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FOREWORD

his manual is a supplement to the Engineering, User's
and Systems manuals prepared for the Antenna Modeling Program
(AMP), and describes the operation, theory and coding of the changes
made to AMP for more accurate treatment of multiple wire junctions
and reduction of the time for interaction calculations on large structures.

The AMP code as modified (AMPJ) has been delivered
to the Naval Ship Engineering Center and U.S. Army Strategic Communi-
cations Command and was developed under Office of Naval Research
Contract N00014-71-C-0187.
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1.0 INTRODUCTION

Wire antennas and their supporting structures frequently include
junctions of sew;eral wires connected together at a point. Such multiple
junctions are especially common when wire grids are used to model
solid surfaces as is often done in mathematical modeling of antennas.

1,2 3 3 :
for wire antennas

The antenna modeling computer program AMP
and the extended program AMPZ4 for modeling wires and surfaces both
allow for modeling multiple wire junctions, and have demonstrated good
results for many such structures. In some cases, however, when
segments of greatly different lengths have been joined at multiple junctions
the method used in these programs has yielded inaccurate results. Hence
a more careful treatment of the current interpolation at multiple junctions
was developed and is included as an option in program AMPJ. The

details of this method are given in Section 3.0 of this manual and the

data cards to request the optional treatment at specific junctions are
described in Section 2. 0. Although the optional technique is numerically
more stable for the general case of unequal segment lengths at a junction,
it was not included in the extended code AMP2 for the following reasons:

1) the technique used in AMP2 has demonstrated good results for equal
segment lengths and has a good record; 2) the new technique as imple-
mented for testing requires an extra unknown at each multiple wire
junction where used, and there are many junctions in a wire grid; 3) the

new technique requires more development and testing which was outside

the scope of this contract.

Program AMPJ also includes an approximate matrix filling
method that may be used for interactions between segments separated
by more than a specified distance to reduce matrix fill time. Hence
the only feature of AMP2 that is not available in AMPJ is modeling of
surfaces via the magnetic field integral equation. AMPJ includes all
features of program AMP and in addition the o;)tiona.l junction inter-

polation and approximate matrix fill method.

e I N P il




Section 2.0 of this manual contains instructions for use of the
features of AMPJ not in program AMP, and supplements the AMP
Users Ma.nuall. Section 3.0 gives the equations for the junction inter-
polation and approximate matrix fill methods, and supplements the
AMP Engineering Manualz. Finally, section 4.0 details the coding of
the routines that differ from those in program AMP, supplementing
the AMP Systems Ma.nual3. Listings of the changed routines are

included.
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2.0 PROGRAM OPERATION

The basic information needed to use program AMPJ is contained

in the AMP Users Manuall. This section cuntains supplementary

o e s

instructions and information for using the optional junction interpolation
and approximate matrix fill methods. If the new options are not
required, AMPJ may be used exactly as AMP. The one exception is

that AMPJ uses a time saving approximation in filling the interaction

matrix for interaction distances greater than one wavelength. For
results identical to those of AMP in all digits printed, this approximation
range should be increased to greater than the maximum structure

dimension in wavelengths by use of a KH data card.

The standard interpolation method involves the extrapolation
of a segment current by the average distance of the centers of other
segments connected to the junction, requiring that the extrapolated
current for the segment equal the negative of the sum of the currents
at the centers of the other segments. Because of the average, this
technique can lead to problems when the segment lengths at the junction
are greatly unequal. The optional junction interpolation method satisfies
Kirchhoff's Current Law directly at the junction and also forces the
derivatives of the current with respect to distance at the ends of each
of the segments at the junction to be equal. The condition on current

derivatives is based on continuity of potential for equal segment radii.

Since an additional unknown is required in the matrix equation
for each junction at which the optional junction interpolation method is
used, this method should be used only when required for accuracy. The
standard interpolation method has been found to work well as long as
the connected segments at multisegment junctions have nearly equal
lengths. Results in Section 3.0 show an error of about 15 percent in
the input admittance of an antenna when the segment lengths at a junction
near the source differ by a factor of two. The accuracy of the computed

radiated field is less sensitive to the segment lengths than is current.

In general, however, segment lengths should be kept within a factor of

two when the standard interpolation method is used.

T ———
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With the optional junction interpolation method limited testing
has shown that good accuracy may be obtained with segment lengths at
a junction differing by factors of 8 to 10. With the AMPJ program an
antenna model may conveniently be run both with standard and optional
inter polation methods to test the need for the optional method. When
complex structures are being modeled, it is quite advantageous to be
able to use different length segments at junctions with confidence. As
a result it may be possible to reduce the number of segments so that
the matrix size and the running time are decreased in spite of the

additional unknowns for multiple junctions.

The program execution time is the same as for program AMP
except for differences due to use of the optional junction interpolation
method and approximate matrix fill. The central processor time

approximately follows the formula

T=Ak(l-0.7R_) N2/M +B (N + Nj)?’/Mz
2
+ CN_N%/M + DINN

where N = number of segments in model

M = number of degrees of symmetry

N = number of different excitations

N: = number of far field calculation points

N. = number of junctions at which optional inter-
polation method is used

Rw = the fraction of all segment pairs for which the
separation is greater than Ry, where R, is the
limit set on the KH card for change over to the
approximate matrix fill method.

k = 1 if structure is in free space

2 if structure is over ground

and A, B, C, D are proportionality constants. The first term in this
equation represents the time for matrix filling; the second term, matrix

factoring; the third term, solution for the current and the fourth term,

-4.
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calculation of the far fields. Each term represents only the dominant

component neglecting terms of lower order in N. The proportionality
factors depend on the computer system on which the program is run.
To give an idea of the importance of the terms, the factors in seconds
for a CDC 6600 computer with the program compiled under the Run

compiler and the matrix fitting in core are roughly

-6 -4

A=2x10"3 B=5x10"%° c=2x10"2 D=3x10

If an antenna is analyzed for only a single excitation and the far field is
computed at a few angles the execution time will consist almost entirely
of the time to fill and factor the interaction matrix. If a number of
excitations are requested, especially for out of core solutions, the
time to solve the factored matrix equation for the current distribution
can become significant, and if a large number of far field calculations

are requested their computation time must be considered.

2.1 NEW INPUT CARDS -

The input to program AMPJ is identical to that for program AMP
except for the addition of data cards to specify junctions at which the optional
interpolation of the current is to be applied, and the separation distance
at which the matrix filling changes over to an approximate form. Hence
the user should refer to the AMP Users Ma.nual:l for the basic input
data structure. If only the basic data cards are used the interpolation at
all junctions will be the same as that in program AMP and approximate
matrix fill will be used for segments separated by more than one wave-
length. '

To specify matched derivative interpolation at one of more
junctions a one must be punched in column 10 of the GE card at the end
of the geometry data. This card may be followed by one or more cards
with the mnemonic JX to specify the junctions at which matched derivative
interpolation is desired and finally a card with mnemnic JE to indicate
the end of junction specifications. The form of these data cards is

shown below.

