ICON a r r a y s )  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 = a r ray  for core storage of the transposed structure

matrix , or blocks of the mat r ix

ETI = arrays  containing respectivel y the imag inary and

ETR real parts of the three contributions to the wire

source matrix element s

IFLG = f lag indicating whether one or three term contributions

are being passed to MAT FIL

IPR = column number in CM array for element s

J = source segment number

JCOI = ICON 1(J)

JCO2 = ICONZ(J)

JL(K) statement function determining row position in

CM array

JLOC integer variable used as row index

NCOL = number of columns in CM array

NROW number of rows in CM array

VARIABLES IN COMMON:
ICON!, ICONZ , JIX , JIZ , JOX , JOZ , MP , NCIX ,

NCIZ , NCOX , NCOZ , NP (other variables appear in common

blocks in MAFIL, but are  not used , see listing).

r
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MOVE (modified)

PURPOSE: to rotate and t rans la te  previousl y defined segments
and patches , ei ther moving the or iginal  s t r u c t u r e  or leaving it
f ixed and producing duplicates of it.

MODIFICATION: The t ransformat ion  of segment coordinates is the
same as in program AMP. The new code from M064 to M0103

t r ans fo rms  patch coordinates in the same way as segments .  The
coordinates of the patch center are t ransformed at M080 to M082 ,
the vectors  t 1 at MO86 to MO88 , and the vectors  t 2 at M092 to
M094.
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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: Onl y minor changes have been made. NEQ,

computed at NT 19 , 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.
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PATCH

PURPOSE: to define and modify the data for surfac e patch

geometry.

METHOD: Subroutine PATCH consists of three independent

parts.  The fi rs t  is entered throug h a call to PATCH , the second

throug h entry point PACHS at PA45 and the third throug h entry

point SUBPH at PA9O.

PART 1:
The f i rs t  section defines a sin gle new patch with

center point coordinates (XC , YC , ZC), normal vector n cos ~
cos $ x + cos a sin ft + sin 0. z where 0. = AL and ft = 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 a r r ays

and filling decreasing locations as patches are input.

PART 2:
The section from PA45 to PA86 form s a flat surf ace

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 PA9O 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 throug h 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 dat a for

patches NX+l 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 PA 1O9. The original patch is divided

along lines parallel to the vectors t 1 and ~ and the new patch

data stored in data a r ray  in statements PA 11O through PA 147 .
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SYMBOL DIC TIONARY:
AL = 0 .

AR area of patch

BI = ar ray  containing patch areas

BT
IPSYM = symmetry flag

IX = do loop parameter
IY = do loop parameter

LD length of arrays in common block/DATA /

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 segment s

NP = number of segment s in a symmetric section

NX = number of increments in x in part 2 , number

of the patch to be divided in part 3

NXP = NX+ l

NY = number of increments in Y in part 2

NYP = NY+ 1
SALN = temporary storage variable

SALP = data array  for patches. If (Ii 1, ~ V n )  forms a

right hand coordiz~~te system the value in SALP

for that patch is + 1. ,  if left hand SALP is -1.

SIX
SlY = temporary storage for x, y and z components of t

slz
s2X
S2Y temporary storage for x , y and z components of ~
S2Z
T 1X
TIY = arrays containing x, y and z components of t

T1Z
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TZX
TZY = ar rays  containing x, y and z components of ~ 2
TZZ
X = ar ray  containing x coordinates of patch cen te rs

XA = temporary storage variable
XC = x coordinate of patch center in part 1, x inc r ement

in part 2
XST = temporary storage variable

XW I temporary storage variable

XW Z = 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
YW I temporary  storage variable

YWZ = temporary storage variable

Z = ar ray  containing z coordinates of patch centers

ZC = z coordinate of patch center

ZW 1 temporary storage var iable

ZWZ = temporary storage variable
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PCINT

PURPOSE: to compute the in terac t ion  matrix element s representing

the e lectr ic  f ie ld  tangent to a segment connected to a surface due to
the cur ren t  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 and t

•2
A

t i - .

•1 . d

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

~~(S 1, S2 ) = p 0  + S 1 t 1 + S 2~t 2
where ~~ is the position of the cente r of the four patches , where

the wire connects, and S1 and S
2 
are coordinates measured from the

center. Representing the current over the surface by J (S 1, S2
)

the currents at the centers of the four patches are

= J!. (d, d)
= I (-d, d)

14 = T ( d , -d)

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

is I(~ . The current interpolation function is
4 4I (S1, S2

) = I r (S 1, S2
) - E  g

~ 
(S 1, i; I 1~ g. 

~~l’ 
S
2
)
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S1t 1 + S

2
t~
’

2w h e r e f ( S 1, S )  z ~~~~Zn (S 1 + S
2 )

= I (d, d) = 
1 

+ t
2)/(4tid)

= I (-d , d) = + t 2)/ (4 rid )

13 = I (-d , -d) = 
~~~~~~~ 

-

= f (d , -d) (t 1 - t
2

) /(4rr d)

g 1 
(S 1, S2

) (d + S
1

) (d + S2)/ (4d 2)

g 2 (S1, S2 ) = (d -S 1
) (d + S2 )/ (4d 2 )

g 3 (S 1, S2 ) = (d - S
1

) (d - S2)/ (4d 2 )

g4 (S 1, S2) = (d + S1 ) (d - S2 )/ (4d 2 )

If F1 
(~ ) dA and I~ ( p )  dA are the e lectr ic  f ie lds  at the center of

the c onnected segment due to unit cu r ren t s at p on the su r face  dA ,

flowing in the directions t 1 and t 2 respectively, the nine matr ix

elements to be computed are

E 1 j g 1 (S 1. S2
) i . 

~~ 
(~ ) ~3J~

E
2 g2 

(S 1. S2
) ~ dA

E 3 J~3 (S 1. S2 ) f F1 ~~~

E4 Jg 4 (S 1. S2) ~~ ~~ 
dA

E 5 g 1 (S1. S2) ç .  I (~) dA

E 6 ~~ g 2 (S1. S2) i 12

E 7 =J~~g 3 (S1. S2 ) i

E 8 = 1g 4 (S1. S2 ) i . ; (~ ) dA

= ~II (~ (S 1, S2 )~ tj  [
~~

. 1i ~ I + (
~ 

(S 1. S2
)’ 

~~J

L 
_ _ _ _ _
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where

1i (S
1
, S

2
) = T(S1. S2

) -
~~~~~ 

g. (S1. S2 ) I .

I 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

“ 

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

SYMBOL DICTIONARY:
CAB1 = x component of i
D = d

DA = area of the surface element used in integration
DS = width of the sur face  element of area DA
E = ar ray  used to return the values E 1, E

2
, ... E,~

El

EIX
E lY  = x , y and z components of T1 ( p) DA at PC46.
EIZ At PC47 EIX  is set to i . I~ (p) DA
E2 = E 2
EZX
EZY = x , y and z component s of F2 (p ) IDA at PC46 .
EZ Z At PC48 E2X is set to I F~ (p ) IDA.
E3
E4 = E 4
ES = E 5
E6 = E 6
E7 = E 7
E8 = E 8
E9
FC~~N = l / ( 4 rr d) factor i n T 1, T2
Fl = 1 ( S 1, S2 ) t 1
F2 = 1 ( S1, S2) ~~
GC~~N l / (4d 2) factor in g 1 (S 1. 

~ 2~’ •
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G1 = g 1 ~~~ 
S2)

G2 = g
2 

(S 1. 
~~~

G3 = g
3 

(S 1. S2)

G4 = g4 
(S1. S2

)

Ii = do loop index

12 = do loop index

NINT = number of steps in S1 and S2 used in approximating

the integrals  for E 1, E 2,
SABI = y component of i

SALPI z component of i

Si = S1
S2 = s 2
SZX = initial value of S

2
TPI 21T

T 1X1

T 1YI = x , y and z component s o f t  1
T 1ZI

T2XI
TZYI = x , y and z components of ~ 2
T 2Z I
XA = area of each of the four patche s

XI = x coordinate of the c.enter of the connected segment

XS x component of~~~(S1, S2)

XSS = initial x coordinate of p (S1. 
~~~

Xl = x ;omponent of ~~ (d , d) used as reference  for

computing p (S
1
. S

2
)

Yl = y coordinate of the center of the connected segment

YS = y component of p 
~~1’ 

S2
)

YSS = initial y component of 
~ ~~~ 

S2)

Yl = y component of p (d , d)
ZI z coord inate of the center of the connected segment

ZS z component of p (S 1. S2)

ZSS = initial z component of p 
~~~Zi = z component of p (d , d)
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R EFLC

PUR POSE: To ge?lerate segment data for  s t r u c t u r e s  hav ing  plane
or c y l i n d r i c a l  s y m m e t r y  b y f or m ing sym metr ic i mages of a

p rev ious l y de f ined  s t r u c t u r e  u n i t .

MODIFICATION: Fol1owin~ eac h sect ion of the code that operates on
se g me nts , a section has been added to p e r f o r m  the same operat ion
on patches .  T h i s  involves  ref 1ect in~ or ro ta t in~; the location of
the patch center and the vectors  t 1 and t

2 . In addi t ion , eac h t ime

that a patcn is re f lec ted  in a coordinate  plane the value of SALP
for th i s  patch , which has unit magni tude , is c hanged in si gn. A
value of + 1 for  SALP indicates that (t 1. t 2, n ) a re  related b y
t 1 x = z~i whi le  - 1 indicates that t 1 x = -n .  Al l  pa tches  g e n e r a t e d

b y subroutine PATCH have SALP +1.

RE46 to RE65 re f l ec t s  patches along z axis (about x , y p lane).
RE9 O to RE 109 ref lects  patches along the y axis.

RE 133 to RE 15 Z ref lec ts  patches along the x axis .

RE 181 to RE204 rotates patches about the  z axis  to fo rm a

s t ruc tur e having cy li nd r i ca l  sym metry .
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SOLVES

PURPOSE to control the solution of the m a t r i x  equation

GI = E where  the s t r u c t u r e  mat r ix  G has been fac tored  into a

lower and upper t r i angu la r  matr ix , E is the s t ruc tur e exci ta t ion

vector , and I is the unknown c u r r e n t  vec tor .  For the symmet r i c

s t r u c t u r e  case,  the solution is generated us ing  uncoup l ed mo de

solutions.

MO DIFICATIONS: The str’.c ture  exc itation vec tor  wh ich  is the input

B a r r a y  in SOLVES is f i l led in subrout ine  ET MNS. Wi re  exci ta t ion

parameters  are f i lled f rom B ( l )  to 13(N) and su r f ace  exci ta t ion

parameters  f rom B(N + 1) to B(N + ZM) where  N and M a re  the total

number  of segments and patches respect ivel y. Th is  cor responds

to the prope r a r rangement  of the a r r a y  for  an u n s ym me t r i c  s t r u c t u r e

as c an be seen by the matrix f o r m  in f i g u r e  ~~. For the case of

a symmet r i c  hybr id  s t ruc tu re , however , the a r r angemen t  must

cor respond  to the a r rangement  of equations as shown in fi gure  ~;

that is , the wire  parameters  followed b y t he su rf ace pa rameter s

• for each symmetric  sect ion.  The requi red  r ea r r angemen t  is per -

fo rmed  b y the new coding inse r ted  f rom SSI5 to SS33. On the oth er

• hand , the solution vector  which  is r e tu rned  to the ca l l i ng  p r o g r am

in the B a r r ay  is expected to be ar r anged  wi th  the wire c u r r e n t s f r o m

13(1) to B (N) and the su r face  cu r ren t s  f rom B(N + 1) to B(N + ZM ).

T h e r e f o r e , the order ing d iscussed  above for the s y m m e t r i c  case

must be reversed  before control is re turned to the ca l l ing  p r o g r a m.

This  reorder ing  is pe r fo rmed  b y the coding i n se r t ed f r om SS89 to

SS 107.

Two new var iab les  have been defined; NPEQ which

is equal to the number of unknowns in a symmetr ic  sect ion and

NEQ which is equal to the total number of unknowns.  For the case

of no symmetry  NPEQ = NEQ. The variable NPEQ taI~es over the

function of the NP variable in SOLVES. This rep lacement has bee n

made at SS39 , SS4 I , SS48 , SS6O , SS63 , SS64 , SS67 , SS75 , SS77 .

and SS84.
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UDOTES

PURPOSE: to compute the E field along wires  due to sur face

cur ren t s and to fi l l  the corresponding matrix elements.

METHOD: The column range in the transposed s t ruc ture

matr ix  between which matr ix  elements are to be filled is passed

to the routine throug h the parameters  Ii and 12. The outer most
loop in the routine is a loop over wire  observat ion points which

lie within this  range.  Internal to this is a loop over all the source
patches. The source loop is actually composed of two loops; the

f i r s t  ioop is over symmetr ic  section s, and th e second is ove r
patches in a symmetr ic  section. The e lect r ic  field due to a sur face

patch is computed b y calling the routine UNERE , and the component

of the field tangent to the wire is computed by doting with 
~~~~~

. =

u .x + u -y  + u -z , the segment direction . The resul t  is added toxi yl  zi
the appropriate matrix element. For the case when the observat ion

segment is connected to the surface (indicated by an ICON parameter

grea ter  than 10300) , the electric f ie ld  due to the four patche s
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 cu r ren t  on these patches and the f ields are

calculated b y more careful  integration. If a ground plane is present ,

UNERE is called to comput e the f ield of the image patch. The

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

as the source patch.

Summary of the coding is as follows:

UD2O-UD25 initialization

UD Z7 -UD8 O wire observation loop
• UD37-UD44 checking for a connection segment; in addition

checicing which end is connected

UD46—UD8O loop over symmetric sections

UD4 7 computing start ing row location - 1 for f i l l ing the

symmetr ic  section (see fi gure 9)
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UD48-UD8 O loop over patches in a symmetric  section

UD59-UD8O ground loop

UD64-UD72 coding for the case of patches at the base of a

connection segment

UD7S routine calculating E field of general patch

UD77 -UD78 matrix fil l  for general patches

SYMBOL DICTIONARY:
CAB = ar ray  containing u

CABI xi
CM = ar ray  for  the transpose structure matrix elements
EMEL = ar ray  containing matrix element s for the inter-

polation case computed in PCINT
EIX
ElY = components of E field due to surface current

EIZ component in the direction ~ 1
E2X
E2Y = components of E field due to surface current

E2Z component in the direction ~ 2
F FSIGN = 1 for end 2 of segment connected to surface, - 1

for end 1

I = observation segment number

ICGO parameter used in filling the matr ix  elements of

patches at a connection segment base

lEND = last observation segment in the input column range

IL row location corresponding to the connection segment

as a source , this location is needed because of the

patch interpolation function

IP = ground loop index, 1 = f r ee  space , 2 = image

IPCH storage location of lowest numbered patch
at the base of a connecting wire segment ,

after UD43

Ii = f i rs t  and last column numbers respectively to be

12 f i l led in the transposed s t ructure  matrix
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J loop parameter

JL = row index for matrix element f i l l ing

JS = a r ray  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
• NOP = number of symmetric sections

NROW = number of rows in CM
RFL = parameter used for image calculations

S = array  containing patch area ( / X 2 )

SAB ar ray  containing u

SABI yi
SALP = ar ray  containing u

SALPI = u zi
T 1X
T 1Y arrays containing component s o f t  1
T1Z
T2X

TZY = arrays  containing component s of ~ 2
T ZZ
XS
YS = ar rays  containing surface patch center point

ZS coordinates of patches ( / X )

ZSEP = z separation of source and observation point

VARIABLES IN COMMON:
ALP , BET , BI , ICON!, ICONZ , ITAG, KSYMP ,

LD, M, MP , NP , SI, T 1XI , TIY I , T 1ZI , T2XI , TZYI, T2ZI , X ,

XI, Y , Yl , Z , ZI (other variables in common not referenced in

UDOTES, see listing).
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UNERE

PURPOSE: to calculate the e lec t r ic  f ie ld  due to unit c u r r e n t s

in the t and directions on a surface patch.

METHOD: The electric field due to a patch j is calculated b y
the expression

= 2 I 
(
~~l - iZ-rrR/X + 41T2 (R/X)

2
\-j

i8rr 
~ 

(R /X)  / -~

3 + i6~~R/X 4~~
2(R/~~

Z
~~~ ~~ix ~ (~~ / X )  1 ~~~~~~~~ ~ A .(R / x ) 5 / -~ J __ __~J_

where = J
1~ t

1~ + J
23 

t
2~ R is the vector f rom the source to the

observation point , and ~ A . is the area of the patch. For UNERE ,

J13 
and are unity. The expression above for a single patch is

obtained from the sur face  integral and leading constant in equation 3

where constant current  and one step integrat ion are  used for  the
patch.

SYMBOL DICTIONARY:
CONST =

8112
- - . ~ o - i Z r R / XER = intermediate complex quantit y; —

~~ e
i8ir

at UE15 , and Q2 (t 1. ‘ (~ /x ) ) at UE 18 , and

02 
~~2j (~~/ X ) )  at UEZ2 . Q2 is defined below

EIX

E l Y  = x , y, z component s of E field due to J1~ for = 1

E 1Z
EZX
E2Y = x , y, z component s of E field due to for  J 2~ = 1

EZZ

_ 1 10  .
~~
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Qi = ( i  ~211R~’X + 411~~~~~1’~~ ~ ER ,for ER at UE 15
( R / X ) 3 /

Q2 (3+th~~~~’X 411 (lLI
~~~ 1 ER, for ER at UEI5

(R/ X ) 5 /
R = R / X
RT = ( R / x ) 3

RX

RY = x , y . z component s of R / X
RZ
R2 = ( R/ x ) 2

S AA.
TPI
Ti =

T 1XI

T 1YI x , ~r . z components of t 1~
T 1ZI
T2 = 4r~ (R / x ) 2

T2X I
T2YI = x , y, z component s of
TZZI

VAR IABLES IN COMMON :
TI XI , TIY I , T 1ZI , T2XI , T2YI , T2ZI , XI , YI , ZI

— I l l —
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WIR E

PURPOSE: To compute segment coordinates to fi l l  common/DATA!

for a s traight  line of segments.

MODIFICATION: MP is set equal to M at W114 since any existing

symmetry  is destroyed by a new wire.

- 112-  
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5.0 ARRAY DIMENSION LIMITATIONS

Limits  on the antenna model due to a r r a)’ dimensions are the

same in program AMP2 as in program AMP (see re fe rence  3) except for

the matr ix  storage limit and the maximum number of segment s and patches.

If N is the number of segments in a model and M the number of patche s ,

the minimum a r r a y  dimensions are as follows:

In-Core  Matrix Storage (I ):

Ar rays :  COMMON CM(I
~

) or AR(ZI r )

Limit Constant : IR ESR V = I at MA45 of MAIN

is the amount of core storage available for storage of the

interact ion matrix elements. ‘r must be at least two time s (N +ZM) and

should be as large as possible since a large ‘r 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 +2M) 2 !L , where

L is the number of symmetric sections, is not greater than

Maximum Segments and Patche s in Model:

Arrays : COMMON/DATA/X(N+M), Y(N+M), Z(N+M),

S1(N+M), B 1(N+M), ALP(N+M), BET (N+M),

ICON 1(N+M), ICON2(N+M), ITAG(N+M)

COMMON/ANGL /SALP(N+M)

COMMON/CRNT /AIR(N), AU(N), BIR (N),

BII(N) , CJ.R(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

- 113-
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6.0  SUBROU TINE LINKAGE

The following chart shows the organization of subrout ines

in the AMP2 prog ram. All possible subroutine calls are t raced , 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.

-114- 
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7. 0 AMP2 LIST

The following list was generated from the AMPZ code which

runs on the CDC6600 computer system. The references  to line numbers
in the text of this manual r efe r to the line numbers on this list .

-1 16-
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~1

P~~(,PAA ~~~~~ ~~~~~~~ ~~~T ,t A . I I . I a  II .T*~ t I ~~.TAPLI..I A ,~~L5,TAPI MA I
116 , TA P r I 7  MA 2
COMM OM ,UATA , ~~~~~~~~~~~~~~ U000l ., I 00I.IIIOO6USIII000I,814111 0 MA 3

lO I.ALP ~ L000I.RtTtI000 ,.R .~ I eOOl.Ir C 4~ I I0O1fl ,lT0r.l&uQ0I.wL A M,IPS Ma
2w” MA S
~OMM O., r’.~~0Oo, MA 6
CO~~OM ,MOTPa ~~/ IC L .NM1) .’.-’ a.h LA c J . 1S~’.S~ -,,M.4 L-,lM M A I
CO M QN , S A d /  I~~I l~,0U I. I P I I ,O U ~ MA ~4
CO M O~. ‘..~ I 1 T ~~ I C I .I .IC~ .M4~ s.9PR(i.I~ LC~ .I I3uMp ,IMDuM.L ,IIM M A  9
COM M )~. ~AN L’ SAI 7,0) M A 10
~)~MO . .‘JUt.A,’ .lCua.Jozl2s I.’aCIo. JIal?S),NC oz ,JozL ,sI.Mr~~ ,Jgj(~ s I MA II
C~~’~ O’~ ‘CP..T’ Al.’) O 9 ) .A I l I 1~

)O f l ) . R l Q ) I D O O ) . M l l l 1 , O O h ,~~l4 ( I 0 0 0) .C l  MA 12
1 I I10 ~~0 ,. C~~~ I?GO0) MA I)
C’)~MO’~ I(,4(j /  ~‘)*II.Z TIl .CL.C-.,SCW.L,SC.’.R. A I ) L . P S O M P , I O A R . I P A R F  MA IA
CO M MO N ,s c ,OITM/ bA IN ) ~) f l 00 )  MA IS
COMMO S ,ZLOAO , ~~A I I R A V  1 00  MA lb
DI~ F~.StflN C A M I I P .  .AM ~ I P MA 17
f l f ~~ 9c1n9 f6( ’. I f 3 o ) .  T . t ( , -’ l J O ) . Y j I S ( ) ( O . ‘ 0 1 ) 3 0 1 .  T I . ’O I iOP,  P121 MA 1*

04)0). .2204)04. P22I )~~O .  ~I V P f I O I .  I ,&NIl Oi I. VSANIUI) MA 19
OIMINcI ), .  L D T. P Il, p . I D IA G U S I .  (.OIADTU5) . L D T A G T ) I S I .  ZLU )ISI . Z MA 20

IL I I I S ) .  itCh ’.). I T.’,.). ~~~~~~~ lo,.1P4lP~ MA 21
f)lMf)a~ I0N COM0).S,. ITAP)7 I .  A T S I ) l A h ,  ISFCN),), P*,I T ) 1 o, P0flt (31 MA 22
O lAINcIGN chOpM(Z0 O ) MA 2)
DIMIN~ Ill ~l T1,,1). 11. 1). TI l l), T è ~~) 1 l .  T ’ Y ) l ) .  T 2 1 ) l )  MA 24
t ’.~~l .’at0MC~ StAAhjl .A, )’Ij)). ) ,~~$ f 1 ) ,~ . E 7 ) 1 , ,  MA 26
~~~ u 1 V *~~ F N C 0  ORg.’.)). (T1V .AL .’). )T I7 .MlT), (T2’.ICO’hI). )T 2Y .ICO N MA 26

I ll . 7~~~.ttADI MA 27
IN TL (.,f’- A IN ,ATST .P T . UL .M.L,.MC IO ...CLIr MA 28
C000Lt • CM.r .J.vSA.)T .f 1’,f.” ,Z.J a i l  ,CLR.Ct.l4 1. i AROAV.FR O .ZkAT  72 MA 29
COM PU , £a.(y .(Z.ZPIO NA 30
DATA )ITA P) I).J .l, 7 1#ll.t ,.13,t4,lS .l6 ,11/ MA 31
D ATA A IST , CF,2NFR.2~ LO . .GM.2 ,.(0.2l ..4T.2,.X0.2HNF.2$GO. 2HRP,2MCM.2 NA 32

IHNg, 2MT ,,.21..TL ,2 )4PT. 2H P5,2MKM.2H7P/ MA 33
DATA IcFCN ,S,.?. 3.7.614’. 3.1 0,S”2.3.3, 3s1 .0. 3’.I .0, MA 34
DATA OL / LINF A P .SH PIGM T .414LfrT/.MO LA .MCIP,IM •‘,,.Cl6CLt ~/ MA 35
DATA P’ .17/614 ,2M .6)lST~ *,’~.2 T,8$C0OSSE.I,,D, NA 36
DATA 1Db /NM — .614PO uE~ . D -  O I P E . 6I - ’ C T I v E  / MA 37
DATA 1DAX /6P~ ‘4AJ30 ,4H MlNUP.b., ~..6M I’D.’. / MA 38
DATA !D~.T P/6U MAJOP .6., A SIS .4, MTDOM,4M A X I S  .6~i VEX, NM TICAL .4 MA 39

l~ M ORIP.AM ONTAI. .‘..‘ •NH7Of~~. / MA 40
DATA Pl .TA. To .FJ/3 .14159265.i,74532925F—02 .s7 ,2957p .Io.,l.)/ MA 41
DATA LOAOMA ,NSMA I .NCTMA/li,10 ,i0/.NORM *A /400/.NOR.,r/ 200,,LU/1000/ MA 42
CALL SECON D IF ,TIM) NA 43
151887.0 MA 44
IRES RV .4000 MA 45
R~~O MA 46

2 K~ 0.1 NA 47
I F  ( K . DT . S I  K~ 5 MA 48
RE AD 140, A IN.(COM)I ..).I~~1.13) M A 49
IF )A IN .NE. AT STII4)) DO 7 )  3 MA 50
ISIART.) MA SI
GO TO I MA 52

3 IF )R .~~T .1) GO TO .‘ MA 53
POrNI  141 MA 54
PRINT 14 2 MA 55
PR INT 143 MA 56

4 POINT 144 , )COM(l,K),I’1,l ~)) MA 57
IF )A I6.EO.ATS T IIII ) DO 1) 2 NA SR
I F )AIN. EO.ATS TII)l GD TO N M A 59
PR INT 145 MA 60
STOP MA 61

S CONTI NUE MA 42
MP CPATOO MA 63

C MA 64
C S E T T I N G  UP G [ O M E T R T C  D A T A  TN Sub. D A T A G N  AND PR~~N T I 6 f .  MA 63
C NA 66

CALL DA TA GN NA 47
IFLO W~ 1 MA 68
NPES~ N MA 69
NPPES.’O MA 70
IF )N.FQ .O ) GO TO 7 NA 71
PRINT 146 MA 72
PRINT 147  MA 73
DO 6 I~~1.N MA 74
ALP1~ ALP( T I’TD MA 7’j
ME T I ~ A E t l T ) ’ T f l  MA 76
PRINT 048, I.I II ) .T tI) .flI) .SUT .XLPI.8fTI.81II1 .ICONI (IUI .ICON2 NA 77

Ll 1 l . I T 8 G ) I )  MA 78
CAL P~Cf ,SlAL P) T) ) MA 79
SALP fI).SIN)ALPIII) MA 80
CAR )I).CA LP .CO SIAET(Ill MA RI
SAP (1).C8LP.SIN)0E14I)) MA 82
IF (SIIIl .DT.I.t .?fl.A’40,81(lI.Dt.1.€—? OJ GD TO A MA 83
PRINT 149 MA 84
STOP NA 85
CI7NTIIIUE NA 86

7 IC (M .FO .O) GO TO 9 MA 87
PRIMI 202 MA 88
J’LO I MA 89
00 A f.l.M MA 90

MA 91
TM Pl lT 1T (J4~~T27 (J )—T)flJ )~~T2y4 )))‘SALl’I J) MA 92
TMP2.)TI74J)*T2Y(J)—T ~ A IJl .t2Z) J ))•cALPI J ) NA 93
TN P3 .)T1* (Jp•T2YI J)— TIVl J) .!2;) J) )•SA LP) J) MA 94
PRINT 203. I..IJ ) ,V(J ).i(J).T M O l ,TMP2 .TMP 3 .O I (J).TIRI J) .T1TlJ) ,Tl Z MA 95
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WA 94
A C~~. T ( .  I MA 97
C ~~MA 90
C D~~ C I D l ’ . C, g . . X T  T~~~~1 (,i MA T .4IX ‘,OIUTTON MILL RE LISt?) 10. IN—CORE MA 99

0.4 O U (- f l T - o~I MA 100
C MA 10 1

MA 102
MA II)

NO.’~~ NI . C 1 O  NA IA’
IF N ~~~~~~~~~~~~ DO 1)) 10 MA lOS
IF t ’ ., .$’ • f ~~~~ 4 , b P)  (0  T O  10 MA 006
.‘~.r’ .r ~04. N .~,~’.M .h h P  MA 10?

MA b R
10 ..“~~~~ ‘ MA 109

NA 110
F . ~~, l~ ,4 L 0 F U N f l HL K . N LA ’ . T . I 9 f 5 R 0 . 0j ( Q . N P E Q . I’ . T )  MA II)

I’ ‘.‘ ‘-~ •~~P~ 01 ~~(( TO 12 MA 112
I’ ‘ . f _ .  I I  0 1’ I~~ MA II)

PA 114
NA 116

, ;  T C  5 MA j I b
11 .1 ( ~~~‘ .P( ~ ( MA Il l

I ’ AU - 1 MA 118
DO T ’  NA 119

12 IT ‘ I . , . ~. ) 0 !‘( I )  MA 120
NA 121

NC ~~~~~~~~ NA 122
V A L  MA 123
0”) ‘ ‘~ S M A  124

I )  C A L L ‘ - L ) ’~ 
(..-41 ,Y4 .hP ,PM . N LS SM . I A T S R O.N P E Q .NP F O .TN t )  NA 126

SC ,t .~ • MA 124
T ’  (0 .F~~. 2  GO T~’ I. MA 127

MA 12A
!Ca’I ~~. MA 129
00 ‘C ( S  MA 130

1~ 5C0L 6 . / .N P ,,” MA 131c MA 132
IS COS )(~ MA 133

MA 034
MA 136

,.L A S T .  ‘.(A ST NA 1)6
NA 137

• NC C ’ L ) ” N C O L  MA 03~PA r ’ - ?  ISO MA 139
C NA 140
C FILE PPFPAPA T I3N FOR DUT OF CORF M AIRI , SOLUTION . FILES REWOLJM)) NA j 4 1
C AND ENOFI LE iPITrE,.. AND TES T ITAG FOR RESTA R T MA 142

• C MA 143
I T ) ISTL RD .E0.9 GO T~ IN NA 144

- 
I CALL ISCAT - MA 145

60 10 ) 9  N8 146
l b IF (IC* (E.LT.~~l GO T~ ) I )  MA 

~~~DO I T T.1.7 MA 140
M t J N I T ~~ ? T A P I I 4  NA l4~• REW IN?) NUNI T MA ISO
END F T L F  SI IN IT MA IS)
R E M I N D  NUPI IT MA 152

17 CONTIM (,F MA 153
• 18 CONT I’ I ’ ,E MA I5~C DEFAULT XALUI  Ft ) ’ -, INPUT PARAM F IE P S AND FLAGS MA 156

IG O ’I MA ~56
‘M , 4 Z 5 ’) O O .  MA 15~FMNZ~ J5O . MA ISA
NFPO.1 MA )S9

MA 140
NA 16 1
NA 162
MA )83

P4ET.O MA 164
NA 145

NE8R ~ -) MA 164
! PT F LG. — i  M A 061
I FXP ’ - ;  MA 168

NA 169
IP’ ’~

F
~~ MA 170

IP f1~~~ C- MA Ill
I O U M P . O  MA 172

C MA 173
C MAIN I’ .P’ iT SECTIO N — StAN DARD RC A )) SiSTEMENT — JUMPS TO APPRO— MA 174
C PR IATT SE CT ION FOR SP FC IFI C PARAMETER SET UP NA 016
C MA 176
19 READ 151 . O, S .T TM .’1.ITMP2,JTMP3.flMP4 ,TMPI ,7NP2,TMP3 .1M04 .TMDS.TNP MA 077

16 NA %7$
MP CMT . PPC NT . I  MA )7 9
PPINT 162. $P CNT ,A I5 , IT MPI .1 T 14P2 . I T M P3, ITMP4, IM PI .7 M P 2.TM P3,TM94, T MA 1110

I M P S . T M P N  MA 181
7, IAI’..Co.A?sr(?Ig Gi, 70 21 NA 102
IF (AI ...tO .ATST(3)I GO TO 23 MA 183
IF )Al...EO.A TS T)Al) Gr) TO 7? NA 184
I’ (AIS.E O.ATcTIS )) 6’) 10 7) NA 185
IF I A IS.EO.ATSTCR )I 6) 10 35 NA 186
IF )A l .,.tQ.A1ST( lw)I 70 10 J5 NA 187
IF )A I~~.F O.A Tc T II’.)) 40 TO 38 NA 18$
T F )A Is.E7. A T c T ) 7 l I  GO TO 44 MA 189
IF ) A f s . E Q . A T O T ) N I )  GD TO 40 NA 1,0
IF )A I ’ . . E Q . A T S T I O ) )  GO 10 43 NA 091
IF T A I S . E O . A T S T ) 1 0 ) )  40 70 45 M A 192
IF ) % I . ~. EO . A 1 S T ) I 7 O  60 ‘TO 22 MA 193
IT (A IN .L O . A T S T ) I i I b  DO TO I MA $94
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I T  IAI’..Io.A T c T)IXl) C~~ T I  ) X  MA 155
IT IAI , .~.(.A T S7Il))) U t / 0  MA 196
IF )IVMPI.Nf,O) CALL FA r), 1. MA b 97
Stop MA 198

20 R A I ) 1  ci MA 199
STOP MA 700

NA 201
C TPF .~~ c C ,  P A R A N E I T A ,  MA 292
C MA 203
21 I T W Q M I T M P I  MA 204

NT.)O.I MP? NA 204
IT )NFRO.f0,. O ) NER ,,.I MA 706
T M , . / .TMPI  MA 20?
DEL FR’).TMP? MA 208
IT )IP f’T .EQ,I ) /PS o. ” , ’. , • MA 209
I’,O.I MA 210
I FLOW.? MA 2 11

GO 10 I-. MA 212
C MA 213
C NAT R IA INTFISRA TION LI’~)t MA 21’.
C • MA 215
72 PK.’..TMOI NA 216

100”) MA 217
MA 2)8

GO TO 19 MA 219
C MA 22O
C L O A D I N ” .  PARAM ET F ) 1 S NA 721
C MA 222
23 IF (IFLOW .EO .II GO TO /. MA 223

NLOA O I MA 224
IT LOW’l MA 225
IF I I D O . C , T . 2 )  IGO’ T MA 226
IF )ITMP I.FD.Nl)) (.0 TO 19 MA 227

74 NLOAO .NLOAD .I MA 228
IF INLOAO.LE.LOA DM *I r.0 7) 25 MA 229
PA INT IS’ MA 230
STOP NA 231

75 LO TYP)ILOAD) ”1T MP I NA 232
LO TAC.D.LOADI .ITM P2 MA 233
IF IITMP4.EQ .O) ITMP4UTMP3 MA 234
LOTAGF )NLOAOI.ITMP3 MA 234
L OTA GTINL OA O .1rM04 NA 236
IF )IT ”P4.GE.ITM PT) C,’) 10 74 MA 237
PR INT 155. NLOA D.IT MP ’T.I TMP 4 MA 238
PRINT 159. ISFCN (3) NA 239

• STOP NA 240
26 ZLR ) NIOAO ) . T M PI  MA 241

ZL( IFALT A OI . IMP 7 MA 2,42
Z L C ) N L O A D ) . T M P 3  MA 243

~‘ ) T O
C MA 245
0 GROUND RA PA M ETER S UNOFA TI’ F A NT FNNA MA 246
C MA 247
77 1FL O W ~~’. MA 248

IF )IGfl.GT.2) 1(,U=? MA 249
IT IITM PI.N E .)—1)) 0,0 TO 24 MA 250
)TSV MP .I MA 251
NRAOL .R MA 252
GO TO 19 NA 253

?A £PFRF .TINP I NA 254
IF )M .EQ. 0 ,OR .IPERF.NF .O) (.0 T O 29 MA 255
PRINT 2011 NA 256
STOP MA 237

29 NOADL.ITM P2 MA 258
N SVMP .2 MA 259
EPSR.TMPI 4A 260
SIG.1902 MA 261
jF (NRAOL,EO .C) GO 10 30 MA 262
SCR.LT.TMR3 NA 263
SCPW RT.TMP4 NA 264
GO TO )9  MA 265

30 FPSQ2 .TMP3 NA 266
S I G 2~ TMP4 NA 267
CLT .T MPS MA 268
CMI .TMP N NA 269
C,O TO 19 NA 270

C MA 27 1
C LO CITAT ION PARAM ET ER S MA 272
C M A 213
11 IF )IFLOM.EO. c) (.0 TO 32 MA 274

IPTCLO.— 2 MA 275
NSAPgT .,I NA 276
IP ~ 0~ 0 MA 277
IF LOW .c NA 278
IF lIGD,GT .3b IGO. ’I MA 279

32 MASY M .OTNP 4 ,1fl NA 280
IT IIT” DI.GT.O) GO TO 34 MA 281
I*T VP.ITMP I NA 282
NTSOL .C MA 283
NSAN T .NSANT .I MA 284
IF INSA MT.L (.NSM A O) Go TO 3) M A 285
PO INT $56 MA 206
ST OP NA 207

33 ISANfl ..SAPITI .ISEGWOII TMP2 .IIMP1, MA 288
I P E O . I T M P 4 - M A S Y M ’ l O  MA P89
V SANT (IISAPITI.CMPLI(TM PI .TM P2) MA 290
IF )CAPS) VS AN TINSA N T )).L T .l.E—7)) V SA ’ITINSA NT).Il..O.I MA 291
ZPNORM. TMP 1 NA 292
IF IOFO. (O.l. AND .7PNDPM .4T.O) IPE)).? NA 293

IIQ



00 70 19 MA $94
14 IF I IATTP.E0.0 NTSOS .0 NA 293

I8TYP. ITMP I MA 296
TIT MI ITAP2 MA 297
MPHI.ITM P3 MA 29$
OPAl •TMPI NA 293
8P82 .TM P2 MA 300
8P8 3.7MP 3 MA 301
0P 04. TMP 4 MA 30$
OP RS. TNP5 MA 303
OPRb.TMPÔ MA 304
NSAMT .0 MA 305
TN(TIS.*PQ I MA 306
PWISS~ IPR2 NA 30?
GO TO 19 MA 30.

C NA 309
C NETWO RK PARAMETE RS MA 310
C NA 311
35 IF IIFLOW.EO.8) GO TO 36 MA 312

M€T.0 MA 3 13
NTSOL.P MA 314
IFLOW .A, MA 315
I F )IGO .GV .3) IGO .3 MA 316
IT IITWP2.EQ .I—1)) GO TO 19 MA 317

36 NET.N (T.1 MA 3)8
IF INET.Lt.NETNXI GO TO 3? MA 319
PRINT )37 MA 320
STOP MA 321

37 MTYP (N (T).2 NA 322
IF IAIN.EO .ATST (6)) NTYPINET$.1 MA 323
15801 )NET).ISEr.NO)ITMP I .ITNP2 WA 324
ISFG2 (NETI.I SEGNOIITMP 3.ITMP4I MA 125
Y1IRI NE T I.TMP0 MA 326
YIIIINETI.TMP2 MA 327
TIZR )NET).TMP 1 MA 32$
TI2IIP* (T).tMP4 MA 329
Y2281N071.TMP’T MA 330
Y221(NETI-TMP 6 NA 331
IF (NT YP)Pd(T).EQ.I.0R.TMP1.GT.O.) 00 TO 19 MA 332
NTYPIPAET).3 MA 333
VI IR(NC TI.~ TMD I MA 334
GO TO 19 MA 335

C MA 336
C POINT CONTROL MA 337
C M A 331• 3$ IPTFLG.ITMP1 MA 339

IPTAG .T?MP2 MA 340
IPIAGM.ITMP3 MA 341
IPTAGT.ITMP4 MA 342
IF I1TM PA.E0.0) IP1AGT .OPTAGF MA 343
GO TO 19 MA 344

C NA 3AS
C AUTOMATIC FILE DUMP PARAMETERS MA 346
C MA 347
39 IOUMP .I MA 34$

TMOUM.TM”I MA 349
GO TO 19 MA 350

C NA 3SI
C NEAR FIELD CALCULATION PARAMETERS MA 352
C M A 333
40 IC (.T4l)T.IIFLOW .CQ .8.ANO .NFRQ.NE .I)I GO TO 41 MA 354

PRI NT 15$ MA 355
PRINT 139. ISE CM III MA 356

41 NC8R ITMP I MA 337
IF I M .FQ,O b GO TO 42 MA 35$
PRINT 209 MA 359
STOP MA 368

42 NRA.ITMP2 NA 361
MRY.ITMP3 MA 362
MR7 .ITMP4 MA 363
ONR.TMP 1 MA 364
PNRMTMP2 MA 365

- • 2M8.TMPI MA 366
O*NR”7M04 MA 367
OYNR .TMPS MA 36$
DZMR .TMPA MA 369
ICLOW.11 MA 370
IF INTR0.ME.II GO TO )9 NA 37)
GO TO (30.3$,65,$4.S71, IGO MA 372

C M A 3 73
C 080UMO REPRESENTATION NA 374
C NA )73
43 IF I.NOT.IIFLOW .tO,9 .ANO.MFRQ.NF,I)) GO TO 44 MA 376

PRINT 139. ISFCNI2$ MA 377
44 EP SR2.TM P I MA 371

SIGZ.TMP2 NA 379
CLT .TMP 3 NA 380
CNT.TM,4 NA 381
IFLOW 9 MA 382
00 TO 19 NA 3S3

C MA 3K
C STANOA PO O$SUVAT ION ANGLE PA R AMETERS MA 303
C MA 316
45 IFAR~ I IMP) MA 387

NT N. IIMPZ MA 38$
MPH” ! VMP3 NA 309
IF INTN .E0.0I NTM I  NA 39$
IF 11 M.E0.S) NPN.1 MA 391
TPO” ITMP4/I0 NA 392
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I A A P . I , W P 4 — I P r ’ . l O  MA 193
ISOR .IP0 ,10 MA 194
IRO .IPO-ITAOR• bO NA 395
IAI .ISoR/l 0 MA 396• I N ( ) N . I N O k - I A A . l O  MA 797
IF )IA. .NE .O) IA’.) MA 39$
I T IP” •N F .OI IPO.I MA 399
IF IN?— .LT .2,00.S0P.LT .i1 7A WP4T MA ‘.00
IF II’ IR .TO .I4 IAVP 4O MA 401
THFTS .TM PI MA 402
PNIS. TMP2 NA 403
OTH.T”P) NA 404
OPR .TMP4 MA 405
RTLD. TRD S MA 406
,N0li.T”P6 MA ‘.0?
IF LOW .IO MA 404
Go T O SO .58.45.84.94,. I’ ’ , MA ‘.09

C MA 4IO
C EXICUIF CAR)) — CALC. INCI UDI’’) .JAOIRTEO FIELDS MA 411
C MA 412
46 IF l i F t  OA .E Q . I O , A MO. I T M P 1 . f Q . ) )  GO TO 14 MA 413

• IF )NFP 0 . E O . I . A N ( . . I TM P I . ! O .0. AS ’ ) . IF LO ~~.GT . 7I  (.0 T I  19 NA 404
IF I IT R P I . N E . ’ T I  GO TO 4)4 MA 413
IF (IFID W .C, T .?I GO TO ‘.7 MA 416
IFL O W . 7  M A ‘.1?
1,0 TO AS MA 4 18

47 O C L O W I I  MA 419
GO TO .5 MA 420

‘.8 ZFAR=0 MA 421
RT LD ~~O. MA 422
IPD.O MA 423
IAV P .O NA 424
INOO”O MA 425
I A , . 0  MA 426
NTR.91 MA 427
NP”.I MA 428
T4*TS.r. MA 429
PMIS.O . NA 430
OTM .l .S MA 431
OPM.0, MA 432
IF IITNP I.TQ.2b PMIS .4O . MA 433
IF CI Y ’lR I.N t .01 GO TO 44 MA 434
NPM.2 MA 435

MA 436
..9 GO TO SS.S8.F5.86.94). 11,0 MA 437
C MA 4311
C 14.0 OF )M€ MAIN INPUT SECTI ON MA 439
C REGINNINC. OF T ME FREQ.j844C 4 DO I~7OP MA 440
C MA 441
SO WN/~~ 1 MA 442
SI IF IMNT.CO.I )  40 TO Si MA 443

If lI’PO.EO .I) GO TO 52 MA 444
FMM1.FM..Z.OELFRO MA 445
GO TO S3 MA 446

52 FW$ ? .FM M Z •O E LFO Q MA 447
53 FR.FMH/’FMHZS MA 448

MLAM .300.,FMM? NA 449
POINT 160. FM M F . W L A M  MA 450
PRIN T 705. ROR MA 451

C FR6QU ~NC F SCAl ING OF r ,EOMKTRIC PA R AM E TF K S MA 432
FMI4IS.FMMZ MA 453
IF IN .TQ .Ob GO TO SN MA 454
00 54 I.1.N MA 433
R(T b ” O II)’FO MA 456
V l I b ~~Y f Ih. FR NA 457
Z III .flII MF0 MA 430
SI II) .SI (I)•FR MA 459

54 OI II).q IIIl .FR NA 460
55 IF (M .EG.0I GO TO 57 MA 461

FR2.FR.FR MA 462
J L 0 1 MA 463
00 56 1.1.4 MA 464

NA 663
O l ,J).X(JI FR MA 466
YIJ)~~Y4J)•FR MA ‘.67
2)1) .7)JI•FR MA 46$

56 R I I J ) F R I I J I M F R )  MA 469
57 100.2 NA 470
C STRUCTURE SEGMENT LOAD ING MA 471
5$ PRINT 161 MA 472

IF INLOAO .N (.9l CALL LOAD )LOTYP .LO IAG.LDTADF .IDTAGT,2LM.ZLI .ZLC.N MA 473
ILOAD I MA 474
IF (NLOAO.EO .Ol POINT 162 MA 473

C GROUPIO PARAMET ER MA 476
• PRINT 163 MA 477

IF IKSYMP .EO.Ib GO 10 61 MA 47$
IF (IPE RF .EO.Ib GO TO 60 MA 479
ZRATI.CSOR TII./IEPSN—SI G ’ALAM•cO. q7•FJ) ) NA 480
IF (NRAOL.EO.0l GO TO 59 MA 4$1
SCRWL .SCRWL T2WLAM MA 462
SCRWR .SCRWPT/WLAM MA 483
PROM! IRS. NRA OL ,SCRW) T.SCRuRT MA AA4
PR INT 164 NA 483

SO PRINT $63. EPSR.SIG MA 4$6
GO TO 42 NA 487

6, POINT 166 MA 68$
(.0 TO 42 MA 489

RI PRINT IA? MA 490
62 CONTIN(I8 NA ~91
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C MA 492
C %7RUC?~j8E NA 7RJ I 510 )# MA 493
C MA 494

IF IIS TART .NE .0) 40 Tn 63 NA 493
ICI.0 MA 496
IC2 .ICI MA 497
1C3 •ICI MA ‘.98

63 4.ROW~~4Q0WX NA 499
NCOL”P.COLA MA 5$,
N8LOA%.IIRLOIIX MA 38$
NPALN.IIPILI)I MA 5fl
‘N.AST .N &A ST0 MA S83
CALL SECOND (TIM)) MA 504

C •
CALL C”S(T (NOOW ,WCGL,CM ,44 0A0.OIMl MA %06

C • W A cO ?
CALl . SECOND •TI$2) MA 388
TIM .TIM 2—T IMI MA 589

C MA Sh
C 4*7000 FAC,ORIA ZTIO# MA 311
C MA SI2

CA LL FACT O S (NPEO.N0P,CM .IP.I*.PIROW.4.COL.MCOLS ,IPSFM ) MA 313
ISIARF .0 MA 5)4
IF (ICASE .LE .1) GO TO 64 NA 515
ARQW .PIPEO MA 316
WCOL”NCOI. S MA 337

44 CALL SFCONO (T IM I, MA 511
TIM 2~ T IMl-TI M2 MA 519
POINT 168. T IM.71M2 NA 320
I GO .3 (A 52 1
NT SO L .T MA 522

C NA 523
C EA CITATION SET UP IPIr.HT MAN O SIDE . —E I IC.) MA 524
C MA 325
65 M T P 4 ! C ” I  NA 526

4.PMIC.I MA 527
INC.I NA 32$
NPRINT .O NA 529

46 IF I I ITTP. tO.0)  GO TO 6$ MA 530
IF (IPTFLG.LE.0.OP .I*TYP.EQ. 4) P R I N T  169 MA 531
T MPS .TA.K POS MA 532
TMP4.TA.XPR4 MA 533
IF IIOTY P .LE.3 GO TO 67 MA 534
TMPI~ O PRh/W LAM MA 533
TMP 2 .0P02#W LAM MA 336
TMP3~ XPR 3#WLAN MA 537
TMP6 .XPR6/ WLAM .AIANI NA 538
PRINT Ill , *PR1.OPR2. ,PQ3.OPRN. ,PR%,*PRS MA 539
GO TO AO MA 340

67 TMPl~ T8”APpI NA 54!
TMP2 .TA.8PP2 MA 342
TMP3 TA•811P 3 NA 343
TMP6.OPO6 MA ~44
IF (IPTFIG.LE. 0, PR INT 170. OPRI.0P112,00R3,NPOL( IRTYP).0p116 MA 543

68 CALl. ETW M S (TMP1 ,TMP2 , TMP3.TNP4.TMPS,TND6.ISTYP.ISA4.T .83A4.T,MSANT. MA 344
ICUR ) NA 347

C NA 548
C M A T R I T  SOt~~IMA (ME TW ” CALLS SOLV ES) MA 349
C NA SSO

I F lN€T .t4.O.Oa .INC .GT.1) GO TO 72 MA 331
PRIM? )73 MA 352
IT)4P3=O NA 333
I T MP I . N T Y P I I I  MA 334
00 71 I•I.2 MA 333
IF )It”PI.E0.3 ITNDI.2 MA 336
IF IIT”Pl.EQ.2) PRINT 174 MA 537
If (ITM PI.E0.11 PRINT 17% MI 338
~O 70 j . I .NET NA 539
ITMP2.4.TYR(J) MA 360
IF I(ITMPp,~ TMeII~ (0.~~I 00 TO 69 MA 361
ITMP3.ITMa 2 MI 562
00 7 0 70 MA 563

69 ITMP N .ISERI(J) MI 364
ITMPS .TSCG2)J) MI 363
IF IITMP2.G(.2 .AMO.VIIIIJ) .LE.O.) YIII (J).WLAM .SORT ((* (ITMPS)—X(IT NA 566

1Mp4)I.(2 .(Y)ITMP3)~~Y (ITMP6))~ .2.l2IITMPS).Z (lTMPi. ,,S•2) $1 367
PRINT 172, ITA G(ITMP4).ITMD4 ,ITAG (ITMPS),ITMPS.YITRIJ ),511l(J) ,912 NA 368

IP( Jl.Y12I1J ,T22RJ ,Y22I1J1.PNFT)?•ITNP2.fl.PNET I2.ITMP 2) Ml 569
70 CONTIMI,E Ml 370

If (17M 03.E0.0I GO 10 72 Ml 571
IT MPI .T?M83 M I 372

71 CONTINIIE MA 573
72 CONY TwIll MA 374

IF (I MC.GT.1.AND .IPTFLG .GT .0) NPRINT .l NA 573
CAL). ‘(FINN IISEOI.13E62 ,YIIR .Y1)I .Y12R.Y12I,TZ2R,522I.NET,4.TYP.ISA MA 576

INT ,V SANI,NSAM T ,CM.IP .CUR ,MROW.NCOL.IX ,PIN ,PLOSNT ,NPRINT.MASYM.ZPEO NA 577
2.NTSOL MA 57$
NTSOL”I NA 579
IF (IPFO.t0.0l GO TO 73 NA 300
ITWP I.NMZ ...)MNZ—l) MI 581
1F (ITNPI.RT.INORMF.3)1 GO TO 71 MA 3S2
FNORM ITTMO)).R(AL(7P(0) NA 383
FN ORM IITM RI.I,.A IMAG(7PEO) NA 584
,NORN II7MDI.2 ,.CARSIZPEGO MA 305
FNOQ M(TTMDI.3).CAMGI ZP (OI MA 586
If (IPED.EO.2) GO TO 73 NA 507
IF IFMORMIITMPI.2?.07.2PNDPM ) 7DWOPM .f4.ORMIITMPI.2) NA 588

73 CONT INUE NA 589
C MA S9O
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C P 4 ) N T I ~ , , S T RUrT UAr CU~ NEl4T ’. MA SOl
C MA c91

)F lN.’0.0) 1 ’)  TO 42 MA 593
IF )I P IF L G .((l.) —l I l  (j ’- TO TN MA 59.
IF IIPTTLG.GT .0) C )  T~~ 74 MA 4.95
PA I NT 171. MA 598
PRIN T u T  NA 1~97
(.0 U, ,S MA 590

Ta IF IIFTFL( ,.EO.3.OP .INr .GT.II (.0 TO 7~ MA 4.69
PO INT 78. £PR3,$PQL(T(T Y PI.$.XX. MA 600

OS PLOSS” , MA 4101
1 TM P I~~, NA 402
,MJWP. I 4TF L G . 1  NA 1.03
00 4 4 1  )~~l.S MA ~O4
CoR I~ C - X l I l WI AM MA 603
CMA (,. CA 44 S)C Lo~!I MA 606
PN.CAN(’.I C IJRII MA 601
IF INI,IA O , f I . s l  (.0 TO 76 MA 60$
IT *44 )llEAL47AI4A A ,(I,)).L T .1.~~— 2- )) (-0 10 7’, MA .09
P LOSS L OSS . .c• CMA r,~ CMA 3 ~ R F A L l ? * R 4 i A 4 ( I l i . s I I )  MA 411 0

74 J T ) J ) ) IP )  R0.A1.71 MA 4)1
7 ? IF I IP TA G . EO . f l l  GO TO 1$ MA 41 12

11 IIT A GIII.NE.IPTAGI GO TO NI MA 4113
1)4 IYMPI~~IT NPI.1 NA 8 14

IF I I T U P I.L I.IP TAO F .O) .IT’.PI.rT .IPT AC.T l (.0 IC, ~ I NA 815
IF IIPTFLG.EO.O) CO T ’  $0 MA N I’ .
IF II P T;Lr, .LT.7.OR .INC .(T .NORW FT (2) 70 7. MA 61?
F4.00M )I4.C4.CMA(, MA Ala
ISAV E .T MA 619

79 IF IIPTF L G.NF .1l ?PI#4 r I 7 ~~. 104 1 .RPR2 .(MAI. O)4.I MA 820
GO TO M I - MA I2I

80 POINT ISO. I.OT A G I I . . I I I .v l I .? II . - ;I II .CUW I .Cui. .44.. MA 622
•l CONT IS’,F MA 623
M2 II IM .FO.0l GO TO 54. MA 624

PRINT 206 NA 623
J.’A I MA 626
ITMPI.LO .1 MA 4127
00 83 I.l.M MA ,528

MA V.29
I T M P I . T T M P I — l  MA 630
E T - . . C U P I J I  MA 63)
EPH .C Ofl J .I) NA 632
EX ’ ( T H .T l X  I IT’.Pl)  .FPH.T2A IIT’4~ fl NA 833
ET.E TW .T I Y I I T W D 1 I  .Fel I .TZYIIT MPI) MA 434
F2.ET .4.T 0Z I ITMDI  I ~~~~~~~~~~~~~~~ MA 835
ETHM .CX RS) ET M )  MA 636
FT4IA .C I4.GIE T$l NA 4137
EPI4M.CARS)1P14 ) NA 638
EP I A . C A N G I F P ’- l l MA 639

83 POINT 20?, I. l ( I T M P I I . Y ( I T M P I I . 7 )ITM PII .BI(IIMPI).E THM ,E TMA ,E PM N.E MA 640
IPNA .(X.EV.fZ NA 641

84 IF I I OT V P . N € . 3 I  GO TO ‘(S MA 642
TM PI .Pt$—PLOSNT—PL OSS MA 643
TM O2.l7O..TMP ) ,PIN NA 644
POINT 151 . PIN .T MP 1 .PI OSS .PLOSST .TM P2 MA 4145

85 CONT INUF NA 646
IGCI”. MA 647
IF IIF IOW. PIE .1) GO TO ME, MA 648
IF lI (TYP .G1.0.ANO.IXTYP .LT.4I 1.0 14) 128 MA 649
IF (NFOO.NF.Il GO TO 135 NA 630
PRINT 750 MA 631
60 10 19 MA AS2

C MA 433
C CALCULATION Or A.R.C TN CURRENT E I0A NS OON NA 654
C MA ISS
86 CALL CAM C NA 656

100.5 MA 657
C NA 63A
C NEAR F IELD CALCULATION NA 439
C NA 660
87 IF (NEAO .EQ.l—1) l  GO TO 93 MA 661

PRI NT 182 MA 662
Y’APT.ZNO—D7NP MA 663
00 92 I.I.NRZ MA 664
ZN RT .Z NOT ,OZN R MA 4165
IF (N(AR.EO.Ol 60 10 )48 MA 666
CTH .COc (TA .TNRT) NA 667
STN.SI.((TA .ZMRT) NA 4168

88 YN RT.YNR—OYNR NA 669
00 92 “I.NRY MA 670
YNRT .YSST .IiY 9 MA 671
IF (NEAR .EO.O I GO TO (9 MA 672
CPM .CO~~ITA .YNDT) NA 673
SP.4.SIN)TA (YNRT) MA 674

89 ONRY .RMR .ORNR MA 675
00 92 KK .l.NRO MA 4178
OMRT.(N l(T.OXNR MA 1.17
IF (NEAR .(O.0) GO TO 00 MA 4170
OOR.*MRT.STN.CPI4 MA 4179
V0N.OMRT STI4 SPN MA 680
ZON *N9T’C?N NA 681
0.010 91 MA 602

90 RO5.*MQT MA 663
TOR.YIIOT MA 684
ZOP.PPIRT NA 663

9) TMP 1.* IN/W LAM NA 666
TMP2 .Y r tR,W LA M MA 687
TMP3 FOR’WI AN MA 680
CALL PIFFLO ITMP),TNP1,IMP3.EO,FY.E7) MA 4189
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VM PI.CAMSIE () MA 690
TMP2.CAN (EO MA 691
TMP).CASS EYI MA 692
1MP4 .CANG(FT MA V.93
TM PS.CARSIE2I MA 694
TMPÔ.CANG (EZ) MA 693
POINT 183. *O8 .TOl.jOR.TMP1 .TMPT .TMP3.TNP4 .TNP5,TM P4 NA 696

02 CONTI NUE MA 691
IF (MM7.tQ.NFRO) NEA R.—I MA 69$
If (NFO0.NE.l) GO TO 03 MA 499
PRINT ISO NA 700
GO TO 19 MA 781

93 CONTIN UE M A 702
C NA 703
C STANDARD FA R FIELD CALCU LATION MA 704
C MA llS
94 IF II FA O .E0..U (‘0 TO 128 MA 706

IF IIF*R .LT.2) GO TO Rb MA 707
PRIN T *84 NA 70$
IF (IFAR.LE. 3) GO TO ~~ NA 709
POIN T )SS. NRA OL .SCRWI T ,SCTWR T MA 710
IF 4 JPAR.EQ.4) 60 70 06 MA 711

95 IF II FA O .EQ.2.O8.IFAR .EO.S MCLTF.MPOA.(II MA ‘#12
IF (IFAO .F0.3.OO.IFAR .E0.6I MCL IF .IACIR NA 713
CL.CLY,ILAM MA 714
CN.CMT ,ALAM MA 713
ZOATI2 .CS0RT(I./ (FPSO 2—SIG2’WLAM•59 .92.TJ)) MA 716
POINT 186. NCLIF.CLT .C,HT .EPSR2 .SIG2 NA 717

96 IF IIFAR .NE .1) 60 TO 91 MA 71$
PRINT 190 NA 719
GO TO 90 M A 720

97 I.2~ IPT1.I MA 721
MA 722

ITMPl .2~ IA .I NA 723
ITM P2.OTMPI.I MA 724
PRINT 187 NA 725
IF IRFLO.LT.I.E—20) GO TO 98 MA 726
EOOM ItAM /RFLD MA 727
EXRA .RFLO /WLAM MA 728
E*R A.—1A0..(EXRA—AIN T EX RA )) MA 729
POINT 188, RFIO.ERRN.FZRA MA 730

98 POINT 1~ 9. IGTP(I).I G TP(J) .IGA IEITMP II .IGAXIIT M P2 , MA 731
99 IF IIOTTP.EO.O * GO TO 101 NA 732

I F (I*1YP .EQ.4) GO TO 100 MA 733
POAO.O . MA 734
GCON.b.•PI#(1 ..*PRA•XPR6$ MA 735
GCOP.C.CON MA 736
GO TO 102 MA 737

100 PIN .394.51M *PR6I&POA WLAN ’WLAN NA 73A
101 GCOP.WLAMMW LAM .2 .*PI2(376.73•PIM) MA 739

PRAD.PTN—P1055—PLOSP.T MA 740
GCON GCOP NA 74)
IF (IPO .NE.O) GCON .GCON•PIN/P$A0 MA 742

102 I~ O NA 743
GMAA. .1.El0 NA 744
PIMT~ O . MA 745
TMP I.OPI4ATA MA 746
TMP2..5’OTN~TA MA 747
PNI.PMIS—D PN MA 740
00 121 RPH.).NPN MA 749
PNI.PMI.0P14 MA 750
PNA .PM I • T A  NA 751
TNFT .TMETS—OTH NA 732
DO 123 KTM.l .NTN MA 733
T#’ET.TN€T.OTN MA 734
IF IITSTMP.EO .2.ANO .THfl.GT.90.OI.ANO.IFAO .Nt.I) GE) TO *23 MA 753
TNA .TMET’TA MA 756
IF (IF AR.E0.I, GO 10 103 MA 757
CALL FFLO ITNA .PNA .ETM .EP$l ) MA 73$
GO TO 104 NA 759

103 CALL O d D  (RFLD/NLAM ,ONA .TH(?/WLAN,lTl4 .(PM.ERO,ZR*TISIISVMR ) MA 760
EROM.CA8S (ERO, MA 76*
EROA .CANG (ERD MA 762

114 EIMM2.PEAL ETM~ COMJG(fTN )) NA 763
(TWM.SORT(ETNM2) NA 764
ET NA.CANG( FTNI MA 785
EPNM2 PEAL (EPW .CONJG (FPN$) NA 764
EPHM .SOAVI(PNM2 MA 767
EPNA .CANGIEPN * MA 76$
Of UFAR.E0.II GO TO 122 MA 769

C ELLIPTICAL POLARIZATI ON CALC. MA 770
IF ((VM M2 .OT.*.E.20.OO.EPMN2.GT.I.F.20) GO TO $05 MA 771
TILTA .0. MA 772
EM A . 2.0. M A 773
EMINR2.$ . NA 774
A*RAT .0. MA 775
ISENS.NRLI( NA 776
GO 10 110 MA 777

i05 OFA ZN E PNA— ETMA MA 778
IF (CPI4A .LI.0.) GO TO 106 MA 779
OFAZ2.OFA2—360. NA 780
GO 10 107 NA 7$)