;E
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END GEOMETRY INPUT (GE)

iliiiilililiiiirr

CARD:

51 10 2 30 40 S50 &0 70 80

GE| D 2 Blank Blank Blank Blank Blank Blank Blank

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

The function of this card is the same as in program AMP except

for the addition of the integer I2. If I2 is equal to 1 the program reads
junction specification cards following the GE card. If I2 is blank standard
data cards, described in the AMP User's Manual are expected after the
GE card.

-6-
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JUNCTION SPECIFICATION (JX)
‘ PURPOSE: to specify segment junctions (simple or multiple) at
] which the optional interpolation is to be used.
| ,‘ CARD: G B2 S I 3 0] 50 &0 70 20
E xpixpoay paz 1 £ Blank Blank Blank Blank Blank Blank
. :
i
' The numbers along the top refer to the last column in each field.
»i boobao e wlenadis 1
. PARAMETERS:
INTEGERS
‘F X" s tag number of one segment at the junction.
; Blank or zero for IX implies that the segment
: _ will be identified by the absolute segment
number in the next location (IY).
[; B & (e equal to m, specifies the mth segment of the set
P . of segments with tag numbers equal to IX. If
IX is zero or blank, IY is the absolute segment
- . number.
b 1z - specifies the end of the segment determined
. by IX and IY. IZ equal to 2 specifies end 2
of the segment and 1 or blank specifies end 1
_ (reference direction for current is toward
end 2).
- NOTES: :
e Optional interpolation is used for the junction at the specified
. end of the specified segment. The junction may be either
simple or multiple. A JX card is required for only one
- segment end at a junction to cause use of optional inter-
polation for all segments at the junction.
5
;
A
r‘ e

I
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If IX and IY are blank, the card will cause optional
interpolation at all multiple junctions. Such a JX card
must occur before any other JX cards specifying simple
junctions. For optional interpolation at all multiple
junctions but no simple junctions the JX card may be
omitted with only a JE card used.

Each junction at which optional interpolation is used

adds an additional unknown in the matrix equation.

All segments at a junction at which optional interpolation
is used should have equal wire radii.

When using the optional interpolation method on a
structure for which symmetry is used in the solution,
any junctions to be specified in the first symmetric
section must be specified first followed by the same
junctions in the second section and continuing through all
sections in the order that they were produced by reflection
or rotation. In addition, the junctions must be specified
in the same order in each section. If only a JE card (no
JX card) is used to specify all multiple segment junctions
these rules will automatically be satisfied. Use of a JX
card with IX and IY blank to specify all multiple junctions
followed by other JX cards for simple junctions is not
allowed with symmetry since the junctions will not be

specified in the proper order.




END JUNCTION SPECIFICATION (JE)

PURPOSE: to mark the end of the JX cards or specify all

multiple junctions.

CARD: /z s 0] 1B] 20 30 40 50 ) 70 20
JE | 2 x % % Blank Blank Blank Blank Blank Blank
al a|l a| a

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

PARAMETERS: None

If a 1 is punched in column 10 of the GE card then a JE card is
required to return the program to reading the standard input cards.
If one or more JX cards are used the JE card is placed at the end of
the JX cards and its only function is to mark the end of these cards.
If no JX cards are used the JE card alone will cause the use of optional

interpolation at all multiple junctions (three or more wires joined).




INTERACTION APPROXIMATION RANGE (KH)

PURPOSE: to set the minimum segment separation distance for

use of a time saving approximation in filling the matrix.

CARD: 5 W] B[ 29 30 40 50 60 70 80
KH =% = * # RXH Blank Blank Blank Blank Blank
a| 5| 3| =
The numbers aiong the top refer 1o the last column in each field.
PARAMETERS:
DECIMAIL NUMBERS
RKH - The approximation is used for interaction
between two segments separated by more than
RKH wavelengths.
NOTES:

e For segments separated by more than RKH wavelengths
the interaction field is computed from an impulse approx-
imation 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.
e The KH card can be placed anywhere in the data cards
following the geometry and junction cards (with FR, GN,

EX, etc.) and affects all calculations requested following

its occurrence. The value of RKH may be changed within
a data set by use of a new KH card.
e If no KH card is used RKH has a default value of 1 wave-

length. Hence to exactly duplicate a run with the AMP
program a KH card should be used with RKH greater

than the maximum structure dimension.
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e The minimum value of RKH which can be used to obtain
results within a few percent of the no approximation

case seems to depend to some extent on the structure

size, type, segmentation, and excitation. Values of
.25 wavelengths or less have been found acceptable for
symmetrically excited structures and electrically small
wire grids; on the other hand, values up to .5 wave-
lengths have been required for very asymmetrically fed |
structures. No exact guidelines have been developed

for RKH; therefore, it is best to experiment on any given

problem type if a minimum value is desired. RKH should

never be less than the length of the longest segment,
however.

e The matrix fill time using the RUN compiler on a CDC
6600 computer is approximately Tf = (2. -1.4Rw) (10'3? NZ
seconds where Rw is the number of segment pairs for which
the separation is greater than RKH, divided by the total
number of segment pairs (Nz). Thus the fill time is

decreased by about 70RW percent. 2 ; J
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2.2 PROGRAM OUTPUT

The program output is essentially unchanged from the basic deck.
Segments connected to junctions at which optional interpolation has been
specified are indicated in the block of segmentation data by connection
numbers (I+ ot I-) less than -90,000. Also, the value of RKH is printed

following the printing of frequency and wavelength.




e e A A .

3,0 FORMULATION OF THE INTERPOLATION METHOD AND . :
APPROXIMATE MATRIX FILLING

3.1 INTERPOLATION METHOD

For the current interpolation method used in program AMP the

current on segment j is approximated as

I.(s)=A, +B. sink -s.)+C.cos k - 8, 1
3 (s) i g (s J) j (s J) (1)
where k = free space wave number (211/)\)

aj = s at the center of segment j.

A, B. and (3j are constants to be determined so that equation (1) yields
the best possible approximation to the true current on the segment. Of
the 3N constants to be determined for a structure having N segments,

2N are eliminated by enforcing conditions on the local behavior of the

sohiinciaiin ol Ao e g

current. These conditions are used to eliminate the constant
and C. in terms of the current at the center of each segment, IJ. = Ij(sj)'
The N unknowns, I., are then computed by solution of the matrix

equation derived from the electric field integral equation.