106 09A22.OFA7.360. MA 782
10? IF (A9c(OF*2).OT.AMSIIIFAZ2I) 0FA7 .OFA22 MA 783

COVAZ.COS(OIAZ~TA) NA 784
TSYORI.ETMM2—EPHM Z MA 703
TSTOfi2.2.~fPNN•tTMM~Cflf AZ MA 706 r

TILTA ..SUATGM2(T310 02.ISTORI) MA 707
SIILT A .SIN(IILTA ) MA 788

124

~,.L_



-~~-~~—~~ ~~~~~~~~
, ‘-w•- -----

~ 
—-- ---- - — ‘- -

~~~ ,- ~~~~--  - - - - - - -a

TST 0 R I ’ T S T O R 1 • S T ) L T A ’~~T I L T A  NA 789
7STO0?. T ~.TOR1.STI LIA ~ ( C S 4 I I L T A  MA 790

MA 791
ENIIR?~ TSTO(I-TST0 ,,.4- 4.M? MA 7)42
IT IEM I’..42.IT .0.) I’M I’).4 4~~). NA 1)43
£AAA T~ (0PTIf (I4I(2,FMA )4~24 MA os..
TI L T A~~T I L T A ~~) MA 795
II II(~~A T .4.1.(.( 6) (.4) TO 108 PA 796
IS”.S~ -.0Ol, I1I MA 791
00 047 I t O  MA 798

b A  IF (OF’T.GT .O.l .0 10 109 NA 799
ISFNS ~~’.PO1 4 e I  MA MOO
(.0 TO 11 0 NA 4101

109 ISFN S ..,00Ll3I NA 802
11 0 C-N J’0~~I0 I’.L ’~~~fM *j4 ’€~ MA R03

MA R04
MA (OS
WA MO b
MA (07

IF IIN ~~ .’ 1 ) ~ (.0 ‘~ (17 NA $08
I’T•I MA (09
IF II .C.T ~~~~~~~~ I C.,) I ‘4 1) 1 ‘A 410
GO 70 1 111.11/. 1Ii.I1 ..l IS) • I~ ’4~ M A “II

1)1 TSTO~~~ ”)NN 4 M A (12
GO T~ II ’ . MA (13

II? TSIOA I.4)N 4 MA 414
GO TO (IA MA MIS

113 T STOM I .r,Nv NA RI b
GO TO lb MA SI?

II’. T)4Y~~Rl.7N’. MA M IS
(‘.0 TO (6 MA 819

11 5 TS7l~~I’’- T )T MA 520
1*4 GA I M I I I .T . T O R I  MA 821 -‘

IF ( T S T ) MI .G T .O MA,(  G-4 A 4 . T TT O A 1  MA 822
117 IF I I A V P .IO.Ol Go TO 1*~ MA 4123

TSrOPI.~CP4 TIEVI?.EP.V2? NA 4124
T5P3.T~ A —TMP? MA M23
TNP4.T— (.TMP2 MA (26
IF I A T A .fQ.1I TM44).T$4 NA A21
If IMI...E0.NT’.i TNP4 ’T ’ IA MA 820
D A .A O S , T M P I • ( C O S I T M P 3  ‘ C O S I T M Pa U)  NA A29
IF IKP,..EO. I.Oa.,40 .E).NPII) DA..5•DA NA 830
PINT .PINT.TST~,R I•OA NA (31
IF (IA ~ P .E~u .2 GO TO 123 MA 832

118 IF ( IA , .EO . I )  60 17 11’ ( MA (33
TMPS~ C,4.WJ M A (34
TM PN GNMN NA 535
GO TO 120 MA $36

119 TNOS.ON9 NA 837
TNP4.G4.4. MA 838

*20 IF lRFlr).LT.l. r.2o( 0)7 TO 12* MA 839
ET4IM.ET M’E-lRA NA (40

MA 4141
EPI-IM.EP’M E’ lRM MA 542
EPRA .EPl.A.AXRA MA 843

121 PR INT 1~~I. TR FT.P44 l.T (AS .TMP6.GTDT.*SNAI .TILTA ,ISENS .ETNM ,ETHA .E44M MA $44
IN.FPMA MA 545
GO TO (23 MA 846

122 PRI NT I~~2. PTLD,PNI,TMET,FTMR.FTHA,ERNN,EPWA,ERO$.EODA NA 847
123 CONTINI)E MA 848

IF 4 1 A 4 4 P .ED. 0) 60 TO 124 MA 549
TM P3 .TAFTS .T* MA 830
TMP4 ’TMP 3.0 T 14.TA .F (OAT INT 4 ’—l l  MA 851
T MP3 .A O SIO PM’T A •F LOAT NPH—I1 (C4 )S ( 1N03) —C OS T M P 4 ) ) )  NA 552
PINT.PINT/TMPI MA 553
TNP3.TMP3IPI MA 834
POINT 193. PINT .T MP3 MA 853

024 IF (I70R .E)~.0) (.0 TO 12M MA 836
IF IARS (GN4)O).cuT.I.(—2I4 GMAX .GNOO MA 857
ITN PI= )INOR—I )•2 .I NA 858
ITM P2’ITM PI’l MA 859
PRINT 13’.. IGNTOIIT MP II.IGNTPU YMP 2 ),GMA X MA 860
ITMP2.NPH’NlH MA 54$
fF (ITMP 2.GT .NORNAXI (lNPZ-NORMAO MA 562
ITMPI .(ITNP2.?)/3 MA 563
ITN P2 .TTM PI .3— ITMP2 MA 844
OTMP3 ’ITMP I MA #65
OTW P4’2•1TM PI MA 866
If IITMP2.EO.!) ITMP4 .ITMP4—1 MA (87
DO 125 I.I.ITMPI MA 868
ITMP3~ ITMP3 .1 MA 849
I T M P 4 ’ I T M P b . I  MA (70
J . ( I — 1 ) ~~NT H MA 571
INP1.THETS.FLOAT(I—J”(TN—l) OTH MA 872
TMPZ.PAIS.TL OATIJ).OPH MA 873
J .)ITMP1 I)/P4TH MA 874
TM PI.T .TTS .FLOAT (ITMP1—J .NTH—flIOT H MA $73
TMP 4.P4.I5 .FLOAT IJ) (OPU MA $16
J.(ITM P4— I)/NTII MA 577
IM P5’TMETS FLOA TII TN Pb— J •NT H— I .OTM MA 878
T MP6 .PHIS.FLOAT(J)SOPH NA $79
TSTO R IS GA IN (I )—GNA X MA RI O
IF (I.FO.ITNPI.ANO .ITMP2.NE .Ol GO TO *26 NA SA l
TSTOR2.GAIN(I TNP3 I—GMAO MA 882
PINT.G(1P4(IVMP A )—GMAA NA 813

125 PRINT IRS. TMP0, TMP2.TSTOR * ,TMPI.TNP4 ,TSTOR2.TMPS.TMP6 .PINT NA 444
40 TO 128 MA ASS

$26 If (IT’P2.EO.2) GO TO 127 MA (Sb
T S T OQ p , G 8 0 0 1 1 1 1 9 3 ) — G NA R  MA 557
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PRINT 193. TMP1 .TMP2.TSTOSI ,TMP3 ,TNP4,TSTOR2 MA 888
GO TO *28 NA 089

127 PRINT 193. TMPI,TMP2 .T%TOR I NA 890
12$ IF (I*T’ P .(O.O.OO .IATYP .EG .4) G~) TO 1 34 MA 891

NVHIC .N THIC .I MA A92
ONC .IN(•I MA 893
0POI~~APR1.*PR4 MA 894
IF INTHIC .LE.NTN1 ) GO TO 64 MA 093
NTNIC I MA 896
ZPR 1•TNETIS MA 897
*P(2.0P02.*PRS MA 898
NPHIC NPHIC.I NA 599
IF 1 NP4’IC.L(,NPI4II GO TO 64 MA 900
NellIe .) MA 901
*PR2 PAISS MA 902
If )IPTFLG .LT .2) GE) TO 134 MA 903
I TMPI.NTMI .NPHI MA 904
If (I TNP I.LE.NO8Mf ) Go TO 129 MA 905
ITMPI.NORMF MA 906
POINT 196 MA 907

*29 TM PI .FI.OMN III MA 908
00 130 1 .2 .ITM P1 NA 989
IF IFNORM) J).r.T.TMPI) TMP1.fNOOM(J) MA 910

*30 CONTINUE NA 911
PRINT 197. TMO) .APR3.NP OL (I*TTP) .OPQA .ISAVE MA R1 2
00 133 J I.NPHI MA 913
ITNP2 .NTHI•(J.1) MA 914
*30 131 1 I.IITNI MA 915
ITMP3 .I .ITMP2 MA 916
IF (ITNP3 .GT.IT MPI GO TO 032 MA 9)?
TMP2 FN ORN IITM P3 )/TM PI MA 918
TNP3.0520(TMP2) MA RIO
PRINT 191. *PRI.APR2.TMP3.TMP2 MA 920
APRI.09R1.XPR4 MA 921

131 CONTINUE MA 922
*32 *PRI T’IETIS NA 923

OPR2 *PR2 .OPRS NA 924
133 CONTINUE NA 925

*PR2.PIRISS MA 926
134 IF (MII7.EQ.NFOQ) IFAR . 1 MA 927

IF (NFO0.NE.I) GO TO *35 MA 928
PR INT ISO MA 929
GO TO 19 MA 930

135 NHZ.MHZ.I MA 931
IF IMM7 .LF .NFMG) GO TO SI MA 932
IF (I PEO.EO.0) GO TO 138 MA 933
PRINT 199. ISANT (NSANTI .ZPNORM MA 934
ITNPI .PIPMO NA 93%
IF IITNPI.LE.(NORMF/4)I GO TO 136 MA 936
ITMP I.NONMF/4 NA 937
PRINT 200 MA 930

136 IF (IFRO.EQ.OI TMP1 .FMMZ.(NFRO.1)AU!LFRO NA 939
IF IIF RO .EO .1P INPI.FMHZ/ (OCLFRO•’(NFRO—l)) MA 940
00 137 1 1,ITMP 1 MA 941
ITMP2 .I.4.II—I) MA 942
TMPZ.FNORM (ITMP2),ZPNORM MA 943
TMP3.FNORM (~ TMP~ .j)~~~DNORM MA 944
TMP4 .FNORM(ITMP2 .2I/ZPNORM MA 945
TMPS—FNORMII TMP2 .3* MA 946
PRINT 201. TMP1.FNORMIITMP2).FNORM (TTMP2 .II.FNOQMUTNP2.2).FNORM (I NA 947
1TMPZ .3).TMP2,TMP3.TMP4,TMPS MA 94$
IF (IFRO.EO .O) TMPI.IMP1 .OELFRO MA 949
IF (IFRO .EO.1I TMPI .TMP1MOELfRO MA 930

137 CONTINUE NA 951
PRINT ISO MA 952

138 CONTINU E MA 953
$FR0 1 MA 954
MHZ-I MA 953
GO TO 19 NA 956

C MA R57
C MA R58
141 FORMAT (A2 .13A61 NA 939
161 FORMAT IINI) MA 960
142 FORMAT /,,.330.3OHN(.(M(•.AM(.. S.....U•S4eA..S• .,#,340.Z4NANTENN MA 941

IA MODELING ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ MA 962
143 FORMAT ),,2,.370.26N— — . COMMENTS . — — •,,) MA 963
144 FORMAT 1230.13A6) MA 964
*45 FORMAT (,//.100.34HINCORRECT LASEL FOR A COMMENT CARD ) MA 963
146 FORMAT (,//,331.33H— — SCOMENTAT IOTA DATA — . — —,2~V ,40X. 2lHCOO NA 966

IROINATES IN NETERS.,,.2S0.S0NI. AND I— INO ICATE TNt SEGMENTS OEFOR MA 967
21 AND AFTER 1./Il MA 96$

147 FORMAT (20.4NSEG.,38.26HCOOROI7(ATES OF SAG. CENTCR.3&.4NSEG..58.18 MA 969
INORIENTATION A P(GLES.48.4HWIRE.40.IS$COWMECTION OAIA.31,3HTAG.,.2A. NA 970
23HN0..7I,IHX,90 ,1HY .9*,IHZ,70.6NUENGTN.BX .SHALP$A .50,4NSETA .68.6NR NA 911
3AOIUS ,48.2HI— .3X.IHI,4*.2MI..40.3HNO . NA 972

*40 FORMAT (I*.IS.4FI0.3.1X.3FIO.S,lX.315.2*.I3I MA 973
*49 FORMAT 119w SEGMENT DATA ERROR) NA 974
ISO FORMAT (/1/1/) NA 975
151 FOR MA T (A2.I3,]I5,61.IO.3) MA 916
*52 FORMAT (18.19(l••’I’ DATA CARD NO..I3 ,3X .A2,lX.I3.3(I*.IS*,6(IX.E12 MA 977

1.5)) MA 978
153 FORMAT (#2/,IOX.4SHFAUL IY DATA CARD LAGE% . AFTER GEOMETRY SECTION) MA 979
154 FORMAT (//~ ,~ RX.45t*UM8ER OF LOA DING CARO S EXCEEDS STORAGE ALLO7IE MA 960

ID MA 981
153 FOR MAT (,/,.100.3IHDATA FAULT ON LOADING CARD NO...13.5X.II HITAG S MA 902

ITE PI .IS.29N IS GREATER THAN 11*0 STEP2 .I5) MA 983
*56 FORMAT (2~ F.1OK,5lHNUMMER Of EOC ITAT IOM CARDS EXCEEDS STORAGE ALLO MA 984

11710) MA 903
IS? FORMAT (~~/I,I0*.48I4NUM0ER Of NETWORS CARDS EXCEEDS STORAGE ALLOTTE MA 986
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1)7) MA 987
158 FORMA T (//,,Ifl(.79.. ,54T, M4 LO IPI, c FREQ UENCIES API ‘2(OUESTEO. ONL Y 0 MA 988

INE NFA~ FIE LD CA 4~’) CA .. (A )SE~) —.,.I9i.2.TNLAST CAR D READ 1% 09(0) MA 9(9
159 FORMAT (I0l.2 — ”SEF jS4 ’~’. ‘ ( A N U R i  SECTION .A#,) M A 990
160 TO ) .MA T (1/11.7 4*. I I  T4400FP4 CY / / .36 * . IOHF Q MA ~~~l(Q ,)FNC ..FIl.4..~’ 9”~~./ . jN * .L ( . . NA#TL F NOI$ .EI ) .4.7M NET IOS I  MA R92
IN) FO R MA T */ / / . JT I .4 .0 . .  — — — ‘~T R) ) I4J ( I  IMPLOA PICE LOA nING — — — )  MA 09)
162 FO RMAT II .3SA.2RHT ,.IS SIP~ rT~~ I IS NOT LO*l)TO NA 9)44
163 FORMAT (~~ / / .34 . ( . i ( 4’ ,— — A N T E N N A  FN(I..ONM (NT — — _ ./) MA 99’,
164 F)7.~~A T ) .O..2I. .MCOIU M .44010 SC.4F(N - )  MA 996
165 FORMaT )41T ..27M0E 1*T I I 0IF LA C T~~I4. CONSI ...F7.)7.,.40..fl.’.CONOIICTIV RA 997lI Tv ..E(1.3.$I.~~~I~E~~/ 4 T I 0 )  MA Q9A
166 FORMAT l ..I ..-.PE— ILC ! ~~Ol)40) MA 999
$47 FOAM AT )44..I),,I~~r1 S1’ACI ) MAI000
lbS FORMAT T,/,.),(.2S A T RO, TIMI NG — — ..//.?4*.SP,TILL..F9.3.I MA IOOI

15$ SIC .. FACT OQ. .r-,.4.SE. SIC.) NA 0002
169 FOAMAT )I//.4)Z.2?4” - — (.CITATIO .. — — — )  PA IOO )
I TO FORMAT (/.4,.10~lPLINE MAVF .41 .~ 4.T~’FTA. .T7 .7.I1M OrG. O$IW .T7.2.II NA)004

(H 4(0. f!A~~.17.2.l)P. 7E6. T,Ur — .A4’.l911. AIIA L QATIO..f6.Ji NAIRO S
1 11 FORMAT I/.31’ .17”4’CSITION (METr44S).I4,.I5,.oPI(NTATIOI. IT7T(,) 1.2M0. NA IOO4

II’4,.12..I’IT . 1?..&,-. / . I r  A . S ~IX( P, A . 5 * .’o.RF TA.4..I3110,pOet NOMTNT.,,.’. NA IO OT
2..I411(~ ROE4 T S000CE.1..)IT, .F I , .S).l,.2( 3( .F7.2I. -,l.IM .)) M A l O G A

172 FO RMAT ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ MA IOON
173 FORMAT )I/I.44R.2.#. — — - ~4TTMO .4

. OR TA — — —) MA IOIO
174 FORNAT I/.4..(RT4— FRO 4 — 7 ”  — .11,.17RT4EANSMISSIOA LINF.lS(.3b NA bOI1

I”— — SH)JNT (OMITT4 ES (MMOS) — — .I.R.4HLINL .,.NA.?INTA(. SAG. N A I Y I 2
2 T A ,  SFI,..”*.”! ‘ P’) DR f,NA. ”hL)’NGT,.,121.1I11 END ONE — . 1 7 ~~.IIs M A I O I 3
3— 140 T A O  -.120,’”.- V P F . / . h~~.2 ( ” , 4 O.  ‘40. ‘40. NO..’((.4’I0#IMS.I4A. MA IOI4

MA lT 15
176 FORMAT I/.N.~~4T ) - FP O~A — .N, .6)’4 TO — .7 N* .~~5I..- — ~OW ItT A N C E MA T P I A  MA IT)6

I (LEMF%TS CN$76) — — ./,f,,.2(’)TAG SIC, . TAG SrG.,I)(.9UIONF.ON MA IOI 7
2F).)90.OPI I ONE.TNO).1’4*.9N)T..,).TMO)./.NX.2I1440. NO. NO. NO..$ M AI R I S
30.4uP1at. .I OR. IMAC ,..- .-..U,(AL .IQA.S$IM A G. .0(,4N RFAL.IO(,SHINAG.) MA IT(IR

176 FORMAT (1/1.240.3 34.~~~~_~~~ C)44RE.4T5 AN D LOCATIO N — —./,.330.24HDIS MAIO2O
ITANC E S IN .A V E L1N~,TI.S, MA IR2 I

177 FORMAT C // .iX.4 H SEr - .. )*.)~‘ITA (..’.4 .?l$COOND . OF SAG. CANTER .SX.4NSEG MAIR 22
I..12*.264— — — CURRANT )A ’/’.I — — ../.20.)$4O..30.OHEAO..58.IH0.AX. NA IO2 3
2I11Y.$..)H?.b ,. ’,GT~~.S* . RC A (.4T .,511 INAG. .1I.4,l’AAG•.P(.SMP ,lASFI M A I O 2 4

ITS FORMAT ),,,.340.’.D,.— — — .AECEI V TNG PAT TERN PARAMETERS — — —./,‘.38. MAI O2S
I4IIITA . ,F7 .7.8H OEr .REL ’ ,.,.,1A.b’TYPE —.AO .,.43* .12 ,IA *IAL RATI O .F6. NA IO 2 6
23.,,.11T. T”FTA.4,4.J..~ .’I.I0T.I TM — CURRA NT — . R X . 3 N S ( G./ . I I Z.S H ( 0  M AlT ? )
3(G(,SR.5H7))EG) .7A .9T,MA),NI T))OE.41.SHPHAS(.6X.3NN0../) MAIO2B

*79 FORMAT I1Ol,21 F 7 .-’.)* .lA. F1l .~~~30.T7.2,41.IS) MA IO29
ISO FO RM AT CIO .2I6 .IFS .4.’ •.S.IX. 01I2....F0.3) NA IO3O
1 51 FOR MAT (///.4S*.2.R— — — ROWE R RUOGAT — — — ./I,43T.l5I-.INPUT POWER NA IO 3I

I .,( II.4,9.’ .,A1r’,.,.-.3X ,1S.,QA4)IATFD ,‘OWLR..LoI.b.bN $ATVS.,.43X.1 MA1032
2SHSTRUCTUYF LflSS’.EII .—,N’~ MA TTS.,.430.ISHNETW000 LOSS •,fI1....6H MA 103 3
I W A I T S . , . ’. 30 . I6) IEFFIC ILNCE ~,F 7 .2,S$ PE R C ENT) MA 1034

152 FORM AT I/l ,.370.21-— — — SEA.) FIELDS .//.I2X.14$— LOCAT ION MA IO33
1— .2bO.~ 4’— LX — . ( 4 A . E ’ - I —  F E  — .15X.9~’— AZ •./ .Y0 .1HX.1 00 .111y,00 MA 103 6
20,IHZ.)0O,9HMAON IT))OE.)X,SHPHAsF,E,I ,9I.MAGNITUDE.3,.5$PHASE,6*.9HMA MA1037
3GN1’TUD( .I, .SIIPHASI ./. ,6,I..ETLUS.’,0.NHM(TERS.SX,64.METEOS.R*. ?IIVOLT M*1038
4S/M.30. 711D(GRFFS.4,0. 74)VOLTS’M , 1~ .7HOEGREES.4I*.7HV4)LTS/N,30.7HOEGP( NAIO39
SES MAIO4O

163 F’ORNAI’ 124.3124,FQ .4).IX.3(30.LII.4.2R.F7 .2I) NAIO4)
184 FORMAT I/’/.3l~~,i~~’- — — TA R FIELD GROUND PARAMETIRS — — — .1/) MA IO4 2
185 FORMAT (406. 2 S) IPA OIA L WI RE GRO ’ PS O SCOL FN./ .400.l5.6k (I~ ES. / .4 OX , I  NA IO4 3

I2NWIR ( LENGT)’, .F’(.2.7R “ITFPS.I,400.I2HWIPE RAOIUS.,(10.3,7I’, METER MA1044
25) MA1045

1(6 FORMAT 140X.A6.6M CLIFF., .400.I4HEOG E D IST ANCE ..FQ .2.7H NETERS.,.4 NA IO46
*O 0.1H.lFIGHT..FR.2.7I~ ‘ETE7 S.I.-.O*.ISNSECOND MEDIUM .I,400.27 (ARELA M A IO47
2TI VE DIELECTRIC CO.471 .~~.F1 .)./.60~ .I3HCONOUCTIVITY .EIO.3.5H MHOS) MAIO48

187 FORMAT (///.454.3I,’— — — RA DIA TIO N PATTERNS • — .1) MA 1R4R
*88 FORMAT (540.6llR*NG(P.F13.6.7N .~r TEPS./.54o,Ios2.•pI•EXp(—J gR )/,5wE NA l050

IK R)..E1?.S.RH IT PRU ST. F 1 .2,84 FOEGOEES.,) MA IOSI
189 FORMAT (41 .14$— ANGLES — —. ‘(E.200.7HGAINS — .70.74k— — — POt.A RIZA MA IOS2

IT IO N — — ..40.20)” — — € I T E. ETU — — — .4 * . 1 5 1 1  . — ((PHI) — — •./. )4A~~53
24* .5 HT HrTA .5x.3HPHI • 7* ,A 6 .3X.46 .4 , ,5NT OIA I .41* .SNA ( IAL .S* .4$ T ILT .3*  MA IO54
3.SMS (NS(.?(SO.911M0.’4NI T iD (.AT .E,HOHASE )./.(*.2 (2X.7NDAGRE(S).3 (7(, NA I055
4211DM) ,PI .5HPATIO.SA .47.OEG• .8X .?Ib0.7HVOLTS/M .40.7HDEGRE(S) ( NAI fl56

190 FORMAT (///.244.4011 — - — RADIA TED FIELDS NEAR GROUNO — — —.2/.5*. NAIO57
120H— — — LOCATION — — —.IT ,.16H— — ((THETA) — — .81,1411— — ((PHI) — MAIO S8
2 — ,80,(7H— — E(R*OTAI( — — .I.1,,3110( ,O .63.3HP$I,RX.IHZ.IZX.3HMAG.60 MA IOS9
3. S $ P H A c E , 9 A . 3 H M A G . 6 X . ’~11PH A S I , b x . 3 p l M A G , 6 A , 5 H P H A S E . , . 5 X . b k M ( T E R S . 3 X .  MA IO6O
47H9(GRTES.4X.NMM(TEAS.8X.7HVOLTS/N,3X.?HO((.PE(S,b0.1HVOLTS/M.30.7H NAIO6I
SDEGREES.b0.?HVOLTS,M,’IO.7lr)EGRErS.,, MA1062

191 FORMAT (10.2F0 .2.24.3F9.2.2X.F9.S.FR.2,2*.Ab,213X.(I2.S.F9.2*) MAIO63
192 FORMAT T30.F9.2.20,F7.2.2*.F4.2. 10,31 3X.(I1.4,2*.F7.2)) MA 1064
193 FORMAT I //.3*.194.ARFPAGE POWEQ GAIN..112.S,70.I6P)SOLII) ANGLE USE MAIO6S

10.1511 IN AVERAOINO .(.E1.4.IbH).PI STFRADIANS..//) MA1066
194 FORMAT l//.37X,31H— — — — NOPMALI ,OLD GAIN //.370.2A6.4HGAI MAIO67

lN./.3)4..2?i-.NOPMALUATTON FACTOR ‘.F9.2,311 OR.//,3(40.I4)”. — ANGLES MAIO68
2 — —,6..4140A111.10) ./,1140.SUT$ETA,S*.I$PHI.R*,?HDR,8*)./.3(30.7110E MA ITN9
3ORE(S,?X.7HOEC,R(E5.I6.)) MA IT7O

IRS FORMAT I3(IT.2F9.2.17.F9 .2.60() MAIO71
196 FORMAT )///.4X.5j~4RLCFIW1Nf, PATTERN SIOMAGF TOO SAAL L,AO PAT TR UOAC A M A IO 72

ITED I MA IO73
197 FORMAT I/l/.321.4TU — — NORMAL TiED RECEIV ING PATTERN — — — ,/ .4IX , MA )074

IZ1HNOQMAL I7AT ION FACT4)R..El1.4.,..IO.411(TA..F7.2.YM OEGRECS.’.411. MAIO7S
26MTYPF —.AE,./.4I0.1211R01A1 $ATID ..FF,.3,/.4I0,I2HSCGMENT N0. .IS.’/ MA1O7 6
3,2IX.SHTHFTA .E,T .J’4P111.9*.1314— OAT’T (RN — ./.ZI*.SH(OEG~ .SA.SH)OFGI NAIO7?
4.MX.ZHDR.Ao,9HMAGNITU7L.,I MA IO7A

IRA FORMA T )20 .ZIF7.2.30) .IO.F7.2. ’,*.EII.4) MA1979
199 FORMAT (,,,.3A0.32$— — — INPUT TNPIOA*.CI. DATA — — —.2.4S*.I8HS000C MAI080

IF SEGMENT NO..l4.,.461.21”INOQ’4A( l AT ION FACTOO..EI2.S.,/.7*,SNFREO MA IDSO
2..130. ’741-$ — — IJN )14)RMALI?EO IMPrDANC I — —.210 .37$— — NORMALIZE NAIGA ?
31) IMP EDA N CE — ..,,),x,I ORPESIS TANC(.4* ,RHPLACTA NCE ,b I .9HMA GW ITUD M A I R M 3
4E.4X,SPPI4ASE .7X,I)HW(SISTANCL.4, .*HREACTANCE.6*,9$MAGNITUD (.41.SIIP MAIOS4
SHASE .,•MX,TNMH? .I1 .4H011M5,l0l.4H)HMS.lIX.4HOHNS.7*.7HOEGOEES.471. MAIOIS
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67M0(GRE(S.,) MA IO$6
280 FORMAT (I//.,i.62.,STDRA0I FOR IMPEDANCE NORMAL I2A TIO’ , TOO SMALL. A MA IOS7

188A1 TRUNCATED) MA 1018
211 FOO NA T ( 4 0 .F O .3 .j *.Z (2A. ( tZ .j , .U, (tZ .5 .Z , .F? .Z,2*.ZEJS . f12 .S ) .J * .  NA IOI9

111 2.S.?A .F7.2 MA IO 9O
202 FORMAT *///F.44X.3011’. — — SURFACE PATC . DATA — — •./,.498.?IHCOORO MAIO9 )

I1 NAT ES IN N (IESS.#/,$z.3I#ATCM,38.Z7NCOOMDINAT(5 OF PATCH CENTES.$ MA IO92
26,IIAAU..(T NORMAL V (CTGR .9A .3HPATCH,12*.34NCOMPOTAENTS OF UNIT TAROt MA IOS 3
~~lT V( CTO RS.#. )8.3MMO..bi .IHX.9*.INY,91.*H2 .111.OH*,Sl,INY .SI.IHl.9 MA IO 94
4&.4MAAFA.71.2UAI.4*.2MVI.61.ZH7I,AX.2M12.6*.ZNVZ.41.2M12) MA1093

153 FORMAT IIR.T3.3Fj5.3,,l.3r9.4,FJ3.S.2A.3F 0.4.2X.3r1.4) MAIO96
204 FORMAT 140$ GE OMETRY OAT A INCONSISTENT N.NP .M.MNS,4Ib* MA)091
283 FO NA T I#,~ #.j9R.3SM ARPROA IMATE INTLGSATION £MPtG,CO cOO SEGMENTS MA IO9A

ONOR A T ..AOA.FS.3.ISw .AWEL(MGTHS APART ) MA1099
204 F ONMA? lF1#.4S*.35 SURFACE PATCH CURRE NTS /2,548. MA II0 I

l?)..Ol%~ lNCF (4 .A ,FLENGTMS.I.341.2INCuAR (I.T iN AM.S,N(Tl8.,,.46*.2 MA I IO1
26... • I .~8TA C1 COISPONENTS — —.%91.34$— — • R(CTAN0tj~.AS COMPONENTS — MA 1102
3 - ..4.I..SMAIAECN ..*.I?NPATC$ CFMIER.6*.S$PATCN .3O.I6NTAMGCNT VEC T MA 1103
40* I.3..*4 TAN GEMT VECTO R ?,111.1M8.l9X.IHV.I91.INZ.l.21.31**O .,6X, MAIIO 4
Sl•I.61.IM,.6*.1M2 .SA.AMARIA .40.AHMAG .,7A.5 ,#ISASE ,IA.4HAGAG .,?*.3MPH MA 1103
A S6.))..fl.4$8EAL.6*.AMINAG. I) MA IIO6

287 ) ‘4~~ AT )$ .I4.31 7.1.F5.5.2(CIl.4.f$.2),6E10.2) M A lle T
20* F IRMA! ) S( 1880*——OAL Y PERFECT GROUND IS ALLOW ED WITH SURFACE PAT MA *108

*C$T S) MA I IOR
709 F ORMAT (1).. Ea005——TACIR FIELD MET NOT St COMPUTED WHEN SURFACE PAT MA I IIO

1C 45 £41 RMf SENT) MA )I1I
EM IT NA I)12—

S0RRO-ITINE APRIl (O.S,EIA,pl2.DIJ.DIR.ZP.RH.(TR,ETI.IP) Al I
C At 2
C APR*L CALCULATES THE FLECTR IC FIELD OF AN INFINIT ESI MA L CURRENT Al 3
C ELEMENT FOR THE MAT MI* ELEMENT APPRO X IMAT ION FOR SEPARATION *1 4
C DI STANCI S C.8EATER TMA N (SN. At S
C AC 6

DIMENS ION 121)2). 1(1(2) Al 7
COMPLEI CI.ER. (T.(Z.EP AC 8
£QUIVALCMCE (CZ.CZE). IEP ,EPE ) Al 9
RSHI.PI?•P Al IG
AS.ZP/6 AE 11
A).RN/R At 12
CI.CMPLIICOSIRRHI) .—S1N (R’(Hl)) Al 13
18.SMETA•AOACI•CMP tAII., 0./RICN I)/(PI2 5 R) Al *4
t?.S.EYA .AI.Cl.CMPLI (I..R’(H1.1./RKHL)/12.MPI2M R R) AC IS
12.Et.AS—ET A L Al 16
E#.CR•A*.ET•A0 Al 17
IF (EP.EQ.2) CALL GE. (EZC(1hE7F(2*.CPC(It.CP€~2), Al IA
ET.DIJ.EZ.DIR.CP Al 19
ETRHETR .RCALOFT) AC 20
€?t.CTI .A JNAG IET ) At 21
ICTURN Al 22
ENO Al 23—

5USROUTINE A PRON (R.R7.S,TPI.St.Tl,HR,TWHI.ILC.PX.PY.PZ.RFLP All I
c All 2
C APRON CALCULATES THE MAGNETIC FIELD OF AN INFINIT!SIMAL CURRENT All 3
C CLEMENT FOR THE NATM IT CLEMENT AP PRO *IMATIDN FOR TFPARAT 1O II AN 4
C DISTANCES GREATER THAN RuN . All 5
C All 6

COMMON / D AT A/  LD ,N ,NP .M.NP,* (1000).Yl1000) .Z(*000).SI(I000),8I(lO0 All 1
10 1.ALP(I000) ,BET(I000I ,ICON$(I000 ).ICON2(1000I. ITAO(I000I.W LAM . IPS AM A
2YM As 9

COMMON #ANGI./ SALPI1000) AN 10
OIM(N$ION TWNRI3.2). TWH113 .2* All II
D IMENC IO N 7117(1). 11Y11 ). T1ZIII ’ 121 (1), 12Th ). TZZII) AN 12
COMPLET H AN 13
EQUIVALENCE ITIS.SI* . (TIY.ALP) . (T1Z,BETI. (T2*.ECONI). (T27,ICON AN 14

12 1. IT2Z.ITAGO AN IS
RK TPI’R All 06
H.S.ST.CMPLXICOS(RK) .—SIN (Rk) ).CMPLX(1.~ (2.TPI/R l/l2.*TPI)APfL All *7
DO 1 ‘(.1.2 AN IA
IF (‘(.10.) ) PDT P*.T2*IILC).PY.T2Y (ILCT.PZ.T2ZI*LC) 611 *9
IF (‘(.10.2* P0t*Pk.TI*EILC ,.PY .TIY (ILC).PZMTIZ (ILC) AM 20
PDT.PDt•S*LP (ILC) AN 21
TW45(2.K*NTWHP(2.IC)—P0T REAL (H) AN 22
TW$I 12.Ih) TWHI( 2 .K)—PDT A INAG (U) All 23

* CONTI NUE AM 24
SE TURN AN 25
END AM 26-

FUNCTION ATOll? (* , y)  AT I
C AT 2
C ATG*A2 IS ARC TANGENT FUNCTION MODIFIED TO RETURN 0. WHEN 0 70. AT 3
C AT 4

IF (0) 3 . 1 . 3  AT S
1 IF (7) 3.2.3 AT 6
? ATON2 O. AT 7

RETURN At 8
3 ATGN2 .A TAM 2(X .Y ) AT 9

RETURN A-I 10
END AT * 1—
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‘II 4 4 L ( E  1 41 ‘ ‘ . 4 ’ I T  • I I  • I • 4HL ~~~ • NE OF I CCL 1
C CCI 2
C )‘4)’Pr)T ~~~~~~~~~ S T.’T .‘.Ai j’ . U’~ . — T I I ’ , 4 )  RA)IIT • ..LOC0S ON FILES CCL 1
C F 4U, C A l  i 1 4 4 ~~~)T —C ,~..4 1 194I, ‘ ‘ 4 I I - , ’.. CCI, I.
C (41 ‘,

COPRON ) R ) . ’O U ’ ,I EL A
I “ “ ( ( R I  ‘~ ) (41 I

I •~~ ) T C  ‘-‘‘ . 1 1 )  (A’. I L ) .J.Il. ,i4 .~L A
R E T U R N  4, ), 9
T4’R v ‘ I ( T N CI 10
DII ? 1 l .N - - 1 ’  .,L I I
PEE I., 7, I a ’ I  j, .J-’I ).I2I (41 12
I 4 ) ’ ,4 4 ” 4 ’ , ’.( T)) C.,, TO CCL I)

7 (D’.r ( ’  I 4),  14
— L IS

‘I PR~~ ,T ~ . ‘4,E , C T .s’4, ’’,.~~’ RI IN
IF 44 ’ !  .4 . ~‘ I 4  ‘,i I i ’  .IL ( 7
S F - F , ’ AL IA
4 1 4 , 7 , 4 1 4 ’ , IlL 19

C AL 20
4 T’lI,A’ II 1— ‘~) “ .~ ~‘. I • I ‘ 13. -’~ 

..~ ‘ • .INI ML 2I
E. ’ ML 22—

‘. 4 4 4 , 1 4 1  ‘ .4 CX— - - CCC I
C CM 2
C C 04C C 1’~~ 1)5 F I C )  47 17 ~~~ - I A’.l (A l .  I ‘.4 4-4). 4)40 CM I
C CO D  SC C I  1’ - A .. T-.I C - ‘ — 4 -  I,’ I.,’) R” OL A l l  ‘.4 I ’ S ” T I  -~~ ‘, T DR THF CI) 4.
C C R~ E” I TCI ,J.4- ~ ‘. CR S
C CI) 6

COMMON /DATLI (‘I ,S.44., ,’.ILI0 00L .’Il000I .Z’l000) .Sl(I010I.NII100 CI) 1
10 I.AL~~’1O O O I.A4’l10O0 .1’ .,4 i,~~C ,.lCO4 2 I(0OO).IT0OItOOOL .NLA M .IP 5 CA A
2~ CCC 9
C0 004 ,C441/ £ l R ) l 0 0 ~~I . A l ! I I G O 4 ) . H I R ( l 0 0 T ) . A I I I 1 Q 0 0 J . C I R ) j O 0 O ) . C .  CM 10

1 1 ( 1 0 0 0 4 . ’ ,” I ?” O O I  C M Ii
CO MMON ‘ J 4 ~ / ‘~1’ . . •4?’ - . . I , .,4! )2S~~.SC0Z.JJl( ’S,.4CI 2.JIZI?S) CM 12
COMMON / A 4 ’ .L/ SA L . ’ ’ I C ’ ’- l  CI) 13
DINENS ! 14 T ) • l) .  ‘ ( T ’ l l  • 1 1 1 1 1 4  • T2~ C I I  • T2T (I) • T2Z I I I  CM 14
CORPLFC Cl JR.Cl 1 .1,4 . 4 ’  ‘.A . .’’ . , CCC IS
EO UIVALENC (. l t 1 , . ’, l .  ~~~~~~~~~~~~~~ , T 1/. RI T ). 1T 2 * .TCO NII . IT2Y. ICON CR IA

12) .  I T 2 ? . I T A D  CA 17
DATA T X ’ 4 . 2 R J V ’ $ 3 ’ ,l, C’) IS
IF (N. rQ .0)  GO TO 70 CM 19
DO 19 (.1.4 CM 20
CA LL TRIO II. C D L , ,,CO” .’, IL . )!’, CM 2 *
CL.TP OIL CM 22
Cl.TP DIE CI’) 23
SINL .STIA(CL I CI) 24
COSL.CrIS (CLI CI) 25
S INIC .STN ( C EI  C.) 26
CO SK EC TS (C MI  CM 27
S I L K . S T N T C  .( ~~~i CI) 28
CELLO SII&.SI T SILR CM 29
IF IJ C D I . G T . I L T O O I  GO 71 - CI) 30
IF )JC’ llI 1.4. ’ CM 3)

* C LO . IO . .O.)  CM 32
IF ( NC I0 . LT . I )  GO TO • CS 33
00 2 K l ,NC IA CM 54
J IAK .ITXI K) CR 35

2 CL O . C LT . C u .4 I J IX ’ ) )  CM 36
3 CONTIN UE CM 37

IF INCOI . L T . I )  GO TO 6 CI) 30
00 4 ~~I.4COX CM 39
.JOX ’T .,I D T ) K I  CM 40

4 CLO CLO—CUR )J- )T’) CO 4*
5 C0NTIN~,I C8 42

GO T o g  CS 43
F. CLO (0 . .O . )  CM 44

GO TO S CO 4~
7 CLO CUP)JCOII CM 46

IF ( IC O N 2 I J C O I ( . E O . I )  170 TO 9 CM 47
IF (JCOI.fI).I) GO ‘TO 0 Ci 40
C1O’—CL’) CM 49
GO TO 6 CM SIT

N CLO C~J D( I I  CM 5*
9 CLL C IJP( I I  CII S2

IF IJC O2 .GT. * l (000 ,  GO TO 17 CR SI
IF ( (CT ?) 10. 15. 16  CM 54

10 CLY . I0 . . 0 .L  CM SS
IF ( N C O ? . L T . I T  00 TO (2  CM Sb
DO II E.I,NCO/ CM S7
JOZK J( 17I0) CO SE

II CLY CI,.T.C UR)J IT 7KI
12 CONTINUE CM 60

IF l!LC (7.LT.ll GO TO (4 CM At
DD Ii .‘.*.SCI7 CM 62
J IT IE .J I7 (K I  CM 63

II CLY CLY .CIIP( JI?KI CM 64
14 CONTINUE. CE 65

170 t0 15 CM 66
IS CLY.IO ..O .I CM 67

GO TO II) CM 68
IA CLY MC IIRI JC O2I CO 69

IF ( IC INI)JCO1) .Ei) . I I  GO T O 19 CM T O
IF (J CT 2 .EO. I I  (.0 TO (I) CM TI
CLY——C LY CM 12
ISO TO Ill (II 73

17 C LY.C C ° ( I )  CC’ 74

12c 



*8 AI.(CLO.SINk—CLL~ 5ILK.CLY’SINLI,CEt.LO CS 75
OX.TCLO•ICOSK—I.).CLLM(COSL COSK).CLy•)1..COSL))/CELLD CS 76
CX.—ICLOM5INK—CLL~~ISINL.SINN).CLY’SIllL)FCELLO CA 77
A IR (I).REA LIAI) CM 78
A I I (I). A I M A G I A X )  CO 79
BIRII1.R EAL(Rl ) CM 80
BII(I I.AIMA6 (RI CM 81
CIR II).REAL (C0) CS 02

19 C IIII ) .A IMAG (C I) CM 53
20 IF )M .FG.OI RETURN CR 54
C CS $5
C SURFACE CURRENT ON EACN PATCH IS CONVERTED FROM TWO SURFACE CM 86
C COMPONENTS TO THREE RECTANGUI..AQ COMPONENTS CM 87
C CM SO

K LD—M CM 89
.ICOI .N.2 .M.I CM 90
JC02.JrO1.M CM 9*
00 21 I.I,M CM 92

CM 93
JCO I.JCOI—2 CR 94
.,C02.JrO2—3 CO 95
CL O— CU PI J COI )  CM 96
CLL.CIJPIJCOl~~I) CO 97
CURTJCO2).CLORTI%(K,.CLL T2’4h(K) CS 98
CUPIJCO2.II.CLO .T1Y(K .CLL~ T2Y IKP CM 99

2) CURIJCO2.2I.CLO•TIZ(K).CLL•122I10) CM *00
RETURN CO *01
END CM 102—

FUNCTIIT N CANG 12) CC. I
C CO 2
C CANG RETURNS THE PHASE ANGLE OF A COMPLEX NUMMER TN DEGREES. CC. 3
C CG 4

COMPLE’ 2 CC. S
CANG .ATON2(A IM*GhZI .REAL(Z)) 57.2957796 CC. 6
RETURN CG 7
END CG 6-

SUSROUTINE CATLOG CT I
C CT 2
C CA’TALOC. CONTROLS THE WRITING OF FILES l I— lb ON FILE Ii AlIEN THERE CT 3
C IS A REQUEST TO INTERRUPT CALCULATION. FILE 1 7 IS USEO TO RESTART CT 4
C THE PROGRAM. CT 5
C CT 6

COMMON CMI4000) CT 7
COMMON fSAYE/ f002SGOI.ZP(2500, Cl I
COMMON /MATP AR? ICASC .NBLO’ (S .NPMLK.NLAST .NSLSYM .NPSYM .NLSTM CT 9
COMMON /RESTRT? IC1.IC2.1C3.NREc.NPRES.IBLCK.IDUMP.TNDUM .IXTIM CT 10
DIMENSION lilT ) CT II
COMPLEO CM CT 12
LOGICAL INF CT 13
EQUIVALENCE (N.NRES). (NP.NPRES). (I2.ISLCKI CT 14
DATA IITII).I ~~I.7)F11,12.13.14.IS.I6.*7’ CT IS
DO 1 1.1.7 CT IA
NUNII .IT (I) CT 17

1 REWIND NUNIT CT IS
WRITE 117 ) ICI.IC2.IC ,.N.NP.I2.TCASE CT IS
END FILE 17 CT 20
(SI X.4 CT 21
IF ( ICA S E. E0 .4 )  ISI0.1 CT 22
DO 4 1.1.IS*X CT 23
TAUNJT.UII) CT 24
NEOF.771 CT 25
IFL CN T~ I ‘ CT 26

2 CALL OLCOIW (NUNIT.1.I2.*.NEOF) CT 27
IF (NEOF.EO.0) GO TO 1 CT 28
CALL RLCKOT (I7.I.12.1.I) CT 29
IFLCNT.IFLCNT .I Cl 30
GO TO ? CT 31

3 END FILE 17 CT 32
PRINT 10. IFLCNT.NUNIT CT 33

4 CONT INUE Cl 34
IF (ICASE.NE .41 GO TO 9 CT 35
IFLCNT.0 CT 36

S READ (13) (CM(I).I.I.NP) CI 37
IF )ENF II3) ) GO TO 6 CT 38
WRITE (171 (CM (I).I.I.NP) CT 39
IFLC NT=*FLCNT.1 Cl 48
GO TO S CT Al

A END FILE IT Cl 42
PRINT 00. IFLCNT.IT(3I Ci 43
tFLCNT~ 0 CI 44

7 READ (151 (CM (Ip.1.I.NP ) CT 45
IF (E NFIIS)) GO TO 8 CT 46
WRITE (I?) ICM(I).I.I.NP) CT 41
IFLCNT.IFLCNT.I CI 48
00 10 7 CT 49

S END FILE 17 CT SO
PRINT 10. IFLCNT.IT (5, CT SI

9 COPITINI)E CT 52
WRITE (17) (I*I*).I~~I.N) CT 53
WRIT E ( I T )  (IP( I) .I I.Nl CT 54
REWIND 17 CT 55
IF (IDUMP.EQ.0) STOP CT SR
RETURN CT 57
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C CT 58
10 FORMAT h’.IS.~ bs FILES WRITTEN FROM ‘INIT •I5/I CT 59

EN,) CT 60—

SUIROIJTINE CT. RQI 1’” 1
C CM (
C CC’XPRT C..ECIIS Fi, p ISTIRRU~ T II,~~T’I4, C I T—O F —CORE MA ’p IO $ANOLINF.. CM 3
C Y NIS S,,MR OJ T Il,C’ IS (A I L E D  AT C ’ , I)1 . 1141 P RO GR A M  I.’TERR ,PT 41011414. C” .
C CM N

COMMON ,RESTRT, IC I.I11.ICC., .IFc.SPPFS .I$LCM .IOUM4,.IMT)UM.E0TIM C.. I,
COMMON /MA TPA P, 1CM ’.) .NPI L ,“S.4~ ’L .41A61.N)CLSYM.NISTM.PCIS,M CM 7
OETA V~ /0/ CM 9
PRINT 7 .  ICI.IC ?.IC) CC’ ‘A
IF IIID’,MP .EO .I’I 4 )  lUll CM 10

C CM Il
C A U T O M A T I C  FILE flU MPINC CC’ 12
C C.. * 3

CALL SECION’) IT? ( (M I ’.
IF IIC . .FO.OI Tl~ E * I I 4  CM 15
ICK~~1 CM 14
IF I (T2~ TII.LT .TM IIUM I ~ETURN CC’ IT
T T2—E. TIH CM IS
PRINT M .  T CM I’)
CALL C & TL OCC CM 20
P07)47 -4- C.. 21
T*.T2 C.. 22

C CN 23
C REPOSITION FILES CM 24
C CM 25

00 1 1.11.16 CS 26
I I)AC K SPA CE I Cs 27

IF IIC1.EQ.OI RETIIIIC. CC’ 28
IF ( I C 0 S t — 4 )  7,3.9 CM 29

P RETURN CM 30
3 J~NRES—IC2~ NPPES CM 3)

IF IJ.FQ.O) RETU1)N CN 32
00 4. 1.1.3 CS 33

4 BACKSPACE 13 CS 34
RETURN CN 35

5 J .(NRES/NPpES~ IC2)l4R1SyN CM 36
IF (3.10.0) RETUCIN CM 37
00 6 I.1.J Cll 35

A BACKSPACE II Cs 39
RETURN CM 40

C CN 41
7 FORMAT 112N CHECKPOINT .415) CI, 42
S FORMAT (30$ FILE DUMP INiTIATED, 1INE .FI0.3.4o. SIC) Cll 43
9 FORMAT (22M FILE DUMP COMPLETE) CM 44

END C~C 4S—

SURROUTINE CMS(T )NSOW.NCOL .CM.NLOAO.RKHI CM I
C CM 2
C CMSET SETS UP TI-fE COMPLEX STRUCTURE MATRIX IN THE AR RAY CM CM 3
C CM 4

COMMON /DATA I LD.N.FAP.M.MP .RI 1000 1 .v(1000I .2( I000).SI ( 1000 )  ,RI (100 CM 5
10).ALPII000) .AETII000).ICONIII000I.ICON2II100),ITIG(I000).WI., AM.IPS CM 6
2CM CM 7
DIMENSION CMINROW .NCOI) CM 8
COMMON /MATPAR/ ICASE,NOLOES.NPMLR.NLAST.NRLSTM.NPSYM.NLSTM CM 9
COMMON ,RESTRT/ *CI,IC2.IC3,NRFS.NPRES.IBLCR.IDUNI.TMDUN.EXTIM CM 10
COMMON /ANGL/ SALP II000) CM 11
COMMON /JUNK/ NCOX.JOTI2SI,NCI0,JIXI2S).NCOZ,JO2(,S).NCIZ,JI2 (2S) CM 12
COMMON /PEFL/ RNOK.Rll0Y.RIlC)Z.CANJ .SAMJ.SALPR.PX.PY.REFS.RLFPS CM 13
COMMON ‘ZLOAD, ZARPAY T I000I CM 14
COMMON /GND/ 7RATI.ZRATI2,CL,CH.SCRWL.SCI1WR,NRAOL .KSTMP .IFAR.IPERF CM 15
DIMENSION CAB (I). SA RIII CM 16
DIMENSION FTR 1I. E T I T O ) .  T ! C I R ( 1 . ?) .  I W $ I ( 3 . 2 I  CM I?
EQUIVALENCE (ETR.TWI,I)T. ( E T I . T W M I ) .  (CA B .AL P) .  (SAB,BET) CM 18
COMPLEX FJ .CM .Z A R OAT CM IS
COMPLE’ ZMA II .7R*T I2 .REFS .R EFPS.Z RSIN.ZRA T IS.T1. Z SC RN CM 20
DATA PT2/6.283195300/.ETA/376.71/.FJ/I0..*.)I CM 21
IF IICASE.GT.2) REWINrI II CM 22
12.2ANPI)LK.NROW CM 23
IBLCR~~I2 CM 24
IT.NPMLK CM 25
NI1 ICI’l CM 26
IF IICI.EO.OI GO TO I CM 27
IF ( I C* . L C . I — I ) )  GO TI) 25 CM 28
CALL RICKIN III.l.I2.I CI.I) CM 29

I CONTINUE CM 30
C CM 31
C CYCLE OV ER MATR IX MLOCKS CM 32
C CM 33

00 24 !XBLKI~ NI1.NI)LOMS CM 34
ISV .(I*NLKI—l )WPIPMLK CM 35
IF II0RLKI.EO .NRLOKSI IT~ NLAST CM 36
IF ( ICASE .LT.1) IT .NC’TL CM 37
IF (N RAOL.EO.0) GO 10 2 CM 38
TI=FJ.7367.O67~ FLOATINAADL) CM 38
T2.SCRW0 A FLOA TINRA O L I CM 40
ZR ATIS.7R A TI CM 4*

2 00 3 I.1.NOOW CN 42
(70 3 3.1.11 CM 43

1 CMII.J) .IO..O.I CM 44
IF IN.EG.0C 00 TO 70 CM 45

131 
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C 

- 

CM 46
C Al ICE SOURCE LOOP CM 41
C CM 4$

00 19 J.l.N CM 49
CALL 1010 6J. -JCOI.JCO2.DIL,DIKI CM SO
5.51)3) CM 31
0.111)31 CM 52
83.6(3) CM 53 ‘ - -

YJ.T (JI CM 34
73.2(31 CM 35
CAMJ .CAS)JI CM 56
SAMJ~ SA8IJ) CM 57
5ALPJ .SALPIJ) CM 5$

C CM 59
C O8SEOVA T ION LOOP CM 60
C CM 61

00 1$ IPRWI .IT CM 62
I.ISV .IPR CM 63
IF II.IIT.NP) GO TO 14 CM 64

C CM 65
C WI RE OMSEPVAT ION POINT CM 66
C CM 67

X IJ~ X l I)—X J CM 68
TIJ .YII)—Y i CM 69
13.1—3 CM 70
CAOI .CAR([) CM TI
SAMI .SA MIII CM 72
SAL P IW SAL P IIA CM 73
00 4 10.1.3 CM 14
ETR (IPI.0. CM 75

4 ETIIIPI.O. CM 76
RFL. 1. CM 77

C CI) 78
C GROUND LOOP CM 79
C CM $0

IFLG~ 0 CM $1
00 13 IR.I.MSYMP CM 82
RFL~ —MFL CM 83
SALPRASALPJ •RFL CM $4
ZIJ—Z (T)—RFL•ZJ CM 85
?P”’IJ•CAMJ.YIJ~SABJ•7IJ•SAL~ R CM 86
DI J .CAMI .CABJ .SABIW SAM J .SALPI.SALPR CM 07
Rl,00 *IJ—CABJ.ZP CM 08
RHOY TIJ— SA O J ~ZP CM 59
RHOZ ZIJ—SALPR~ ZP CM 90
RH.SOI)T IRHOX RHOA.RHOY’RMOY•RHOZ’RHO7) CM 91
IF (Rll.GT.l.E—6) GO To 5 CM 92
RHOOWO . CM 93
QHOY~0. CI) 94
RHOZ~ 0. CM 95
OI R.0. CM 96$ G OW N  CM 97

5 RHOX RHOA/RH CM 9$
PHOT.PMOY/RH CM 99
MIIOZ.RI4OZ~ RH CM 100
DI fl .RI400WCAMI.RHOVW SASI .RNOZ’SALPI CM 101

6 R.SORTIRIJ’XIJ.YIJ’TIJ.ZIJ ZIJI CM 152
IF UP.,,E.2) oo To 11 CM 103

• 13.1 CM 104
IF IIPERF.EQ.l) GO TO II CM 105
RMAG.R CM 106
0TNAG.SQMTIXI.J AIJ.IIJ YIJ) CM 107

C CM IO8
C SET PARAMETERS FOR RADIAL WIRE r,000hD SCREEN . CM 109
C CM 110

IF I NRMOL .EO.O) GO 10 S CM 111
XSPEC.(X I I) ~2J.Z(Il XJ)/U( 11.73) CM 112
YSPEC .IY(I I•ZJ.Z(I)~~YJ)/(Z(I).Z.j) CM 113
RHOSPC.SOR T (*SPEC~XSPEC.YSPEC.YSPEC.T2•T2) CM 114
IF IRCCOSPC.GT .SCMWL) GO TO 7 CM 115
ZSCRN.T I•RHOSPCWALOG (RHOSPCIT2I CM 116
ZRA TI .TZSCRN ~ZRATI SI/(ETA ~2RAT Ic.2SCRN) CM Ill
GO TO N CM 118

‘7 ZRATI.T RA TIS CM 119
S IF (XYMAG .GT.I.E—4) GO TO 9 CM 120
C CM 121
C CALCULATION OF REFLECTION COEFFICIENTS WHEN GROUND IS SPECIFIED. CM 122
C CN I23

P0.0. CM 124
P 1.0. CM 125
Cff(.1. CM *26
ZQSIN.Il..0.) CM *27
GO TO I R  CN I2S

9 PX.—Y IJIX YMAG CM *29
py.X IJ ,RYMA G CM 130
CTH .ZIJ/RMAG CM 131
ZRSIN .CSORT(1 ..ZRAT IU IMATI• (I ._ CTM•CI H I) CM 132

10 REFS .—I CTH— ZRATI’ZRSIN)/*CTPI.ZRATI iRSIN) CM *33
REFPS .)ZR AT IW CTU .ZRS INIIIZRA TI .CTN .2RS IM) Ci. 134
REFPS.REFP5 R(FS CM 133

C CN I3A *
C MATRIX ELEMENTS FOR WIRE SOURCE POINTS AMS VISE OMQRVATION POINTS CM *37
C CM *30
11 IF IR .GT.MKH) GO TO 12 CM *39

CALL INTO (R.S.RN.ZP.O1J.OIR.CTR.(TI.OIL.OIK.IJ.IS( CM IA,
IFLG I CN 1.1
GO TO 13 CM 142

*2 CALL APR IE (R.S.ETA.Pf2.OIJ.OIR.ZP,#H .FT8(2(.ETI(2),IPl CM )*)
*3  CONT INUE CM *44
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C CR 145
C FI LL M A T R I X  ELEM ENTS. ELEMENT LOCATION S DETEIAMINFO ST CONNECTION CM 146
C DATA. CM 147
C CR 148

CALL MATFIL (ETR.ETI,TPR.J.JCOI.JCO2,CM .NIIOl.NCOL .IELG) CM 149
GO TO IM CM ISO

C SURFACI OBSERVATION POINT CM 151
14 111.1—NP CR I51~IDATC ...IIK.1C,? CM 153

IK .IK—IIK ,2)•? CM 154
IF (IK .EO.fl.ANO.IPI .NF.II ISO TO 11 CM 155
DO IS IP.I.3 CM 156
IW HPII°.U.O. CM IS,

• TWHR(IP.21.O. CM IS.
TWHIIIP .If.O. CM 15~IS TW sl (I~~.2).O. CM ISO

C CM 161
C GROUND LOOP CM 162
C CR 163

‘ IFLO .0 CM 164
ISo 16 IP.I.MSYMP CM IRS

C C R 1 66
C MA TR IO ELEMENTS FOP WIPE SOURCF PO~ NT5 AN)) SURFACE OBSERVATION CM 16?
C POINTS CM 168
C CM IS9
IA CALL HA NAT l8 ,1.YJ .?J.S.CARJ.SAC-)(,SALPJ.OIL .OIK .IPATCM ,T,I’.B.TWHI.IP CM 170

I.R.H.IFLG) CM Ill
IF (IK .E Q.Ol (.0 TO IT CM 172
CALL MATFI L (TWIA R (I.I),TWM I (I .l).IPR .J,JCO I .3C02,rM .MR OW .NCOL .IFLG CM 173

Il CM 174
GO TO I S  CM *75

I? C A LL MOTFIL ITWMRII.2),TW)41(1,fl.TPR,J.JC01.J (O2.CM.MRO..NCOL.IFLG CM 116
1) CM *77

IS CONTINUE CM ITO
19 CONTINI ,E CM 179

IF (NRAOL.NE.O) 2RATI .1RATIS CM 180
IF (M.FQ.0I GO TO 21 CM 18*

20 IMI.ISV.l CM 182
IM’.ISV .IT CM 183

C CR 184
C ELEMENTS FOR SURFACE SOURCF PO INTS AND WIRE OM SERvA T lOP, POiNTS CM 185
C CM 186

IF (IMI.LE. NP) CALL UISOTES IIMI.IM2,CM.NROW.NCO( l CM 187
C CM 188
C ELEMENTS FOR SURFACE SOURCE AN)) OWSIBVAT ION POINTS CM ISO
C CM I9O

IF (I M?.GT .MP) CALL NMAT (IMI.1N2.CM.NBOW. NC OE ) CM *91
C CM IA2
C MATRIX ELEMENTS MODIFIED BY L0A T*IP~G CR 193
C CR 19.4
21 IF (NL I)AD.EQ.O) GO TO 23 CM 195

DO 22 I.l.IT CM 196
J.ISV .I CM 197
IF (J. GT.NPI GO TO 23 CR 196

22 CM(J.I).CMIJ.Il—ZAI)RAC(J ) CR 199
23 IF (ICA SE .LT.31 GO 10 24 CM 250

CALL M LCKO T (11 ,1,12,1 .311 CR 201
ICI.J RM LKI CM 202
IF (ICI.(O.NOLOKS) GO TO 24 CR 203
CALL CC’KPRT CM 204

24 CONTINUE CM 205
IF (ICASE.LT .3) GO TO 25 CM 206
TCI — 2 CM 207
IF (IC A%E .EO .31 ICI .—I CM 208
CALL CHKPPT CR 209

• REWIND Il CM 210
2S RETURN CM 211

END CM 212—

SURROUTINE CONECT )IGNDI CI) 1
C LN 2
C CONNECT SETS UP S(r.MEIAT CONNECTION DATA IN ARRAYS ICON1 AND ICON? CN 3
C BY SEARCHING FOR SEGMENT ENDS TNAT ARE IN CONTACT . CM 4
C CM S

COMMON /DATA / LD.N.$P.M .MP ,*)l000).y(10001.Z(1000),SI (I000I.MI(IOO CM 6
*0) ,AL P (l000l .MET (1000).ICON I (10001 .ICOM2(I000) .ITIG(I000I .WLAM. IPS CN 7
21M CM 8
DIMENSION 02)1). 12(I). 22(1) CN 9
EQUI VALENCE (82111,SI(Ill . IY2(I ) .ALP (l)P. (12 (l) .PEI(l)l CM 10
SMIN .I .E—3 CM Ii
JNO .0 CM 12
IF (IG NO.EQ.0) GO TO 3 CM 13
PRINT 41 CM 14
IF (IG ND .OT .S) PRINT 42 CN ~5IF (IPS YM .Nt.2) GO 10 1 CM IS
NP.2•NP CM I?
MP.2•MP CM IS

I IF (IADS(I PSYMI.LE .2) GO TO 2 CM 19
P .N  CM 20
MP.N CM 21

2 IF INS .GT.N) STOP CM 22
IF (NP.EO.N.ANO .M .EG.MP) IPSYM.R CM 23

3 22 (N. FO.O l 00 70 16 CM 24
00 32 1~~I.~I CM 23
011.0(I) CM 26
111.1(1) CM 27
l Il~ 7 (I l CM 2$
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8 12.z2UI CM 29
112 .T2III CM 30
212 .721 1) CM 31
SLEN .500T) I0I2—AII ) ’ ?.(YI2 YIIIS.2.(ZI2—2III..2) CM 32

C CM 33
C DETERMINE CONNECTION ISATA FOR END * OF SEGMENT. CM 34
C CM 35

IF IIGNG .LT.fl GO TO S CM 36
SEP.PII’SLEN CM 37
IF ISER .GT.f—SMINI) GO TO 4 CM 3$
PRINT ~3. I CM 39
STOP CM 40

4 IF )ASSISEP ).GT.SMIN( GO TO 5 CM 41
ICONIIII’ I  CM 42
GO TO T7 CM 43

5 IF (ICTNIII .Nt .0) GO TO IT CM 44
00 6 I(.l.N CN 45
IF IIC.E 0 .II GO TO 6 CM 46
ISEG .IC CN 47
S EP. IAR SIX I  I — A  IICI ) .A RS(YI I Y ( I C ) ) . A BS ( Z II—l(IC))),SLIN CM 48
IF ISEP .LT .SMIN) GO To 7 CM 49
S F P . I A R S ) X I I — 0 2 ( I C )  I.A55(Y II V2 ( IC) ) .ASS(Z I I—22 ( IC) ) ) /S)_ El ,  CM 30
IF ISF’ P .LT.SMIN) GO T~ I? CM 51

4 CONTINuE CM 52
GO TO I7 CM 33

7 IF (IC I )NIII S E C .II 9.8,10 CM 34
ft ICONI(I).ISEC, CM 55

ICOMI(ISEGI.I CM 56
GO TO )7 CM 57

S ICO NI I I ) . ICONIT IS EC.I CM 50
GO TO )7 CM 59

10 JNO.JNIT-l CM 60
ICON IIII ~~JNO CM 61
IX.ICO NIUSEG) CM 62
ICONlII9EGI ~~JNO CN 63
IF IICONI(IX) .EO.ISEG ) GO TO II CM 64
ICON2TI X) JNO - 

CM 65
GO TO IT CM 66

11 ICO NI(Io) .JNO CM 67
GO TO I7 CM SO

12 IF IICON2 (ISEG)) 14.11.15 CN 69
1 3 ICONIII ).ISEG CM 70

ICON2(ISEG).I CM 71
GO TO I7 CM 72

14 ICONIIfl.ICON2IISEG) CM 73
GO TO IT CM 74

IS JNO .JM0-I CM 75
ICONIII) .JNO CM 16
I X.ICON2)ISEGI CM 77
ICO’42 (ISEGI—JNO CM 70
IF IICONI(IXI .EG.ISEG) GO TO 16 CM 79
ICO N2 (IX).JNO CM 80 4
GO TO I 1 CM II 4

IA ICONIII0) .JNO CM 82
C CM 83
C DETERMINE CONNECTION DATA FOR END 2 02 SEGMENT. CM 84
C CM 85
IT IF (IG NO .LT .I) GO TO TO CM $6

SEP.Z12,SLEN CM 07
IF ISEP .GT.I— SMIN )) Go TO IS CM 88
PRINT 4). I CM 89
STO P CM 90

18 IF (AB SISEP) .GT.SMIN ) GO TO 20 CN SI
IF IICONI (I).NE. I) GO TO 19 CM 92
PRINT 44. 1 CM 93
STOP CM 94

19 ICON2)II.I CM 95
GO TO )2 CM OS

20 IF (ICO N2 ( I I .NE.0l  GO 10 32 CM 97
DO 2 1 IC~~I.N CM 90
IF ( IC.EQ.I)  GO tO 21 CM 99
ISEG.TC CM 100
SEP .(AA S (*I2—X(IC)).A SS (YI2—Y(ICI).ABS (212 .l(IC))),SLEM CM 101
IF ISER .LT.SMIM) GO TO 22 CM 102
SEP .(ARS (XI2—X2 (IC I ).ABS(YI2—Y2(IC)).ABS(2I2—22(ICI)),SLEN CM *03
IF ISED .LT.SMI N) GO TO 27 CM *04

21 CONTIN)IF CN 105
GO TO 32 CH IO6

22 IF (IC ONIII SEG I) 24.23.25 CM 107
23 ICON2 II .TSEO CM 508

ICOM1rISEG).I CM 109
GO TO 32 CM I1O

24 ICON2II)~~ICO NIlISF4l CM III
GO TO )? CM II2

25 JN0.JNO—l CM II)
ICON2 (T l.JNO CM 114
I I.ICONI(I SEG) CN 115
ICONI)ISEG).JNO CM 116
IF (ICO N1(IX).EO.ISEG) GO TO 24’, CM i l l
ICON2IIX).JNO CM 110
GO TO 32 CM 119

26 ICONI (1X).JMO CM 120
0010 1 2  CM 121

21 IF )ICON2(ISE (.)) 29.25.30 CM 122
20 ICON2 I .ISFG CM 123

ICOM2USEO) I CM *24
GO 10 12 CM 23

29 ICOM2)TI .ICONP (ISEGI CM 126
GO TO 12 CM It?
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30 .3NO.JNrI~ 1 C’) *28
IC ON2II).JMO CM *29
I8.ICON2(ISEGI CN 130
ICON2(ISEGI.JNO CM *31
IF )ICITNI)IIl .EO .ISEG GO TO 31 CN 132
ICON2 (IK).JNO CM 133
GO TO 17 CM 134

31 ICO NI)I0).JP.O CM 135
32 CONY INLE C)) *36

IF (M.FQ.O) GO TO TA ~N 137
C CN 138
C SEA RCH FOR SEGMENT ENDS CONMECTFD TO PATCI-. CENTER-I . WHEN FOQNO CM 139
C SET CONNECTION DATA FOP SEGMENT END AND SURDIVIDE PATC... CM 140
C CN 14I

SSMINOSNIN*SMIM CN 142
IA.LO.I CN )43
DO 35 I 1 .” CM 144
10.19— I CM 145

• 05 8)IKI CM 146
15.1(1(1 CM 147
iS.?)).) CM 148
00 34 ISEC..I.N CM 149
071.9( 15(G) C’. ISO
YII.YIISEI)) CM 131
TII ZITSEGI CM 152
XI2.X?(ISEIjI CM 153
VI2.Y2TISE (,) CM 154
2I2.Z2USE&) CM 155
SLE N~~) 11 2—XlI).•2.ITI2—TII)..?.(ZI2—ZIII•.21•SSMIN CM 156
SEP.(XIl—*S)*.2.(YIl—YS)M •2.(ZII—lSlW~ 2 CM 157
IF (SFP .GT.SLENI (.0 TO 33 CN ISO
ICOMI (TSEG).I0000.I CN 1S9
CALL SIISP,-. II.IC,0I1 .YII.ZII .XI2.Y12.2I2) CM 160
GO TO 1S CM I6I

33 SEP.(KI2—8Sl..2.(Y52—YS)..?.(2T,—ZS)..? CM 162
IF (SE°.GT.SLE N) (.0 TI) 34 CM 163
ICON2(ISEO )~~lO 000.I CM 164
CALL SITSPH (I.IC ,OII .YII ,2I1.*I?. YI2 .ZIZ) CM 165
GO TO IS CN 166

34 CONTINUE CM 167
35 CONTINUE CM 168
36 PRINT 48, M.NP.IPSYM CM 169

IF (N.IST.OI PRINT 45. M .MP CM 170
IF (N.E0.NP) GO TO 40 CM 17*
ISEG.M’NP CM 172
IF (IPSYMI 38.37.39 CM 173

37 STOP CM 174
38 PRINT 46. ISEG CM 173

GO TO 40 CM 116
39 IC .ISEG/2 CM 77

IF (IS FG.EQ .8) IC.) CM 170
PRINT 47. IC CM *79

40 CONTINUE CM 180
RETURN CM 101

C C))I82
4* FORMAT )/.3*.23$GBOUNI) PLANE SPECIFIED. ) CM 183
42 FORMAT (/.38.4AHWHERE WIPE ENOS TOSJCM GICOUMO. CURRENT WILL 8E .30H CM 104

IINTERPOLATCO TO IMAGE IN GROUND Pt AN(../l CM 185
43 FORMAT (304$ GFOMETPY DATA ERROR—— S(GMENT.Ic.2I1. EXTENDS BELOW 050 CN 186

lUND) CM 157
44 FORMAT I29H GEOMETRY DATA ERROR~ —SEGMEMT.I5.l6H LIES IN GROUND .6)) CM 15$IPLANE.) CM 159
45 FO RMAT (,.30.20MTOTAL SEGMENTS ,,SED..I5.3T.I2HMO. cEO. IN •I7$A ST CM 190

IMMETRIC CELL..I5.SX .I4MSYMMETRY Fl.AG..I31 CM 191
46 FORMAT 114$ STRUCTUPE HAS.I4.2SH FOLD ROTATIONAL SYMMETRY.#) CM 192
47 FORM AT (14W STRUCTURE HAS.I2.IQM PLANES OF SYRM€TRY,~~l CM 193
40 FORMAT (30.I9f-4 TOTAL PATCHES USEI) .,I5.6X,32HNO. PATCHES IN A SYNNET CM 194

1RI C CEtL ..ISI CM 195
END CM 196—

SUPROUTIME CONVRT CV I
C CV 2
C CONVERT CHANGES GEOMETMY DATA FROM THE FORM STATING 8,1.2 CV 3
C COORDINATES OF EACH SEGMENT END TO i.Y.l OF THE SEGMENT CENTER CV 4
C PLUS SFGMENT LEMGT.. AND ORIENTATION ANGLES AS REQ’)IREO IN MAIN CV 5
C PROGRAM . CV 6
C CV 7

COMMON 7DATA/ LD,N .NP .M ,MP .*(l 000).Y I100 0) .Z(l000).SI(I000).OI (I0O CV 8
1O).ALPU000).NET(l000 .ICONI(I(IOO).ICON2 (I000I.ITIG(10001.WLAM.IPS CV 9
21M CV ID
DIMENSION *2(1). 12(1 . 22(l) CV II
EQuIVAl ENCE (02 (l).SI(l)). (Y2(I). AL P (I)l. (Z?(I).RET (I)l CV 12
IF (N.FQ.Ol RE TURN CV 13
DO I T.I.N CV *4
RA .* (7l CV 13
Y)~ Y (I) CV 16
70.2(I) CR IT

CV 18
15.12(T) CV 19
75.22(7) CV 20
XI I). (O A.O BI•.8 CV 21
Y (I).(”* .vM)•.S CV 22

4 7(I).(7A .7-)•.3 CV 23
CV 24

10.15—v A CV 23
ZA .7B— 7A CV 26
S I( I) . S Q R T I* A .A A . Y A . Y A . 2A P P A I  CV 27
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A~PII) .A S N (2A~SI (I)) CV 28
I 9ET(I).ATGN2(YA.AA ) CV 29

— RETURN CV 30
END CV 31—

SUSBDUT INS DATA GN CA I
C CA 2
C DATA GN IS THE MAIM ROUTINE FOR INPUT OF GEOMETRY DATA. CA 3
C CA 4

COM MON #DATA / LO.N .NP .M.MP.XII000) ,Y(I000).Z(1000).S1(I000).BI(100 0$ 5
1 O . AL PII000 .MET(IOIOl .ICON1(1000 .ICOM2 (1000),ITAG (I000),WLAM .1P5 CA 6

-; 21W CA 7
DIMENSION *2 (11. 72(I). 22(1) 0$ $

• DIME NSION ATST(9). IEO (21. IFT ?). IFZ(21 DA 9
INTEGE R GM .ATST DA 10
(Q(,IVAI€NCE (*2 (I).SI(l)) , (Y2(I) .ALP)lll. (Z2 (l) .SET II)I 0$ II
DATA ATST/7HGW.24$GA .2HG5,2H05.2M05.2HGM,2HSP.2N5S,24.GC, CA 12
DATA )F’/l.-. .IMXI .IEY,1M .IMT/.IFZ/IH ,INZ/ DA *3
DATA TA/0.01745329232, CA 14
IPSYM.T D A 15
MWtRt~ ’ DA 16
N.0 CA I?
MP.O CA IS
M.O DA *9
MP.O CA 20
00 I I.1.LD CA 21
IC ON IIII .R 0$ 22

I ICOM2 II) 0 0$ 23
P R I N T  21 DA 24
PRINT 22 CA 25

C CA 26
C READ GEOMETRY DATA CARD AND SRANCN TO SECTION FOR OPERAT ION CA 27
C REQUESTED DA 28
C CA 29
2 READ 2). GM,ITG.NS.XWI.TWI.ZWI.0W2.Yw2,2W2.RAC 0$ 30

IF (N.M.GT.LD) GO TO 20 0* 31
IF IG$.EQ.ATST(l)) GO TO 3 DA 32
IF (GM .EQ.ATST (?)) GO TO 6 05 33
IF )GM .EO.ATSTI3)l GO TO 7 OA 34
IF (GN.EQ.ATST(4)) GO TO S CA 35
IF (GN.EO.ATST (TI, GO TO 4 0* 36
IF (GM.EQ.ATST($)I GO TO S CA 37
IF (G’~.EO.ATST (3l) GO TO 17 CA 3$

• IF (GM .EO.ATST (6)) GO TO 14 CA 39
IF )DM .EQ .ATST (9)) GO TO iS CA 40
GO TO 1S CA 41

C CA 42
• C GENERATE SEGMENT DATA FOR STRAIGh T WIRE. 0$ 43

C 0* 44
3 NWIRE .NWIRE.1 CA 45$ II.M.I 0$ 46

12.N.NS OA 47
PRINT 24. NWIRE,XWI.YWI.ZWI.XW2.Y02.2W2.RA0.MS.Il.I2.ITG CA 45
CALL WI RE (XWI.YWI.ZWI.XW2.1W2.7W2.RAO.MS.ITO) 0* 49
GO TO ? 0$ SO

C 0$ 51 4

C GENERATE DATA FOR A SURFACE PATCH CA 52
C CA 53
4 II~ M.l 0$ 54

PRINT 32. Il.*WI.1W1.lWl.*W2.YW2.ZW2 0$ 35
0W2 .MW?~ TA CA 56
1W2.YW2 TA CA 57
CALL PATCH (ITG ,NS,AW * .YW 1 .ZWI,0W2 ,YW2,ZW2) DA 55
GO TO ? CA 59

C CA 60
C FORM SURFACE RI MULTIPLE SHIFTING OF LAST PATCH INPUT. CA 61
C CA 62
5 PRINT 33. ITG.KWI.MS,YWI 0* 63

CALL PACHS (ITG.MS.XWI. YW I.ZW1 .1W2 ,TW2.2W2) CA 64
GO TO 2 CA 65

C 0$ 66
C REFLECT STRUCTURE ALONG 0.1. OR 2 AXES OR ROTATE TO FORM CYLINDER . CA 67
C CA 65
A IY.MS/10 CA 69

IZ—MS— I Y~ lO CA 70
10.11110 0* 7*
IY.IY—tl~ lO CA 72
IF (I I.ME.O) 10~ 1 CA 73
IF (1 1.1)5.0) 11.1 CA 74
IF ( I?.NE.O) 12.1 CA 75
PRINT 75. IFX(I9.I,.IFTIZV.I1.IFZ(72.lS,I1G CA 76
GO TO) CA 77

7 PRINT 26. NS.ITG CA 7$
10.—I Oft 79

O CALL REFLC (IX.IY.I2.ITG.MS) CA 50
• GO TO ? OA SI

C 0$ $2
C SCALE STRUCTURE DIMENSIONS BY FACTOR Owl. OA 03
C CA 84
9 IF (N.EO.0) GO TO II CA 83

00 10 I.I.N 0* 86
X(II.X(Il•XWI DA 87
Y( II Y(I)’OWl CA $5
Z (T 1~~7 (I) *wl CA 09
*2 II).?2 (Il~~XWl 0$ 90
12(I).Y2(flU Xw I CA SI
22(I l.72(fl.XWl CA 92 

-~~
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IS 5I (Ih ~~R I(I .k~ 1 CA 93
II II (M.cQ.Ol GO TO 13 CA 94

YuI.OWI•iV) CA 95
IX .LD.t.M CA 96
00 12 t.Il.L0 CA 97
I I I I .O IT I X W )  DA 95
Y I I I YIII• *Il OA 99
ZIII.7lI) .SMI CA *00

I? SIII).HIIIIIY- ,I 0* 101
13 P0INT 27. Awl CA 102

GO TO ? CA IO3
C 0$ *04
C MOVE STRUCTURE OP REPRODUCE OIAII)INAL STRUCTIJRF IN NEW POSITIONS. 0* IRS
C CA 106
14 PRINT 25. ITG .Nc .ZWI,,WI.ZVI.AW7.YW2 .?.2.RAD CA *07

A WI.Xl)•TA ISA lOB
VW I~~YW IUTA 0* 109
lwl.ZW ).TA CA 110
CALL MDVI IMWl.YWI.2 W I .*I~ ,YW2 .7W �.I)) T(RAfl..S).NS .ITGl CA I I I

• t.O TO ’ CA 112
IS I.15E040(ITO.NS) CA 11 3

I9.XWl ..3 CA 114
IF (11 .10.21 41) TI) 16 CA 115
I EON I (I I 08 116
GO TO -~ 08 117

IS ICON2II).I CA 11$
• GO TO ? CA l)~C CA *20

C TERMINATE STRUCTURF GFOMETRY INPUT. DA 121
C CA 122
IT IF IN.FO .0) GO TO IS CA *23

CALL COMECT (ITGI CA 124
CALL CONVRT CA 125

IS IF (M.~A .GT.L0) GO TO 20 CA 126
RETURN CA 127

IS PRINT 29 CA 128
PRINT 10. GM.ITG.NS.OWl.TWI.Z.1.*l2.T.2.2.2.RAO CA 129
STO P OA 130

20 PRINT TI 0A 131
STOP CA 132

C GA 133
21 FORMAT (ll//.33X.351-I — — — STRUCTURE SPECIFICATION — — —,/,.3U.20 CA 134

ICODRO INATES N IJST BE INPUT IM./,1TO.2OWNETERS OR OF SCALED TO METER CA 135
23./.37*.3IHREFORE STRUCTURE INPUT IS ENDEQ,//) CA 136

22 FORMAT (2X .44)WIRE.79*.6MM0 . OF.4*.51,F IRST.20 .4HLAST,3*.3,TAG,/ .2*. CA 137
13MN0..A(,ZMNI.9*.2N1I,q*.2H21.I*9,2692.9*,2HT2.qx.2N22.69.6$RAOIUS 0* 138
2.3*,4N51G.,3O.4HSED.,IX,4hSEG.,SX.3MNO.) CA *39

23 FORMAT IA2.I3.IS.TFZO. Sl CA 140
24 FORMAT (lA,15.3F11 .5.1*.4F11 .5,7X .I5.41.I5.IX .I5. )O.15) DA 141
25 FORMA T (60.34HSTRIJCTURE REELECTED ALONG THE ATE5,)(lA,A1).22H. TA 0$ 142

165 INCREMENTED 51.15) CA 143
26 FORMAT (60.3OHSTRUCTUPC ROTATED ABOUT Z AXIS.13.30H TIMES. LAML.ES 08 144

1 IMCREMEMTED 111.15) CA 143
27 FORMAT (S$.2SNSTRUCTL)RE SCALED RY FACTDR .FIO.Sl CA 146
25 FORMAT (611.49 THE STRuCTURE HAS BEEN MOVEO . MOVE DATA CA RO IS —/67. CA 147

1.1 3 .lS.7FIR.SI CA 140
29 FORMAT (25w GEOMETRY DATA CAR)) FRROR CA 149
30 FORMAT (1X.A?.13.IS .7FIO.51 CA 150
31 FORMAT (694) NIJMRER OF wIRE SEGMENTS AND S)JPFACE PA TCHES E*CEEDS 01 CA 151

IMEMSIOP. LIMIT.) CA 152
32 FORMAT (IX,I5.IHP.Fl0.S.2F11.S.IX.21I1.5.lIX.F1I.S) CA 133
33 FORMAT (SO.?SHLAST SURFACE PATCH REPROOUCED.13.364. TIMES IN 7. DIRE CA *54

ICT ION WITH IMCR(MENT ,Fll. 4 ,/.3?T.3MANO . I3.36N TIMES IN 1 DIRECTION GA 155
2 WIT H INCREMENT.FII .61 CA 136
END CA 1ST—

FUNCTION OSlO (0) CR 1
C 08 2
C FUNCTION OR—— RETURNS OR FOR MAGNITUDE (FIELO) OR MAGa.? (POWER) 1 08 3
C 08 4

E I0. DR 5
GO TO 1 DR 6
ENTRY 0520 OS 7
F.20. 08 5

I IF (X .LT.I.E—?O) GO TO 2 DR S
DBIO .F.ALOGIO X ) DR 10
RETURN DR 11

2 DRI0.—999.99 DR 12
RETU RN oR 13
END DR 14—

SURPOUTI NE EFLO (5.S.RH.?P.IJ .E7RS .EZIS.ERRS.ERl5.EZ RC .EZIC.EDRC ,S El I
1 RIC.E7011 .E?Ik.ERRK.EBIM) El 2

C SF 3
C EFLO RET (S4$S ELECTRIC FIELD OF A SEGMENT IN RHO AND 2 COMPONENTS (F 4
C (CYLN. COOQO . CENTERED ON SDURC~ SEGME N T) FOR CONSTANT. SINE . AND El 5
C COSINE CURRENT D ISTRIRUTI OM S ON THE SEGMENT. El 6
C El 7

COMMON ITMT~ TPK.R11112.IJX SF 8
DATA 77.TP,I$R .36V.35.6.2531553R8, SF 9
IJ X .IJ El IS
RHK.R4.TP (F II
ZPRAZD .TP IF 12

SF 13
80R2.RHR•RHS.RK•81 Fl 14
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(F IS
COI4dC .R$PI,RXR (1 16
SPT .TP.S PO. S (1 17
202.ZP.-SET El 1$

(F 19
82’”... 5/.702.7O2 (F 20

(F 2*
0I15 8,52.7O).ZDl (1 22
WI..SQR T (WIAS ) 51 23
SR2.SI~ IR2M)~~R75lZ~ El 24
CP2.COsIR2K -’P 2g~ ZZ II 25
SQI.SISIPI4 ’IIRlk•7Z (1 26
CBI.COS)R1kI/RIPI•7Z Fl 27
5R7R.5~~/ f P 7 g  51 28
SB2RR. R2IR2KS El 29
CR?P .C07/ 021 (1 30
C92R~’.9 2 (- -.5 (F 31

(1 32
S R I R 6 . S R L / R l f t S  (1 33
CPIB .CRIIRI. El 34
CPIRR.c~. ,RIAS (1 35
CST.COS.SPT) (F 36
SST .SI- (SAT) IF 37
TI ’41 ’ - -R — S7?9-~b .Z02 (F 38

(1 39
T ).IS- ~.-’8.CR2RR).Zu? (F 40
T.. 5 R } 0 . C P ) R R ) . Z O I  (F 41
TlS ~ T .SST (F 42

El 43
T3S~ T).5ST (1 44

(F 45
E7RS’IS)2-S.II~ CYT .TlS—T 2S El 46
17I5 .ICR2—CR1 ) CST—T3S.T45 El 47
ERPS.—TISR2WZO?—SRI .Z0l)•CST.(5R2.SRl)ISST.Tl5*2O2—T2S ZDI)IRKS CO 51 40
IINC El 49
ERTS’- )Co2•702—CalA zO1)•CST’1C52 .CBl)•SST—T33•702 .745W2D1J/5*5•CO (F 50

lIN T (F SI
TIS .TI~ rsT El 52
TZS.12.CS1 (F 53
I35.T3.CST (F 54
T45.T4.CST (F 53
EZBC- .(SR2.SWI)~~SST.TlS—T2S) (1 36
(ZIC.)-I CR2.CRI PSST—t3S.TNS) U 57
5RBC .— t— ISR2•7D2 .SR1’7CIl~~5ST .(SR2—S Rl) CST .TiS•ZO2—T2S~ZD1) /RK5 C (F 5$

IGI NC El 59
ERIC .—~~~(CR2.7D2.CRl.7OI).SST. CR2—CRI) CST—T3S.Zfl2.T4S’2OII,Rl(8 C El SO

IOINC IF 61
(ORl(.RAR ~~ICR2R—5R?RR—CRiR .SRIRP)’COIMC (F 62
EBIS .-PRS.(SR2R .CR2RR—SR*R—CRIRRIACOINC 51 63
CELL INTO (—S7.T.S7.T.B*.IJ.CINT,SINT) SF 64
£2R11 -TZ SIMT’T1 T2 El 65
EZIR ._72 .CINT_T3 .T4 (F 66
RETUR N (F 6 7
END Cl 60—

COMPLEX FUNCTION EFUN (28) EU I
C EU 2
C EFUN )7).SGRT (0!)~~Z.(XPI i•Z) 1lI. — ERFh7 )). (Rl (Z) IS THE ERROR EU 3
C FUNCTION. EU 4
C EU S

COMPLEX l,ZS.SUM.POW.TERM,?* EU 6
D ATA TTSP ,I.I?037917/.ACCS/1.(—IS/.SP/I.?724538S/ LU 7
7.20 EU 8
(F )CAPS)l0).GT .3.) GO TO 3 EU 9

C EU 10
C SERIES FOPANSTON EU II
C (U 12

75.2’? EU 13
SUM.? EU 14
POW.Z EU )5
DO I 1.1.100 (U 16
FI.I./I (U IT
POW.—POW*7S’FI EU IS
FI.I.lI7..I.l.) EU 19
TFR”~ PI)W FI EU 20
SUM .SUM .TE6M EU 21
T M S .M EAL )T ERM .C OMJ r, ITFR MI) EU 22
SMS.REIL)SUN’CONJG(SUM)) (U 23
IF (TMS,SW5.LT .ACCS) GO TO 2 (U 24
CONT INUX (U 25
PRINT I , 21 EU 26

2 (FUN.(I. —S UM TOSP).2 rE*PIISI’SP EU 27
RETURN EU 28

C (U 29
C ASYMPT OTIC E*PANSION EU 30
C (U 31
3 IF )R(A IIZ) .Gl .O.l GO TO 4 EU 32

M IMUS.* EU 33
EU 34

00 10 5 (U 33
4 MIMU$.R EU 36
5 j5.~5/(7•j) (U 37 4

RATI.I.E.5 (U 30
SUM.(I..0.) EU 39
TERMW(l..S.l EU 40
DO 6 1.1.100 EU 4*
TE RM .— TERMW( 2 .~~l— I.)’?S (U 42
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TNS.WEAL(T (RM .CONJG (TEBM)) EU 43
SM S. R ( A L ( S I I M ’C O NJ G( S U W ) )  (U 44
RAT.TMS#5MS EU 43
IF IRAT.GT .RATL) GO TI) 7 (U 46
SUM.SUW.T(RM EU 47
RATL .RAT (U 40
IF (RAY .LT . ACC S) C.~ 1I 7 EU 49

S CONTINuE EU SO
PRINT ~. lo EU 51

7 IF (MIAUS.(Q.l) SUM.S)JM—2..SP’Z’CL*P(Z’Z I EU 52
EFUM.SIJM EU 53
RETURN EU 54

C (U 55
P FOR MAT I3A U SFRIES DIG NOT CONVFBG( IN EFUM. ARG.,2(I3.Sl EU 56

(MO EU 57—

LOGICAl FUNCTION (NF)SJNIT) (N I
C (N 2
C FUNCTI’). (NI CHECRY FOR END OF FILE (N 3
C EN 4

II (EOIINUMIT)I 2.1 CM 5
I ENI..FAL S(. (N 6

RE T URN (N 7
7 CNE..T&H~(. (N 0

RETURN (N 9
(MC (N 10—

SURROUTINE STMNS IPI,PZ.P3.P4.PS.P6.IDR,ISANT.VSANT.NSANT.E) CT *
C ST 2
C ETMM S FILLS THE ARRAY E WITH THE NEGATIVE OF THE FLECTB IC FIELD (T 3
C INCIDENT ON WIRES AND THE TANG ONTI A L MAG NET IC FILI O (6 * M ) 1)45 FT 4
C SUQIACFS. S IS TH( PIGMT HAND SIDE OF THE MAT B IO (OUATION. (T S
C (1 6

COMMON /OATA / LC,M.NP.M.MP.*ll000).Y (IQOOI.Z (I000I.SI(I000).OI (lOO fT 7
I0).ALP )000 .RET ( l000). ICON I 11000) • ICON2 (I000I .ITAG ( I000l.WLAM,IPS ST 8
2YM ET 9
COMMON #ANGL/ 5ALP (IOROI ST IS
DIMENSION CAR (I). SAB)1) ET II
DiMENSION TI* (I). TO Y))). 112)4). T29 (ll . 121(1). 722(4) ET 22 4

DIMENSION ((*500). VSANT(III). ISANT (10l (T 13
EQUIVALENC E (CAR (Il .AIP (l)) . (SA B (1) .RET II)) (T 14
EQUIVALENCE (Tl*.SII. (TIY .ALP ) . ITIZ.8 (Tl. (T29.TCOMII. (T2Y.ICON ST IS
I?). (T’Z.TT AG ) ST 16
COMPLEX F.CX .CY.C7.VSANT.TI.T2.FP.ET,EZH.ERH (T 17
DATA TP,i.283I$53/.R(T8/0.00?65441 ST IS
NEO.N.M’/ 19
IF (IPQ .GT.O) GO TO 3 ST 20

C CT 21
C APPLIED FIELD OF VOLToGE SOURCES FOR TRANSMITTING CAS ( (T 22
C (T 23

00 I I’L.NEO ST 24
I E (Il’ (fl..O. CT 25

CO 2 I.I.NSANT 57 26
15.1584,7(1) (T 27

2 I (IS I .—VSANT (Il/ (S I (IS ) ’W LAM I (T 20
RETURN ST ‘9

3 IF (IPR .GT.3) GO TO II ST -
C ET .1
C INCIDENT PI ANI WAVE. LINEARLY POLAB IZSD. ST 32
C ELECTRIC FIELD ON WIRFS CT 33
C ST 34

CTH.COShPI ST 33
STH.SIN(PII ST 36
CPH.COSIP2) CT 37
SPH.SIN)P2) (1 30
C!T.COS P3 57 39
S(T.SIN(P31 (T 40
PX .CT V’CPN.CST—SPH•S(T ST 41
PY.CTH.SPM’CFT.CPH’S(T ET 82
P?.—STNSCFT ST 43
Wl.— STHACPM ET 4-.
WY.-STNWSPM fT  45
W?.—CTN (T 46
OO.WY’P2—WZ•PY (1 47
Qy.WZ•°I—WX.P7 (1 45
O7.WX’DV—WY’ PX (7 49
1~ (lP ~ .GT.I l GO TO 7 ET 50
IF oN.F0.0l 64) TO S CT SI
00 6 IWl. N ST 52

fT  53
4 ((I).—(R1’CAS( I) PY SAB (l).PZ’SALP ( 1) ).CIVPLT (COS(ARGI .SIN (ARG)) ST 54
S IF (W .F4l.0) RETURN (T 53
C MAGNETI C FIELD ON SURFACES ST 36

I~ LO •I 5T 57
Il.N— I ST 3$
CO 6 Ic.I.M CT 59
1.1—I ST 60
11.11’? ST 61
12.11.1 ST 52
ARG.—T PW(W 1IX (I) .WY ’Y (I).WZ•flI)) ST 63
TI.CM PLX (COS(AQG) .SIN IARG )) SALP( I).RSTA ST 68
C(I2).(QX.TI* (I)~~flY TIY(I) .02.11211)1.11 ST 63

4 E(I1).(O*.T2X(I)*OY T2Y(I1.QZ’T?Z(I)1 T1 CT 56
RETURN ST 67

C FT SO
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C INCIDENT PLANE WAVE. rLLIPTIC POLARIZATION. ET 69
C ELECTRIC FISLO ON wIPES ST TO
C ST It
7 TI.—(O ..I.)W P6 ST 72

IF (IPR.FQ.3) T1.—Tl CT 73
IF (N.FQ.0) GO TO 9 fT 74.
Cl.PA .TI’OX ST 75
CT.PY.lI’OY fT 76
CZ.PZ.TI•02 CT 77
00 8 T .I.M El 75
AR A. T0•(V *W O III .W yWY( I) .U2• ZII) ) (T 79

8 ((!).— CAWC *BlI) .CIM SABU). CZ .SAL P( I))’CM PLS(COS (ARG I .SIN(AR G)l fT 0)
9 IF IM.FQ. 0I RTTURN El 51
C MAGNET IC FI(LD ON SURFACES ST 52

C*.OX—T1~ PX St 53
CY.OY—Yl’PY ST 04
CZ.OZ— Tl~ P7 57 OS
I L O ~ I ST 86
11.11—I CT 57
CO 10 I5’I.M CT 00
1.1—I fT 09
11 .11 .2 ST 90
12.11.1 fT SI
ARG .—T0O (WX.X (II.Wy’Y(1I.17.Z(I)) FT 92
T2 .CM P10 (COS(ARG ).SIN)AR G ))~ SALP (I)*RE TA fT 93
C(12I.ICO .TIO I) .CY~ T)Y(I l .Cj’T*Z(I))•12 (T 94

10 C(1I). C7.’T200I4.CY’1?T(I).Cl’T2Z*I))’)2 51 95
RETURN ST 96

C CT 97
C INCIDENT FIELD OF AN ELEMENTARY CURRENT SOURCE. CT 98
C ST 99
II W2.COS (P41 CT 100

W*.UZ’COS (PSI CT 101
WY.WZ’SIN(PS) (1 *02
WZ.SI#4(P41 CT 103
DS.P6’59.9S8 ST 104
DSU.P5,(2..TPI CT 105
NPM N.N El 106
IS’LD.I CT *07
Il .N—I FT *00
DO *6 I’l.MPM ST 109
11.1 CT 11 0
IF II.LE.Ml GO TO 12 FT III
IS.IS— 1 fT 112
11.15 ST 113
11.11.? ST 114
I2’I1•I ST IIS

*2 PO.l(IIl—PI CT *16
PY.y(II)—P2 CT 117
PZ .Z (IIl—P3 (T ~t6RS.P7.P1.PY.PY.P2.PZ St 119
IF (RS.LT.1.E~ 3O) GO TO 16 FT 120
R•SQRT(RS) Ft 121
P*.PX/R ST 122
P1.PY/R ET *23
PZ.PZ~R (7 124
CTU.PK.Wo.PY’wY.Pl.VZ ST 125
STN.SORT(I.—CTH’CTH) ST 125
OX.P*—uO’CTN ST 127
QY.PY—WY’CTH St 125 4

OZ.PZ—WZ•CT#. FT 129
ARG.SQRT(OO.O*.OY.OY.fl2’Q2) ST 130
JF (ARI .LT.I.E— 3O) GO TO 13 CT 131
Q*~Q0/ABG ST *32
01.01/ORG ST *33
02.02/AGO ST *34
GO TO 14 CT 133

13 00.1. ST 136
01.0. St 137
02.0. ST 135

14 A RG .—TP •R CT 139
T1.CMPLT(COS(ARGI.SIM (ARG)) ST 140
IF (I.OT.Nl GO TO 15 (7 *81

C ELECTRIC FIELD ON WIRES (-I %42
T2.CMPI.X (1..—I./(R.TP)l/RS (7 183
£R.DS•T1•T2’CTM FT 184
ST..5•45•T1•((O..I.)•TP/R.T2).STH FT 185
EZH.CR•CTH—5T•STH (T *86
(RH .SRWSTH.ST’CTH fT 187
CX.CZH.WX.SR H’0O ST 18S
CY.EZH’wY.CRH’QY (T 149
CZ.(ZH.VZ.(RH~0Z ST ISO
E(I).— (CX ’CAR (II .CY’SAR (Il .CZ~c8LP ( I)) 51 131
GO TO IA fT 152

C MAC.M(TIC FIELD ON SURFACES ST *53
IS RX.WY~I4?~ W7•Qy ST 138

P,.WZ.QX—WX .OZ ST 133
P2 .WX ’ OY— wY ’O O fT 156 4
T2.DSH.T1•CMPL*(I./R.TPI/R’STH.SALP(II) CT 157
CX .T2UPT ST 15$
CY.TZ’PY fT 159
CZ .T2 ’R2 ST 160
E( I21.CX•TI1 (If) .Cy•T1y(I I .CZ.TIZ(II) Ft 161
E (II).rX’T2*(II)•CY’T2Y(II) .CZ.U7(II) CT 162

IA CONTIPSIC ST 153
RETURN ST 168
END - (T IAS—
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SURROIITIN( l&CIO (A.N ROW.N COL. IP) 10 I
C FO 2
r FAC IO TONTROLS I/O 10.. OUT—OF—COPE FACTORIIA TIOP.. FO 3
C 10 4

COMMON /MATPA R/ ICAS (.NWLOKS.NPMLR.P.LAST.NBLSYM .NDSYN.NLSYM 10 5
COMMON ,RSSTRT~ IC I.IC/.IC).NPFS.NPPES.IMLCK.IDUMP.TMOUM .CITIM 10 6
COMPLE. A 10 7
DI” (NSION AINR0U .MCQL). 191MW)).) 10 5
IT./’MPTLS.NROw FO 9
11 .1 FO IT
12 .11 10 1)
1 3—I?.) TO I?
I4.2’I? 10 13
REWIND 12 10 14
PEWIMO 13 40 *5
B(.IMC 14 10 16
T IME.O . Fl) IT
(F ) IC1 .Efl . 1)  GO TO -. 10 *8
IF (ICY .E O.O) C.rJ TI) I FO 19
CALL TLC’IN ((I.I.I2.’SHLOAS.994) 10 20
CALL RI CKIN (* Z . I . I 2 . ! ’4 3 . 2 )  10 21
IORLKI.IC 3 FO 22
GO TO~~ EU 23

1 CONTIN uE 10 24
C 10 25
C BUFFER IN SLOCKI AND SLOt.? FW’I TAP . I 10 26
C F)) 27

CALL BLCKIN )II.II.I2.).l7) EQ 28
CALL BLC KIN (Il.II.I4 .l.l R) 10 29
CA L L SFCDNO ( T I )  FO 30
CALL LFACTR (A.NRO..NCOE .I.2. IP) FO 31
CALL SECOND (12) 10 32
TIM (.TIME.)T2—T1I FO 33

C FO 34
C AUFFEP OUT BLOCKI TO TAPE? (BLOTK I EACTO M ( OI  FO 35
C FO 36

CALL BI.CKOT 1*2.11 .12.1.3) 10 37
IF (MSLORS.LT .3) GO T~( 3 FO 3S

C 10 39
C BUFFER OUT RLOCK2 TO FILE) 10 40
C 10 41

CALL BLCKOT (I3.I3.I4 .I,20) FO 42
00 2 1oMLR2~ 3.MRLOKS - 10 43

C FO 44
C RUFFER IN BLOCK? FROM TAPE I FO 45
C FO 46

CALL BLCIIM (lI.I3.14 .1.21I FO 47
CA LL SICOND (TI) F)) 45
CALL LFACTR l*.MRO4.NCOL.l.IANLKZ.IP) 10 49
CALL SICOMI ) (12) FO 50
TIM(’TIM (.(T2—TI) 10 51

C 10 52
• C BUFFER OUT BLOCK? TO FIL(3 FO 53

C FO 54
CALL RLCKOT (I3.I3.14 .I.22I 10 55

2 CONTIM~ E ED 56
GO TO ’. 10 57

3 CONTINUE FO SO
CALL RLC KOT I12.I3.14.1.23) FO 59
PR INT 10. TINE 10 60
REWIND 12 FO Al
REwIND 13 10 62
REWIND 14 10 63
GO TO 7 10 64

4 10111111.1 FO 65
5 I IBLI(I.TXBLKI.l 10 66

ICI.IXRLKI — l FO 67
CALL CPIKPRT FO 68
IXSLK2.IOBLKI.l F0 69

C 10 70
C WITH THE EXCEPTION OF THE FIRST PASS. IIILC3 BECOMES IFIL(4 AND FO TI
C VISA VFRSA . 10 72
C FO 73

IFILE3-.I4 F O 74
IFILC4.13 F)) 75
IF I2’(I*SLKI/2).NE .IYMLKI) GO ~O 4, FO 76
IFILC3 .13 FO 77
EFILC4 .I4 FO 75

6 R(WIND IFILE3 FO T9
REWIND IFILS8 FO 50

C FO SI
C SUFFER T N SLOCKI AND 51.0CR? FROM IFILF.3 FO 02 - •
C 10 53 4

CALL RLCKIN (IFILE3.II.I2.I.241 FO $4
CALL RLCRIN (1FILE3,I1.14.I.25I 10 55
CALL SECOND (TI) FO $8
CALL LFACTR (A.NROM.NCO(. .I IIRLKI .I*11L112 .IP) FO $7

4 CALL SECOND (1?) 10 $0
T I’4E T I M C . ( T 2 — T * )  10 59

4 C 10 90
C SUFFER OUT BLOCK I TO TAPS? (04.00111 FAC TORED) FO 91
C 10 92

CALL RI CR01 (12.II.I2.L.261 10 93
c 10 94
C BUFFER OUT BLOCK? TO IFILE4 10 93
C 10 95

CALL SICKOT (1FILr4 .I).I4.I.27) FO 97
IF IIXSLR2 .NE .NPLORS) GO 10 9 10 9$
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C 10 99
C SUFFER OUT BLOCK? TO rAPS2 (0100111 TACTO R(D——IA CT4) RI2ATI ON 10 ISO
C IINISS-wO) FO 10*
C 10 *52

CALL 04.CK’3T (1?.13.I8 .l.2R) 10 003
PRINT 10. TIME 10 *08
RCwINO 12 10 *05
REVINO 13 10 106
REwIND 14 10 107

7 CONTINUE 10 405
IC3.S 10 109

P RETURN 10 130
S IX8LK2.I00LK2.I 10 Ill

IF (I KALK2.GT .NRLOKS) GO TO S 10 (12
C 10 113
C MUFFER IN HLOCK2 FROM 1111(3 10 114
C 10 1*5

CALL R4.CA IM (IFIL (3.I3.14.l.29) 10 116
CALl. SECOND (TI) 10 *17
CALL LFACTR (a.NBOw.NCOL.IXBLK*.I*5L112.IP) TO *10
CALL S(CONO (T?) 10 119
t1MC.TIME.)T2~ T1 I 10 *20

C 10 121
• C BUFFER OUT BLOCK? TO F ILEA 10 122

C F0 *23
CALL BLCKOT (IFILCA.13.14 .l.30) 10 124
oo tO 9 10 425

C 10 126
IS FORMAT 13514 CR TIME TAKEN FOR FACTORIZATION • .E1 2.3) 10 (27

(MI) 10 128—

SUPROUT INE FACTR (N.A .IP.NI)IM) IA 1
C IA 2

— C SUPROUTINC TO FACTOR A MATRIX INTO A UNIT LOWCR tRIANGULAR MATRIX FA 3
C AND AN UPPER TR IANGULAR MAT R IX USING tHE GIUSS—DOIIL 1TTLC ALGORITHM IA 4
C PRESENTED 094 PAGES 4)1 436 OF A. QALSTOTX A lIPS? COURSE IN IA 5
C NUMERICAL ANALYSIS. CO$MC.~TS SCION RIlES’ TO COMMENTS IN BALSTONS IA 6
C TEXT. (MATR IX TRANSPOSED . IA T
C IA B

DIMENSION A(NOIM .NOIM). IP (NDIW) FA S
• COMMON ~SCRATM/ 0(1509) FA 10

COMPLEX A.O.ARJ IA II
INTEGER R.RMI.RPI.PJ.PR IA 12
11(0.0 IA 33
DO 9 Q. I.N FA 18

C TA IS
C STEP 1 18 IA
C TA I ?

- • DO I K’I.N IA 15
0l5) .A (R .K) IA (9

I CONTINUE IA 20
C IA 2 1
C STEPS 7 AND 3 FA 22
C IA 23

RMl’Q—I IA 24
IF (RMI.LT.I) GO TO 4 18 25
DO 3 J.I.RMI IA 26
PJ .IP(J) FA 27
ARJ .D(DJ) IA 25
A(R.J) .ARJ IA 29
OT PJ) D (J) 1* 30
JPI.J.1 IA 31
DO 2 I.JPI.N TA 32
f l ( I ) . 0 ( I ) — A ( J . 1 ) ’A R . o  FA 33

2 CONTINUE 1* 34
3 CONTINUE IA 35
4 CONTINUE F A 36
C FA 37
C STCP 4 IA 35
C IA 39

OMAO.REAL (C(R ).CONJG(DIB))) IA 80
IP (R).R IA 81
RPI.R.I FA 82
IF (R PI.GT.M) GO TO 6 IA 83
DO S I.RPI.N FA 84
ELMAG .PSALIDTI)’CON .,G(0(I*,J 1* 45
IF ((LMAG.LT.I)MAO ) GO TO S IA 46
OMAX .CLMAG FA 87

FA 40
S CONTINUE TA 49
V. CONTINUE IA 50

IF ID MO0 .LT.I.S—IO ) IFLG’1 IA 5)
PR.lP (q) FA 52
A(R. R) .O(P R) TA 53
O( PR) .I)(R) IA 58

C IA 3%
C STEP S FA 58
C IA 37

(F (RP I.Gt.94) 00 TO $ IA 55
ARJ .1.,8(R.R) IA 59
00 7 1.QPI.E4 FA 60
A (R, I) .O(* ) ’A RJ FA 61

7 CONTINUE IA 62
$ CONTINUE FA 83

IF (IFLG.ER.O) GO TO S IA 68
PR INT *0. R .DNA* ~A AS
1110.0 IA 65
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‘* CON T I N’41 IA 67
RETURN IA ASc FA 69

10 FOR MAT Il’- . . .9)4 4~~ I.) ) .?-,I . ,r 1~~.W I  IA 70
IN)) 1* 7)—

SUFIJOIJ’INE ( A C T R S  )NP.NOP.4.IP.IX .NROW .NCOL.NC17L5 .IPSVPJ IS I
C 95
C FA C T P S .  FOP S,P~~L T’ .IC ~~~~ , 