In the basic program the condition used to eliminate two of the :
three unknowns for a segment is that equation (1), when extrapolated .
forward over the distance to the center of the next segment, must match
the current of the center of that segment, and when extrapolated back
must match the current at the center of the previous segment. At a

multiple junction, where an end of segment j is connected to two or E

more segments, equation (1) is extrapolated a distance equal to the
average of the distances from the center of segment j to the centers

of all other segments connected to the junction and required to equal
the algebraic sum of the currents at the centers of the other segments,
relative to the reference direction of segment j. These conditions are
based on the continuity of current at the junction (Kirchhoff's Current

Law). Applying these conditions to equation (1) yields the three

equations

Lt WIS T T TP Evee s 1y PN WTT Sy - Ty e . T -y R e i - g ST
S - oy ; | y § it s e e S L e aiac




A. +C.

J J
A.-B smkb + C. cos k &,
J ) )
A.+B.sink6. +C.cosk6‘.}
J ) J J )

where

Aj = half the length of segment j

b SR o W T

+ 1

.= A +—

5= & n+§ak
2

j 3 iz

+ 2(

J k

The sumrmation index £ takes on the values of the numbers of all segments
connected to the first or - end of segment j, of which there is a total of
n_, and k takes on the values of the numbers of all segments connected

to the second or + end of which there is a total of n, . The plus sign in
the summation of currents is used when the reference directions for
segment j and segment £ or k are parallel and the minus sign when
reference directions are opposed. Solving equations (2), (3) and (4) for

Aj' Bj and C. yields

A. [K smk&J-IJsmk(b +6)+stmk6] (5)

2 3
a
1
3

B, =~ [K; (co:‘xkbj -l.)+Ij (cosk&}-coskaj)

b}
Fi + .
+Kj (1 -cosk 63’ )] (6)

c =;£_ [K; sin k 5;-1j (sink53+sink 6;)+K§sink 6;] (7)

j

where A= sink 6} + sin k 5; - sin k (63 + 6;)

-14-




To solve for the Ij the terms are regrouped as

- K" +
Ij (s) = Kj xj (s) + 1j Yj (s) + Kj zj (s) (9)
Xj (s) = I—A— [sin k 6; + (cos k 6; -1) sin k (s - sj) - sin k 6; (10) |

cos k (s - sj)]
Y. (s) o | [- sin k (5, + 6":) + (cos k §; - cos k 6'..') sink (s - s.) (11)
j ) Bt i j j
+ (sin k 53 + sin k 6-; ) cos k (s - sj)]
Zj (s) = lz sin k 63 + (1 - cos k 63) sink (s - sj) - sin k 63 (12)
cos'k (s - sj)]

The electric fields for filling the interaction matrix are obtained in the form
of equation (9) by replacing the constant, sin k (s - s.) and cos k (s - sj)

terms in equations (10) through (12) by the fields at the observation point ’
due to these current distributions. The coefficient of each Ij then represents 4
a contribution to the matrix element in row i and column j where i is the g j

segment at which the field is evaluated.

The optional interpolation method enforces the following two

conditions at a junction.

1. The sum of currents leaving the junction is zero.

2. The derivatives with respect to distance at the ends

s e S

of all segments at the junction are set equal.

These conditions are applied at the junction rather than by extrapolating
to the segment centers, thus eliminating the discontinuities at the junctions.
The second condition is based on the continuity of potential as stated in ]

reference 5. For equal wire radii, continuity of potential implies that

the charge densities on the wire ends at a junction are equal, which
through the continuity of current law,
-} PG
55 1(s)=-jwaq(s)

implies that the current derivatives are equal.

-15-




To apply these two conditions at a junction an additional unknown
is introduced representing the derivative of the current on the end of
each wire at the junction. For the optional interpolation on the positive

end of segment j the conditions used to determine Aj' Bj and Cj in

equation (1) are

1. (s.~8)=K" 14
3 (sJ 6J) § (14)
1. (s.) =1, 15
3 (sJ) 3 (15)
Ll b= (16)

s Sl g |
where «:4.’ = the current derivative at the positive end of segment j |
The solutions for Aj' Bj and Cj are

Aj-‘:l-i-) [K; cos.kAj-I'j cosk(Aj+63)+a; sin k 6;] (17)
=3 Sz + L
B.i =B [(Ij = Kj) sin k Aj + e:j (1 - cos k 6j)] (18)
1 - + -
C.21, - A, =+ [1.-x. ok B~ =y 'k&.] 19
e e S L i L b o ne
(20)

D=cosk A. -cosk(A. +68.
cos AJ (AJ J)

For the optional interpolation on the negative end of segment j the conditions

on I(s) are

4
T.0(8, -4 )=, 21
J(sJ AJ) - (21)
I.(s.})=1, 22
J(J) : (22)
+ +
I.(s.+6.)=K, : 23
J(J J) J -
and the solutions for Aj, Bj' and Cj are
S - + + .+ ]
Aj" ) [«jsmk6j+chosk(Aj+6j)—choskAj (24)
B.:L'[«:(coskaf-1)+(1.-K’f)sinkA.] (25)
i D j J J j J




T T T T

A s
- F s

1 + - +
C.=1. -A. == [I.-K. cosk A, += sink ] 26
TR 2 B (J J) AJ f in 61 (26)
D=cosk(Aj+6;)-coskAj (27)

For the optional interpolation on both ends of segment j the conditions on

I(s) are

/
I.(s.-A.)=« 28
3 (snJ AJ) j (28)
I. (s.)=1. 29
3 (sJ) 5 (29)
(s +8,)==" (30)
s Ty Tiler J
and the solutions for A.,, B and C, are
. +) ) J
«© . - €,
PR M- MESHGES. S
Aj Ij 2 sin k A (31)
" + : :
e, + e« 2
B, = 5tos] kJ_-Aj e
- +
&, = W
C.=1 -A = zl—I1_ (33)

- G ZsinkAj

These equations give the constants for the current interpolation
function of equation (1) once the current values I, have been found. They
could bz used as a starting point to obtain the matrix elements. In the
program, however, the matrix elements are obtained by starting with
equations in the form of equation (9). Taking the derivative of equation
(9) with respect to s and applying the appropriate conditions at the segment
ends leads to the following expressions for the matrix element contri-

butions for the row corresponding to the field observation point on
segment i:

1. Optional interpolation on + end, standard on - end

«17=-
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A . A
[ z [
column £: '[‘53 Gi (9)' i(J -(.s) ds - ¥ ]'Aj Gi (s) Zj (s) ds
o -Ao
e e ¥ "
column j: IA Gi (s) Yj (s) ds - % f G, (s) Z.i (s) ds

-Aj

4
? D.
column «: Lk f e (s) z.(s)ds "
e g j

2. Optional interpolation on - end, standard on + end
Aj A.
column k: f G. (s)Z. (s) ds - . f 2 G. (s) X. (s) ds
7. 1 ) X i h]
J 'Aj

A, A,
e & Y | B
column j: J , G, (s) ¥; (s) ds - 3 55 (s)Xj (s) ds
e e

column «: -)1-{— fb G; (s) Xj (s) ds
‘j ;

3. Optional interpolation on both - and + ends

% A,
column j: f-A; Gi (s) Yj (s) ds - [AJ Gi (s) Xj (s) ds
vJ ‘

A.
+f 76 00 Z, (s) @

'Aj ; sA
j .
column <« _: —2—1——2" (X f JG- (s) X. (s) ds - Zf J-C-?r.'(s)
e il P B AT -8, i
Zj (s) ds)
A,
1 J
R ey G. . -
column «_ S (X f"Aj i (s) XJ (s) ds

b.
z[':j Gi (s) 2’.j (s) ds)

-18-
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(34)

(35)

(36)

(37)

(38)

(39)

(40)

(41)

(42)




For each case Gi (s) is the component of the free space dyadic Green's
function for the electric field tangent to segment i at the center of that
segment due to a current at s on segment j. X. (s), Yj (s), Zj (s) are

as defined in equations (10) through (12) with the exception that 63 = A.