~~~~~ • T W A N S F O W X S  S U R M A T P I C I F S  10 FOW ~ ES 3

C MA T R I C T FS TI 7..f ,M ~o T4, l~ W ’  ~ ç ,‘,r CA LLN POIjTINF TO FACTO R ES A

C M A 7 J I C ) 4 5 ~ IF s-i ’’~”t 7 — . . T..~ -~~- - T f ~.f IS CALL ED TO FA C TO R THE ES S
C (OM P1~~TE 44T R)~~. ES 6
C IS 7

COMMON ,RF5TVT , )r l ,Ic,.I ).., s,.l.f~~.I ,4L (K.IflUMP .TMD,)M.f.TIM ES IA

COMMON ~WATP44~/ I~~~St .5~ I ).~~..‘“L .51 *ST .NRL SVM .NoSYM.NLSYP 95 9
COXM O N , S M A T / S t l ~~.I0 l  ES IT
C O MMON , S C P A T X /  )II’ .ODI ES I I
DIMENSION A)NP))..’4(clL). )~~~)N ~~ )) .  I~~~IN’.U~~ I ES 12
COMDLF, A .O.DFTF.4.’ F5 I)
IF ) IC A S E . L I . 3 )  (() 10 I IS 14
WERI P .Y• 1? 15 IS
REWIND 13 ES *4
RE W IN )) I’ ES I?
REAl)))) 15 IS lB
BEW IUD If. IS *9

1 IF )N’)P .El).)) C,)) 1 ’- I’. ES 20
IF )IPSVM .01.O) (jo I)) 3 ES 2*

C ES 22
C SE T  JP S M A T P I X  l i ’ .  l)~~1A T i ( 0 , A L SY MM ETRY .  ES �3
C ES 24

PHAZ.6.?831551012’NDP IS 25
00 2 I’-2.NOP IS 26
00 2 )=I.NOP 45 27
ARG PII&7.FIOAT) (—1 ) FLOA I l i— I ) ES 28
S I I . J ) , C N P L R ) C O 5 ) A P G ) . S Z N I A ’ ) G ) )  ES 29

7 S (J. I )=c tI .JI ES 0
• GO TO 7 ES 31

C IS 32
C SET UP S MA TRI , 10’. Pi *NF SYMMF’RY ES 33
C 15 34
3 K11.I Fl 35

S) I . I ) - ’ ) l . . O .)  FS 36
IF ()NITP .SD.2).OR .)NOP .E.Q.4).0— .)’4OP .FQ.R)) GO TO 4 ES 37
STOP 15 35

4 (4.4)09/? IS 39
IF )NOP .EQ. A) K 4 4  ES 4’)
00 6 ~~~ I . K A  IS 4*
DO S T~~I.FY Fl 42
CO 5 I~ 1.11K IS 43
DETER

~
c)I,i) IS 4’.

S) I .J .KK) .D STE R IS 45
S ( T . E ~~.J .KKI .—f lE TE ’ .  15 46

S S(I.K’(.i).DETIR ES 47
6 KK.KK ’ IS 45
C ES 49
C COMRINE NP NP SIJPF4ATPICIES TO 1-)’.’ NAIR IC1SS OF SYMMET RY MODES. ES 50
C ES SI
7 IF IICI .E47 .—I) GO TO IS ES S2

12.?’NMRLK.NRITW ES 53
fCOLS~ NRRLV ES 54
IF ) ICAS E. L1 .3 )  ICOLS.NP ES 55
00 13 L I.NRLOKS ES 56
II )IC* SE.LT . I I  0*) TO 8 15 ST
CALL BECTIR (I).I.72.I.601, ES 5$
IF IL .EO.NRLOYS ICOLS’NL*ST 15 59

P CONTINUE ES 60
00 12 I.I.ICOLS ES Al
00 12 j.3.N9 ES 62
00 9 Y~~I.N0P IS 43

ES 54
D4K) AI ’ (A .I) Fl 63

9 CONTINuE IS 65
O (TER .II)II 15 67
00 10 FR.2.NOP IS 65

10 DSTER .DETEP.DIKE) ES 69
A ( J . f ) . f ) ETE R ES 70
00 12 ).2.NO~ ES 71
11A.J •IR—I)~ NP ES 72
DETFR .T)l) 15 73
DO 11 KI).7.NQR ES 74

11 D(TER.flETEP.D)K*)~~6IK,KK) ES iS
A) ,A.IT.l)ETER ES 76

12 CONT INIIE IS 77
IF (ICAcC .LT.7) 00 10 *3 ES 78
CALL RI CKOT IIY.I .I2.I .4,03) FS 79

1 3 CONTIYH1E FS SO
14 IF (ICRSE.C’T.3) GO TO I? IS 81
C IS 82
C FACTOR SU RMAT RICI ES . 1’. FA CTO R COMPLET I M A T R I X  II NO SYMMCTRY ES 83
C EXISTS. IS 84
C FS 85

00 16 KR.l.NOP ES 86
IS ST

IF )ICTSE.FQ .i) GO 10 IS IS SB
CALL FA C TR (NP .A(K A. l).I P(KA). NR OW ) ES 59
GO TO I A IS 90

IS CAL L FAClO )A.MROw .NCOL.IP) IS Al
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4 CALL LUNSCR (A.NROW.Nr0L.I*.Ip) ES 92
IC3.—I IS 93

• CALL CHK POT 15 94
IS CONTINUE IS 95

RETURN FS 96
I~ CONTiNUE IS 9?
C IS OS

— C REWRITE THE MA TRIC ES ME COLIJ*FNA 01*4 749( 3-) ES 99
C IS *00

00 10 K.j.NQP 15 10 1
RFWINO *2 IS 102
ICO4.S.f.POLK 15 103
DO 1$ L~~I.NkOKS IS 108
CALL BLCK IN (12.1. I2. I .602I  15 lOS
II (L.€0.NBLOKS) ICOI.S.NLAST IS 106
00 38 ICOLDA.3.ICOL S IS 107
IBI.(P)—I)0NP.I rS 108
IR2.K~ NP IS 10~
WRITE *13) (A(I.ICOLDX).I.IRI.I02) 15 110

10 CONTINUE IS Ill
-: I S CON T I NUE ES I I ?

IF )IC’.S(.(O.S) GO TO 20 IS 113
IC1.— I Fl 114
CALL C’.RPRT ES 115

• 20 REWINT) II 15 116
R E W I N D  I? IS l i i
REwIND 13 IS 118
REWIND IS ES 319

• IF ( ICAS ( .EO .S )  GO TO 21 IS (20
CALL SuBI INP.6.P4CP.IP.NROW ) 15 121
RETURN IS 122

21 CONTINUE IS 123
CALL 5u82 (A.NP .NCOLS. FdOP.IP .f%.NROW) IS 124

• RETURN ES 125
(NO IS 126—

SUBROUTINE FBLOCK )t*BLOI(S .NPBLK.NLAST.IMAX.IROW .ICOL.INTI 18 1
C TB 2
C 1910CM OETERNINES P1.00* 5312 *49) 49LIN9ER 01 BLOCKS W HEN OUT—OF—CORE 10 3
C MA T RI0 STORAGE IS REOUIR(D . *41.0 RETU RN ED IF M A T R I X  FITS IN CORE lB 4
C FR S

IF IIIAOV.lCOt .LE.IIIAX) GO TO 3 FR 6
INT.I FR 7
NCGLNS.IMAX/ IQOw lB B
IF (NCOLMX .LE.I) STOP lB 9
IF (NCI!*LM* .EO.2) GO T O 1 FR 10
JF (P4Ct,LMX/2.EO.(NCOLM* 1),2) NCOLM*.NCOLMX I 18 11

I NPMLK.NCOLMX/2 10 *2
NBLOKS.ICOL,NRRL*( ES 13
NLAST.ICOI—NBIOKS.NPBLK 18 38
II INLWST.EO.O) GO 10 2 lB 15
NM(OKS.4)SLOKS.3 18 IA
GO TO S ER 17

7 NI*ST.I*4PSLK IS 15
GO TO S IS 19

3 NBI OKS.l 18 20
NPBLK.l) ER 21
NL4St.O FR 22
INT.0 18 23

4 RETURN 19 24
S CONTINUE 15 25

PRINT V.. NBLORS.MPBLP (.NLAST lB 26
00 10 4 19 27

C 18 25
6 FORMAT II*.IIH BLOCkING .415/1 10 29

(NI) ES 30—

SUBROUTINE 1110 (T4IET.PNI.ETH.EPH IF 1
C I F 2
C 111.0 CA4.CULAIE S THE FIR ZONE RAD IATED ELECTRIC FIELDS. Fl 3
C THE FACTOR EKP(J.K.R),(R/LAMDA) NOT INCLUDED IF 4
C Fl 5

CON*4ON ,DATA, LD.N.NP,M.MP.X(1000).I(I000).2)1000),SI(1000).51(I00 11 6
30) .ALP(l000).SET(I0001 .ICON1 (I000).ICON2(I000I .(TAG(l000).WLAM .IPS Fl 7
ZYM II S
COMMON /ANGL/ SALPII080) II 9
COMMON ,CRNt/ A IR(I000 P ,A I(4I010).SIR(l000). BlI (I000) .CIR (I000).C I II 10
II(1000).CUR(2000) II 11
COMMON /GND/ 7RATT .ZRATI2.CL.CH.SCSWL.SCRUR.NRAOL.KSY$P . lIAR. IPERI IF 12
D I MENSION CA8 (II. 518(1’ IF 13
EQUI VALENCE (CASll ).6tT ~(l)). (S4B II).RIi(l)) Fl 14
COMPLEX CIX.CIY.CIZ.EXA,ETH,EPH.C0MST.CCX.CCY.CCZ.CDP,CUR II IS
COMPLEX ZRATI.ZRSIN.RRV.RMH,RRVI .RRIXI .RRV2 .RR$2 .ZRATI2.T1X.TIY .TIZ II IA
COMPLEX STOP,T1.ZSCRN 11 *7
COMPLEX EX .EV.EZ .G~ .GY.O2 II IS
D ATA PT.TP .COP4ST/3.14lS926S4.A.253I05305.I0..—29.979)# IF IS
CATA 6,OP.ETA,(O..2367.06?).316.?3, II 20
IF IIFIR.LT.4) GO TO I II 21
T1.STOP/FLOAT(NRADL ) IF 22
T2.SCPwP~ FLOA T (NRA OL ) Fl 23

I PHX —SIN (PHII IF 24
PHY.Cl)S)PHI) FF 25
RO7~ COc)TMF7) II 26
0075.807 r, 27
T$K .ROZP PMV II ~0
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THY.—R0l.P,,X Fl 29
THZ .—SIN ITHET, IF 30
ROZ.— T~.?~ P#,Y II 31
ROY.TH? .PIAt IF 32
II 44).4 0.0) DO TO 21 II 33

C Il 34
C LOOP FOR STPII) TURF IMAI •E IF ~~~~ El 35

• C FE 36
00 20 -.l.KS,4P Fl 37

C El 38
C CAl CULA TION OF RE F L E C T I O N  COEFI ECIEN TS II 39
C II 40

IF (K.4’).I) GIl 10 ‘ El 4*
II (IPEQI .N€ .l) (.0 1’ 2 II 42

C FE 43
C FOP PERFICT &D )XINO II 44
C IF ‘.5

RQV.( —I. •0.) FE 46
RRI. I_ I. .O. ) Fl 47

• GO TO 3 IF AR
C El 49 I-
C FOR INFINITE PLA NAR (.POUND El SO
C II SI
7 7PSIN=rSOPT)I. — ?WATI. ~~ ATI.Il/. l. ,7I IF 52

• R PV .— l R 0 Z — 7 P A T I . / ~~s ) ’ l , I R~~’.i..ATI.,~ s I5 )  II 53
RPl4~~(7 QATI .R O7 .Z - 1 )5 l~~I? ’ .A 1  1~~-~-~ ‘.‘ .S T N I  Fl 54

• 3 II IIIRR .LE.1) 1,0 T, -. El 55
C FE 56
C FOR THE CLIFF PROR I I” . T. ~lEF4 CTIOF. COEEEI C IEN TS CALCULA TED El STc II 55

RPRI.RX4 El 59
RRH1 PRI- II 60
TTH( T =7* NIT HET )  Il 6 1
IF II EAX .E0.41 DO TO II 62
ZRSIN .fSQRTF1.—2 PA T I~~.?RATI2’Tl ,,.Tl-.2( II 63
RPV2 — rROZ—Z RATI2 ~ 7RSIN }/lPOZ.jPATI2’.7RSIf.) II 64
RRf4 2 . ( /QA T I2~ PO7—7PS15 ) / IjP AT (p .R O 7 .Z R5 I l 4 ) II bS
OAPG .— T P’? .~ CR.RO? IF 66

4 Rfl?.~ Rr)7 Fl 67
CC X. C IX  FE 68
C CY .C IY  FE 69
CC2.CI1 II 10

S CI’~~(0..O.S II TI
CIY.I0 ..O. II 12
CIZ~~(O..0. El 73

C FE 14
C LOOP OVER STR i1TU~~ S F ’ , P E ’ ,T ~~ FE 75
C II 76

CO 18 1.1.5 II 77
Q M E G A .— ( R O X * C A 8 )j ) . RO T ’ S A R ) Z ) . R O Z .S A L P ) I ) )  II 70
EL~ PI~~c I( I  II 79
S ILL.0MEG*.EL II 80
TOP.EL.SILL II RI
R0T~ EL—SI L L El 92
II (ARY)OMEGAI. LT .I.E—’) DO ~~ Fl 83
A.?..5TN)SILL),O’4E04 FE 84
GO T’) 7 II SI

6 A.(2.—I)MFGAMO’IEG*.(L’FL/3.) E1 FE 06
7 IF lARYlTOP) .LT.l.E~~TI GO TI) 8 FE ST

TOO—STN ITOPI/TOP El 88
GO TO Y II BR

8 TOO.I.—TOP.TOP,6. FE 90
9 II (ARc(ROT).LT.l. F—1l (.0 TO 1” IF SI

8Ol).SIN(ROT)/80T El 92
GO TO II Fl 93

10 800.I.—ROT’BOT/6. II 94
II R~FL~~(IAOO— r 00l II 95

C.ELMIROO.TOO) El 96
RB’.A .AIR(I).R.AII tI) C CI~~(II II 97
RI.ASA TI IT )—8 .RIR C II .C ’C IT(I ) El .98
ARG.TP.(X (I)•000,Y)I).800.flI).507) El 99
IF ( K .FO.2 . A ND . I IAP.C,E.2 )  GO TI) 12 Fl 100
EX A.CMDLX (CO$(400).SI4) (API3))MCI4PLX (RR.MI) El 101

C El *02
C SUMMATION FOR FAA 111(1) INTEGASI II 103
C • II 104

CI X .CI1.EXA~ CA R (I) El 105
CI Y .CIY.EX* .SABIII II 106
CIZ.CIZ .EXA.SALP(Il Fl 107
GO TO I S FE lOB

C El 109
C CALCULATION OF IMAG E CONT RIBUTION IN CLIII AND GROUND SCREEN El 110
C PRORIEM S . IF Ill
C El 112
12 DR .Z( I IATTH E T II 113
C El 114
C SPECULAR POINI DISTANCE El 115
C IF 116

D.CPMD4)y.x (I) IF lIT
IF (IEAR.EO.2I GO TI’ I’. IF III
O.SI3RT (D.O .(Y( I) OQ P.-IX)~~~2I II 119
11 IIITR.EI3.3) 00 10 *4 II 120
IF ((SCRWL—O).LT .0.l (0 TO IT II 121

C Fl 122
C RADIAL WIRE GROUND SCREEN REE LECTION COEFFICI ENT El 123
C IF 12 4

FE 125
TSCRN.TI.O.ALOG(0,T2) El 126
?SCRN .)’SCRN•70ATII,)FT* .TRATI .,SCRAI II 127
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ZRSIM .CSQRT(l.~ 2SCRNA7SCRN .1$Z.THZ) 11 120
RRW—IR0Z.Z SCRN•ZRSIN) ‘I—ROZ.lSCRN ~2RcI N) Fl 129
RRI6. (lSCRN~9O 7•2RSIN)/(2SCRN~RO ?—l R S IN) 1? 130
GO TO I7

13 II IIEAR .EO.4) GO TO 15 Fl 132
II (IV89.EQ.S) I).OR.P.Y.*(I) Il 133

14 II ((CL—OLLE.O.) GO TO 16 Il 134
15 BRV.QRVI Fl 13%

RRA4.RR$I IF *30
-

• 

GO TO I T  11 137
16 RRV .RRV2 Fl *35

4 RBI.98H3 II *39
A9G.ARO.OAPG Fl 140

1 7 Ek4.CMPLX(COS (BRG).SIN (ARGI) CMPLX)RR .BI) II 18*
4 C II 182

C CONVRIIAIT! OFi OF EACH IMAGE SEGMINT MODIFIED BY REFLECTION CDEI. • II *43
C 100 CLIII AND GROUND SCREEN PROBLEMS II 188
C 11 145

T lX .EX * .CAR( I) IF 146
TIY.EVA .S A RII ) II 147
TIZ .EXA .SALP (lI Fl *48

I’ COP.(TT1~ PHT.TIX PMY)~~(RRM— 9RV) II 149
C13.CII.T 13 R94.CDP P44 * IF 150
CIY .CIY.TIVMRRV.CDPAPHY IF 131
C12.C11—TI?•RRV II 152

19 CONTINUE II 153
IF (K .l O . I )  GO TO 20 II 154
II (1 1*8.02.2) 60 10 19 11 155

C II ISA
C CALCULATION OF CONTRIRUTION 01 STRUCTURE IMAGE lOP 1NIINI1F GROUND Fl 157
C IF 15$

COP.(CIX.PHA .CIV.Pf*Vl .XRRH—RRYI IF 159
CIA .CCA.CIX•99V.CDRSPH* Fl 160

• CI Y.CCY .CIY~RRV.CD9~PuY Il 161
CIZ.CCZ—CIZ’RRV Fl 362
GO TO 29 IF 163

19 CIXSC IX .CCX II 364
Clv .C1 F.CCX II lAS
CIl.CI?.CC2 II 166

29 COFATINA jE II *67
IF M.GT.$) GO TO 22 Fl 168
ET M .(CI* TN1.CIY THT.CI2M TP4Z )~ CONST El *69
(P4f.(CII~ PHR~ CIY~ PHT)•C0NST II 1)0
RE TURN II *71

21 CIX.(0..S.) II *12
CIY.)O..O.) IF 173
CI 7.IO..0.) II 174

22 ROZ.ROZS II 1)5
4 C II *76

C ELECTRIC FIELD COMPONENTS DUE TO SURFACE CURRE4)TS II *77
C IF 178

El 179
(Y.I0..O.) II 180
(2.)O..0.) 11 191
RIL”I. II 102
00 23 IP.*.KSYMP II 183
RF4 .-REL 11 158
RRZ .RO7ARFL II ($5
CALL FILDS (RO*.ROy.RRZ,CUR)N.I),GX,Gy,GZ) II 186

IF (87
(T—EY.GYMRIL Il 180

23 EZ.E2.G2 Fl 159
fX.(X.CIX~CONST IF 190
EY.ET.CIY’CONST Fl *91
EZ.EZ*CIZ•CONST Il 192
ETH.EX.THX.EY’THY.EZ’THZ II 193
EPI4.EI.P44A.EYAPHY II 194 4

RETURN Fl *95
END II 1 96—

SURROUITNE IFLOS (800.ROY.ROl.SCUR.EX.ET.E2* Ft. 1
C FL 2
C CALCULATES THE XY~ COMPONENTS OF 744€ ELECTRIC IIELD DUE TO IL 3
C SURFACE CURRENTS IN AR RAY SCU)) IL 4
c FL S

COMMON ,DATI/ LD.M.NP.M,MP.A(1000).YII000).Ztl000).S1(l000).BIIIOO IL 6
lO) .ALP(1008) .BET (I000).ICONIII000*.I CON2 (I000).ITAG)I000I.wL AM. IPS FL 7
2TH FL S
DIMENSION SCUBII) FL ~
I3IMENSTON 15(1). 05(1). Z SU ) .  5(1) IL 10
COMPIEO CT.CONS,SCUR.EX.FY.(Z FL II
EOU IVALENC ( (AS.*I. (yS.Y). (25.3). (5.81) EL 12
DATA CONS,(O ..188.36511 IL 13
DATA TPI,6.283I05308/ II 14
EM .(0..0.) FL IS
(y.)9•.O.) FL IA
E3.)0..0.) IL IT
I.LD•1 IL 1$
00 1 J.I.M FL 19
I—I—I FL 20
ARG.TPI .(RO* X5(I) .RO9’YSII).RO7~ ZSII)) II. 21
CT.CMP tX (COS (ARG I .S (I).SIN (ARG *A S (II) IL 22

FL 23
(*.E*.SC UR(1 70’CT IL 28
EY.(Y.SCUR(K—II~ CT IL 25
EZ.E2.XCUR(kI.Ct IL 26

I CONTINUE IL 27
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• C X . # O I . 0 a . R O Y • L , . ~~~ 1 /  FL 2W
FL 29

(Y~ CO8jM•4C T •9OV—tII FL 30
lZ.COMS~~ICT•R”7— I?I IL 31
BE TURN FL 32
EN!) IL 3)—

SURROIJVIM ( 1)1 l ?~~.r O . — I )  60 1
C 61 2
C Dl CO M..’ITFS T .-.F IMT((.~ AhD FO P) I*6 ) ’ (KMI  ION NUMERICAL It.TKIIRATION. 61 3
C Dl 4

COMMON ~T W I /  PKI ( ..,.~.2.lJ 61 5
ZD*4.2K~ ZPI( 61 6
RK.SIIWT(9KMZ .FDW•YQKI 61 7
SI~ SI MIB *I~ 9K (.1 9
II (III 1.2.1 61 9

1 CO .COSfRKl~ RK (.1 10
RETURN 61 11

2 II (BK .LT..?) liD T~ I 3 61 12
CO.(C0StRKi—I .I,.~K 61 *3
RETUWM GE 14

3 P85 .81.8K 61 IS
CO.I(~~I.39.BAR89(—3 NUS .4.166bNA67F—2 )4BKS~ .5).Bk 61 IS
RETURN 61 11
END GE 18—

SU44RQtlIINE GILD (R$O.OPII.RlM,EIP.EPI.EWO.UX.KSVMPI 6’) I
C 613 2
C GILD COM PUTES THE P A O I I I T E O  IIELFI 1NCLIIOING GROUND WAVE. GD 3
C 00 4

• COMMON ‘O*TA/ LD.M.NP.M.MP.0(1RRO).T)1000).Z (I000).SI(I000).RIIIOO 60 3
IO).AIPII000I .RET ( 1000) • ICONIII000 • ICON2 (I000I.IT*G ( I000*.W LAM .IPS GO 6
27W GD 7
COMMON ~AN4L/ SALP(I000) GO 9
COMMON ,CRNT/ AlR(l000l .AIIII000) .RIR (I000I.BIIIII)OOI .CIR (I000I.CI GO 9

I I I I000,.C)JR(2000) 60 10
COMMON /GW&V/ RHS.CPH.SPI-I.RZ.M.II.U?.XXI.X02 .(RV.(7V.ERH,EPH.(ZH 61) 11
DIMENSION CARI1) . 54)3)1) GO *2
EQUIVAL ENCE (C8RII).ALP(1)). ISAR(l ).RE TII)I GD 13
COMPLEX CUR.EPI,CjX,CIY.CIl,EXA.XXI,002.U.U2.E9V,OV.ER$.EP$ 60 18
COMPLEX E?#4.EX.EY.ETH.U*.E9O GD IS
DATA PI.TQ,3.I415926,6.2831853/ 60 16
R.SGRT(RHO.RHO.RZW.RZK) 60 17
IF l*SFMP.EO.I) 60 10 1 60 lB
IF ICV.PS(Ut).GT..5) GO TO I GO 19
IF (R.GT.I.ES GO TO I GD 20

- ‘ GO TO . 00 21
C GO 22
C COMPUTATION OF SPACE WAVE ONLY GO 23
C GD 24
1 II (RT..LT.1.E— 20) GO TO 2 GD 25

TH1T.ATAN(R’40/Q7*) GO 26
GO TO 1 60 27

2 THET~ RI~~.c GD 2$
3 CALL 1110 (TPFT .Pwl .ETIV.EPI) GO 29

ARG.—TP*R 60 30
EAA .CMPLJ(COS( 880).SIA (ARG))/X( GD 31
(TH.ETH.EXA 00 32
EPI~ EPI •EXA 00 33
EPD.lG..0.) 60 34
RETURN GIl 35

C GO 36
C COMPUTATION OE SPACE ANC GROUNO WAVES. GO 37
C GD 3$
4 RZ.RZ* GO 39

U~U$ GD 40
U2.U•U 00 41
P4cK~ —STN0PKI) GD 82
PHY.Ci)S (PHI) GD 43
R*.RMI7’PHY 00 44
#Y.-RHIT.PHX GO 45
CII.(O..0. GO 46
CIY.(0..O.) GO 47
CIZ—t0. .0.I GD 40

C GO 49
C SUMMATION OF FIEL D FROM INOIVI DII AL SEGMENTS 60 50
C GD SI

DO I? T.I.N GO 52
DX .CAR (I 00 53
0Y .SA0II) GO 54
OZ.SALP (lI GIl 55
R II.R *—XII GO 56
Rl V.Ry—v (I) GO 57
RHR .RI* .RIX.R IYAN IV GD 50
RNP .SO0TIRHS) GO 59
II (9MR .LT .l.r— 6( GO 10 5 GO 60
QI4*.RI0~ R44P GD 61
RHy.RIY,RHP GO 62
G 0 t 0~~ GO 63

5 RH5~ I. GD 64
RHYSO. 01) 55

4, CALP.1.-07~OZ 00 66
IF (C A LP .LT.I .E— 6) GO TO 7 GO 67
CAl P.SORT(CALP) GO 65
CRET.0T,CAI P GO 69
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S5CT.OYICAL P 00 70
-• CPMPRH0.C8€T.RNY~SSCT 00 71

SPN.RH,.C0(T—.NI’SBI T 00 72
GO TO B GD 73

7 CP$.RHi GD 74
SPN.RMy GO 75

a Et.PI~ SI (I GD 76
MEL .—l . GO 77

C GO 75
C INTEGRATION 01 IC1IQRENT).IPHASE FACTOR) OVER SEGMENT AND IMAGE FOR 60 79
C CONSTANT. SINE. AND COSINE CURRENT O ISTRIBUT IOM S GD SO
C GD SI

00 16 8.1.2 GD 02
RFL.—RlL 60 03
PIZ.R7—l(lI.RFL GO 84
R8V7.SOQT (RIB.RI*.RIT.RIY.RtZ’RIZ) GO $5
RN*.RIX#B(Y7 eo so
0MThP IT ,RMYZ GO ST
RNZ.RIi,PBYZ oo os
OMFGA .—(9NKSOO .RNY.OV .RNZ’DZ•RFL) 00 59
SILL .OMEO A .EL GO 90
TOP.EL.SILL 00 91
I.OT.EL—SILL GD 92
II (ARS IOMEGA ).LT .*.(—1) GD TO S GO 93
A~2.~ 5IN(5ILLI/OM(6A GD 94

• GO TO 10 GD 95
9 A.!2.-OMEGA.OM(GA.EL FL/3.I EL GO 96
10 II (A)3~~(TOP) .LT .I.E—7) GO ID II GO 9?

TOO.SINITOP)/TOP GO 98
00 10 12 GD 99

II TOO.I.—TOB.TOP/6. GO *00
12 71 IARS(ROT,.L7.I.E—1) GO TO I) GD 101

0OO.SIN(9OTI~~BOV GO 102
GO TO 14 60 *03

13 500.I.—BO1.SOT/6. GO 104
14 B.EL~~(5OO—TOO ) 00 105

C t L ~~(BO0.T0O) 00 106
RRAA .&IR (I).5.BII(I)YCACIR(I) GD 10?
R IAA •AI I (I)—0•0IR( I)•C’CI III) GO 105
£RG.TP.(X(I)’RNX .y (I).RNY .ZII).RNZ .RIL) 00 *09
EXA .CMPLX(COS (ARG) .SIN (ARG)UCPRI.X(RR .RI),TP GO 110
IF (8.10.2) 60 TO Is oo III
x*I.(*A GO 112
GO TO I F. 00 113

IS 992.EAA GO 114
IA CONTINUE 00 115

H.2(I) 00 116
C GD 117
C CALL SUBROUTINE TO COMPUTE lIVE FIELD OF SEGMENT INCLUDING GROUND 00 110
C WAVE. 00 119
C 60 120

CALL GWAVE GO 121
ERH.ER$~CAL P .ERV D7 GO 122

• EPM.EPH.C*LP 60 123
EZI49E2N’CALP .EZ~~OZ GD 128
EX.ERH•RHX—EPH~RHY GO 125
EY.tRH.RI4Y.(PH~RI1A GO 126
CI X.CI0.E0 GO 127
CIY .CI T.EY GD 125

17 CI2.CI7.EZH GO 129
ARO.—TP.R GD 130
EXA.CM PLXICOS (ARG ).SIM(ARG )) GD *31
CIK.CIX•(*A 60 *32
CIY .CIY .EEA GO *33
C1Z.CI7.EKA GO 134
RN*ARB~ R GO *35
8440.0728 GO 136
RNZ.R2/R GD 137
T$X.RNZ’PNY GO *30
THY.—RNl~ PHX GO 139
T442.—RNO/# GD 140
ETM .CII~ T44O.CIY’THY.CIZ~ THZ GO 141
EPI.CI*~P)4k.CIYU PI4Y GO *42
ERD .CI X~PNK .CIY’RNY .CIZ~RN Z GO 143
RETURN GD *84
END GD 185—

SUBROUTINE OH (Z8.MR.Ht) OH I
C 644 2
C CONPUTIS INTEGRAN O FOR NUME RICAL INTEGRATIO N OF MAGNETIC FIELD DUE GH 3
C TO A CONSTANT CURRENT ON A WIRE SEGMENT GM 4
C GM 5

C1)MMON /TNH/ TPK.PHKS GM 6
RS .ZK—TPK GM 7
RS.RHK5.R%~RS 0(4 S
R.SQRT(5S( GM 9
CKR.COS (R) OH 10
SKQ .SINIRI GM II
RR2.I.FRS GM 12
9R3~RR7~ R OH 13
HR.SKR.RR2.CKR’RQ I 0(4 14
HI.CKR.R52—SKRUR#3 644 IS
RETURN GM 16
EN D Os 17—

148



- -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

SURPOUTINE ON (E2D.EZ!.098 .ERII 641 I
I’ 014 2
C GM MULTIPLIES THE FIEi D COMPONENTS IN ANO NORMAL 10 THE Pl ANE Of GM 3
C INCIDENCE A! THEIR GROUND PLANI REFLECTION COEFFICIENTS TO RETURN 43(4 4
C TOTAL FIELD AFTER REFLECTION. GM S
C GM 6

COMMON 2REIL/ RHQ..MHOV,BMfl2.CANJ.SAMJ.SALPR.PX .Py.REFS.REFPS GM 7 -;
COMMON ‘GM!)’ TBATI .ZPATI?.CL.CH .SCR.L .SCR.B .NRADL .KSYMP ,IIAR .IPERF GM S
COUPLE . E2 .EB.FBX.EAT.ERZ.EP*,(PY .REFS.NEIPS.ZRATI.ZRATI2 GM 9
IF (IP~RF.Nf.II GO TO I GM 10
E 2I4~ — 17R GM Il
(ZI.—E’T GM 52
EPR~ —1PR GM 13
EB I.—E R I GM 18
RETURN ON 1%
EZ.CMPI)(EZR.IZI) GM 16
ER.CMPI ZI(O9.IRI) 614 17
ER0~ RMO0 (R~CA9J F? 614 10

• ERY.Rw’Y~ ER .SAS J~E? GM 19
£a?.RYIOP.ER .SALPN.11 ON 20
EPY.PZ•EB*.PY•ERY ON 2*
£PI.P0’IPY GM 22
EP’.PY~IPY GM 23
(51.RCES EP*.VEFPSMIPI GM 24
ERT .RIIS•IRV .PEIPSALPY ON 2%

• ER?.REFS.EBZ Old 26
• (Z.( BI.CAMJ.ERY.SARJ.’ SALPS GM 21

ER.tQI.9H05.ERV.P.40! .I BZ ~ 4.’-)Z GM 28
129.UE*( (El) 0*4 29
E21 .A IPAG ((lI GM 30
ERI .RE AL (ER) GM 3*
(B I .AIUAC. (EB) GM 32
RETURN 041 33
END GM 34—

SURROUITNI GWA VE GM 1
C GB 2• C (YSA VE COMPuTES THE ELFCTMIC FIELD. INCLUOING C.R04JN0 NA VE. Of A GB 3
C CUaQEN~ ELEMENT OvEB A GROIjV, .-~ AMP USING FORMUl AS Of l.A. NORTON GB 4
C (P0OC . IRE. SEPT.. *917. R*.Un 7.lfl6.) OW S
C GB 6

COMV5OM /GWAV/ RN5.CPN.5PM .92.H.lI.)2.&lI.B*?.(RV.E V.(#M.EP$.EZM GB 7
COUPLE’ FJ.TPj.IJi.u.9. I .10111.? I .Ti.T 3.T4.PI .PV.OMR.U.I .01 .RI4.V.G.IR OW 8
II.5R2.*l.*?.R7.A4.!S.06.I1.CZv.EWv.LZM.19M.EPN.8R .**2.ECON.EFuM GB S
DATA FJ,(9..1.I,.VPJ, (0..6.21318S3 , OW 10
DATA PT,3.I4I’926,.fCt)M/10..—I8U.363), OW II
ZO.MZ—.. GM 12
R5.SORI IRNS.2b.7D) GB 13
SPPP.?02R1 GB 14
5PPP2.S~PP~SPPP GM 15
CPPP2.I.—SPPP2 GB 16
CPPP.SORTICPDP2) GB IT
lO.RZ.I. GB 10

• R2.SO#T (RHS.ZD.ZO GM 19
• SPP.Zfl,R2 GB 20

SPP2.SPP•SPP GB 2*
CPP?.I.—SP~2 OW 22
CPP.SORTICPP2) OW 23
R81.—TPJ•RI OW 24
RK2~—TP J~ lI? GB 25
Tl.I.—U2~CPP2 OW 26
T2.CSORT(TI) GB 27
T3.11.-I.,8145 rn81 GB 28
T4.(l.—I./P112)/P82 OW 29
Pl.PK?•U2~ tl’.S GB 30
RV.(SPP—U•T2)#(SPP.U~ T2) GB 31
OMA!I.—RV GB 32
W.I./OMR OW 33
B.(8..O.)•PI•W•W GB 38
F.IJ~CSORT (W) GB 35
F~ 1.—FlUN (I) OW 36
Ol.PK2.TI/(2..U2) GB 37
RM.IT2—U~SPP),IT2.U~SPP) GB 38
V 1./(I.XRH) GB 39
V .(4..T.P•O1~ V~ V GB 40
G.IJUC~ORTIV ) GB 8*
G.I.—EFUN (G) GB 42
18l.SB3,R* GB 43
88 2.7*2/8 2 GB 44
XI.CPPP2•*RI OW 45
R2~RV•CPP2•ZR2 GB 46
*3.OMR .(l.—U2.U2.U2.CPP2)AF’XR? GM 41
X4.U~Tp’SPP~2.’*I12/RI1? OW 8$
*S.5RI~ T3•(I.—3.’SDPP?I GB 49
B6.*R2~T8~ (l.—3 .~ SPP2) OW 50
E2V .(*I.X2 .93—84—*S—*4,)’ECON OW 51
Xl.5PeP~CP#P’RRl GB 52
12.RV•SPP•IIPP•BB2 OW 53
93.CPP.OIIR.U.T2IFSRRZ.(I...S.(IITMTI—SPP2.I./RK2)I OW 54
R8.5PPaCPP.OMQ.*R2~Rll7 OW 53
KS.3..YRPD.CPPP.T3.BR, GM 56
76.CPDRU•T7~OMR•8Rl /RW2~.c OW ST
%T.3.~ SPP•CPP~ T4~ *RE OW SB
ERV. (JI.82 ?3.*8—*S.WA—*7)’ECON GB Si
E?M.—C1$.(Xl—*2.13—94—*5—*4,.*7).ECDP. 6W 60
*I.SIMPP2~ 1Rl OW 61
92.QV•*PP2~AR2 OW 62
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83.I1..RM*.G•zR2 OW 63
98.CPP2IUZ•OMR•F~ AR2 OW 64
A5.T3’(I.—3.’CPPP2)•ARI SW 65
U.T4M(I.—3 .~ CPP2).l1.—U2 .)1..RV)—U2.OMR’Il’*R2 OW 66
X7.U2ICPP2.OMRMI1.—1.,1412).(E4w2.1l—SPP2—I.,R82).I./R82)AKR2 OW 67
£RH.CPH.tXI~ X2.k3~*4~ *S.Xb.*7).ECON GB 6$
8L.XR* GB 69
U.R14’*RZ GB 70
9).IaH.I.)’G’*RE GB TI
18.T3.*R1 GB 72
554T4.4I..U2.(I..BW1—,2 .OMR ~l).*R2 OW 73
Xb ..SA U2~O$lRM(FA 4U 2M T t SPP2 l./Rk2).*./BK2) AR2/8K 2 GB 78
£PN.SPM .(Xl—*2 .03—A4.X S.Of.I ECON GB 35
RETURN GB 76

• (NO OW 77—

SURROUTINE (III ((LI.EL2.RHK.IPAI .SGR .SGI) VII I
C Ml 2
C Mb PERFORMS NUMERICAL INTEGRATION 109 THE MAGNETIC FZELO OF A $0 3

• C CONSTANT CURRENT 044 A W3RE SEGMENT RI THE METHOD Dl VARIABLE 148 4
C INTERVAL BrOTH POMRERC. INTEGRATION. HI S
C HI 6

COMMON /TMH/ ZPK.R$KS *48 7
DATA HX.N$4.NTS.RA/1.65536.4.1.I—4/ ~~ I
2P8.ZPIXX $411 9
RHK5.RI4K~RI4K *4(1 *5
Z.ILI $411 11
ZE.EL2 IlK *2
5.71—7 *4(1 *3
£P.S/)IO.ANM) *4(1 14
ZENGM ZF—EP Ilk *5
SGR.0.0 $441 IA
SGI.0.O *48 17
N5.NA Nil IS
NT.O 14(1 Ii

ON (Z.GIR.GII) IlK 20
3 OZ.S/NS *411 21

• OZOT.O~’~ 9.S 
HI 22

ZP.2.D? III 23
IF (ZR— tE l 3.3.? III 24

2 07.2€—? $8 23
IF (A8CIOZI—EPI 37.37.3 #48 26

3 ZP.Z .OZOT IlK 27
• CALL Os (ZP.G3R.G3l) $411 28

ZP.7.fl? HR 29
CALL GM (ZP.OSR.G5I) HI 30

4 T0OR.IGlR.OSa I~ DZOT H* 31
• TSOI.(G1I.GSIUD2O I MI 32

F11f t !  TOBR.02.&3P)’O.S ‘~~ 33
• T0II.(TSOI .DZ G3IUO .S HI? 34
- I TIOR.14.0.TSIR—TO0R)/3.0 HI? 33

• TIOI.(4.0.TOII—TOOI)/1.O HI 36
• CALL TIST (TOIR.TIOR.111R.TO1I .T10I.TEII) MI 37

IF (TEll— OX ) 3.5.6 *411 30
• 5 IF ITEIR—RK) 9.0.6 MI 39

6 ZP.Z.D2SO.2S HR 40
CALL GM ( 7P.G2P.G2I) $18 43

III? 42
C ALL GH (ZP.OWR.G4II Ml 63
TO2R.(TOIR.OZOT.IG2R.r,48)).O.S III 84
T021.(TOII.OZOT.(62I.647#I 0.S (48 83
TIIR .14.O .T$2R—TOIP)#3 .O Hi? 46
T1 1I. (4.O~ T O 2 I — T 0 * I * / 3 . O  HI 47
TZOR.1I6.B.TIIR—YIOR)/3S.0 I-ill 8$
T2OI.(16.0.TIII—TIOI),1S.O *411 89
CALL TEST (TIIR.T2OR.TE2R.TIII.1EOI.TE2I) HI SO
IF (TE?I— RX) 7.7.14 *4K SI

7 II (IT?R—RXI 9.9.14 *411 32
P SGRMSC.R.TIOR HI 33

SGI.SDI.T1O1 Hi? 54
N1.NT~ 2 *411 55
00 10 10 $411 56

9 543R.5G8.flØR HI? 51
SOI.SGI.T20I III? 50
MT .NT .! HI 59

• IA Z~ Z.0Z MI? 60
IF IZ—?ENO 13.17.17 $411 61

II GIB .OSQ *41 62
G l i~G5I *4K 63
IF (NT—NT SI 1.12.12 *4K 64

*2 II (MS—NB) 1.1.13 Ml? 63
13 MS~MS~2 $411 66

(IT.I *41 AT
00 10 ? HIt 55

*4 11T 0 MR 69
II (MS—MM ) 56.15.13 IlK 70

IS PRINT 15. 7 MI TI
0010 9 III 72

(6 NS~$S•? 
HI 73

OZ.S/NS III 14
DZOT~O7•O.’ *411 73
GSP.G3R MR 76
GSI.03T MI 17
4338.029 HIt 78
031.021 *4K 79
60 T0 4 $41 $5

*7 CONTINUE HI? SI
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5GN.5F9.R$41!..S $48 102
SGI.SGI.RMI... Ilk M3
RETURN IlK 84

C HR 15
10 FO RMAT )24$4 STEP SUE LIMITED AT Z’.FIO.S) HI $6

(N D NI? B?—

SURROUX INE IIFLO (S . R $ .P P . *4 P 5 . s P r . H D . )  HI I
C HF 2
C CALCULAI(S I. FIELD 31 SII4I~ COSINE . AND CONSTANT CI RRENT OF SEGMENT $41 7
C Hf 4

COUPLE , FJ,FJk.E8R).EAR2.TI.T2.CONS .p.*~S.VIPC.HPK 141 5
DATA TU .FJ.FJM,6.i,43)11530$.lO..I.I.(0..—6 .243I053AR), HI 6
IF (RN .LT.I.( 201 GO To 1 ~F 7

HF I
$1 9

OK.TP.rll. HF (0
CDA .COSIDK ) HF 11
SOK.SI$IIDK) F It
t).ZP.fll. *4 *3
72. ZP—U ’ — *41 14
81.SORTIRIV? .ll .Z*) *4 15
R2.SORTIP$4?.22.Z/l HF IA
EKRI.C rPIF$.olI (41 *7
EKR2.CFIP(FJK.021 Ml I~TI.,l.cKBI,RI HF Ii
T2.72’FK R2/R2 Hf 20
PIPS—COK.4EKR 2—EItR3I — F )•SOk.IT~~.T1 I HF 21
HPC’—SlK~~( EMIXT .EKPI l — cJ COW l T ? — T I )  HF 22
CALL .IFK I~ OK.08.NH•IP.ZP•TP.HK4,.4K1) HI 23
CONS~ —1-l/42.~ TP•I$H) HF 24
$IPS.COSS*HRS HF 25
HPC.COSS VR’C HF 26
HPI(.CMPLX (.4I?8.HKII HF 27
RE T URN s-sF 2A
HPS (O..0.) HI 29
HPC.(O..O.) *41 30
*48 K.(53..O.) 1sF 3*
RETURN HF 3?
END HI 33—

SURROUTINE NINTG (II.iJ.OII.GI2.G2I .G22.IR) s-i l I
C HI 2
C COMPUTE H FIELD DUE TO A SINGLE PATCH HI 3
C HI 4

COMMON /DATA/ L0.M.NP.M.NP.XII000).V (I000).Z(l000I.Sf(I000I.Rf(IOO HE 5
10).ALP(I000).AEI(I000 ).ICONI(I0001.ICON2II000$.IIAG (l000).BL*.M.IPS HI 5
21M HI T
COMMON ,ANC.L, SALP(1000) HI S
COMMON ,OATI/ TIKI.T191.T11I .T2tl .T2YI .12ZI.XI.YI .7I HI 9
DIMENSION 111(1). T1T(1) . T17(l). T2!I1). 12711). 1221*). 5(1) HI 10
EOU IVAI . ENC E (T*K.STI. (TlY .ALPI. ITIZ.R(TI. 1T2X .TCONI) . IT ?Y.ICON HI 11
12). IT27.ITAG). 4S.RII MI 12
COMPLEX G4M.GX.GY.GZ.FIX.lIY.F17.F21.120.F22.GII.G12.G2I.G?2 HI 13
DATA FPI/ 12.5156370616,.TPI/6 .2831$S303, HI *4
IF III.EQ.JJ.ANO.IP.En.I) RETURN HI IS
RFL.FLOAT(3—2 .1P) HI 16
JMLD.I.JJ s-sI I?
RB.RI—T(J) HI 10
R0.YI—Y (J* VII 19
RZ.ZI—7IJ)’RFL HI 20
R%O.RX.RX.RYA!Y.RZ.R2 HI 2*
R.50R1(R50) HI 22
RIt.—TPTRR HI 23
CR.COS (MEt *41 24
59.SIM (RK) HI 25
OAM .lCMRLAlCR .SR).RK~ rMPLX(SR.~ CRl )/(FPI RSO R).S(J) HI 26
G*.GAM•R* 511 27
G0.GAM*PV HI 28
GZ.GAU•RZ psI 29
1108.110(J) HI 30
TI0Y.TJ7IJI Ml 31
TIOZ .TI2(J) .RFL 151 32
1243X.T?X(JI 5 1  33
T2QV .T?T ( J  HI 34
1202 T’Z(J l•ISFL HI 35
FlB.0Y.1IO7—OZ~ 73)Jv HI 36
FIY.G2.FLQ*—GX’T1O7 VII 37
Fl7.OR’Tll*y—GY’TIQX III 38
F28.GT.TZ437.O7.f~0y I-s f 39
F?Y.O7.T20X—G?.T207 HI 40
F27.G0.TZQy—GY’TeO, s-s I 41
GII.(T’*I.FIR.T2TI.FIY.T2ZI FIl)~ *4FL .GIl h I  42
G1?.(T2II.Fi11.T2Vl.F?,.T2lI F27)~ RFL.Gl2 HI 43
O21.ITIRI’FIO .TIY1 .IIY .TIZIM FIZ)A! FL.G21 ‘-ii 44
G22 .(TI*IIF2II.TIYI.UY.TIII•F211’RFL .022 HI 4S
RETURN s-sI 46
EMO MI 47—

SURROUTIPII HMAT (IMI.IM2.CM.NROB.NCOL) $44I I
C HN 2
C IIMAT FILLS 1sf MATPIJ ELEMENTS REPRESENTING THE H FILL!) ON PATCHES MM 3
C OUE TO SURFACE CURRENTS ON OTMER BATCHES III ~#
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C HM S
COMMON /DATA/ LD.N.IiP.M.MP,X(I000I.TU000II2 (I000).SII1000I.Sf(I00 MM 6
*OI .ALPII000$.$FTII0005 .ICONII1000).ICOM2II000).ITAO(1000I..LAM .IPS s-sM 7
2714 MM S
COMMON IANGL / 5ALP (I000) HW ‘I
COMMON ,OATI, TIXI.TIYI,TIZI.Tt *I.T2YI .T221 .SI .TI.ZI $415 *0
COMMON /6*40/ ZRATI.1RATI2.CL.Csl .SCRIL.SCRWR,NRADL.ISYMP.IIAR.IP(RF s-ill II
DIMENSION CM(MBOB,MCOL ) ~ M 22
DIMENSION TIASI) . T IT II I . TIZ (I). 125(1), TaT (S). 121111 . XS(l). V s-sM *3
1311,. 75(I) . s-’M 14
EOUIBAL (WCE (TIX.SZ). (TIY .ALPI. (TIZ.BLT). (T2X.7C04411. (721.ICOII P.M IS
IX). (T?Z.I TAGI . (45.111. (VS.?). 115.2) MM 16
COMPLEI GII.G1Z.G21.G2Z.CM 5.15 17
COMPLEX Z RAT I .?RA T I?  MM II
ISTART.IMI MM IS
II )IMI.LE.NP ) ISTART. (4P .I hiM 20
f P S T . ( I S T A R T — N P . l l / 2  148 21
IPINO.(IM2-NP•*)/2 MN 22
ISELST .IISTART—NP ),IPST HU 23
1SE LEtI.)IM?—MP)/IP4ND 50 24
K .ISTART INI I I’M iS
II (ISELST.€Q.2) 141 I h-sI’ 25
NOP.M/UP *414 27
IL.LO—I PST.2 MM 29

C OMSEX4A T ION LOOP 54W 29
DO 7 IP.IPST .IOEN MM 30
1.1.2 HR 3*
II’K MN 32
I2.K’i MM 33
IL’ IL—I VIM 34
T l , I~~T 1 X I I L ) • c 4 L 1 ( I L )  HM 3S
VI VI .T?Y(ZLI SAL9(IL) pIR 36
TI?I .TIZIIL )’SALR(IL ) HM 3?
T2*I.T2XIILI .SAIY (IL) HI 39
T2VI.T?T(IL)~~SALP (IL) MM 39
T2ZI.T2flTL)MSALP (ILI MM 40
XI.*SIIL) *411 Al
YI.VSIIL) MM 42
ZI.ZS(ILI 50 83

C SOURCE LOOP VIM 44
J~0 50 4%
00 4 L.I.NOP ViM Sb
J2.L (NP.2’MP).t MP *4M 4?