J
when optional interpolation is used on the - end of segment j and

+

6j = Aj when the optional interpolation is used on the + end, and Sj = 0.
Also
X=-—k- [cosk(A.+6.)-coskA.] . (43)
A - B J
Y=—k—[1-cosk(A.+6.)] ‘ (44)
A ) J
z =5 [cos kA 3 1] (45)
A J

where A is defined in equation (8) and 6j = 6; if optional interpolation is

on the - end only, §. = 63 if optional interpolation is on the + end only,

and 6j = A, if optional interpolation is on both ends. The column indicies

2 and k take the values of the numbers of all segments connected to the - and
+ ends, respectively, when the standard interpolation end of a segment is

a multiple junction.

The columns designated by « represent the unknown current
derivative common to all segment ends at the junction. An additional
equation for this unknown is obtained from the derivative of equation (9)
evaluated at the segment end at which the current derivative is «. K;
or K; is replaced by the current at the segment end. By fcrming the
sum of these equations for each segment at the junction tae currents at
the segment ends are eliminated by the condition that their sum be zero,

leading to the equation

-19-




O Iljz/x HLY/X + /X ~

or (46)

@ - I Z/X- Ij Y/X + «/X
J

M
2 < >=0

or

s o R L - «x/(z% - X% - « 2/(2% - X?)
or
‘@ 1-- x/z? - x?) - <t 2/(2% - x% /
where j = 1, ---M represents the numbers of all segments connected to

the junction and the expressions apply as follows:

@ for junction « on the + end of segment j, standard
interpolation on the ~ end.

@ for junction « on the - end of segment j, standard
interpolation on the + end.

@) for junction = on the + end of segment j, and junction
=~ on the - end.

@ for junction = on the - end of segment j, and junction

°=+ on the + end.

The above equations are used in the program AMPJ. It is
possible to eliminate the current derivative unknowns (x) rather than
include them in the set of equations solved numerically but this is diffi-
cult if the new interpolation method is used on both ends of a segment.
Also, the code could be generalized for unequal wire radii at junctions

but this has not been done.

The stability of the two interpolation methods for modeling
multiple junctions is shown in Tables 1 through 3 for an antenna composed
of a linear element, fed at the center, with vee shaped loads on each end.
The input impedance computed with standard interpolation at all segment
junctions is shown in Table 1 for varying segment lengths on the entire
center section. For this model there are 4 segments on each of the

arms and n segments on half of the center element. Though no attempt
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NUMERICAL TEST ANTENNA
=
4 s
n
%
METER '
WHEN n = 1, JUNCTION SEGMENTS ARE APPROXIMATELY EQUAL IN LENGTH
2 SEGMENT SOURCE IS USED
TABLE OF INPUT IMPEDANCE /2.
FREQ. (MHz)
n ﬁ
270 280 290
1 33.5+ J19.5 36.7+95.4 40.0+j111,
2 35.8+93. 39.5+110. 43.4+126.8
4 332+j119.6 36.8+135. 40.6 + 150.4
6 28.2+j152.5 31.1+j165. 34.2+j177.5
8 21.7 +190.2 23.8+(199.5 26.0 + [208.6
10 13.9+j233. 15.1 +237.9 16.3+]243.2
TABLE 1 e

INPUT IMPEDANCE OF TEST ANTENNA USING STANDARD JUNCTION
INTERPOLATION SCHEME FOR VARIOUS SEGMENT LENGTHS AT JUNCTION

aI>

0425-13269




has been made to keep the source width constant, the input impedance of

the structure should not vary as rapidly as indicated by these results.

For Table 2, the segment on the center wire connected to the
junction is set equal to the other segments at the junction while the
remaininz center wire segments are progressively decreased in length
as before. In comparison with the results in Table 1, the results in
Table 2 are quite stable to a large segment length factor. This serves
to validate the fact that the junction is indeed causing the problem, and
in addition it shows the usefulness of the standard junction interpolation
technique for the case of equal segment lengths at a multiple junction

and unequal segments elsewhere.

Tzble 3 contains the results obtained using the new interpolation
technique at the two multiple junctions and the standard interpolation
at all junctions of two segments. The segments on the center section
are progressively decreased in length including the segment connected
to the junction. These results show much greater stability than the results
given in Table 1 where the segment lengths at the junction are varied in
a similar manner. On the other hand, the results for the new technique
are somewhat less stable than for the case of equal segments at the junction
(Table 2), but when complicated structures are being modeled, it is
quite advantageous to be able to use different length segments at junctions

with con‘idence.

3.2 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 obtairn accurate values for the fields. This fact can be used to substan-
tially recuce the time required in calculating the éorresponding interaction
matrix elements. The following expressions are used in the AMPJ

code when segment-observation point separation permits:

N

» 1
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TEST ANTENNA

SYMMETRIC

SEGMENTS AT THE MULTIPLE WIRE JUNCTION
ARE APPROXIMATELY EQUAL IN LENGTH

2 SEGMENT SOURCE

TABLE OF INPUT IMPEDANCE/2.
FREQ. (MHz) ———=

n 270 280 290

1 34.4+i803 37.9+96.7 41.7+{1129
2 351 +j80.8 38.8+97.5 429 +j114.1
4 354 +j81. 39.4 + j98. 43.7+j115.
6 35.6 +82.2 39.5 +98.6 43.9+j115.7
8 356+83.8 39.6 +98.6 43.9+j112.4

AL 35.9 +99. 39.6 +97.8 44.1+j121.9

TABLE 2 : T RER S )

INPUT IMPEDANCE OF TEST ANTENNA USING STANDARD JUNCTION

INTERPOLATION SCHEME FOR AN EQUAL SEGMENT LENGTH JUNCTION e

-23- 0425-13267
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TEST ANTENNA

SYMMETRIC

WHEN n =2, JUNCTION SEGMENTS LENGTHS ARE APPROXIMATELY EQUAL.

2 SEGMENT SCURCE

CURRENTS AND DERIVATIVES MATCHED AT JUNCTION

TABLE OF INPUT IMPEDANCE /2.

f=270 MHz

34.5+j78.9
36.1+j776
37.0+j76.9
37.7+j76.1
10 | 38.1+j754

o N &N

TABLE 3
INPUT IMPEDANCE OF TEST ANTENNA USING THE NEW JUNCTION
TECHNIQUE FOR UNEQUAL JUNCTION SEGMENT LENGTHS

-24-
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E, (o) = gi-e ™ (B + ——2) cos (47)
* Yo iwero
Eq(fo) = gl o(del 4 O 4 1 )sing (48)
9 .ro iwero °

These are the fields of an incremental dipole of moment 14 located at the
origin of a standard spherical coordinate system and oriented in the

z direction(s). At sufficient distances equations (47) and (48) are used
for the field of a segment where ( is set equal to the segment length and
I is set equal to the center point current. Thus, these expressions are
the same as would be obtained using a pulse function current expansion

and one step integration.