DO 4 LL~~I.MP sIN 40
J2.J2.2 s-sM 49
Jl.J2—1 H’ 34
J.J.l MM SI
61I~ O. $15 St
6*2.0. MM 53
Gt1 sS. IsM 54
022.3. MM 33
00 I IX.I .KSYUP MM 54
CALL HIIITO IIP.J.GII.GIZ.Ga&.G2?,IX) MM ST
lb (IP .SE.IPST.OB .ISE LST .EO .1) GO TO 2 50 55
CM (JI .I21.GZI I’M 59
CM IJ2.I2).022 50 60
00 70 4 MM 8)

2 IF (IP .N(.IPEND.OR.ISELEN.EQ.2) GO TO 3 *444 62
CM (JI.I1)’GII I’M 63
Chh (J2.I1l.G12 hIM 44
00 10 4 HI 65

3 CM (J1.IlI .GII *411 46
CMIJ2.TI).Glt 54(4 5?
CMIJI.I2I .A21 VIM 68
CM)J2.12).G22 MM 59

4 CONTINUE MM 70
JZ.((IP—Il/MP*1)1114P’2’IP 5414 71
Jl.J2—I HM 72
IF (I P.NE.IPST.OR .ISELST.EO .I) GO TQ S 1414 73
CM4J?.I21’.S•CM (J2.I2, $441 74
00 70 7 5414 75

5 11 IIP .NE.IPEND.OR .ISELEN.EO.2, GO TO 6 VIM 76
CM (Jl .I1)M— .S.CM (JI .III III 77
G O T O 7  *411 75

6 CONTINUE *411 79
CM (JI.TlI.—.S.Ch4(JI .III MM SO
CM*J2.I?).0.5.CM (J2.I?) MM RI

7 CONTINUE *414 92
RETURN HI 83
END *0 04—

SUBROUTINE MWMI T (XJ .YJ.ZT.SJ .CABJ.SAS J.SALPT .OIL.OII,IPATCH.TWHR. HW 1
ITW$7.IP.R1$.IFLOI HW 2

C 14W 3
C I4WMAT COMPUTES TIlE MATRIX ELEMENTS REPRESENTING THE H FIELD A ? A MB 4 —
C PATCH DUE TO THE CURRENT ON A WIRE SEGMENT. *410 S
C PSB 6

COMMON ,DATB/ LO.N.NP.I.MP.*(l000).7(I000).ZI1000).SIII090I.RI(IOO *4W 7
30).ALPI1000P.FSFTII000) .ICONI (1000),ICOI-12 (I000l.ITAG(I000),WLAM .IPS MW S
2VM 54W 9
COMMON /AI4OL/ SALP (1000) SW 10
DIMENSION TBHR (3.2). TWIII)3.2) *4W II
DIMENSION TIX(I). 117(1). 1111 11 . T2Bu1, 127(I). T22 (l). XSII), V P51 *2
15(1). 75 (1) MW 13
COMPLEX MPS.MPC.54P1,MSOT.hlCOT.M5(OT 5410 14
E0UIVALENCE ITIX.SI). ITIY.ALP). 1112,5(1). (T28.ICGN1). 1T27.ICON (lB IS
It). (T2Z.IT AGI. (XS,X)I (VS.?). (73.71 so IA
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DATA TR/b.2R3185300 , I’ll IT
R11.FLOAT(3—i.IP) s-lu *8
7J.ZT.I~FL VIM IS
SALPJ .IA LPTIRFL 54M 20
ILC .LD .I— IPATC-4 *4W 21
XO.X S(ILCI.*J s-lU 2?
X O . Y S ( I L C I— Y J  MW 23
‘ O ’ Z S 4 I L C I — Z J  MW 24
ZP.4O~ C*BJ.Y0.SA9J.ZD.SAL54J (SB 25
RI-.4.*O—CARJWZP I-.. 26
RVIy=Y0-SABJ .ZP *5W 27
RMZ.ZD-SALPJ•7P HI 211
RVINSO RT (RHX•RHX.RH0~ W .-.T.RHZ*I4sI/ *4B 29
IF l RIl.LT.I.E~ 20) GO TI> 3 so 30
IXVIX.R,41,RH Pie 3)
RVIV.PI’Y/RH *41 32
R517.R512,RH He 33
pk.SARJ.RU7—S*LPJ.*55IV 541 34
PT.SALPJ .RH* CABJNRVI / 55W 35
PZ.CANJ• RHY—S * RJ RPS X ‘B 36
R2.XD.XD.YD.VrT .70.7O MW 37
ReSORT )R21 MM 38
IF (R .r,T . 9wN GO TO 2 HI 39
IFLG.I HW 40
CALL SIFLO ISJ.41Il.ZP.HPS.H~C.Pø~~I *4W 41
MPS.MPS.RFL 54W 42
54PCN5IPC•PFL *4W 43
5sPK.MPK~ RFL lW 44
CLeTP• ’lIL HI 45
CI(.TP•OIK 54W 46
SIPIL•St’s(CLI 5-il 47
COSL’CflS(CLI h-s W 48
SINK .STN(CKl *4W 49
COSK .Cf lS (C KI *4 W 53
SILII.SIN (CL.CK) SIB SI
COMS.STNL.SINK—SILI( HI 52
00 * 1.1.2 lie 53
IF 51.10.1) PDT.s41.T24(ILC).PT.T2YIILC).p2.Ti7 (1Lf) 54W 54
IF (K.EO.21 POTCPS.T1XIILC).PV .tly)ILC,.PZ.TIZ(ILC) HB SS
PDTePOT~ SALP(ILCl *4W 56
M5OT.—i.PS•POT HI Si
HCDT .—H PC POT HW SB
MKDT .-UPk~ P0T HI 59
TBMR (1.K .SIII5(•RFAL (I’YDTI. (COSW~~I.).QEALO- .S0T)_STNI?NRE*LII4CDT)I/C *4B 50

IONS .TWP$AI I . )?l 54W 51
TWHI (I.I).ISI (IKXAIMAG)MKDT).(C0SI—1.) .AIMAG(HS0Tl~~SINl .AINAG (HCDTl VIW 62

I)/CONS.TWIII(1.K5 PiN 63
TWHR (2.Kl.(—SZL)(•PEAL (I’KOI).(COSL—COSKIMREAL (54SDT,.(SINL.SINI?l .PEA *4W 64

1L (HCDT 5I/CI3NS .TW’51- (12.II ) *41 65
TBHI (2.Rl—(— SILKMAIMAG(HK OT )* ICOSL—COSITI•AIMAG(MSOI).(SINL.SIMK)•A MB 66

I IMAG (MCDTII/CONS.TIMI(2.KI MW 67
TWM R(3.8I.(SII-5L•REAL (HIDT).(1.—COSL).REAL(HSOTI—SINI.URE*LIMCDT))/C HW AS

IO NS.TW5IR (3.K) ViM 60
TIPS? (3.kl.(SINL .AIMAGII-SKOT).(1._COSL)SAIHAG($SDTI_SINL .AIMAGIHCDT) psI 70

I l /CONS .TIM?(3 .Kl  MW T I
CONTINUE MW 72
RFTUR’l HI T3

2 CALL ARROW IR.R?,SJ.TP.RM/O.TWIi0,TW*4I.ILC,PI(.Py.P7.RFL) *4W 74
RETURN s-lW 75
IF (ZP .LT.I.E—2 0) GO TO 4 MW 75
RETURN HI 77

4 PRINT S 54W 78
ST#7P iI 79

c HI SO
5 FORMAT (4654 M FIELD AT SOURCE POINT IS UNDEFINED IN 54BMAT ) HW SI

END MW 82

SURROUTIN E INTO (R.S.RH.ZP.OIJ.DIP,ETR.ETI.OIL,OI.,IJ.1P) ID I
C 10 2
C INTO COMPUTES TM,X(E COMPLEX FIELD COMPONENTS T5IAT MULTIPLY THE 16 3
C THREE SEGMENT CURRENTS USED IN INTERPOLAT IIST. OVER A SEGMENT. 10 4
C THESE COMPONENTS. h R  AND 171. GO INTO THE INTE RACTION NAT A l ? . 16 S
C If. 6

DIMENSION ETR)31, ETI 3I (c 7
DATA TP,A .2S315S301, 16 8

C 16 9
C COMPUTF TANG ENTIAL IIELD ON OBS IRVAT ION SEGMENT Dish TO SINE . IG 10
C COSINE. AND CONST ANT CURRENTS ON SOURCE SEC.MLNT. IG Il
C 10 02

CALL EFLD t0.S.RH.ZP.IJ.EZRS.E?TS .ERRS .ERIS.E?RC ,EZIC.ERRC .ERIC. (Z 10 13
IRII.EZIK.ERRK.ERIIC) 10 14
IF (IP.NE.2) GO TO I 16 IS
CALL ON (EZRS.EZIS.ERPS.EPIS) 10 16
CALL ON tE?RC,EZIC.ERRC. (MICI 10 IT
CALL OP. IEZRK .EZIK.(RRIt.ESXIK) 10 1$
ETPS.E7RS’OIJ.ERRS .Ol0 *0 *9
ETIS.E7IS.DIJ.ERIS•OIX 10 20
ETRC E7RC•OIJ.ERRC•OIQ 10 2*
LTIC.ETIC’DIJ.ERICMOIR 10 22
ETRK.E7RK.DIJ.ERRIC~OIR 10 23
ETIK.E71I?.DIJ.ERIIADIR 10 24

C 10 2%
C COMPUTT INTERDOLATION COETFICIENTS AND FORM THE COEFFICIENTS OF IS 26
C THF THREE SEGMENT CURRENTS USED IN CURRENT INTERPOLATION. IC. 2?
C )r, 25

CL.TP~TI?L 10 29
Ch (.TPMITII( 20 55
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SINL.SINICLI 50 31
COSL.C”lS (CL ) IS 32 

5

SINI.SIN(CK) IS 33
COSKCCOS (CI?) 10 34
SILY.SISl(CL.CIi I 30 75
COWS .SINL.SINM-SILK 10 36
(TR IO I.(SI5’M~ ETRk. (C051 1.) .ETRS SINK.ETRCI,COMS.ETR (ll 10 37
(7 1(1 s. (SIMP•ET IK.  IC O sX — 1 • I •ETI%— SINK.(?IC) ‘CONS•EVI 112 50 35
ETR I2).I—SILK.ETRI.ICOSA.—COSI).FTRS.ISINL.SINKISET9CI/CONS.(VR (2) IG 39
(TI I2).I—S ILK .ETIR .(CDSL— COSk ).FTIS. SINL .SINK).LTIC),CONS .ETIIZ) IS 40
fT R5 3).(SINL•ITRk.(I .~ COsL IMETRS—SIk L .YTRC)lCQN S .fTR (3) IG 6*
(11(31 • (SINL•FTIK.sl..COSL)~~ETIc—SI5.L•hT1CIlCONS.fII(3) 20 42
RETURN IS 43
(NO IS 44.

SUOROUTINE INTO I(LI.1L2.sA.IJ.Sf,B.SGII ~I I
C II 2
C INTO PIRFORMS NUMERICAL INTEGRATION 01 £OP (JkM)/8 MI T ist MET HOD OF 50 3
C VARIABL E INTERVAL MIC.T VI ROMBEAG INTEC.RITIOM. TIlL INTEGRANO WALUE To 4
C IS SUPPLIED MV SUBROUTINE 01. iz S
C $0 5

DATA 541.NN.NTS.RX/I.65536.4.I.7 ’./ IA 7
Z’ELl IX 0
ZE.EL2 IX 9
IF (IJ .EQ.0) 7E.O. IX 10
S ZE—Z I X II
FNM.NM II 12
EP.S/Il0.~ FN.l) IX *3
ZEIIO.ZF-EP IA IS
S6R.0. IX 15
561.0. 1? 16

IX 1?
NTNO IX IS
CALL OF (7,0IQ.GIZ( IX II

I FhlS.NS I X 20
D7.S/FNS IX 21
OZOT.07~~.S IX 22

IX 23
II li P—TEl 3.3.2 IX 24

2 DZ.ZE—7 II 25
IF (AR~~)OZl—E P) 17.17.3 1* 26

3 7P.z.~ 7~ T IX 2?
CALL 61 IZP.G3R.03I1 IX 20
19.2.07 1? 29
CALL GE (ZP.GSR.GSf I ZR 30

4 TGOR.101R.GSR)’DZOT IX 31
TO O I.(GII.GSl)’DZOT II 32
IOJR.(TOOR.OZ.GIR).S.c IX 33
TOII ITOOI.0Z.63I).0.5 IX 34
TIOR.(4.O.TOIR—TOOR)/7.O IX 33
TI0I.(4.0~ TOlI—T 00l)/7.0 IX 36

C IX 37
C TEST CONVERGENCE OF 3 POINT ROMOERO RESULT . IX 35
C IX 39

CALL TEST (TOIR,TIOR .TEIR .TO1I .TI0I .TEII) 10 40
II (1111— 90) 5,5.6 IX 41

S IF (T EIR RX ) 8.8.6 IX 42
6 ZP.Z.07 0.25 IX 43

CALL GE (ZP.G?R.GZ1I IX 44
ZPeZ.D?•O.75 IX 45
CALL OF (19,045.041) IX 46
TO2R.(TOIR.DZOT.IG?R.G4B)I.0.S IX 47
T02I.IT01I.DZ53T’(O2I.C.4I))~~O.5 IX 46
T1IR (4.O’T029—TOIR),7.O IX 49
TIII.(4.O’TO2I—TOII)/1.0 IX 50
T2OR.(I6.O.TI(R—TIOR4/l5.O IX 5)
T2OI .(IA.O’TIII—TlOI),lS.O IX 32

C IX 53
C TEST CONVE RGENCE OF S P01*41 ROSIRERG RESULT. IX 54
C IX SS

CALL TEST (TIIR.T2OR.TE2R.T111.T201.TE2I) 1~ 56
IF (TE?1— RXI 7.7.14 IX 57

7 IF (fE29—ROI 9.9.14 IX 59
8 SGR.SGP.TIOR II? 59

SGI SOI •TIOI 11 60
NT uNT .2 IS A l
00 TO *0 IX 62

9 SGR.5G9.T2OR IX 63
SGI.SGI.120I IX 64
NT.RT’t IX AS

10 7 ?.O7 IX 66
IF (1— lEND) 11.11.1? IX 57

11 OIR.GSR IX 65
GI1.GSI IX 69
II INT—NTSI 1.12.12 IX TO

It IF (US—NO) 1.1.13 IX 71
C IX 72
C DOUBLE STEP SIZE IX 73
C IX 74
13 NS.NS/2 11 73

NT.I IX 75
GO 10 1 IX 77

*4 NV.O IX 75
IF (h-4S—NMJ 16.IS.I5 50 79

IS PRINT 22. 7 IX SO
GO TO Q IA 01

C IX 02
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C sALlE STEP SUE - IX SI
C IX A4
lb (IS.NS .’ I~ 95

FNS’NS I~ S6
) X  A T

D7OT.~s7.O.c )X 55(

C.3I..Gl5 IX 9
(.31.6)1 IX 40

IX SI
GII.G.’I I~ ~.2(.0 10 • IX 93

I? CONTISI SE IX 94
IF I l l s  lS .IR.IS IX OS

C ) X  06
C ADO CDS?RINI ,TION ~F M I A R  ‘,I NGUI AHII ) F Ull OI400NAL TIAM IX 97
C IX SR
IS SGR.2. . 5 S d l l . . A L O G ( ( S Q 5 l T ( b • i 4 . % 5 S 5 . S )~~l l (  IX 09

SGI.2. %c.I II 300
IS CONTINUE IX 101

RETURN IX *02
C. !A 103
70 FORMAT 424.. STEP 5120 LIM ITED 01 15 .Fl~~.S( IX 104

(*40 (0 (05—

FUIACTV)N (51050 ( I T A G Y . MA) IS 1
C IS 2
C 1516510 RETIIRNS Till SEOMENT NOWRCR 01 THE 44154 SEGMENT (SAVING THE ES ~1
C TAG NU RER 11*01. 41 IT*~~I.0 5E01405.T NUMAFA N IS RETURNED . IS 4

C IS 5
COMMON /OATA/ L0.P4.NP.M .MP.X(I000).O)I020).ZII000I.S1 (I000).BI()00 IS 6
1O).ALPII000S.NE7II000).ICON1U000).ICON2I10005.I140(I000I.II LAM .IPS IS 7
2YM IS 8
IF IMX .GT.0) GO To i 15 9
PaYs-Il l 15 10
STOP IS Ii

I ICN T 0  IS 12
IF (ITOr,I.plE.O) fiO 10 2 15 13
ISFONO .MY IS 14
RETURN IS IS

2 II IN .IT .l) GO TO IS 16
00 3 I~~t.N IS Ii
IF (ZTAGIIS.N€.1TAGI ) GO TO 3 IS IA
IC NT ECNT.) IS 09
IF (ICP.T.1O.M.) GO TO S IS 20

3 CONT1NIJE IS 21
4 PRINT 7. 11*01 Ii 22

STOP IS 23
S 15105-50-I IS 24

RETURN IS 25
C IS 26
6 FOPMAT (4X.OII4CHECN DATA. PARAMITER SPECIFYING SEGMENT POSITION IN IS 27

I A GROIIR OF (DUAL TAGS MUST NOT RE ZERO ) IS 28
7 FORMAT (//~ .Il)O.26psNO SEGMENT MIS LV. ITAG OF .15) IS 29

END IS 30—

SUNROUTINE JMELS IETR .ETI.NCP.JR.PSCM.JM.I.CWXNROW .NCOL I JM I
C .JH 2
C JISELS S IMS THE CONTRIRUTIONS TO Till MATRIX ELEMENTS 100 S((.MENTS JM 3
C CONNECTED TO JUNCTIONC OF THREE OR 150540 SEGMENTS JM 4
C ,JM S

COMMON /0*1*1 LO.N.NP.M.MP .AU000 ).Y(I000).ZII000I.SI(*000).441(lOO JH 6
10) .ALP(I000).R€T (1000).ICONI(I000I.ICON2I1000),ITAGI1000).WLAM.IPS 3M 7
21(4 JM 5
DIMENSION CMINROW .NCOL ) JM 9
DIMENSION .JP(25I. jM (7S) J(4 1~
COMPLEC CM JM 11

C STATEMENT FUNCTION 10 CALCULATE MA TR IX LOCATION JM 12
J$ 13

IF INCP .LT.II 00 TO 2 JM 14
DO I J’I.NCP JM IS
JDJ•JL (,FP(JI) JM IA

I CM (JPJ .II .CM (JPJ .fl .CMPLXIFT R .FTII 3M I?
2 C0NTIU~JE JM 10

IF (NCII .LT.)) GO TO 4 JM 10
DO 3 J=I.NC M .111 20
JMJ.Jt(JM (JJI jM 21

I CM (JMJ.I)CCMIJMJ.I)—C .PLXIETR.TTI) .JM 22
4 CONTINUE J14 23

RETURN JM 2’.
END •jM 25—

SUBROUTINE JUNC (J.JMO.NCI.P45E01.VIC2.415EG2.l7i JU I
C .0(1 2
C .JUNC SEARCHES CONNECTION DATA ARRAIS ICONI AND ICON2 TO FIND ALL JU 3
C CONNECTED SEGMENTS AT A MULTIPLE JUNCTION. ju 4
C .$~ S

COMMON /0*14/ LD,N.NP.M .MP.X(I000).9(l000).2I1000(.SI(I000).91(I00 JU A
*0) .ALP (I000).5TET(I000 (.1CONI(I0001,ICON2II000).ITAG(I000).WLAM.IPS jU 7
2144 JU 9
DIMENSION 545161(25). (FSEG 2(25) JU 9
NCI.0 .0(1 50
NC 2 O  JU II
SNC O.fl .su 12
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00 4 1.1.51 JU 13
II (ICONI(I)—J llO* 2.1.2 .01.0 14

1 II II.X0 .fl GO TO 2 J5j 55
NCI.NCI.l .0(1 IS
(I (NCI.GT .?.$) 00 TO ~ JU 17
NSIG1 (SSCII. I J(1 IS
SNC.SNC•SI(I) .0(1 *9

P II 51C0N?5I)— J,eO ) 4.3.’. .iU 20
~ II (f.EQ.JI 00 10 ‘. ,iti 21

PIC2.NCP.I .04) 22
II I PIC?.GT.2Sl GO TO S ju 23
NSEG2(5C21.I JO 24
SNC.SNC.SI(I) Jo 23

4 CONTINUE JO 26
FC—MCI.NC2 JO 27
D.)SI(iI.SNC/EC)/2.0 JO 25
RETURN .011 29

5 PRINT A .  JIb J5J 30
STOP Jo 31

C JU 32
6 FORMAT 4 (5 (000W - TOO HA S- i (,sN~ (TION ~ TO JUNCTIOPI.I4) jU 33

END jO 34—

SURKOUTIIIE LIA CT IS A, ~0e.’CJs .)X1.I~ /.IP) LF I
C LI 2
C LFACTB PERFORMS 6*USS—000LIVTLF MANIPULATIONS ON THE TwO BLOCKS OF LI 3
C THE TRANSPOSEII MATRIX IN CONE STORAGE. THE GAUSS—000LITTLE II 4
C *LGORITSSM IS PRESENIErI ON PAGEs 411-411, OF A. RALSTON —— * FIRST LI S
C COURSE IN W5 JMEAI CAL A ’,A , I5~ 5• COMM EN TS 5(101 REFIR TO COMMENTS IN LI 6
C R*)STOP.S TEXT. L1 7
C LI S

COMMON ,NATPAR, ICASE.NRLOKS .NPRLR .P.L*SI.NRLSYN.NDSVM.NLSYM LI 9
CONMON /SCRATS4/ Os ISOn) LI 10
DIMENSION 4INPOW.NCOL). IP(NROW) LI Ii
COMPLEI * .O .AJR LI 12
INTEGER R.RI.Q2 .PJ .PR IF 13
LOGICAL LI.L2.L3 LI 14
IIL G I  LI IS

C IF 16
C INI T IA5 liE #I.92.JI.J2 L1 17
r LI IS

LI .IXI.EO.I.AN0.I*/.EO.2 LI IS
L2 .(IX2—ll.E0.IX1 LI 20
L3.IX~ .EO.NR t.ORS LI 21
II (LII GO TO I LI 22
GO TO 2 LI 23

I 80.0 LI 24
R2.t•NPRLK LI 25
J I I  LF 26
.02.—I LI 27
OC T0 5 LI 28

2 Rl.NPNII?.I LF 29
R2.2MNPBLI? LI 30
J1 .(IXI—II .NP5SLK .I LI 31
IF (Li) GO TO 3 LI 32
GO T O 4  LI 33

3 J2.JI.NPBLK—2 LI 34
GO b S LI 35

4 J2.Jl.NPBLK—l IF 35
S IF (LI) R2.NPRLI? .PILAST LI 37

DO IA R.R1.R2 LI 35
C LI 30
C STEP * LI 40
C LI 41

00 6 1.31 .5-41501 LI 42
O IK)•A)I?.P) LI 43

S CONTINUE LI 44
C II 45
C STEPS P AND 3 LI 46
C II 47

IF (11.05.12) J2 J2’ I II 40
IF 1J1.GT.J21 GO TO 9 II 49
IX J O  LI 30
00 0 J.JI.J2 IF 51
10.0.10.0.1 IF 52
PJ—IP (J) LI 33
AJP.O (PJI LI 34
t(J.R).AJf( LI 55
0)PJ).GIJ) LI 56
JPI•J•I LI 57
DO 7 I.JP1.NaO~ LI SR
O (II .O(Il—A II.IXJ) X *-J0 IF 59

7 CONTINUE II 60
P CONTINUE LI Al
9 CONTINUE LI 62
C LI 63
C STEP ’ .  IF 54
C IF 63

J2PI J2.I LI 66
II ILI.Ofi.L2) 00 TO II II 67
II (NR OW.LT.J2PI) GO TO IS LI 65
DO 10 I.J2PI.NROW LI AS
*11 .9)—G Ill LI 70

II CONTINUE LI TI
GO TO I F. II 72

II DM*S.RYAL (0(J?PI ( CON IC’IOIJ2PI),I LI 73
IP(J2PI ) J?DI IF 74
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J2P2 1P.2 15- 7%
IF )J2P2.C,T.NROWI (.0 TO (1 II 76
00 (2 I.JZP1.’IOOI IF 7?
ELW*G.4€*LlO (I).CGNJG );I))) LI 78
IF IE) ’.*D.LT .r) ’ l*Ws GO TO I? LI 79
OMA JI—CI ~A& LI MO
1911254)5 .1 LI SI

I? CONTINUE LI 02
13 CON TIN SsF LI Mi

II IOM*A .L T .I.E—IO 1F16.I LV 84
PR.IP5 IPPI) IF MS
A)JP P).Ifl.0(AXA ) LI 86
D(PR). -IJPPI) LI 87

C 5I 88
C STF0 V. LI 159
C LI 90

IF IJPP?. GT. Pb00w) (0 1) I~ LI 91
AjW. I.,*IJ PPI. W ) LI 92
00 14 )•J2P/.NROA LI 93
*II . R).D II)XA IO II 9~.14 CON TINUE II 95

IS C ON TI NIF  Ll 96
II IIE LG .I0.0) GO ID I” LI 57
PRINT 7. J2 .GMAX LI 99
IILG.O LI 99

lb CONTINuE LV 100
RETURN LI 10*

C LI 102
I? FORMAT (Ill . 6 ’- . P E V S ) T (, I 3 . 2 $ ) . . f l l .R) LI 103

(5s0 LI 104—

SUMPOUTINI LOAD ) LGIY P . LOT AG .LT TA GI .LDTAG T.ZL R.Z LI .ZL C. NLO* D) 10 1
C LO 2
C LO AD CALCULAY~ S ‘—if IoPEO*sC( TIE SPECIFIED SEGMENTS 109 8*9(0)16 LO i
C TYPES OF 10/-DING LO 4
C 10 S

COIXMON /D*T* LD.N.NP .M .MP .XII000).Y (I100).7 (I000).SI (I000).15l (I00 10 6
I0 I.*I.P)I000) .SETI1IOO .ICONI (I000I .ICON2II000) .ITAG)1000 ).WLAM.IPS LO 7
2YN 10 9
COMMOIII /ZLOAO/ Z*RRAYIIOOI, 10 9
DIMENSION LOTYP (1). LOTAG(1) . LO TAGIIII . Lr ,TAG T ( 1) .  Z L R) I ) .  211(1) 10 10
I. Z LCII )  LO Ii

COMPLEX Z * RRAY. ?T .TPCJ .Z IN T  10 *2
DATA TPCJ/lO.,l.B836S371E.9)/ 10 13

C 10 14
• C PRINT 4ADING 10 IS

C 10 *6
PRINT 73 10 17

C 10 lB
C INITIALIZE 3 ARRAY. USED FOR TFMPOR*RY STORAGE 01 LOADING 10 19
C INFORMATION. 10 20
C 10 21

00 I Y’I.N 10 22
I 2*RRAVII)’IO..O.) 10 23

1w*RN.l 10 24
C 10 25
C CYCLE Ov ER LOADING CA XO S 10 26
C 10 27

ISTEP=~ 10 20
2 ISTFP=ISTEP .l 10 29

IF (ISTEP .LE.NIOAD) GO TO 1 10 30
IF (Iw*RN.F0 .lI PRINT 24 LO 31
RETURN 10 32

1 II ILQTTP (ISTEP).LF.SI GO TO 4 10 33
PRINT 25. LOT Y P T IST EP) 10 34
STOP 10 35

4 LDTAGS.LOT*G (ISTEP) 10 36
JUMP.IDTVP ((STEP).I 10 37
IC.-sK.0 10 38

C 10 39
C SEARCH SEGMENTS FOR P909(54 IT*r .c 10 40
C 10 4)

11-1 10 42
12.51 10 43
IF (LO TAGS.N€.O) GO TI’) 5 10 44
IF (IOTAG I(ISTEP).E0.-T.AND .LOTAOTIISTEP).EO.0I GO TO S LO 45
L1.LOTAGI(ISTIP) 10 46
L2.LDT*GT IISTEP) 10 47

S 00 15 I 11.L2 ~0 ‘.8
IF (LD TAGS.EO.0( GO To 6 10 49
IF (LDT AGS.NE.ITAGII)) 00 TO 16 LO 50
IF (LDTAGFIISTEP) .EO.I)) GO TI) V. 10 SI
1C41.ICHK.I 10 52
IF UCHK.GE.LOTAGF ISTEP) .*IID.II’HS.LE.LDT*GTIISTEPI GO TO 7 LO 53
00 10 15 10 54

S ICHR.I LO 55
C 10 SA
C CALCU LAT ION OF L* MGA ’T MP (O . PEA UN IT LENGTH. JUMP TO APPROPRIATE 10 37
C SECTION FOR LOADING TYPE 10 50
C 10 59
7 GO TO (A.q .1O .II.12.ITI. J))J4P LO 60
15 ZT.Z1R(ISTFP)/SIII),TPCJ ?LI)ISTE P )/1S1 (I )XWLAM ) 10 SI

II (ARS (ZLC (ISTEP)I.0T.I.E—20) TT.?T.ALAM/ (TPCJ*SI (I)X?LC (ISTIP)) 10 62
00 TO 14 10 63

9 7T~ TPC .SI (I)X ZLC( I5Tf PI/lLAM 10 64
IF (A Rc)Z L T(IS TE P) I .6T.l.E—20) 7T fl.SISII XW LAM /( TPC J PLI(I STF P )) 10 65
II (AUSIZ LRIISTF P)).G T .I.E— 20) 7T .?T.SI(I),ZIR (ISTEP ) 10 AS
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1 0 . 1 . / P T  10 41
(,O TO )4 10 65

10 ?T .PLR1ISTEPI ..LAM .IPCJXZLEIISTFPS LO 69
IF ( A R c ( Z L C ( I S T F H ) ) . G Y . I . F . . 2 0 )  ‘T - i ? T . l . / TpCJ .S II I .S I( l) •Z IC( ISTE LO 70

LO TI
(.0 TO 54 10 12

Il lT-I 54( (•SI)I).cI(I( 1)Cl( ~~l f P l 10 13
IF (A l ’- IZ LI)ISTI P)).GT .I. l — POS - /T.PT.l. /ITPCJ•ZLI1ISI(P)) 10 14
(F (A ROI ZL PIES TE S- I1.G T .1. /-/O /T.2T.I./ULRIESTEP )’WLAMI 1.0 15
ZT .1. / ? T  10 16
GO TO 14 10 17

Ii lT .CMP 5X(ZLP)1 ~~TV / l./ l I I S T E P I l ’ S I ( I )  LO DR
CXI) TO 4 10 79

13 P T X Z I N T I Z L B I ! S - ’ F A I X X I A M i R I ’ I J )  10 80
Er l(*O S5QfA L IZA 5RAII(, l) .IiS~~ A~~ A 0I/AAo *rI)5))). iJI .1.F—2I) IWARN LQ Xl

II 10 82
/ . S - S - A A J l , / A 5 I P A Y I I I * Z T  10 53

15 ((s1I~~~~i 10 54

If I IC~-A .51 .01 GO TO ii 10 85
99151 5. )T. c 10 84
S b ’  10 87

C 10 SR
C P’fl5Tl~— - THE ‘~~~‘jA f  i i  LOADING OXTA. , S-ILS- 10 PROPER PRINT ID 99
C 10 50
IS GO TD I 7 . l 5 , I P ,2O.25.22). )J4.’ 10 91
17 CALL S-\~ J S - 1 A S -~~.JOT (.F(I6TE /) ,L0TA0IJ IST FP). Z1R (ISTEP ) .ZLI(YSTEP 10 92

II • TLC II’ , T (l- S • C.’ C. • 0.. 2.1 ‘-‘1/ 0.7) 10 93
I C  T O P  10 9’.

IS CALL POST (LDTA C1S,lGTAGF(ISTE P) .L )TAGTIISTE X( .ZLMII S IE P) .2L I (IST (P 10 95
1) • /L’ -T f P I • 0. .0. • 0 • .14’-i S - - A — A L L V  • F I 10 96
“0 Ti )  ‘ 10 97

)9 CA L L PONT (LDTA GS,LG T IC ,F)ISTEPI. Ll)TA GTIISTEP I .ZLR( ISTE P (.PL I(ISTEP 10 48
1).7LCIIG tfPI.~~..0..0..I lf-iSFRI(S ( P E W  A4ET(05 .(4) 10 99
GO TO 2 10 *00

20 CALL PANT ILOT* (.S.IOTAGF(I STE0I.LTT*GTIISTEP I.ZLR (ISTEP ).?LIIISTEP 10 *01
l).ZLC (ISTEPI.0.,0..0..IIHPARAL .EL (P ( 0  N (TEIJI(.2I) 10 102
GO TO 7 10 103

21 CALL P05- IT ( L O T A G S . I D T A G F ) I S T E P ( . L D T * G T ( I S T E D I . I . . l 1 ..O . .2L 0 ( IST EP) .  10 )04
l l Io( (STEP) .0 . .19, IF IXEC’  IM P EOAN C L , IS )  10 lOS
C.O T O .’ 10 106

22 CALL PONT ILDTADS .LDTAC,IIISTE?(.LOTAGT(ISIE P) .O ..O..O. .0..O..ZLP (1 10 lOT
ISTEP(.SI-s WIRE .’.) 10 108
GO TO 7 10 lOS

C 10 III
23 IOXMAT )//.70.8i-.LOCAT IO5 .IOO.1OMRE SISTANCE .3*XIOHI NOUCT*NCE .20,(OH 10 III

IC APAC ITAPICE .7O.I6IA IMP EOAN CI (OHAS) .SX.12s-4C0s-sOUCTIVITY.40.4541yP0./, 10 112
240.4HI T*Ci.1055 FAOA ’ T l-4oJ.t0s.’.s-ITIMMS.BX .65-.l-5ENQYS .71.SsII*R*DS.SX.4IIRE 10 113
3*L.6* .XWIM *GINA PY.40.IOIIM .-ITIS/METEPI 10 114

24 FORMAT I/. (OX .T4SINOTE. SOME Of T i-ic A ROVE SEGMENTS MARE BEEN LOADED 10 u S
I TWICE — IMPEDANCES 400(01 10 *16

25 FORMAT l/.IO1 .4bi-SII4P000(0 LOAD TTPI C ’OOSEN. REQUESTED TYPE IS .13 10 Ill
I) LO 118

26 FORMAT 5/ .I0X .S0Mt~OAO1 NG OAT S CARD ERROR . NO S(GMFNT HAS 8*4 ITIG • 10 519
I .161 LI) 120
(*41) 10 125—

SU5SROUTINE LTSOIA l A .~~-l0.,i~C0L , lX.l( LI I
C IT 2
C LTS OLW SOLV ES THE .54101, fO. IIR)•LL IT ) 8(R) INERT (RI DENOTES ROW LI 3
C VE CT O P AND LIII) ‘ S F 5C ~ ES ~‘-L L DECOMPOSITION UI THE TRANSPOSE OF IT 4
C THE OQ IGINOL (OEFSI’ IFS - I  •A I / tl . TA F Lull ) OECOMPOSITION IS LI S
C STORED ON TA PI S IS Ni J (sS In. ~-,(FsCISG ORDER AND ON FILE 3 IN IT 6
C MLOCKS 01 OESCTSDING i A D f S- • IT 7
C LT 8

COMMON A W I S S - A l ’ ’ ICAS E.NHL IiS.V. SLI.NLRSI .NBLSYM.NPSYM .NLSYM LI 9
COIMON ‘SC-S-AT ., 1(1515) LI 10
0I” FS ’ (’-~4 X 4 - ’- (~~ 

H I S - , . , .  T ’ l 5 ~~~)*l IT I I
(0lJ- ~~i . A .  .1,. ‘-i IT 12

C IT 13
C Fi(JS -WA A S J S I(T J TI ’-. II 14
C IT IS

I?.PXIIDMLR .5.A X IT l b
0_ I IT I?
00 4 I.15LKl.I.s8 L-i~ S IT IS
CA LL RLCOIPI IIS.l .)/.(.1?l) 11 19
‘-?XN PRL X LI  20
IF I I lW 1F ) .E~.’.A ) s S l  S-(SNL*5T LI 21
00 3 S.I.~~’ L I  22
JM).J IT 23
J J ~ I IT 24
SU5~~(O. .X.l IT 25
IF IJMI.LT .I) (.0 1” 2 IT 26
00 1 I.I.JMI IT 27
SUW .SUM.A (I.0(0Y)1( II 25

I CONTIPIIIF IT 29
2 CONTINUE IT 30

n ( J ) X ( R I J I . S U i S I / A ( J . K (  IT 31
3 CONTINUE IT 32
4 CONTIN UE IT 33
C IT 34
C RAC OWA PO SUBSTITUTION IT 35
C LI 36

J.NR0W.) II 37
DO I IX F5LKI. I .N I4 LOK S 11 35
CALL RECO IN (I6.l.I2.I.12/ IT 39
112.NPMLK LI 40
IF )T XRIIII.EQ .I) PT 2 NLAST LI 41
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00 7 R.) .Kp II 42
09.02—1.1 LI 43
JPI.J II 44
J•J—I II 45
SUM.(O,.O.) II 46
IF (PIW1)W.IT.JPI) GO I I 6 IT 41
DO S I-ioPI .NQ flW ~ T 48
SU M . S U .5 .A I I .K~~) A . S I I I  LI 43

6 CONT lISLE LI 50
S C’lNTINoF LI SI

M ) J ) . V I J ) — c s , M 5. 1 52
7 CONT1NI.( LT S3
$ CONTINuE LT S4
C IT 59
C UNSCIJIWIMLI SOL ITIOFI II 54
C 11 57

00 9 (.).NR0I IT 58
1*1 1101 11 LI 59
Y ( I O I I . 5 4 ( 1  LI SO

S CONTINUE tI SI
DO 10 1.1.51904 IT 5~.

10 BII~ ,YII I LI 63
RETURN II 6’.
ENO LI AS—

SUBROUTINE LUNSCR (A.NWOW .IJCOL .IX.IP) LU I
C LU 2
C S/R 8.41CM JNSCRAMHLES . SCAAM SSLTTI FACTORED MATRIX LU 3
C 1(4 4

COMMON /MAIPAP/ ICASE.NBLOKS,NPPLK .NLASIXNRLSYM.NOSYM .NLSYM LU 5
COMMON /RESTNT/ ICI.IC2.IC1.NNES .NPQES.101C0.IOUN..IMOUM .E,TIM Lii 6
DIMENSION A(N~OW.NCOI . IP(NWO1 . I0(NR0U) LU 7
COMPLEX A ,TEMP LU S
IF SIC1.EO.— 1 ) GO TO 0 LU 9
11=1 LU 10
I2=2•NPsSLK~ NBOW LU 11
NMI.NRI)W—l LU 12
00 4 )XRIKIII.NRIOKS LU *3
CALL RICKIN (I2.II.I2.l.I2I) LU 14
KI. (IX#LKI—l).NPBLK.2 LU 15
IF INMI .LT.51 GO TO 4 LU lb
.02=0 LU 17
00 2 K.Kj.51M1 (U IS
IF (J2.IT.NPBLK) J2.J2’I LU 19
IPK.IP)KI LU 20
00 1 J.l.j2 II-) 21
TEUP A (K.jI 15-4 22
A (K.jl.A(IPK.J) LU 23
A S IP O.  sI.T FMP LU 24

I CONTINUE LU 25
2 CONTINUE LU 26
3 CONTINUE LU 21

CALL RLC ROT (IS.II.I2.I.*22) LU 2R
4 CONTINu E LU 29

DO S IX RLKI.I.NRIOKS LU 30
BACKSPACE IS LU 31
(I (TERLKI.NE.lI MACKSPAC ( IS 10 32
CALL 8LCR IN IIS.Il .12 .l.1231 LU 33
CALL 8LCKOT (1A.I l .12 .I.I 24I LU 34

S CONTINPE LU 3S
00 A 1=I.NRCW 10 36
I*UI.1 LU 37

A CONTINUE 10 39
00 7 1.I.NROw LU 39
IPI~~IP(1 l LU 40
101.10(1) LU 41
IX (I) IO (I PII 10 42
I* (IPI) I*T - LU 43

7 CONTIPS(JE LU 44
NBI NRLOK%— 1 LU 45
00 5 I05151 1.N8I LU 46
CALL RICKIN (IS.II.I~~.I.1Zc) LU 47

S CONTINUF LU 49
C SKIP rdRl LOGICAL RECORDS FflRWAO~ LU 49
9 RETURN LU 50

END 1)0 51—

SUBROUTINE MATFIL (ET?.ETI.EPR.J.JCOI.JC02.CM.IIRO4.5-5COL.IIIG) MI I
C MI 2
C MATFIL FILLS THE MAT RIO ELEMENTS REPRESENTING 11(1 OS DUE TO WIRE Ml 3
C SEGMENT CURRENTS (EITHER ( FIEl D TIN A SEGMENT OR Xl FIELD ON A HF 4
C PATCH) MI S
C MI A

COM MON 20*10/ LD.N.NP .PI.MP.* (l000).Y(1000) .7(1000).SI (I000) .SI (I00 Ml 1
10) .ALP ((000).RET (l000) .ICONI(ITIOO).ICON2II000).ITAGII000) .WLAM.19S Ml S
21(4 Ml 9
COMMON 2JUN02 NCO*.JOVI2S).tICIX.JI* (2S).NCQ7.JO~ ),5).NC I~~.JI2l2%) MI *0
DIMENSION (TR(31. 111(3). CNINJOW.NC5)L ) Ml II
COMPLE’ CM Ml 12

C Ml II
C FUNCTION TO CALCIJLAII . MAIR TO ELEMENT LOCATION HF 14

JL (lO.(d5 (—Il’NP) 2.MP.I4 MI IS
C MI IA

IF (IFIII.EO.0) (SO TO 10 Ml *7
C Ml II —
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C CONTRIBUTIONS 10 ElEM ENTS (JO SEGMENTS CONNECTED 10 END ONE OP MF 19
C SEGMENT .0 MI 20
C MI 21

If 1 )0(11) 1.6.2 MI 22
I CA L L JMELS (ETJ4)l) .ETIUI .PS-CI0,JIA.NCO* .JOX.lP8 .CM .NROW .MCOL I MI 23

GO TIT S Ml 24
2 If (JCICI.I1 .10001I GO TO 3 Ml 25

JLOC~ Jt(J) MI 26
GO TO ’. MI 21

3 JLOC~ J5.(JCOI ) - MI 25
IF (ICDI.2IJCOI) .EQ.J) GO 10 III 29
IF IJCCT1 .EO.J) (.0 10 Ml 30
CM(JLOC .IPR) .CM(J IOC . 1901 — (M P LA ( E T R ( I  5 . 5 - 1 1 ( 1 1 )  MI II
GO TO S MI 32

4 CMSJL OC .IPR).CM (—It OC .IPPI.CMPLXIEIA)I) .5-11(1)) Ml 33
C MI 34
C CONTR IRuTIONS TO 115 - M IS T S FOP cF(iv5-V.1S CONNECTED TO END IWO OF MF 35
C SEGMENT .0 Ml IA
C Ml 37
S IF IJC I’l2I ‘- .11.7 MI 38
6 CALL .0.5116 IE TR) 3 I .ET)(3) .i.C02. iOZ,NCIZ.J12 .IPR.CM .NROW .NC OI) Ml 39

00 10 )0 MV 40
7 IF IiC’~7.L1 .IQ0O0l GO TO ~ Mf 41

JLOCIJIIJ) MI 42
00 10 0 MI’ 43

S-S JLOC J1.(JCO? PSI 44
- - 

II 5ICONII ;CO?l .EQ.i) GO TI) S- Ml 45
IF 1J002.Ei3.i) GO TO S MI 46
CM JLOC.IPP)—CMLIIOC.IP’.--CMPL .(ETPSI).ETI(3)I Ml 41
00 TO 10 Ml 45

9 CM (JLOI’.IPRI=CM JLii C ,TPR .CMPLS(ETA )1).EII)TII MF 49
C Ml 50
C CONTRISSUTTON TO ELEMENT FOR SEGMENT .0 MI 51
C Ml 52
10 CONTINuE MV 53

Jt.0C i1.)J5 MI 44
CM(iLOr ,IPR) .CMTJLOC .IPli~~CM PLlIETR(2I.ETI(2)) MI S5
RETURN Ml 44
END MI 57-

SUBROUTINE MOVE (001.POY.RO7.05.YS.ZS.ITS.NOPT.ITGI) MO I
C MO 2
C SJJRROUTINE MOVE MOVES THE SIRUI’TUR€ WIT H RESPECT TO ITS MO 3
C COORDINATE SYSTEM OR REPRODUCES STRUCTURE IN NEW POSITIONS. MO 4
C STRUCTURE IS POTATED ABOUT X .Y,7 AX ES RI ROl.RO1.R02 MO 5
C RESP ECTIV EIS . THEN SHIFTED BY 05.15.2% MO 6
C MO 7

COMMON /DATA / LD ,N.NP.M.M P .*)100 0) .1(1000) .2(1000) .SI(I000I.II 5)00 MO S
10).ALPU0003.V.tT(3000l.3CONII)000).)CON2 (I000).ITAG(1000I.WLAM .IPS MO 9
2YM MO 10
COMMON /ANGL / 5*19(5-000) MO 11
DIMENSION Till)). TlY(l(. TIll)). 121(1). T2YII). T2Z(I). 02(1). Y M O  12
12 (1). 72(1) MO *3
EOIII VAITNCE 1X2U5.SI (I)). (T2)l),AIP(Il). (Z2(l).BtI (I)) MO 14
EQUIVALENCE (TIX.SII , IT IT .ALP), ITIZ.9ET). (T20.ICONI). (T2Y.ICON $0 IS
12). (T2Z.IT8GI MO 16
IF )A0S(ROR ).AMSIROT ( .E,T .1•E— IC ( IPSYMIIPSYM 3 MO 17
SPS=ST*4)RO*5 MO IS
CPS.COS(ROx) MO 19
5TH~S1..(BOY) MO 20
CTH.COc (ROY) MO 21
SPH—SIN(ROZ) MO 22
CP,l.COc 1150?) MO 23
81.CPH.CT5I MO 24
*Y.CPH.STH.SPS—SPH.CPS MO 25
*Z.CPM.STH~CPS.SPI-..SPc MO 2A
Y0.SP5-1•CTN MO 27
YY.SPPS.ST1-5.SPS.CPII.CPS MO 28
Y2.SPH.STH.CPS—CPI-5.SPS MO 29
28=—ST,. MO 30
ZY.CTH.SPS • MO II
ZZ.CTH.CPS MO 32
NRPINRPT MD 33
II )NRPT.EO.I NRP.I MO 34

C MO 35
C TRANSFORM COORDINATES OF SEGMENTS MO 36
C MO 31

11 IN.fO.0I GO 10 3 MO 30
Il—ISEG NOI ITS. I) MO 39
10.11 MO 40
KIN MO 41
II (NBPT.TO.0l K~ 1 i— l MO 42
00 2 IP=*.NRP MO 43
00 1 I’II.N MO 44
1.0.1 MO 45
0 1.1(1) MO 46
YI.Y (I5 MO 47
ZI.Z11) MO 45
T(K).*I.BR.YI.XY.21 57.*S MO 49
Y(K)ITI~ YX .YI~~YY~ ZI 1?•1S MO 50
Z(K) .*I•Zl,YI~~ZYX ZI• Z 7X Z S MO SI
XI.0 2 (y) MO 52
11112)1) MO S3
21.22111 MI) 44
*250).*I.XX.YI .0Y.2I•T2.0S MO 35
Y250).lI•YAAYI .YY.ZIIYZ.YS MO 36
?21K).,I’Zl.YI .ZYX ZI .FZ .ZS MO ST
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RISK l.~~I )II MO SR
TTAG (0 .ITAO (I,.ITGI MO 44
CONTINI’-E MO 60
II.51•1 MO 4*
NIl MO 62

2 CONY l~s’~ MO 63
C MU 64
C TRANSFORM COOIXO(NATES sJI P*TC.f% MI) 64
C MO 54
3 II )M.EO.0) (ph TO I, MO 67

I I ~~l MO SB
RIM MO 69
LO) L0.l MI) 70
II )N9PI.FQ.0) 0~ I) MO 7)
DO 5 11.I.NRP MI) 12
00 4 I.I1.M —O 53
0.0.1 ul) 14
IR.LOI-I MO 1*4
*8.101.0 MO 76
01.01101 MO 17
11.15105 MI) 78
21.1)10) MO 19
XII4P).XT XX .IIIXV .1I 1?.AS MO 00
1(KQ).lI.Y*.lT yY.7I~ Y2.15 MO 51
Z) 1q ) I R J ~ Z 0 . Y J Z Y.? I•7Z.7S MO 52
A I.T l*( IQ) MO 83
Yl.TIY)IQI MO 44
?I.TI2IIRI MO 84
TIX(0R5.11.XO.YIIAT .ZI.XZ MO Rb
T)Y (KQ .1I.V0.YI•YT.ZT~ YZ MO 57
TI2( KRSIXI .71.YtS?Y.?1 Z? MO BR
KI .T2R)IR5 MO $9
YI.T2YUR) MO SO
Zt=T 2?1T Ql MO ~1
T20( KS).Xl .*A.YI•*Y .ZI IZ MO 92
T2 1(* R).S I.YK.YI Y , * Z ) • Y Z  MO 43
T2Z(BRI.XI.?1.YI.ZI.II.22 MO 94
cALP (*q)=SALP (E p) MO 95

4 RI(KR )=BI(TR) MO 95
Il.M.I MI) 97

*4 M 1 ) MO 98
~‘ II ((NRPT.E0.O).ANO.5I1.EO .l)l ‘PET(ION MD 99

149 P4 MO 100
MP.M MO 101
IPSYM.O MO 102
RETURN MO *03
(NT) MO 104-

SUBROUTINE NEFLO 1R08.YO5.?OB.(* .Ey.(2) NI I
C NI 2
C NEFLO COMPUTES THE NEAR FIELD ST SPECIFIED POINTS IN SPACE AFTER MI 3
C TIlE STRUCTURE CURRENT . HAVE BEEN COMPUTED. NI 4
C NI 5

COMMON /OATA # LD.N.NP.M,MP.*II690).V (1000).Z(1000) .S1(1000) .01(100 NI 6
IOI.ALP(I000).’SET (lOOO) .ICOVSI U000l.ICON2 (1000).IT.5G I000 .WLAM .IPS NI 1
2YM PSI 8

COMMON /A NGL/ S*LP( 1000) NI 9
COMMON ,CQn.T/ A f Q ( 1 0 0 0 )  .40 ((10011 ) .RIR(1000).541I S I000).CIR) )000 l .C E )5E 10
IIII000).CUR(2000) NI Ii
COMMON /54(112 30.QY ,O7,CA ISI. SA MI.SA L PI, Pl.py.P(F5.R(IPS 1SF 12
COMMON /GND/ ?RATI.2PATI2.CL .CN .SCRWL .SCSI(RR.NRADL.S(SYMP.IIAR .IPERI NI 13
DIME NSION CAB))). 6*5(1) NI I~.
EDUIVALENCE (C4P(1).ALP(1)I. (SAB(I).RET(I)) p41 IS
Cr MPLF0 IJ.EZP.ERPIO.Ex.EY .EZ.CLIR.ZRSIN .REFS.REIPS.?RATI,ZR*TI2 MI 16
D’T A Fi/(0..).)/ NI 17
I =(0..0.) NI’ IS
11 (O. .0.) NI 19
E2.(0..0.) NI 20

C NI 21
C SUMMATION OVEP FIELDS Of INOIV IFNIA I SEGMENTS. NI’ 22
C NI 23

00 7 I”I.N MI 24
CABI .CAR(I ) MI 25
SA8I~ SOBII ) MI 26
SA IPI.—SALP (1) NI 27
XD.000—0(I) NI 25
Y0.YOM—Y (I) NV 29
P11.—I. NI 30

C NI 31
C LOOP TO INCLUDE FIELD 01 INAGE III SEGNENT WHEN GRTIIJNO IS SPECIFIED NI 32
C NI 33

DO 7 J.1.P.,YMP NI 34
RlL~~ RFL NI IS
?O.ZOR—?(f) 15I1 Ml IA
S8IPI.—5AIPI NI 37
ZP.0D.CABI.Y0.SAOI.Z0.SALPI NI 35
OYMSG.lO’OO.Vfl•YD NI 39
R5.XYMAG.20~ZD MI 40
RH?.PS—ZP12P Ml 41
IF IRH.’.LT.1.F— 205 GO TO 1 NI 42
RIIISQRT(RH2I NI 43
0lI (lO—?PICABI)/RH NI 44
QY.(YD~ 7P•SABI)/P’-l MI 43
OZ.5211—TP SALPI)/545l NI 46
GO TO ’ MI 47
OHIO. NI 6A
00.0. MI 49
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Q1~ 0. NI 50
QZ.S. NI 51

2 CALL 1110 (0I)Il.Sl (I).RH.?P.l. E/ ~ S .E1TS.FRRS.5 -R1s.F/A(.f?IC.f RWC . PSI 52
IEPIC .IVRR .ETI*.IARK .EoIK5 PsI 53
IF (J.’ .F~j) (,O 1) 4’ NI 54
IF (I$FRF .EO.I 63 10 S ISV 45
BMAG.SORTIPS NI Sb
O1W AG.~ QRTl( Y -4AL,I NI 47
II l$VWAG.Gl .l.E—S) GO TO ) NI 5$
P0.9. NI 59

— 151=0. NI 50
CT~~ I. NI 6*
2BSIN.Il..0.) NI 52
00 10 4 NI A )

3 P0.—Yfl/*YNAEj NI 64
Py.*D,RVuAIj NI 45
CTH.Z0,RMAG NV 66
IRSIN .CSQBT(1.—ESS A II•FB&TI.ll..CTH .CTH)) P~I 61

4 R(FS.—(CyH~ p 9ATf .,RSI.l,( CTN./PATT .,P5lP.5 P51 5*
O1FPS.~ 7RA1 I•CT U—784I I) / (,PAT I.TT.n.,locIr. NI 49
REFPSIPEFPS-RFFS P51 70

— S CALL GM IE?RS.E?IS.ER*S.IPTSI .51 7*
CALL Gs SEZAC.E?IC.€RRC.ERIC) NI 72
CALL 051 (EZRK.EZIK.(RRR.ERIK) MI 73

I’ CONY INIIE Ml 75~
ElP.ElRK AIR(I)— EZl0~ A II I I)•EZRS•)5IRII)—E7IS•III ( II .5-ZSSC*CT54 ( IS—fl SF 75
IICIC II TI).FJ.(1?RK .AIT III .IZIII.AI8l 5) .(~(Wç • X 5 I I l l) .E2lS~ P ) 4 ( I )  .VZ RC NI 76
2.CIIII .E!IC.CIR)I)) PIE 77
ER)4O EDRK•AlRU)—ERI5 ( A 1IlU~ 5-PQS’.i5IO)l)—X’ S-IS•III 5)) .5-PAC•C~ B)J).I 1SF 78
IRIC•CII)I).IJ . (ERRKMAI III).EQIH .A IPIII.ERUSMM II)Il .E.1ISIRIW)lI.EISP NI 79
2C•CII TI).FRlC•CIRU)I NI 80
10ME*.IZP.C15I.ERHI)AOl PSI 51
EY=EY.E?P.SAPI.t5I40101 *~F 82
E7.EZ.F7P.cALPI.EP..O~O2 PSI 83

7 CONT INUE PSI 54
RETURN NI 85
END NP 56-

SUBROUTINE NFTWK (ISIDI.ISFG2.R)10 .ZIII .XI 2SX.Z12l.0228.12/I.NOP.(I. NI I
1MTVP.ISANT.VSANT .NSANT.CM.IP.EIPSC.*4BOd.I’SCOL .II.PIN.PNIS.NPRINT.MA5 NI 2
21M.?PErT.NTSOL) 5.1 3

C NT 4
C SUBROUTINE NETWK SOLVFS FOR STRUCTURE CURRFNTS FOX A GIVEN NT S
C (*C ITAT !O N INCLUOTPG TIlE EFFECT OF SO PS—XATITATING sF7109155 11 517 6
C PRESENT. NI 1
C NT B

COMMON /DATA/ IO.N.PSP.N.MP.*(I000) .15*000) .?(I000).SItI000I .RI 5100 NI 9
lO).ALPTI000).BET)I000).ICON1II000).ICONIII000) .lTAO (I000).WLAM .IPS NI 10
2YM NT II
DIME NSION IS(r.I5iO). I~ EGa)30). *1 18(301. 4111 )301 . AI?R)30). 0)21 NT 12
1(30). 122R(30). 0221(10*. OSANT I1S). VSANT(I0I . NTYP(30) *41 (3
DIMENSION CM(NROW .NCOII . (TM C INRO N).  IP)NPI)l). 171*480W) NT 14
DIMENSION CMN(30.*O). Rs.NT(30I. IPNT(301. NTEOA (31). P.TSCA (30). RH NT 15

10(130 01. VSRC ( L0 ) .  RHrqO5 llI PSI IA
COMPLEX CMN.RI4PIT.YMIT .RPIS.7PED.rM.F INC.VSANT .VLT.TIJR.WSRC.BHN( NT I?
DATA Nfl1MM.MOIMP5P/30.1l/.TP~ 6.203 1!S30B/ NI IS
NEO.N.2.M 1sT IS
151*510. 1sT 20
PNLS 0. N) 21
IF INTSOL.NE.0) GO TO 42 1sT 22
NOP.MEG/ (NP.2 MP) NT 23
II (MACYM .E0.0l GO TO 14 NT 24

C MT 25
C COMPUTE 2F(ATIVE MATRIX ASVBMITQT 1sT 26
C NT 27

IROWIIT (ST 25
IF (NONET.EQ.I) GO TO 5 MT 29
00 4 I=l.NONET PsI 30
NSEGI.I5E61(I) PSI 3*
DO 3 ISCI.1.2 NT 32
IF (IRGWI.EQ.O5 GO 10 2 MI 33
00 I J—I.IROW 1 NT 34
II SNSEGI.EQ .I PNT (J)) GO TO 3 - NT 35

I CONTINUE NT 34
2 I5OWI.IROWI.1 NT 3)

IPP4I(IROWI).MSEGI NT 35
3 NSEGI.ISEO2SI) NT 39
4 CONTINUE Mi 40
S II (NSANT . EQ.O )  GO TO 9 MT 41

00 5 I.I.N%ANI NT 42
NS (6111S914T(II NT 43
IF (IROWI.(O.0) GO TO 7 NT 44
00 6 J.1.IROWI NT 65
II (NSIGI.E0.IPPIT)Jl) GO TO S MT 46

6 CONTINUE NT 47
7 IROW I.IROW1.I MT 4S

IPNT (IROWI).NSF)Sl NT 49
I CONTINUE Mi 50
9 II (IROWI.LT.N0~MNPI GO TO II PSI SI

PRINT 67 NT 32
STOP NT 53

10 II (IROWI.IT.2) GO TO 14 NT 34
00 12 I.1.IROWl NI 53
ISCI IPNT(I) NT 56
ASMISIIISCI) NT 37
DO II J I .PSEO NI SR

II RP55(J).5O..0.) NT 44
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Q5.S5)SrI).II..Q.) NT 60
CAL L SOLVES )..OP.IM .I.~.W,~

- .*4R1..*4hfl.IA.5.P.S.MII.A wI Al
00 (2 hI).TROWI NI 62
(SCP.lDPSil5) *41 63

*2 CWN)J.Il.Q~.Sl ISCh /A~ 
N) ~4

85W.5. 511 65
£5A.0. p.) 66
DO 13 (./.IROX) NT (P
ISEIII— ) NI 68
00 *3 .).ISC) p~I 411
CUX.CP5S(1.JI PS-I 70
PWR.CASS()CUR—CMN)J .I))/C N.) p.1 XI
ASA.AS0 .PWR* PMA .si 72
II IDWP .LT.IS4) .1 TO I) p.) T)
ASM .PWI- NY 14
14T1D .IVN TII) PS) 15
NT SC. )PPS - T ( J )  NT 14

Ii COPSIINISF Ml 11
ASA.5OQTIASA •?./FLflAT )IROW1* (I5~IW(~~I)l ) Nt 7.5
PRINT SE,. ISM.ISTE-3.P TSC.ASL PsI 13

Is II ( PSO NET. EO .f l )  61) TO .8 NI MO

- - C 1sf 81
C SOLUTION 01 NFTWOR, E-1UATII7NS NT 42
C NI Ml

110 15 T.I.PSOIMN NI 84
RMIS*(I).(O..O.) P~I IS
DO IS I I . MDI~ N 447 VS

14 CM,s(I.jP.(fl..0.) *iI $1
NTEOIO p.1 85
NTSCIO IS) 09

C NT 60
C SORT P4(7101* ANt) SOURCE 0418 AP~( I  A SSIGN EOUA1IOP. UIMBEOS TO NI 91
C SEGMENYS . p.1 92
C 451 93

00 35 JI).NONIT NI 94
NSIGI.TSEGI(J( NT 95
M5’62.I5FO2)-J ) PSI Sb
II (NTY P )J l .GT. I ) (Li) TO IS Ml 97
Y1IR OI(R(JP Ml 94
Y)IT .OIIII 1) NI 94
Y12R.*I?R (J) Ml 100
YI2IIX)2I ( I) NT 101
Y220.022R(J) i~1 *02
Y22I~ ,??I IJ) NT 103
GO TO I7 NI IO4

lb 122*ITPVK IIIIil2WLAM P.S 105
YI2R O. MI *06
112I11./IIIIR(J)*SIN(Y229)) MT (07
Y1IRIX I2RI-J ) PsI 108
YIII.—Y12I’CO’-(1229) Nt *011
12215.02795.0) NT 010
Y2PIIYIII.O2ZI(J) MT III
YIIZ .YIII.0121(J) P5i II?
IF (NTTR)Jl.EG.2) (p0 TO Ii MT 113
V12R’—Y*2R Mi 114 1 -
Y121*—VI2I NT 115

17 II INSRP.T.(O.11) Oh) TO 19 NI 116
00 IS ?ol. NSANT NT 111
11 (SISIGI.NE.1SANT ) l) l  GO TO I” NT 118
ISCIII NT 1)9 4

GO TO ?? NI 120
IS CONTINUE 1ST (21
19 ISC1~ O NT 122

IF (NTII).E)3.0) 00 10 21 NT 123
00 20 1.1.141(0 NI *24
II (NSIGI.NE.NTEQAII )) GO TO 2o NT 125
IROWIII Mi 126
G O T O sES NT 127

20 CONTINUE NT (28
21 MTFO IPSTEO•I NT 129

IBOW1.PSTEI) NT 130
NTIUDaEO).MSEGI 1sT 53*
GO TO /3 1ST 532

22 11 (NT C.EO.O) GO II) 24 MT 133
00 23 t.I.NTSC PsI *34
II (NSFDI.NE.NTSCA)I)) (.0 TO 21 Mi *35
TROW1 .Nt)IM*50—I t~T 536
GO TO 25 NT *37

23 CONTTNIIF NT 135
24 MTSCINTSCII NT 139

T00w*.PST)IMMP—NTSC Psi (40
NTSCA(PSTSC)INSEGI Vp) 541
VSPCIPITSC).VSANT (ISCI( NT *42

75 TI SMS*PST.(I).fl) GO TO 27 NT 143
DO 26 ~II. P5SAN T 1ST *44
IF (NSFG2.NE.ISANT (I)) GO TO ?~ ~T )45
15C?=I NT *‘6
GO TO 10 liT )67

25 COMTIPSIIE NT *45
27 15(2.0 NT *49

(F (MTlhI.I0.0I GO tO 09 NT *30
00 20 I.I.P.YEQ NT *3*
II (N6rX2.NE.NTEOI!I)I (.0 70 70 Ni (32
18082.1 NI *53
GO TO 13 NI %54

2R CONTINUE NT *43
211 NTFO.TSTl)).I N T ISA

IRDW?.’I1EO 5.1
NTEO*)51SEO).NSFS)? NT ISR
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00 TO 1) NT *49
30 II (NTSC.EO.0) GO TO 12 NY 160

00 31 I’I.NTSI’ NI *41
IF INSIO2.ME .NTSCA I)) GO TO 3) MI 162
IROW2IPSh)IMNP—T NI 163
GO TO 33 511 164

31 CONTINuE Ps) 164
32 NTSCINT%C.I MI 166

IROW2.NDIMNP—NTSC NI 167
NTSCAIN1SC).NSEG2 MT 6$
VSRC (NT%C).VSAIST (I6C2) NI 169

33 II (NTSC .NTEh).LT.NOIM .sP) (.1) TO 34 MI *70
PRINT ‘7 MT Ill
STOP Is? 172

C MI 1 13
C FILL NITWORIP EQUATION #5*1310 ANT) RIGMT 4185.0 S(Ot vECTOR wITS. NT (74
C NETWORK SNORT—CIRCUIT AOM(T TANC I MAI lS). COEIFICIEsIS. NI )75
C .51 *76
34 II (ISCI .NE.O) GO TO 34 *51 177

CM,4(1Q0, I.IROWI l.CWNSISS OW ) . IROW 1)— C MP 1OII I IR.11I3) 1S) INSEGI) MI *7 5
CNN ( I8011. I ROW2 ). CM N( IROWI . I ROW P)— CWP LOSY *2R .YI2I AS IDsSEGI) NI 179
GO TO 34 PSI 180

35 RHN* (IPOWI) .RMNS)IROWI I .C9pLX(YI1R.V1l))1VSANI(I5~ )S’WL AW NT 181
QHN*SIROW?)IRHNlI140l7) .CMP1*(y)24.112T)•VSAMT(ISfl),WLIM MT 152

36 II (1SC2.NE.O) GO TO 37 5sT )53
CNNl1R0W2.IROW2).ClNlTR0W2.IPOW2)~ CM PLA (Y22Q.Y22I)ASl)NS(G2) ST 154
CM N (IROW2 .IROW) ) .CMN (TMOW2 .IKOWI)—CMPLS lT*2R.,I21 ’Sl (NS(G2 5.1 IRS
GO 70 15 NT ISA

37 R$N*(IROWII.R.-.N*(IROW)).CMPL* (Y520.l12(I SSANT (lSC2)/WL AM Ni IS?
RNNS)19O82).PIIPS* (11508?) .CMPLX (Y2?R .12?I )•VSAMT (ISC2)/.LAM NT 185

38 CONTINUE 5.1 159
C NI 190
C ADO INY FPA CTI ON MATRI . ADM ITTANCE ELEMENTS TO NETWORK fOlIATION MI 191
C MAT R IX MT *92
C N1 193

DO 41 ?.I.NTEQ NI *94
00 39 .J.1pNEQ MT *95

39 QHS(J).(0..0.) liT *96
IPOWI.NT(OA (I) NI IS?
RHS(IRGWI)I(I..Q.) Ni 198
CALL SOLVES (N0D,Cu.ID.RHS.NROW.NCOL.I*.NP .N.MP.M) PsI 1119
1)0 40 J.I.P4TE~) NT 200
IROWS.P.TEOA (J) NT 20)

40 CMNII.)).CMN (I.J).RHS(IROWI) NT 202
41 CONTIN UE Ml 203
C NT 2O4
C FACTOO NETWORK EQUAT ION MATRI X MT 20S
C P4T 2OA

CAL). FACTR )NT(0.CMN.)PNT.NO1PSN) NT 207
C NT 2OR
C ADO TO NETWORk EQUA IEOSS RIGHT 548440 OWL THE TERMS DUE 10 ELEMENT MV 209
C INTERACT IONS NT 210
C NY 211
42 IF (MONET .EO .O) GO TO 48 NT 212

00 43 t~ I.N (0 NT 213
43 RHS (I) .EINC (I) NT 2)4

CALL SOLVES INOP.Css.TP.RHS.NROW.MCOL.1$.MP.*5,MP,M) NT 2*5
00 44 I~~1.NTEO NI 2*6
IROWI NTEQ8 (f MT 217

44 RHNflI).RHNX(I).RPIS(1R044I5 MT 218
C NT 219
C SOLVE NETWORK (GOAT (067 NT 220
C *47 221

CALL SOLVE (NTE0 .CMM .IP)~~.VHNT. ’4OI N1s ) PIT 222
C NT 223
C ADO FIELDS DUE TO NETWORK VOLTAGES SO ELECTOIC FIILDS APPLIED TO Ml 224
C STRUCTURE AND SOLVE FOR INDUCED CURRENT NT 225
C NT 226

DO 45 T .1.NT EO NT 227
IROWI.PSTEQA (I) NT 225

45 E1MC (IPOWI) EINC (IROWI)—RP4NTII) MI 229
C A LL SOLVES (NOP.CM.IP.EINC.N#OW, PACOI.I*.NP.N.MP.M) Mi 230
II SM PP?N T .E0.0) PRINT 59 NT 231
IF (NPPIMT.E0.05 PRINT SR NT 232
DO 46 I.I.NTEO NT 233
IROW 1I NT EOA ( I l  NT 734
VLT.RHl4T (I)~ SI (IR0W*)~~WLAM NT 235
CUR.EINC(IROW I) .W LA N Ni ?36
1NIT~CUR/VLT NT 237
ZPED.VL 7/CUR NT 738
180W2.TTAGIIBOWI) NT 239
PWR..S~REAL (VLT~ CONJG (CUR)) P~i ?40
PNI S.PMLS—PWR NI 241

46 11 (NPP?MT.EQ.0) PRINT 60. IROW2.TROWI.VI, V.CUR.ZPCO.YMET.PWR 1sT 242
IF INTSC.EO.9) GO TO 49 NT 743
DO 47 I~~L.NTSC Mi 744
IROW1 .NTSCA (1) NI 745
VLT.VSOCI1) NT 246
CUR.EINCIIROWI) WLAM NT 747
YMIT.CI R/VLT NI ?45
2PEO VLT/CUR NT 749
I50W2.1TAGUROW1I NT 250
PWR..S.R(ALIVLT~ CONJGICUP)) NT 231
PNLS.PPALS—PWR Nt 232

47 II INPPINT.EQ.0) PRINT 60. 1R0w2.IROWI .VLT.CUR.2PFD.YMII.PWR NT 233
GO TO 49 Nt 734

C N T 2SS
C SOLVE FOR CURRENTS WME*4 NO p4(1108150 ARE PRESENT PET 756
C NI PS?
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40 C*1~L SOLVES (NOP.CM.I3.€INC.NROW.NCD)..IA.NP.N .MPpu) NI 255
NTSC.0 NT 759

49 II (MSA NT.EQ.~~) AFTUR ’I NT 760
PRINT A l NT 26*
PRINT 10 NT 262
DO 55 )It.P4SANI NO 763
ISCl~~IS ANT (I) NT 264
V L T . V S A ’ S T ( I )  NI 065
II IMTSC .Eh) .OI GO TO SI NI 266
00 50 J.1.MTSC NI 267
IF (NYSCA(J).TI).ISCI) 60 10 52 NT 168

SO CONTINUE PSI 269
SI CUR.EINCIISCIS•wLAM NT 270

IROW1., NT 271
GO TO S4 NY 272

42 IROII=NOIMNP—J N? 273
CUR.RMN*)IROW)) NT 774
00 33 .JI~~.NT(h) NI 275

53 CUR.Ci)Q.CMNIJ.IROWI).Dh.NT(J) NI 276
CUR.(EIPSC(1SCI).CJRI WLAM MT 777

54 YM IT.CUR/VL T NT 258
?PEO ViT/CU9 NI 779
PWR..S.QEAI.)VLIICONIG(CUNI) NI 280
•IN.PJM.PWR NT 281
Il IROWI.NF.0b P5.LSIRPSLSVPWR ‘41 282
IROW2.)TAG(ISCI) PSI 153

55 PRINT 40. IROW?.(SCl.VLT.CUi4.ZP~D.YMIT.PWR 1ST 754
RETURN NT 195

C NT 286
46 FORMAT I ///.31.47$MAXIMUM RELATIVE A SYMMETRY OF TP.E (‘RIVING POIN NT 257

1 1.2154 ADMITTANCE M AIR) * IS.(IO.1.1 3s. FOR SEGMFNTS.15.445 *5.0.15./. NT 25$
2 38.?SMRMS R ILAT IVE A S IMM E TRY IS.FIO .3) NT 259

57 FORMAT 1I0 .44MERRT)R — — NETWORK ARRAY DIMENSIONS TOO SMALL) NT 290
SR FORMAT (30.3HIAI. .3*.4I-.SEG. ,S*.15HVOLTAG ( (VOLISI.11*.145.CUNRENT (8 NT 291

IR PS).I?0.lbHIW P(DANCE (OHMS) .100.I75.ADM ITTANC ( (Ms.OS).fi*.SP,POWER./ NT 292
2.31.3HNO..3*.)siNO ..SA.4p,REAL.Ql.SPSIWAG..3(R*.4KREKL.9*.SMIMAG . I.?) NT 293
3.7W(WATTSS) NT 294

59 FORMAT )//,.3?I.6A$— - STMUCThJNF iXCITAI IOPs DATA Al NETWORK CONN NT 295
IECTION POINTS — — —p/) NT 296

40 FORMAT (2)l*.ISl.SEI3 .4) NT 297
51 FORMAT (/#,.460.36P.— — — ANTENNA INPUT PARAMETERS — — — ..l MI 2118

END NT 299—

SUSROUTIN ( PATCH (N*.Nl.*C.iC,7C.AL.RT.ARI PA 1
C PA 2
C PATC H PfRFORMK VARIOUS OPERATIONS Dl. THE GEOMETRY DATA FOR PATCHES PA 3
C PA 4

COMMON ~Q8TA/ LD.lE.NP.M.MP.*(I 000).Y(l000).2(1000I.SIII000).MI (IOO PA S
ID) .ALPUSOOS.RET (10805.ICOM I (l000),ICON2 (1000).ITAG)I000),WLAM.IPS PA A
2YM PA 7

COMMON /*PEOL/ SaLP(I0~ 0) PA 8
DIMENSION T I I (Il. TI’(I). T I Z ( l ) .  T 2 0 ( I ) .  T 2 Y E I ) .  T 2 Z ( 1 1  PA 9
EQU IVAl ENCE ( T l X . S T ) .  II IY.ALPI.  4T*Z.REI). (t2X.)CONI). •I21.ICON PA 10
I?). (T7?.IT*G) PA 11

c PA 12
C SET PARAM ETERS TO DEFINE A NEW 158105. P A 13
C PA *4

M.M.1 PA IS
lP5VMI~ PA *6
NP.N PA 17
MP.M PA 15
MI.LD.)—M PA 19
ISWI).OC PA 20
YIMI).YC PA 2*
l(Ml).7C PA 22
8I(NI l .8R PA 23
i82.COS I AL ) P4 24
*82.?W?.C0S TOT) 155 25
7w2.?W2.SIN(RT) PA 26
ZW2 .SIN(AL ) PA 27
ZAISQRI(*W2’*82.YW2 YW2 ) PA 25
IF (0A .LT .1.E—6) GO TO I PA 29
TlR(MI ).— 112/XA PA 30
TI Y (MI).*W2/8A PA 3*
T1 7(MI).0. P8 32
$0 T0 2 PA 33

I TII (MI).I. PA 34
TI Y(151 .0. PA 33
T l?EMI ).0 .  PA 36

2 T20 (MI).YW 2 TIT (MT ) 2W2 ’TIY (M T) PA 37
?2Y(MlI.ZWZSTIS (MI)—8421TI7 (MI) P4 35
TZ2(M11.882*tIY(IEI)—1W2 •T1XIMI) PA 39
SAL PSMT) .I. PA 4?
RETUR N PA 41

C PA 42
C GEMERATE SURFACE ST M’I).TIPE SMIITING OF Ts-.F LAST PATCH INPUT. PA 43
C PA 44

ENTR Y RACHS PA 43
MI.LO•l -M P4 46

pA 47
YWIUY (MI)—YC PA 4R
ZWI~ Z4WtP PA 49
511.111(M)) PA 50
SlV.TI,(MI PS SI
S*l.TIT (M I) P A 32
621.T?, 1)11) P4 33
02Y.127(MII PA 54
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531K12 7)M *) PA 55
RA.R I (M IS PA 36 

..

SALN.SALPIPSIP PA 57
N*P.NI.I pa 58
NYP.NI.1 PA 59

C LOOP FOP SMIFTINU PAT)., I. P PA 60
00 4 17.1.1ST15 PA A l
Y8I~~VlI.YC 

PA 62
811.151 PA 63

C LOOP FOR MI FTIIWG paTfIl IN K PA 64
00 3 Il.I.NAP PA 65
AWI .AW * .AC PA 66
IF IIR .EO.l.ANO.II .LO .I) DOT 10 1 PA 6?

PA AS
M I.MI-) PA 69
l IMII~~..I 

PA 70
PA 7 5

?IWI).1Wl PA 72
SI(M IPKKA pA 73
%ALP(MT) .SALN PA 74
718( Ml).SIl PA 75
TII(MI .SIY PA 76
TIflM I,.SIZ PA 77
T27(MI).S2i PA 7R
T21 (M 1 .S2Y PA 19
T275 M 1 .S27 PA SO

3 CONTINUE PA 8*
4 CONTINUE PA 82

NP.N PA 53
MP.M PA 84
IPSYM., ~4 85
RETURN PA R6

C PA 57
C SUSDIV IDE PATCH TO WHICH A SEGMENT END IS CON PsECT~ O P4 5$
C PA 59

ENTRY SI1RPH 154 90
IF (NX .tO.W) GO TO A PA 91

C SHIFT DATA FOR PATCHES N*.I TP,ROUGI4 M DOWN RI 3 LOCATIONS IN PA 92
C ARRAYS PA 93

PA 94
IX.LD—5. pA 95
DO S IY.N0P.M PA 96
15.1*.) pA 97
NVPwI0— 1 P5 95
X (NYP).X (IR) PA 99
Y (NYP).Y( IK) 04 100
Z(MYP).2(IS) PA 101
Pl)NY D).SI(I*) PA 102
SALP(NYP).SALP (I*) P A 103
Tll(MYP)OTIMIXI PA 104
TI YCNYP).TIY (I*) PA *03
I1Z (NVPP.T l2 (T1) PA *06
12* (NY P).T2* ( I*)  PA 10 7
T2YI NYP ).T2Y ( IX )  PA lOS

S T22 (NYP) .Y2ZIIX ) PA 109
C INSERT DATA FOR SUODIVI0ED PATCHE S INIO ARRAYS PA lID
A M1.LD.)—NS ~~ Ill

8W1.X(NI) PA *12
YW IK Y IW I ) PA 113
ZW 1 .Z)MIP PA 114
*A .Sg fMr I ..29 PA IIS
*ST.SGRT(IA ) .5 PA 116
S1X.TL ISMI) PA 507
S1 Y .TIYIMI ) P8 *18
5l2.T)2(MI) ~A 159
528.T2)(MI) PA *20
SZY.T?YI M 1 ) PA 121
522.TPTIMI ) PA 122
SALN.SALP(M I) PA 123
*82.151 PA 124
V.52.051 PA 525
00 9 II~ I.4 

PA 126
K(M1).0W1 .0W2’SlR.Y828S2* PA 127
VlMZ).YW1.182.5)V.Y52.S2Y P5 128
ZIM I) .PWI .1W2.S12.Y82.S22 155 579
SI(III).RA PA 130
IF (I 1.NE.1) GO TO 7 PA 131
8828—082 PA 132
GO 10 8 PA *33

7 TIIIM I) .SII 155 *34

T* Y(M I .SIY PA *35
T12IMI 8SI? 155 136
T2x N~~~S2r 

137
t2Y(MII.321 PA 138
T2ZIM1).Sfl PA (39
SALP (NI).SALN PA *40
IF (I K.E0.2) YW2 .—782 PA 581
IF #Io.EG. 3) Iw2.—x82 PA 142

8 Mt .MI—l PA 143
9 CONTINUE PA 144

M.M’3 PA 143
IF (M0.LE.MP) MP.NP*3 15* *46
RETURN PA 147
(MO PA (4S.~

SUOROUTINE PC?NT III.YI.ZI.*A.CARI.SASI.S4LPI.E) PC 1

C PC 2 - -
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C PCINV RERFORMS 154€ NUMERICAL INTEGRAT ION OF Isi S-,RFACE CURREISI PC 3
C INTERPOLATION FUNCT ION OVER THE FOUR PATCHES AT IsE BASE OF A PC 4
C CONNECTED WIRE TO YIELD THE E FIELD ON 11* CONNECTING wIRE SEGMENT PC S
C PC 6

COMMON /0811/ T)A T. Tl-VT .TIZT .I2,1 .i2y1. 121(.,I.Y).ZI PC 1
D IMEMSIOPS S I X )  PC S
COMPLES E).(2.E3.E4.(K.E6.E 1.LM.(S.EI..LIT.E Il.i2~ .E~~Y.E2Z.E PC 9
OSTA TRT,6.25)IRSSON,.PSINT,1I, PC *0
D.SORYI#A)..5 PC II
DS.4 ..o/ FLOA1 PEINII PC 12
05.00•61 PC 13
GCON.I.,*A PC I’.
ICON.I.,)7.•TPI~ Ds PC 15
5J.0.Oc..5 PC 16
*SS.*I.SI.l1I*I.T2II) PC *7
ISS.i*.SI .IIIYI .T2YI) PC IS
ZSS.ZI.5l•III?I.1271) PC 19
51.51’ PC 20
S2t~ S1 PC 2 1
El.(0..0.5 PC 22
EZ.(O..0.) PC 23
E3.)0..0.I PC 24
E4.IO..O.) PC 25
i5.(0. .0.) PC 26
E6.)0 . .O.)  PC 27
F7 . (0. .O. )  PC 29

PC 9
€9.50..0.) PC 30

C INT EGRATION Ov ER YRE 4 PATC HE S W I T S .  615.1 4 lINT STEPS PC 31
00 I II.I.NINT PC 32
51*51—OS PC 33
52.52* PC 34
555.55S—OS•7Ix1 PC 35
YSS.YSS—OS.Tl-V I PC 36
ZSS ZSS—0S•TIFI PC 37
*5.155 PC 35
VS*YSS PC 39
?S.7SS PC 40
00 I I2.l.NINT PC 41
52.52-OS PC 42

PC 43
YS.VS—OS•T211 PC 44
7S.Z5—flS•T2 1 PC 45
CALL NSERE IkI—*S.T1—SS.7I—ZS ,O4.El*.EIT.f17.€27.E7Y .(/2) PC 46
ElX’EIX•CAOI .EIT SA$I.EIZ’SALP) PC 47
E2X.E2x~ CARI .F2Y~ SABI.E2Z~ cALPI PC 45
GI*(0.cIX.IO.52)8OTCON PC 49
G2.(O—Sl)•(O.S2) GCON PC SO
G3.ID—SI)•(O—S2)~~GCON PC SI
G4.ID.cl)•)D—52) 000N PC 52
F2 ISI•Sl•S2~S2) TPI PC 53
FI.SI/I2—(G1—G2—G3 .G4 )~ IC0M PC 54
F2.52/F2-(G*.G2—03—04)•FCON PC 55

C SUMMATION OF THE 9 CONPONENTS - TWO SURFACE COMPONENTS EACH FOR PC S6
C THE FOUR PATCH CURRENTS PLUS 1sF SEGMENT Cu RRENT PC ST

El .EI.F11 61 PC 55
E2HE2.115•GP PC 59
E3.E3.FI)~ G3 PC 60
E4HE4.EI*•G4 PC 61
£5—E3.12*•GI PC 62
16.fb.12*•02 PC 63
17.t7.5218C.3 PC 44
ESwt8.F2*~ fp4 PC AS

* E9.E9.FI* F1’E20 F2 PC 66
(5I) EI PC 67
E(25 8E2 PC 68
E(3)HE1 PC 69
E(4).E4 PC 70

PC 71
E(A )*t P  PC 72
E) 7).E7 PC 13

PC 74
PC 75

RETURN PC 76
END PC 77-

SURROUTIME PRNT (INI.1N2.IPS3.ILI.FL2.FL3 .FL4.FL5.FLApIA.ICHAR ) PS I
C PR 2
C PRNT SETS UP THE PRINT FORMATS FOR INPEOAPSCE LOADING PR 3
C PS 4

DIMENSION IVAR (13). Ia (l). IFODM(A). )NI3). INT (3). FL(S). FLII6) PR 5
11.1TEGEP HALL PR 6
DATA 1FORM ~SH (/3*..J1P)S. .3Pj5X..SHAS,,SPIEO 3.4..4P’IOI.. 3H3*..SH2AIO) PS V

1/ PR $
C PR 11
C MUMSER OF CHARACTERS PER COMPUTER WORD IS NCPW PR *0
C PR II

DATA NCPW/IO/ .PSALL /4H ALL ? PP 12
PEW0#OS*(ICHAR—l)/NCPW.) PR 13
IH(l).TNI PR *4
I N ( 2 ) ~~TN2 PR IS
ft4(3~.1E43 PR 16
FL(I).FLI PR I?
FL(2) IL2 PU SR
FL (31 .FL3 P8 9
FL(4)~ IL4 PR 20
FL(S).F L S PR 21
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FL565~ FL6 
PR 22

C PR 23
C INTEGER FORMAT pR 24
C PR 25

P4INT” O PR 26
IVAR (ll .IFOPM (I) PR 77
5181 PR 25
lI~~l 

P~ ~~
IF l,PSI)T.II N*.fO.0.APSfl.Il4P.U3 .I.*Nfl.I’AJ .L O.KI) GO TO * PR 30
INT51I .$ALL PR 31
N(NV ~~I 

PR 32
11.2 ~R
5.51.1 PR 34
IVAR (Ku.IFORM).. I PR 35
00 3 1.11.1 PR 36
*51k. !  PR 37
IF )IN)I,,EO.0) GO TO 2 PR 38
NINT.NINT.I PR 39
IMT (NIPST)’IN (I) PR 80
IVARIKS. IFORM)21 PR 4*
GO T O 1  PR 42

2 IW&R (kl.IFORMI3) 43
3 CONTINUE PR 44

PR 4S
IVAR (KI,IFQRM(T) PR 46

C FLOATING POINT FORMAT PR 48
c PR 49

NFI.T’O PR SO
DO S I~~1.6 

PR 5)
(.51.1 PR 52
IF (*5c(FLII)).LI.1.E—20 ) GO TO 4 PR 53
NFLT .N FLT I PR 54
FLT(NFLT)~ FLII)  PR 55
IV A R ( K ) . I F D R M ) S )  PR 36
GO TO Y  PR 5?