This approximation has been found to yield good results for 4
separation distances as small as .25 to .2 wavelengths. Table 4 shows
the accuracy obtained for a particular structure, a 2\ dipole, for various *
segmentations and for various separation distances for which the expres-
sions in equations(47) and (48) were used. The KH parameter in the
table specifies the distance at which change over to the approximate field
expressions occurs. The column on the left hand side of the table shows ]
the number of segmenfs away from the field segment which are integrated
over. For this example it can be seen that the impedance accuracy | ﬂ

remains within a few percent for a KH down to .21 wavelengths. It should

be pointed out, however, that due to the quantized nature of the problem
a KH parameter slightly less than .2 wavelengths will cause an abrupt ;
change to integration over one fewer segments. For the case of .2A

segment lengths, this means integration for the self term only and the

results are poor. This problem can be avoided by keeping the KH para-

meter larger than the longest segment. It should also be pointed out
that the minimum value for KH seems to depend to some extent on the
structure size, type, segmentation, and excitation. Values of KH up to

.5\ have been necessary to obtain only a few percent error for some

-25-




STRUCTURE SEGMENT LENGTHS
NUMBER OF
SEGMENTS
INCLUDED 0.2 0.1 0.05
KH PARAMETER
01 01 01
0 e %_ER?OR—RE;-L,IM_AG-.— R R R PO e
47.2, 53. 173,135, 97.4,170.4
21 11 .06
g 22,.62 12.4, 12.4 21.4, 190
41 21 KT
2 B KT R Y A A S e e M| i e e W i 1
068, .015 1.3,2.4 12,315
61 31 16
A 35,.015 .09, .09 23,9.5
81 41 e
* BENy s vy N By S
1.21 61 31
5 .06, .003 035, .12 01,23 |
1,65 81 41
. .02, .022 .09,.19 .037, .041
Table 4

PER CENT ERROR OF THE INPUT IMPEDANCE OF A 2x DIPOLE
USING PARTIAL INTEGRATION AS COMPARED TO COMPLETE
INTEGRATION

-26- 3604-13129
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structures with very asymmetric feeds. No exact guidelines have been
established; therefore, it is probably best to experiment with any given
class of problems if a minimum value of KH is sought. The default

value for the KH parameter in the AMPJ code is one wavelength.
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4.0 DESCRIPTION OF COMPUTER CODE CHANGES

The following subroutines have been changed to implement the

optional junction interpolation and approximate matrix filling:

CABC
CMSET
DATAGN
FACTR
INTG
JMELS
LFACTR
MAIN
SOLVES
TRIO

In addition the variable JMAX has been added to common block/DATA/
throughout the program. JMAX is the total number of junctions at which

the new interpolation method is used.

The matrix filled by subroutine CMSET consists of, first, segment
field equations in the order of segment numbers and then equations for the

current derivatives from equation (46). For a structure with symmetry

the field equations for the first section are followed by the current
derivative equations for that section and the equations continue in that
order through all symmetric sections. Thus, for a structure with two i

symmetric sections the matrix equation has the form

o i ¥ e - » :
| [
[ i
A, | B, A, :Bz 1 E,
| |
{ |
...... ..;_._ e ik et g |
Cl1 |D1 C2 IDZ = 0
‘ I
4 =
l
i |
_______ ] ]
el PA s S T
]
T hr = y
-28-
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where I} and =, represent colui..  vectors of the unknown currents

and current derivatives, respectively, on the first section. Only the
upper half of the matrix, representing equations for the first section,

is stored and is stored in transposed form as in program AMP. Sub-
routine ETMNS which fills the right hand side vector has not been
modified and hence fills the applied field values in consecutive locations.
Subroutine SOLVES, however, has been modified to insert zeros for

the current derivative equations and reposition the applied field values

for structures with symmetry before solving the matrix equation.

Some of the common block lengths have been changed from

those in program AMP. The maximum number of segments is 800 in
AMPJ although this is also the upper limit for the sum of the number

of segments and the number of junctions at which the optional inter-
polation is used. Also, the area in core for storage of the interaction
matrix has been increased to 10000 complex numbers. This allows
structures with up to 100 unknowns (segments plus junctions with new

interpolation method) to run in core. In this form the program requires

approximately 2400008 words of storage to load on a CDC 6000 series

computer when compiled with the FTN compiler.

The following are brief descriptions of the changes to the
modified subroutines. Lists of these routines are included at the
end of this section. Since the routines have not been sequence numbered
" the changes can be located by the gaps in the old sequence numbers.
References to statement labels refers to the labels in the left hand

column of the list.
CABC

This routine computes the constants A., B. and C, for equation
(1) for either the old or new interpolation method. The statements
down to label 15 +1 set CLO, CLL and CLY as follows:

CLO = K; or «
CLL -1,
CLY = x: ore’

-29-
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e UL

A connection number less than -90000 for a segment end indicates the

new interpolation method is used at that end requiring =~ or «t,

The statements from label 16 through 21 compute AX = Aj, BX = Bj and
CX = C.. Statements labeled 16 + 2 through 16 + 5 evaluate equations
(5) and (6); 17 + 1 through 17 + 4 evaluate equations (24) and (25);

18 through 18 + 3 evaluate equations (17) and (18); and 19 through 19 + 2
evaluate equations (31) and (32). For each case statement 20 evaluates
C. = Ij - Aj. Finally from statement 20 + 1 through 21 the real and

J
imaginary parts of the constants are stored in arrays.

CMSET

Sequence number ]

references :
] CM19. 142 : JSEQ(J) = matrix row for segment J

4
f CM19. 1+2 g JIEQ(J) = matrix row for current derivative
{ at junction J. i
L cMl22.1 s Branch to section for approximate matrix fill.
; CM127+1 s Aj : ]
CEl = ‘[A Gi (s) Xj (s) ds
ERE. 5
A

e
CE2 = '[A- G, (s) Yj (s) ds
0y

S 3
CE3 = f ; G, ($)zj (s) ds

J
CM127 +11 to ; ; '
CM 127 +13 : expressions (37), (38) aad (39) are evaluated
label 24 + 1 to :
label 24 + 3 expressions (34), (35) and (36) are evaluated
label 26 to
label 26 + 3 equations (40), (41) and (42) are evaluated. In

the above three cases the contributions to =«
columns are entered into the matrix. Other contri-
butions are entered in the following code.

-30-
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FACTR

label 27 to
label 28 - fill matrix elements for - end of segment (currents
in K))
J
label 29 2 fill matrix element for Ij
label 29 +1
to label 30 : fill matrix elements for + end of segment (currents
in K. )
J
CM 144.2 to
CM145 : Approximate matrix fill section. Equations (47)
and (48) are evaluated.
label 18 + 1
to label 66 : Equation (46) is evaluated for each segment.
JCAS corresponds to the cases 1, 2, 3 and 4 in E
the equation.
DATAGN

The coding from statement label 9 + 2 through the end of this
routine sets the connection numbers for segment ends at which the new '
interpolation will be used. The JX or JE data cards are read at statement ;
111. Statements 21 + 1 through 207 set the connection number for a
segment end specified by a JX card and for all other segments connected
to that segment end. Statements 208 through 210 search for all multiple
junctions and reset the connection numbers for the new interpolation.
The latter section is entered when a blank JX card occurs first or when

there is no JX card but only a JE card.

The variable JMAX is used to count the number of junctions at
which the new interpolation is specified. The connection numbers for
all segments connected to junction number JMAX are set to -(90000 +
JMAX). On exit from the routine, JMAX is left as the final number of
junctions with the new interpolation and passed through common/DATA/ to

other routines.

Minor modifications have been made to FACTR following sequence
number FA3l and at FA59 to use temporary variables to avoid unnecessary

evaluations of subscript references.

s




INTG '

Statements added following 1G42 evaluate X, Y and Z of equations
(43), (44) and (45) and store them in XM, YM, and ZM respectively.

JMELS

The calculations of the matrix row indicies JPJ and JMJ have
been changed. While JP(J) and JM(J) represent segment numbers JPJ
and JMJ are the locations in the matrix corresponding to these segments,

taking into account the additional matrix rows for current derivative

unknowns.
LFACTR

Minor modifications have been made to LFACTR at LF58 and
LF92 to use temporary variables to avoid unnecessary evaluations of

subscript references.

MAIN

Sequence number

references :

MA 64 to MAG65: JPMAX = number of junctions with new interpolation

in one symmetric section
NEQ = total number of unknowns
NPEQ = number of unknowns for one symmetric
section.

MA139 +1 5 RKH = default value for separation distance at
which matrix filling changes over to approx-
imate form.

MA188 to

MA189 : Set new value for RKH

SOLVES

Statements between sequence number SS11 and SS13 insert zeros
in the B vector for the right hand side of the matrix equation in locations
corresponding to the current derivative equations. For structures having

symmetry the applied field values are relocated, using Y as scratch

storage, to make room for the zeros within the vector.




Statements between sequence numbers SS67 and SS68 rearrange thé
solution vector for the case of a symmetric structure which uses the new
interpolation on some junctions. The solution vector at SS67 consists of
the currents for the first symmetric secticn foillowed by the current
derivatives for junctions on the first section, then currents for the next
section, and continues in this order througna all sections. These statements
put the currents in consecutive locations so that I. is in location j» with

the current derivatives in consecutive locztions following the last current

value.
TRIO

The statements following TR12 and TR18 have been added so that
DIL or DIK are set to ;\j for new interpolz:.on on the - or + segment end
respectively.

Lists of the changed routines follow.

P
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IF (NEQ . NELNPEDNGD TO A
IF tINTL.EQ.1) GO TD 7

NCL =N0EDQ
1CasE=)
G0 10 )1
7 NCCL=20nPALK
ICASE=)
60 10 11
L] IF C(INTL.EQ.1) GO TO 9
NCOL=NPEQ
NCOLSaNPEQ
1CASE=2
69 Y0 11
9 CALL FRALOCK (NALSY®INOSYMINLSYHIRESAVINPEGNPEDVINT) wA 103 i
NCOL 32onPHLK wA 106
IF (INT.EQ.L1) GO To 17 ua 105
NCOLS=NPEQ “i 106
1CaSE=6 A 107
GG 10 11 wiA 104
10 NCOLS=22°NPSYM -a (09
1CASE=S “A 110
13 CONTINGE “a 111
N2LOK XaNBLOKS
NPELKAZNPALK
NLASTA=NLAST
N*OWXINA0W i 115
NCoOLX=8COL ws 116
PRINT 135 ~A 117 !
C wa 119
c FILE POEPARATINN FNR QUT=0F=CORF MATRIX SOLUTION. FILES 2EwOUND »i 119
C AND ENDFILE wOITTEwe AND TESTING FOR RESTART “s 120
S wa 121
IF (ISTART,.EN,.%) GO T 12 wA 122
CaLL UNCAT wa 126 H
G YO 14 “a 125 3
12 IF (ICaSE.LT.]) 50 TO le wi 126 £
00 13 =17 wa 127
NUNIT=ITARP(D) i 123
PEWIND NUNIT “i 130
END FILE NUNTT “A 131
PEWIND  NUNIT wa 132
13 CONTINVIE »a 133
16 CONTINUE A 136 |
c OEFAULT VALUES FO® INOUT PARAMETERS AND FLAGS »a 135 b3
1G0=1 wA 136 i
Fu=253100. mMA 137 iy
FuuZ=2390. »A 133 | 4
NFRQ=] ~a 139 3
PxHs],
NLNAD=A “a 140
"SyMP=z) “A 161)
ITYP=n vh 162
NET=0 ua 43
NRADL=C »A 144
NEAR=.) uA 145
IPTFLG=-2 »A 146
IFAR==] s 167
IPATI=CHPLX (] se004) »A 143
1PFRF= A 143
12£0=9 “A 150
c ws 151
c MAIN INPUT SECTION = STANDARD WEAD STATEMENT .= JusPS TQ APPRO=- “h 152
[ PRIATE SECTIO™ FOO SPFCIFIC PARAMETER SET uP . ~a 15)
c A )54
15 PEAD 1785 AINSITUPLo[TMP2, ITMD I ITMPLTHP] o TMP2,TUP3 ¢ THP4,, THPS,Tw wA 155
178 uA 156
MPCNT=wACNT 1 uA 157
PRINT 137 MOCNTAINGITMP] s ITMO2,TTMPI I TMRL s THP) s THP2,THPI . THPas MA 158
1 TYPS.TuPS “A 159
IF (AINLEQ.ATST(2)) Gn YO 17 “A 160
IF (AIN.EN.ATST(3)) Go TO 18 »A 161
IF (AINGEQ.ATST (<)) 69 TO 22 A 162
IF (AINLEQ.ATSTS)) GA TO 25 MA 153
IF (AINEQ,ATSTI3)) Gn TO 29 “A 166
IF (AINL,EQ.ATST(l4)) 6O TO 29 A 165
1F (AINLEQ.ATST(1S)) 70 TO 32 “A 166
1F (AI4,EQ.ATST(7)) Gn TO 38 “A 167
IF (ATN.EQ.ATST(3)) Gn TO 33 A 168
IF (AINLENLATST(3)) G TH 3S “h 169
IF (AINLEQ.ATST(1D)) 0 TD 37 v (70
IF(AINLEQ.ATST(17))6G0 TO 201
1F (AINLEQ.ATSTILI2)) 60 TO ) w171
1F (AIN,NELATSTI13)) 60 TO 16 A 172
IF (ITwPl.NE.O) CaLL CATLOG A 173
Stoe NA 176
15 PRINT 138 “a 175
sTop A 176
c e 177
c FREQUENCY PARAMETERS “A 178
[ 4 MA 179
17 1FRO=[THP] MA 180
NFRQ=[TMP2 LI LA
IF INFRN.EN.0Y NFRQ=] ~A 1R2
FunZ=Tup] wA 19)
DELFRO=TMP2 e 19
1F (IPENLEQ.1) 7PNORM=0, A 185
160=1 “a 184
1FLOwW=? nA 127
GO 70 1S5 mA 184
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1FL%e=2
32 1018

L2ADINA PAAMETERS

IF 115 %,.E3.3 GO 10 19
NLNal="

IFLCesy

IF (I57.57.2) 16032

IF (ITwP1.£G.(=1)) GO Y0 1S
NUNAD=NLCADS]

IF INUCAD,LE,.LOADMX) 50 TO 20
2OINT 139

§T02

LDTYR L JAD)=ITHD]
LOTAGINLCAD) = [ THR2

IF (17v24,50,0) [TwPe=]TMO]
LOTAGF (N 78001 =]THR)
LOTAGTINLTAD) =1 THD,

1€ (ITv3%,0E.1TMP3) OGN TO 21
SOINT 140s NLOAD,[THR3,[TuP4
SOINT 144 [SECNETY)