4 IWAR(K).IFOPMI6 ) PR 58
S CONTINUE PR SR

51.51.1 PR 60
IVAR )K) .IFORN (7) PR Al

PR 62
IVARIKI .IFORM (fi) P0 63
PRINT IvAR . (I,11(1I.I~~I,MIN1I • (1LT1J5 .J*1.NF1-TJ. (TAfL).L .2.NsS 000S) 

98 64
RETURN ~~ 65
END P0 66—

SUBROUTINE REFLC (l*.TY.IZ .I1X,NOP) RE S
C RE 2
C REFLC REFLECTS PA RTIA L STRUCTUSSY ALONG 4.1. OR 2 4115 OR ROTATES RE 3
C STRUCTURE TO COMPLETE 8 SYMMETRIC STRUC T URE . RE 4
C RE S

COMMON ,OATB/ LD.*S.MP.M.MP.*(l000).Y(I000).?II000).S1(I000).8U100 RE 8
I0).4LPII000).MET (1000I,ICON1(1000).ICON2)I0001.ITAG (*000) WL*5’.IPS RE 7
ZYM RE S
COMMON /ANOL / SALPI)000) RE 9
DIMENSION TIllS) . TIYU). T1Z11). T2OIO). 121(11. 122(l). 42(11. V NE 10
12 (1). 124*) RE II
EOIJIVAu FNCE ITIO.SI). (IIY. ALP). (5)2.0(1). (T20.ICOP4I). (Y?Y.ICON RE *2
1?). (Yfl.IT AGI. 102.St). (YZ.ALPI. (22.0ET) RE *3

RE 14
MP.M RE 15
IPSYN.O R( lb
ITI. IT* PC Ii
IF ( IO .LI .0) GO TO IS RE 15
II INOP.ED.0) RETURN RE *9
IPSY M*T RE 20
IF ( It .EQ.O) GO TO A RE 21

C RE 22
C REFLECT ALONG 2 AIlS RE 23
C RE 24

IPSYM.? RE 25
IF (N.FO.0) GO TO 3 RE 26
DO 2 T.I.N RE 27
NX.I M RE 75
(*87(0 5 RE 29
12.72)1) RE 30
IF (A8r (EI).AAS(E21.ST.l.E—S.AMfl.El’€2.0E. I.E 6) GO 10 1 RE 31
P5)141 4. 1 RE 32
STOP RE 33 —

S(N*1.x(I) RE 34
YlNP)~~Y)I) 

RE 35
RE 36

S2INR) .*2U1 ) RE 37
Y2(Ni) .Y2 (l) RE 38
Z2(M*I.—C2 RE 39
IIAGI.1T 8011) RE 40
IF (IT AG1 .EO .R) IIAG(. iX).uI RE 41
if IIIAOJ.Nf.O ) ITAOIN *).ITAC ’I.ITI R( 42

2 R I I N *) .8I111 RE 43
RE 44

Itl .ITI’2 RE 43
II IM .(G.O) GO TO s. RE 46
MI*~ I.D’1 R( 47
00 S I.*.M RE AR
N*7 N*l— 1 RE 49

RE 30
IF (APS(2)NIO)).GT.I.1 1O) GO TO 4 RE SI
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PRINT ‘S. I ME 32
STOP RE 53

4 IIN*)~~ sI N K K )  RE 54
Y l Pj A ) . y 5 N ) l )  RE 55
ISISZI .—71N115 Pt 56
TIO INKS. T IXS ’ 4Il RE 51
T I Y IN K I . T Iy ) N ,K )  sEt 50
1 IO lMKI ~~— T I 7 4 P i g K I  ill 59
T2ITNII*T24(NX *I RE 40
T2YINK).T21(NK*) 501 61
I2flN (,,—Tl7(N (lu RE 62
SALP (Nll.—SALP(NXII RE 63

S $I(N*u.R I (Nl,u RE 64
M.M~2 5sF 65

s. IF (11 .10.0) (‘.0 TI) 12 RE 66
C RE 47
C REFLECT ALONG y A~~ 5 RE 45
C 81 69

IF IN .r3.Oh GO TO S RE 70
00 8 I.l.PS RE 7*
NK.I.N RE 72
(1.1111 RE 73
(2.1211, RE 14
IF lABc)EI).AP SIE2l .(,T.I.E—, .A,I5 .EI .F2 .GE._ 1.E~6, GO TA 7 RE 75
PRINT ‘4. I • RI 76

• STOP RE 77
7 1554*S*l(I5 RE 78

YINK)’—E l RE 79
ZINI)’/II) RE 150
X 2TPS*).021I) RE 81
Y2TM*).—E 2 RE R2
Z2INZ)=22I1) RE R3
ITAGJ .ITAG (I) RE 84
II IITAGI .EQ .11 5 IIAG(N4).O RE 95
IF II TAGI.NE .0 ITAG (PS*).ITAGI.III RE 86

S BI IN*).RI (Il RE 8?
N’N~ 2 RE SR
ITI—ITI .2 RE 59

9 IF (M.FO.O) GO TO 12 RE 90
N**~ LD.l RE 91
DO 3) 7.3.M #1 92
N** .NKx— I RE 93
N*.MV*.M RE 94
IF lAP~ (Y TN**l .GT.1.c—lO) GO TI) II RE 95
POINT ~5. I RE 96
STOP RE 97

10 *INEI .l)N**) RE 98
YI N))~~— Y ) N * * )  RE 99

RE 100
TI*TNX ).Tl*TNXT ) RE 10)
TIYINX ).—T*IINII*) RE *02
T IZ INI) .TI2INO*) RE *03
T2 OI NX).T 20 (NOII ) RE 104
T2Y (N l) .—T2 YINTI )  RE *05
T2!(NOI.T2?(Nxl) RE 006
SALPINI).—SALPDS*X) RE 507

1* BI)NX )’RIINII II ) RE 108
M-M *2 01 109

12 IF 111 .10.0) 40 10 18 RE 1*0
C Pt Ill
C REFLECT ALONG * A i lS  RE 112
C R( *13

IF (N.FO.O) GE) 10 IS RE 1*4
DO IA I.I.N RE 1*5
MI.I.N RE ISA
(1.1 11) RE 157
(2.82(11 RE *18
IF IAR SIEII .AHSIE2).GT.1.E—S.AND.E5 .E2.GE.— I.E— 6 GO TO 13 RE 119
PRINT 24. I - RE *20
STOP RE 121

13 *114* 1.—El RE 522
Y lM*).Y(Il 01 *23
Z(N*).? (1* RE 124
*21N8).— E2 RE *25
y2(NX) .Y21I) RE 126
72(M*).22(II RE *27
IT A&I .ITAGT1I RE 12$
IF (IT AGI.Efl.O) ITAG(’4*)&T RE *29
IF IIT AGI .PIE.0) IT8GINK).ITAGI.ITI RE *30

14 RI (N51).RIIII 01 131
N.N•2 RE 132

IS IF IM .FC).OI GO TO IS 01 *33
N*T~LD.I $1 134
00 17 T*l.N Pt *33
NI*.P111—I 01 138
NK.Nlk—M 01 137
IF (A0 5(*(Nz* ).GT.I.F—10) GO TA SE, RE 131
PRINT 7S. I BE 139
STOP RE *40

IA l(P1*5~~~l (M**) RE *41
Y(P4?)~~y4NX*J RE 142
Z(N*).7(N**) RE *43
TI* IN*).—Tl* (NIO) RE 144
TIY (NK) .TIY(Nx*) Pt *43
TI7INI).TIZ(M0*) PC 546
T27(NO).—T?IIN))) Pt *47
TZYIN*I.T2YIN**) PC *48
T2 7(H0 .T22(N** )  Pt *49
SALPINI .—SALP (N**) RE ISO
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)7 SII N A)~~EI - I RI ~‘2M.1SW2 RE 152 S

IS RETUR I RE *53
C BE
C R E - ” >  ‘~~~?‘-~~1 •! • ~))~~11 ) ’ u . T ’  • ) -~~ (~~ L INO R ICAL TRUCT IJPE RE 1’

RE 1’- -
19 FN~,P..I ) RE )S~IP~ lM . - 1 RE )S~

I ~~~~ RE 15~CS.COSISA ”u RE 160
SS.SIN SK’ RE 163
IF IN .u-~~.0) 

- ,~  RE 16’
N*5*PdO) RE )bi
NK.NP.( RI Ib~00 20 ~~~~~~ RE )5.’
v.1-N RE *6)-
K 5 1~~~K ,K) RE 161
1 5 1 .I I T )  RE 168
KIIu .lP.C ,—v ~~~~ RE *5.9
1(1)’ CS RE ITO
Z(II.fl’  RE Ill
* 5 1 . 4 2 1 * 1  RE *12
1S.Y2u.I RE 173

— *2III .’’• ~~~~~~~ RE 1 15.
12)1 RE ITS
221I1’ ’ ’ ~E ~~~IT*C.!-I1 S- ~ ~

, RE 517
IF I T ’ ~~l t - ~. - I T EC.I1 - .0 RE 5711
IF (I T *C I .1 - - r ~- :5 1’ I • Iii RE 175

20 5 I l L I ~~SI ’~~i RE 55.0
2* II IM .F’~.01 r.— ‘a 71 RE *6*

M.M55409 RE 582
N1.MP’I RE 183
k L D ~ * RE *84
DO 22 I51NK .M RE *~ 58_ K_ I 01 186 •

J.51—E5P RE 18?
RE 185

YK .YlK) RE 159
RE 190

YlJ)51051’S5 .YK •CS RE 191
21)1.2(51) RE 192
*K.T**(K) P1 193
115.1* 1(51) RI 594
Tlx TJ)’*uc~ CS—- .’ RE *95
TIYlJ I . Ik’SS .Y. .C~ RE *96
T1?l -J).TIZlk) RE *97
*51*127)51) RE 195
151.T2YIR) RE 199
T2 l(J l .K*~ C S — . / • S S  RE 200
T2V (Jl.IK’SS....’CS RE 20*
T22(J).TflIIP 5 RE 20?
SA L PIJ ) .SA L P IK (  01 203

22 S T I 5 ) . P I I K S  RE 204
23 RETURN RE 205
C 01 206
24 FORMAT (79H 6* V 4E ,r~T ~4Iv C’- -  R t P .! .1S .25,H LIES IN PLANE OF S RE 207 —

LYMM EIRV I RE 208
23 FORMAT I??. c- I ~~ ~ - A r  F .~ P~ --~A Tc- -~. 14.2)-N LIES IN PLANE OF SIN RE 209

IM (YR1I RE 210 . .
1(40 RE 211—

SURROUTINC i,CV -.1 ’ .  A .IP.N.NOIi ’ SO I
C SO 2
C SURROU’INE 10 DLVL 1 --I $4T1-TIi (‘OUAT ION LU O•R WHERE L IS A UNIT SO 3
C LOWER 1IA5.C r AR A ’ ’ Y ’  A~~’ U 1’ 414 UPPER TRIANGUl AR MATRI * 5(5TH 50 4
C OF W I-SIC’-. ART - ui.t1 1 •. THE pi-u ç VECTOR P IS INDUT AND IS-st so 5
C SOL UTI ON IS R E T ~~~~sP c, T ’’~O~~ .~~ VECT OR 3. IMA IR I* TRANSPOSED. SO 6
C SO 7

OIMENSION A (Nr) Iu.lso lss, .  IP(P4O*M) . 811401W) SO 8
COMMON ,SCKAT’, 0 (15001 SO 9
COMPIE, A~ 9,y,~~~i so io
INtEGER P1 SO II

C 50 *2
C FORWA RD SU I.STIII)T F r- - SO 13
C SO 14

00 3 I.l.N SO 15
PI.IP (I) SO IA
Y(l)~ BIPI) SO *7
R(PI).RII) so IN —
IPI.I’I SO IS
IF IIPT .GY .’- GO TO 2 SO 20
00 I J .IPI.N SO 21 - -
5lJ).RTJ )—4T1.J) .l( I ) SD 22

I CONTINIJF SO 23
2 CONTI N JE ~~ 24 — .
3 CONTINu E SO 25
C SO 21,
C RAC KWA OD S) R SIIJ UT 1 C)’- 50 77
C 50 28

00-6 15.1.14 SO 29
I.N—K’I SO 30
SUM IIT. .O .I SO 31
IPI I’I 50 3?
IF IIP).(,T..1 GO TO 1. SO 33
00 4 J.IPI.l5 SO 34
SUM.SUW .A4.I.I3.NJ 1 l  SO 35

S.
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4 CONTINUE SO 36
S CONTINUE SO 37

R( I I . ( Y I I )— S U M ) / A ( I . I  SO 38
6 CONTIN UE SO 39

RETURN 50 40
(NO SO 41-

SUAPOUTINE SOLVES INOP.A.IP.B.NQOW.NCOL.I*.NR .N.MP.M) 55 1
C 35 2
C SURROUT1NE SOLVES . FOR SYMME TRIC STRUCT IJREY . HAND lES T#E SO 3
C TRANSFORMATION Of THE RIGHT NAN?) SIDE VECTOR AND ‘OLIJIION OF THE OS N

C MATRI* EQ. SO S
C SO 5.

COMMON /SMA T / 5)10.10) OS 7
DIMENSION AINPOW .ISCOL). IRIS). 1*111. 50 (1) S5 S
COMMON ,SCRATM, 0)1501)) 55 9
COMMON #MA TPAR2 ICASE.NRLrR.S.SPRLS .P.L4ST.NMLSIM.NPSYM.NLSYM SO 10
COMPLEI A .M.Y.SUM.S SO II
NPEO.ND.? MP 55 12
NEO N.’•M OS 13
IF (NOP .EO.ll GO TA I) SS 14
IF (N.F0.O.OR. M .IO.0) GO TO 6
00 1 J.!.UfQ OS IA

5 V II).P)I) SS 17
SS 18

I5.NP 55 19
IR.N SS 20
J.NP 55 21
DO 5 15.1.NOP 55 22
IF )K .FJ),l) GO TO 3 55 23
00 2 I’I.NP SS 24
I A .IA .l SS 25

55 26
2 B)J) .y (I A ) SS 27

IF (K.FO.NOP) (‘.0 50 5 SS 25
3 00 4 1.1,1551 SS 29

IIT.IR.I 55 30
3.3.1 55 31

4 BI J) .YIIP) 55 32
S CONTINUE 55 33
6 FPEOP.NOP SS 34

FNORM.I./FS-SOP SS 33
C 55 36
C TRANSFORM MA TRI X to. p85 VECTOR ACCORDI NG TO SY MM ETRY MODES 55 37
C 55 35

00 10 I~~I.I4PEO SO 39
00 7 0.1.3409 SS 40
IA .t .(K—II.NPFO SS 41

1 Y)0).RIIA ) 55 42
SUM.Y(I) SS 43
DO 8 15*2.NOP ss 44

O SUM SUM.YTK) 55 45
R(I).Su,N~FASOPH SS 46
DO *0 51.2.NOP 

- SS 47
IA .1.IK—1 )•NPFO 55 48
SUM*Y (I) 55 49
DO 9 J*2.NOP ss so

9 SUN.SuJM.1(JI.CONJG(SI51,J)) ss Si
10 R IIA) .SUM•FMORM • SO 52
11 IF (IC ASE.LT.31 GO TO 12 55 53

REWIMI) 15 - 05 54
P1141541) IA SS 55

C SS 56
C SOLVE EACH MODE (OUST ION 55 57
C SS SR
12 00 16 5151 1.NOP - 55 5~IS .(KK—1 )~ NPEO .1 OS 60

18.18 SS Al
IF (IC ASE.NE.4) GO TO *4 SS 62
00 13 ?~ I.NPEO SS 63

*3 READ (IS) IAIJ.I).J.l.NPEOI SS 64
15.1 SO 65

*4 IF IICASE.EO.1.DR .)CASE.(0.S) GO TO IS OS 66
CALL SOLVE INPEO .ATIR.1).IPIIA).P(IA).NMOW ) SS A ?
GO TO I6 SS AR

15 CALL LTSO4.V 04.NPEO,MCOL.IX(IA).5(IA)) SS 69
IA CONTINUE SS 70

IF 15409.10.1) RETURN SS 71
C SS 72
C INVEROS TRANSFORM THE MODE SOLUTIONS SS 73
C SS 74

Do 20 I’I.NPEO SS 75
00 37 15 I.NOp $5 76
IA.I.(w— I)•PEPEO SS 77

1 7 Y lk ) 8(VA ) SS 78
SUM.Yfl) SS 79
00 18 w.2.S4OP 55 SO

IS SUU SUM•Y (K) ss s*
811 1.511W SS 82
00 20 v~~~.NOP SS 83
IA.I.Pc—S).NPEO SS 84
S UM MY IS )  33 85
DO 19 J.2.NOP 5% 56

19 SUM.SUM.Y)J)•SI*.J) OS 87
70 8118) WSUN 55 58

IF TN.F0.O.O8.M.tJ5.0) RETURN 55 59
DO 21 I.I.NFO 53 90
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21 V lI).S)I) SO 91
KM.?•MP 55 92
IA .NP SO 93
IR~N 55 94

53 93
00 25 ~~5.NOP 55 86
IF (K.EO .SS GO 10 23 55 97
1)0 22 1.1.5W 55 95
IA .TA .I SO 99
3.3.1 SS *00

2? RIIA ).Y)J) SO *05
IF (K.FO.NOP ) GO TO 25 55 *02

23 1)0 24 ).5,Il (( 5$ 103
IR IR•1 55 *04
3~3.1 55 505

2. 84151.0(J) SS *86
25 CONTINUE 55 107

RETURN S5 *08
END 55 109.

SUBROUTINE SUMI (NP.A.NOP.IP.N, SI I
C SI 2
C SUR ) IS USED FOR THE ‘(UT UT COPE SYMMETRY CASE AlIEN THE NP•NP 55 3
C SUMMATRIX FITS IN COW51. IT CALLS FACT R NOP TIME S Si 4
C Si S

COMMON ,PESTRTI IC1.IC2.1C3.NIEES.NPRES.ISLCK.IDtSS*p .YNOUW.I*IIM SI 6
DIMENSION 4)NP.NP). lois) SI 7
COMPLEO A 5* 8
NCI.IC?.l SI S
IF (ICR .EO.05 GO TO 3 5* 10
IF (IC7.(Q.MO P) GO ID 7 55 55
00 2 1.I.1C2 SI *2
00 1 15*5.1W SI 13
PESO 153) (A(J.51).j.5.34P) 5* *8
READ (53) IA(J.8).J.I.NP) SI *5

S CONTINUE SI IA
2 CONTIN(JE SI 17
3 CONT INUE 55 18

00 6 IS(.MCI.MOP 55 *9
00 4 I.1.MP 55 20

4 READ (13) (A(J.I).j—1,NP ) SI 21
KA *(Kk.5)•NP .I SI 22
CALL FAC TR INP.A.IP(*I).NP) SI 23
1)05 1.1.5415 SI 24

S WRITE (15) IA (J.I).J*).I-SP) SI 25
I C2.KK SI 26
CALL CWRPRT SI 27

I. CONTINUE SI 2$
REWIND 15 SI 28

7 RETURN SI 30
END SI 3*—

SUBROUTINE SUB? (S,5.p.MCOLS.SOP,IP.1i,H) 02 1
C S2 2
C SUP? IS USED *55 THE DIII OF COPE SYMMETRY CASE WHEN 155€ NP•NP 52 3
C SURMA TRI* DOtS N3T FIT IN CORE. IT CALLS FAC IO AND LUNSCR MOP S2 4
C TIMES. - S2 5
C S2 6

COMMON ,RESTRT, ICI,)C2.1C3.NRES.NPRES .IBLCK.IDOJMP.TMOUM.E*TIM 52 7
COMMON ,MA TPAR/ IC8SE .NRLORS .MPPLK .NLAST.NRLSYM,N050M.MLSYM S2 5
DIMENSION A(NP.NCOISI. IP(NP). 10(34) S2 9
COMPLEX A S2 10
MRLOKS.NBLSYH 52 SI
NP8LI(.NPSYM S2 12
NLAST.NLSYM 52 13
I2—2’PiPBL15•N~ 52 54
NC).IC2.1 52 15
IF (IC2.E35.0l GO TO 2 52 16
IF 41C2.E0.NOP) GO TO 5 5? 17
DO I I.I.1C2 52 SR
CALL RLCKIN (11,l.Ia.548L085.190 S2 59
CALL ~~CKIN (*5 .1.I2.NNLOKS .191 52 20
CAU. 84 C5I14 (I6.I.12.N0LOJIS.)92) 52 21

I CONT INuE 52 22
00 10 4 52 23

2 COMVINU( $2 24
IF (101.10.—I) GO TO 4 52 23
tO 5 851.2.14015 52 26

S2 27
SO e L.I.NPL OS S 52 28
15 (&.FS.MUL OUS) J2.E*ASI 52 29
SO I ‘.L.sJ S2 30

* REAl 5(05 Ia ( ) . j ) .f .* . ’SR S 52 31
C~~~ ~~e.n7 )le .I .)2.l.I ~~)) 52 32

* ‘S15*f’p4 Si 33
S 51~~~ EIIS4 52 34

II ).—) 52 33
~~~~~~ ii St 36

• ~~~~~~~~~~~~~~~ 32 37
52 38

- ..p, -. .~~~
... • .0. 5? 39

~ -— . — —  .••~ •- 52 48
..— 52 4*

A U Al
- - I .  52 .3
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Rh INO IS 52 48
REWIND IS 5? 45
1C 3.—I St 46

8 RETURN 52 87
(NI) S2 45—

SUPROUTINE TEST IFII4.c2R .TR .EII.F21 .TI) IL I
IF (ARSIF2R).G1 .*RS (F?II) GO 10 I TE 2
OEN.F.’I II 3
GO TO ? IE 8

1 DEN.F2Q II S
2 IF (ARS)OEN).IT.I.E—37) GO TO 3 TE 6

TR.ABS)IFIW—E2R)’OEN) YE 1
TI.ASSUFII.F?I)/OEN) TE S
RETURN 11 9

3 TR.0. TI 10
TI.0. TI Il
RETURN TI 12
END TE 53—

SIJRROUTINE TRIO (J.JC’( l .JCO2 .D)L.0I51 T O I
C TB 2
C SUNPOUTINE TRIO DETERMINES ANION SEGMENTS ARE CONNECTED 10 SEGMENT 18 3
C .1. SUNROUTINE JUNC IS CALLED TO FILL COMMON’J(INK, FOR MULTIPLE TR 4
C JUNCTIONS. 18 S
C 18 6

COMMON /DAI*/ LO.N.NP.M.MP ,A(I000).V(I000)(0(50001.S!II000I.RI(500 TR 7
l0) .ALPII000).RETI*000 .lCONi(10001.ICON?II000).ITAG (I000).WLAM.)PS TO 5
tIN TR 9
COMMON /JUNK / NCD*.JO0(2S).NCII.JIX(2S).~4COl.JO2(PS*.NCIZ.JIZ(25) TO 10
5*51(J) YR 51
JCO 1~~ICON1IJ) IR 12
JCD2~ ICON 2IJ ) TO 13
IF IJCOI0 1.2.3 TO *4

I CALL JI)NC IJ.JCOI.PSCOR.JOX.NCI* .JIX.DIL) TB IS
GO T O O  TR 16

2 0 I L~ S/’.O TB 17
00 T O O  YR 18

3 IF IJCT*.LT.I0000) GO TO 4 TB 19
DIL~ S TB 20
GO lDS TO 21

‘ DIL.ISIIJCOI).S)/2.0 TB 22
O IF (JCO2S 6.7.8 YR 23
6 CALL JutS-SC TJ.JCOZ.#5C07.JOZ.NCIZ,J1?.0I51) TO 24

GD TO It TO 25
7 OIK~ SI~ .O T R 26

00 10 )0 18 27
S IF (JCOZ.LT.l 0000I 00 TO S TB 2R

0115.5 YR 29
00 10 10 TB 30

9 DIK.(SIIJCO2).S)/2.0 TO 31
10 CONTINuE YR 32

RETURN TB 33
(NT) TO 34—

SUBROUTINE UOOTEO (*I.I2.CM .NRQW,NCOL) UO I
C UD 2
C COS-IPUTFS I FIELD ALONG WIPES DUE TO SURFACE CURRENTS AND F ILLS UD 3
C APPROPRIATE MATRIX ELEMENTS UO 8
C UD 5

COMMON /0555/ LD.N.NP.M.MP.*l1000).Y(1000).Zl1000).5I(S000).SIIIOO UD 6
103 .ALPI 1000) .BET (1000s .ICONI Il)300).ICON2 (1000*.IIXG (l000).ILAM.IPS UD 7
?YM 00 5
COMMON /ANGL/ 5*115(101)0) uD 9
COMMON /GNO/ ZPSTI,ZRATI2 .CL.Cl-4 .SCRWL .SCRWR.PIRAOL.S(SIMP.IEAR.IPERE 00 10
COMMON /OATI/ TI*I.T1YI.T)21,T201.T2Yl.T221.*I.YI.2I UD IS
DIMENSION CARII). 5*8(1). CM (NROW.NCOLI UD *2
DIMENSION 150(1). TIlT)). T IZT Ii . T?*II). T21(5). T22(I). *0(5). V UD 13

15(1). 7501). SO I l . EMF119) UD 18
EQUIVALE NCE (TIT.St). (TIY.ALP* . (TIZ.RIY) . (T2X.)CO551 ) . IT2Y.1C0W UO IS
I?). TT7Z.ITAG). (05.5). (VS.Y). (75.7). (5,01) 00 16
EQUIVALENCE XCAR (ll.ALP(OH. (SAR (I).RET (1)) liD 17
COMPLEX ES*.ElY.E12 .E23.E2V.E22.CM.EMEL UI) IS
COMPLEX ZRATI.ZOA1I2 (JO 18
IF (II.GT.MP) RETURN 110 20
IEND I? UD 21
IF (I?.GT.NP) IEND.S-sD 0)) 22
5.5 liD 23
NOP MF~P (JO 24
ICGO ) 00 23

C O8SERVRTIOV 4 LOOP 0)) 26
DO 6 I.I1.IENO 00 27
51.5.5 00 28
*1.0(T) lID 29
11.1(1) 00 30
ZI.Z (I) U0 31
CA8 T .C*8 ( I)  lID 32
SARI .SAN(I ) (JO 33
SALPI.S AL P I I) 130 38
JS.LO*) UD 35
IPCH.0 30 36
IF (ICO NI (I).I T.I0000) GO TO I 00 37
IPCH .ICO N ITI )_ I0000 (ID 38
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IPCN*Jc—IPCM 00 38
FS IGN.—l. (JO 40
IF I ICOM2( I) .LT. l0000 GO TO 2 130 A l
IPCN.ICMN2(1 -10000 00 42

- - IPCN.JS—IPCII 00 43
15168.1. 00 44

C SOURCE LOOPS UO 43
2 00 6 L.I.N0P (JO 46

JL.L.EWP.t.MP)-2~ NP (10 47
DO 6 J* 1sMP (50 45
J5.J5..1 130 48

00 30
TI*I uTIII JS) (JO SI
T* YI.TIRIJS I UO 52
ftRt.t28(JSI 00 33
T2VI.T?1)Jc) 00 34
CM*JL.I.K).lO..0.) 00 33

Ut Sb
RFLW.l . uS 57

C ORO’IJNO LOOP (JO 38
ITO 6 10.1.51515W 130 59
RFL~ —8FI. UD 60
TIZ 5.TIP(JS)•RFI (JO 65
T 2?I .T2? (JS )IBFL 00 62
IF IIPCM.MC.Jc.ANO .ICGO .E1 .I) (.0 TO 4 U0 63
IF (IPJO.2) 60 TO 4 UO 64
IF IICGO .GV .1) GO TO 3 (JO AS
CALL HCINT (KS(JS)(0SIJS).ZSIJO).S(JS).CASI.SA8I.ON.Pl.INEL) (JO 66
IL I.2’NP• (L—i) uD 67
CMIIL,K).CM (IL,K).EMELISI*ESIOS (JO SI

3 CM(JL—I.K).III(l.(ICGOI liD 69
CM(JL.Sl l.IMEL (ICGO.¼) 00 75
ICGOSI060.I (10 7*
IF (lC IXO.tfl.S) ICGO .l 00 72
60 lOs 130 73
lStP.!1—Z5(JS).REL us 76
CAL). UMERE (*j . S S IJS I .Y I—051JS )  .2SEP.SIJS).EIl,t$V.t*J.IU.12Y.I2Z Ut 73

I) (JO 76
CN (JI.~ I.iuI .(1IX.CARI .FlY•SA8l.E1 ZASALPI)*RFL .CN 1.t.*.51) 130 7?
CN (JL,M).*E2*.CABT.121*SARI .L?TWSAL D IIAlFLA CMIJL .S) (10 75

5 CONTINuE (Jo 79
6 CONTINUE (JO $0

RETURN 110 SI
(NO us si—

SU$000TINE UNCAT (54 1
C UN 2
C UNCST 8(605 ~ fLE (1 *00 SETS 110 fILES 11— IA FOR IES1&IISNG 15808152$ 054 3
C UN 4

COMMON CM (406O1 UN S
COMMON ~#.(5T5T/ lCi.ICZ.ICI.NRFS.fsPRES.IW&C5(.IO4JNP.PNOt*d811* ($4 A
COMMON ,SAVE # I0 (I500) .IP (IS00) UN 7
COMMON ,MATPARI ICSSI.NSLOAS.NPRLS.NLAST.NRLSON.NPS1M.NLSVM UN S
DIMENSION IT)?) UN I
COMD.(. CM ($4 15
LOGICAL (ME UN II
EQUIVALENCE lt4.NRESI. (S-IP.NPRES). (l2.!OLCIC ) UN It
DA T A (l1(I).l.1.7),S1.12.13.14.IS.IA.I7/ UN 53
DO 5 1.1.7 UN IA
NUOIIT IT(I) UN *3

* RE WINO NUNIT - UN 16
READ 117) ICI.IC2.IC3.M.NP .12. ) OA SF UN I?
BEAD (I?) 1*11) UN II
IF IENFIIT ))  00 TO 2 UN 19

2 CONTINuE UN 20
15115.6 UN 21
IF (IC AS(.EO.4) 051*.) UN 22
00 5 1.1,1510 UN 23
NUNIT .IT)I) UN 24
NtOf.777 UN 23
TFLCNT.O UN 26

3 CALL SLCKIN (17.I.I2.I NIOF) UN 27
IF (NEOF.EQ.O) GO 10 1 UN 25
CALL SLCEOT (MIJNIT,I.12.I.l) UN 29
IFLCMT.IFLCNT.I UN 30
00 10 3 UN 31

4 (NO FILE N(JNIT UN 32
PRINT 12, IFLCNT.NI5NIT UN ~~

5 CONTINUE UN 34
I? (ICASC.NE .41 GO 10 10 US-S 33
IFLCNV.O UN 34

6 READ (Ill IC)ur).I.5.sP) UN 37
IF 1(145117)) 00 10 1 (IN 35
WRITE (53 )  ( C M ( I 5 , I~~L,NP) UN 39
IFLCNT.IFLCNT.l UN 68
00 10 6 UN 41

7 END FI (E 13 UN 42
PRINT *2. IFLCNT .ITI3) UN 43
IFLCNT.D 11W 6*

S READ (I?) (CMII*,1.1.SP) UN 45
IF *1145 (17)) GO TO 9 UN 46
WRITE ( IS p  ICNUII .I . I.NP) UN 4 7
IFLCMT.IFLCNT.I UN 4$
00 10 5 554 49

S END FILE IS 154 50
PRIN T 52.  IF L CN T . IY (5 )  (54 30
IFLC MT .0 1* 3?
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C IIN 33
ID CONT INIE • UN 54

BEAD II!) l IX( I) . I . I.X1) - - UN 55
READ II?) IIP (I),I.I.Nl ON 56
00 11 T’l.7 • UN 57
NUNIT .TT (II - UN 55

10 REWIND NUNII - UN SO
RETURN IIN 60

C UN 61
It FORMAT (/.IS.25R FILES RETRIEVED FROM UNIT .15/) UN 62

END - 
- 

SIN 63—

SUBROUTINE UNERE IaX .~~Y.BZ.S.E5A.EIY.(I2.I?0.E21.72?) Ut 1
C -.-. liE 2
C CALCULAT ES THE ELECTRIC FIELD rS,F TO UNII CURRENT IN TNt TI AND T2 UI 3
C DIRECTIONS ON A PATCIS Ut 4
C UI S

COMMON / O A T I /  T IX I . I IY I . I17 1. T7 X I . T2 v 1 . I 2 7 I .A I .Y I . Z I  - UI A
COMPLEX ER.Ql .O2 .ElX.FlV.EIZ.€?X.C?o.F? l  - . Ut 7
DATA TPI.CO.ST,6.2l)315531.4.7’134I?, Ut 8

C CONST .FTA, IS. .PI..’) UI 9
R2.B*•Q51.qy.Rv .RZ•PZ UE 10
R.SORT(R25 - liE 15
TI.—TR~•R US- *2
T2.T1’T1 III 53
RT.R2~R UE 14
€R .CM PLXlS IN (TII .—C0SI I1lI•lCO~sST,S) 

- 
UI IS

Ql. C MPLX(T? ~ l . .T1 ) •ER ,WT UI 16
92.CMPI*(3.—T2..3..TII EM/ (Rt*It?) UI 17
EB.02 )TIXI*RiT .TIYI*O3 .TIZI NZI UI IS
E1*.01.TSXI .ERXPX UI 19
EIY.Ol.T I1I.EP.RY UI 20
E12.O1~ T121.EQ’PZ UI 21
EB.Q2• (T2*f.RX.T2Yr~ RY.T??I~ RZI Ut 22
I2X.Ql.T2*T.ER~ R* liE 23
E?Y.O)~ T2YI.ER•RY Ut 24
(2?—OI.T2ZI.ER.RZ UI 23
RETURN liE 26
END UI 27—

SU8BOUTINE W IPE (PW5 .YWI./Wl.XW2 .Yw2.Zw2 .RAD.S-s5.TTG) WI I
C WI 2
C SUBROUTINE WI R E GENERATES SEGMENT GEOMETRY DATA FOR A STRAIGHT WI 3
C WIRE OF MS SEGMENTS. WI 4
C WI S

COMMON /DATA/ LD.N.S-5P,M.MP.0(Iflvl 0).VTI000),Z(1000).SI(I000),BI(100 WI A
I Q ? , 4 L P (Z s 2 O O I . S f T ~ *0 0 0 T . l C O N Z I 1 0 O O ) , Z C 0 N 2 I ) 0 O O ) . I 1 1 0 l J O O 0)  , WLhM.J PS WI 7
tIM WI S
DIMENSION 02(I), 12 (11. 72(1) WI 9
EQUIVALENCE 1*2(11.51(1)). IY?15).*LP (1)). )Z2(1).BEYTI)) WI 10
IST.N•l W I II
N.N.MS WI I?
NP.N . - 

W I 13
MP.M WI 14
IPSYM.fl WI IS
IF (NS.LT.SI RETURN WI 16
FNS NS WI *7
XD*(XW2.XWI)/FNS WI 18
YO* (YWZ-YWI )/FNS WI 19
ZD.(ZW2—ZWfl/F145 WI 20
*SI *Wl WI 25
YSl.YWI WI 22
ZS5—ZWI WI 23
DO I I.IST.N WI 24
ITAGIfl.IIG WI 23
*32.*S1’*D WI 26
152.151*10 WI 27
7S2 .ZSI.Z D WI 28

W I  29
Y(I)~~YcI WI 30
Zl1)~~ZS5 WI 31
*2(I )—052 WI 32
Y2 (I).YS2 WI 33
Z2(1)~~752 WI 34
OI (I).R*0 WI 33
*SI~ *52 WI 36
155.752 WI 37
251.252 W I 35
RETURN W I 39
(NO WI 40—

COMPLEX FUNCTION lINT ISIGL .POLAMI ii *C ZI 2
C lINT COMPUTES TOE INTERNAL IMPEDANCE OF A CIRCULAR A IRS - iT 3
C zI 4

C I’4PLEX TM,PH.F.G,FJ.CN,RRI.BR? 2 1 5
DATA PI.POT.TP.TPCMU.000TP,FJ.CN/3.I4IS926.I.5707063.6.2R3I553.?.3 21 6

IAS7OSF.1,A0.0O.C0..I.).(.70710675..707I06?SU 21 7
TH (D)*( ((l()A .E—1,I.9E 6) 0*(—3.4E—6,5.lE—6)lAD.(.2.32E—5.0.)).D .( 20 S

l— 9.O6E—S,—9.OIE—5) )510.(0. .—9. 1A5(—4) ).O. I.01I0456.—.01104S5) )~ D. (0 21 9
2..— .392499I) 21 II
PH l D l* ) I ( ( I ( I . SF 6.— 3 .2E A I ’ 0 * I 1 . I 7 E ~ 5. 2.4I 6)) .0 . (3 .46I..5.3.35E— 21 II
I5)).D.t5.E— 7.7.452F—4)) .D.f—I.1013F—I .I.3511E—3)).O.(—S.2500I1—2.— 71 12
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lI.(.711S0.I.7SPSM$..?570S*S5 
- 

1* 0)
FADIUSOU TIaOTID)•cuRl.cwso.Sau .s.,see SI $~- t Slb)SI.l$*fl?PRO$WCL I•lcN’DWTMOI,lIR$ ii 3

31 $8
IF 41.49.1*0.1 SO TO 7 31 *7
31 •I.0V•3~I 00 80 3 31 15
V..,. . ii *3
‘uv•Y H 2$
S.V•V 3* 3*
(UU0 4((4(.3.0IE.$S3.I.2PS (.),IS..IS343AS3~.3.3,ekSSIA$*.5 33.$ 31 U

53835505.II3,77775).5_44.).SW*. it a)
30 34

I7TPPI.c.II3.HV7S,.S.Ib.).v 20 33
S5I.CN~Ll*at5.$CID 3* 2*
U(5.l(ll(II-3.$4L—A•5W4 .S’3 7t.4 •3— .IlSSOtSIt’S..44541S651’$—6.16 I 35 37

I*4$I)•’.lAj323U)~ S’4.5~ V)’* SI SI
1.ll,(lIA .A5W.S.$ .i.73~~60.I,IS..$A6?,3I4t.s. S.3$tA’SI)RE.H.37 at a.

I777SI’S—Il.004448 .S..5)’~ 
- 3* 31

S12.CMPtR (3(I.I!t) ii 31
it 32

60 70 1 ii 33
SSI.S11).F.J.c(I)FPI 35 34
Sa?.GlX).P*l(S./l)—IJSrII) 054(.*,#IIl15I 3* 35
.‘I.ISI#ua2 3$ 38
8070 1 2* 3?

2 5PI~~l. ’I7ISb7A. — .10’ I067S) 7* 31
3 2INT.rJ’SQRT ICNOTP,slr.L).HIl,RoLOM 3, 38

RETURN H
END 3* *5.
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