3702

ZUDNLNAD) =TNR]

2L 1INLNADY 2 TMD2

ZLC(NL7AD) =TMP]

30 Y0 1S

GRoUND PARAMETERS UNDER THE ANTENNA

1F1 Ow=s

IF (157,67,2) 160=2

IF (ITeRl.vEol=1)) GO TO 23
#Svudz

NaafL="

GO 79 15

127PF=[T™P]

N220L=THR2

" SyuP=p

£EP3P2TuS]

S516=Two?2

IF "(%2aCL .£EQ.0) GO 10 24
SCouLT=Tu2)

SCEwPT=Twd4

50 10 1S

Tpsa2=7wR]

Si52=TwPa

CLT=TuoS

TmT=Tues

50 79 18

EXCITATION PARAVETERS

IF (IFLCw.EQ.5) ©0 1O 26
197FLG==2

NSaNT=R

19£0=0

1FLOv=s

IF 11590,67.3) 160=3
MASYM=TTHPA/10

IF (ITw2],5T.0) 60 TO 28
IXTYP=1TMD]

NTSOL=D

NSANT=NSANTe)

1€ (%SanT LE.NSwAX) Gn TO 27
B3InT el

$T20

ISANT (NSANT) STSEGNN (TTHP2.T1THMP])
IPED=[ TMP4-MASGYSS] )

VSANT (NSANT) =CHILX (TNP] o THR2)
1F (CHS(VSANTINSANT) ) oL Tl oE=20) VSANT(NSSNTI=(! 40.)
FEDPET S L5

IF (1367,E0.1.M0,7280R%,6T40) TPEN=2
68 1) 18

IF (12TYP.EQ.9) NTSOL=0
1ZTYS=1TMO]

NTelzlTwD?

\owf2fTwp])

e zTwd]

I82=2Tud2

XP2)2Tud)

ADPexTud,

X3952Twds

IDI43TwD6

NSANT=

TRETISzXPR)

Em18Seea02

60 10 15

NETe)Qe PAIANETERS

1F (IFLOW.EG.4Y GO TO 30
\ET=
NTSOLE"

«wit Al

149
159
191
162
193
194
1565
196
197
153
199
200
201
202
203
204
205
206
207
208
209
210
211

213
214
215
216
217
213
219
220
221
222
223
224
225
226
227
223
229
230
231
232
233
23
235
236
237
238
239
240
261
262
243
246
265
266
267
268
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
257
268
269
270
27
212
213
274
215

21
218
279
280

3y 22




war— S

1FLOwz4 A 281
IF (150,67,.3) 150=1 ua 282
IF (1Tw02 EQ.(=1)) GO TO 18 TP LE]
30 NET3NETe) “a 286
IF (NETLLENETHMO) GO TO 31 ~A 28BS
PRINT 142 TR T
syue “a 287
31 NTYR(NET) =2 MA PRA
TF (AI%LEN.ATAT(S)) NITR(NFT) =1 “A 289
ISFOLINET) = ISFANOLTITMR L [ T2 MA 250
ISFG2UNFTI=ISFONOLTTMO Y [TVURG) ua 291 |
YIIR(NFT)aT™P) va 257 !
YIITINFT)=THD2 MA 29
YI2R(NET)2TH2) MA 256
YI21INET) =THe6 va 255
Y22R(NET) =T8RS MA 2G4
Y221(NET)=TNP4 uA 267 i
IF INTYO(NFY) EQ.1,00,THP],GT.1,) GO TO 15 Ma 263 {
NTYRINET) =) w4 299 £
Y1IRINFT) 2=T82) “a 100 i
GO T0 15 MA 301 i
c MA 302
C PRINT CONTAOL H“A 303 '
C HA 304 a
32 IPTFLG=1T™R) MA 105 ]
1PTaG=1TMP? MA 106 '
1PTAGF = [ TuP) ~a 207 g
IPTAGT=]TuRe HA 03 3
IF ([T4P&,EG.01 1PTAGT=[PTAGF MA 309 3
GO YO 1S “a 319
c MA 311
€ NEAR FTELD CALCULATION PARAMETEQS MaA 312 g
¢ Ma 313
3 IF CoMNT L (IFLOS . EQ,B.AND.NFRAONF 1)) GO TG 34 MA Il
PRINT 143 MA 15
PRINT Jéte ISECNIY) MA 316 3
3 NEAR=[TWP] “a 117 “
NRI=]Tue2 “A 118 HE:
NRY=]ITMD] M4 119 ‘
HNRZ=1TMPG MA 320
XN2zTuo| “a 321
YN2=THuD)2 naA 322
INAA=Tu2) Ma 323
DXNR=TUPL MA 324
DYNQ=TMPS MA 325
DZNR=TMR6 MA 1326
1FLOw=R MA 327
IF (NFRALNE.]) GO TO 15 MA 323
GO TO (42+67:54,72.73)s IGO0 ™A 1329
{ < MA 330
c GROUND REPRESENTATION ~A 3231
c MA 1332
35 IF (NOT.(IFLOW,EQ,9.ANDNFRQ.NEL 1)) GO TD 36 MA 333
PRINT l4ss [SECN(2) MA 336
36 EPSR2=TMP] NA 335
§162=Tud2 paA 3136
CLT=TMD) »A 337
CHT=TuP, A 238
IFLOw=9 MA 339
60 10 15 MA 340
C MA 36l
C STANDARD ORSEQVATION ANGLE PARAVETERS MA 62
C MA 343
37 IFAR=TTMP] MA 44
NTH=[Two2 MA 65
NP=2][TMO] MA 46
IF (NTH,EN,0) NTH=) MA 347
IF (NPH,EQ,0) NPH=] MA 348
1PD=1TwR4L/10 MA 49
[8vP=[TMPG~[PN*]10 MA 350
InOR=2TON/Y0 wA 351
19H=1PN=-INNR*10 Ma 352
TaxzINCR/10 MA 353
INCR=INNR-]AX®]0 MA 154
IF (TAY,NE,O0) Tat=) NA 155
IF (IPN.NELO) 1PD=) MA 356
IF INTM LT 2.0 ,NPM,LT 2) JAVP=n NA 357
IF (IFAR.EN.1) TAve=0 MA 153
THETS=TNP]) MA 359
PrIS=TNR2 “aA 360
DTN=zT4R) MA 381
DOmzTHOG MA 362
QFLD=TuRS NA 263
GNNR=TuD6 NA R4
1FLOw=10 M8 365
GO TO (420¢67¢56472:80)s 160 MA 166
c MA 367
(4 EXECUTE CA3D = CALC., INCLUDING R8RTATED FIELDS NA 368
c WA 69
k) IF (IFLOW.ENL10.ANDLITMPLLENLO0) GO TO 15 N HA 370
IF INFRNLEDLLANDLTTMPLLEN, 08NN TFLO®.GT.7Y GO T 15 mA 371
IF (ITYPl,NELO) GO TO 40 “A 372
IF (IFLNW.GT.7) GO TO 19 MA 373
1FLON=T MA 174
60 10 i MA 7S
39 1IFLOw=)] MA V78
G0 10 4l MA 377
“0 1FAR=0 MA 373
PFLDh=0, NA 329

37
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B e - . . .

ot

gov AU ABLE TO DDC DOES NOT
Fiiiio tolLY LEGIBLE PROBUCTION n

: .

PO, -

MA 3A0
“A 39]
MA 282
A 203
MA 3R6
MA 385
MA 386
Ma 297
MA @R
o=z, MA 389
I1F 1I7w31.33.2) PHI5=60, “A 350
17 (T2l %€ GO T0 el ~a 361
ND=32 “A 352
Co=23, “a 353
Te2+27+56472,80) 16O U T
MA 355
END 2F 1+€ “Alw INOUT SECTION “a 195
“a 2G7
SEGIweTING oF YHE FREQUENCY DO ( NOP 4 398
“a 193
w7z “a «00
1) 60 TQ &S “A 40}
GO TO 44 MA 402
- Fre=lz:"w=leTELFRQ Ma 403
b 3 A 404
FwmZ®E F29 “A w05
&5 Foafem) Fuwys A 406
wLte=300 /Fuay ~a 407
EEI8T 1a5. FuaZedLAM MA 408
D:}\' AR BT

SCALING OF GEOMETRIC DAQAMETERS M4 409
“a 410
~ “a 4l
b “h 412
2 Ma 613
2 MA 4lo
t1eF2 MA 415
1)e%3 MA 416
MA 417
SEGwENT LOADING MA 413
uA 419
eNELT) CALL 1.OAD (LDTYOeLDTAGLDTAGF oL NTACT 2L SeZL 1e21CoN MA 420
MA @21
28D.E0.0) PRINT 147 MA 622
D SASAMETER A 423
1e3 MA 426
Q.1» GO 10 SO MA 425
%.1) GO YO «S uA 426
(1.7 (EPSR=SIGeALAM®5]3 ,92¢F j)) MA 427
S.0) GO VO 438 “A 428
3 LT/Z7elAM MA 423
S=cCZeaT/ul AM MA 430
WIADL «SCAWL T+ SCRWARY MA 431
MA 632
E02SRS16 MA 433
MA 635
MA 435
MR 436
“A 427
MA 433
MA 439
wATIIX SET P MA 4L0
MA 441
{ISTAST . NELO0) GO TN 52 A W&2
MA 443
MA 4bb
MA 445
MA 446
LT
3L CaX MA 44B
ML 4kd
NA 450
LN ES T B A 651

Chel. LwTETINDAdoNCOLeCMeNLOAD s PKH)
Che SFZINT (TIM2) »A 453
Tiw=T wzaTiw] M 4546
NA 4SS
“1°3]a FACTOAAZTINN MA 455
MA W57

._
]

.
3

-

rrOANANe

w

-l
o

iy

-

'
et}

Lo
a

i

non

ChL FEITSSUINGEQeNGP eCMe TP e [XoNI0WNCAL WNCOLS s IPSY¥)
s nA 68O
18 ] £.LE.Y) GO TO S3 MA Gk
. wA 662
£os “A 463
SECOND tTTRLY MA 466
il i MA 465
T 1% PIm.TIw2 A 466
* MA 467
- “A 469
MA 489
EaZ1TRTION SET UP (RINAT MAND SIDE. <E INC.) “A 470
MA W71
MA 672
MA @)
5 wA 476
sy wA 475
*2.50.0) G® 10 57 Wk &7
15 1275, LE 0,09, 1XTYP,EN.4) DRINT 156 MA W77 7
Twl2Za2Tg01285 A 478 x

Y O




COPY £ ™) 106 DOES NOT
PERKIT 1oov. ..o PRODUCTION

D~

TMPGL BT ASXPRE A 479
IF CIXTYP.LELY) GO TO S6 MA 490
TEP|=XPR] /uLAM uA 4E)
TMP2=XPR2/ulL AN “A 422
TMPI2 XA /wl AM ~A 47)
THPAE=XDRE/ (WL AMe 4| AM) “A LA4
PRINT 156+ XOR]XPR2,XPRIAPRL,LP25,8540 ~A 4B8S
GO 70 s7 MA WRAR
56 TMP ) =TA®XPR]) ™A W27
THP2=Ta®XPR2 “id 28§
TMPI=TASXPR] MA w89
TMPAZ PN “a 450
IF (IOPTFLG,LE.N) PRINT ]535, X2C] 05924223 0,mP) ([XTYP) XPRS “a 46!
s7 CALL ETMNS (TUR]oTHMP2 TMP] TMDL  TuEE  Tulne 18T ria JSANToVSANT oNSANT. “wa 462
1cum) wA 45)
[ uA 454
c MATRIX SOLVING (NFTww CALLS SOLVFS) “A 455
c ~A 456
1F (NET.EQ,0.09,INC.GT.1) GO 1O 6] ~A 457
by PRINT 154 “A 469
1TMP3=) NA W99
TTMRPL=NTYP L) s =00 ]
D0 60 [=1.2 mA €0] |
IF (1TvPl.ER.D) 1TvR)=2 wA 502
IF (1TwRl.E0.2) PRINT 159 A 503
IF (ITvPl.EN.1) PRINT 160 “A S04 ;
00 59 s=1enET “a 205 |
LTNRP2=0TYP 1Y) wA 508
IF (([T™P2/1T4P]1) EN.1) GO TO 52 w4 <07
[THP3=[TMP2 NA 504
GO TO &9 ~A 509
58 ITMP4=ISEGL (S MaA 510
1TMPS=1SEG2 (J) »A S]]
IF (ITMP2,GE2.ANDYLILII(U) LE.A) YILI () =Wl ANOSOAT((X(ITMPS) =X (T na =12
IMPL) 1224 (Y(ITUPS) =Y (TTMPL) ) ®e24 (Z([TUES 127 ([THRG) ) ®e2) vaA 813
PRINY 157« ITAGIITMPG) o [THMPG [ TAS([TYSS) el Tw2Sev IR 1YL CUL. ~A Sle |
1 YI2R(J) oY121 (D) o Y22R(J)9Y221 () oPNET (20 THP2-]) ¢ ONET (20]TMR2) A 515 |
S9  CONTINUE nA 516 |
IF (ITwP3,.£Q.0) GO TO 61 M8 517 |
[TMPL=TMP] ~vA S18
~0 CONTIMUE MA 519
6l CONTINUE “A 520
IF (INC,GT.1eANDSIPTFLG.GT,0) NORINT=] »a 521
CALL NETWK (ISEGLeISER2eY1IReY]1]11ev1220712ToV22Rev221sNETINTYPLISA MA 522
INT oVSANT oNSANT sCH o [P s FURINROW oM COL o [ X oD INCPLOSNT onPRINT e MASYM( 2PED NA 523
24NTSOL « JPHAX) MA 524
NYSOL=) MA §25
IF (IPFN.EN.0) GO TO A2 MA 526
ITMPL=MRZesu® (M2-]) “A 527
IF (ITuP]GT.INORNF~3)) GO TO #> »A 528
FNORM ([ THP] ) =EAL (7PEN) wA 529
FNORM([TMP] 1) =AIMAG(7PED) ®A 530
FNORM([TMPL +2) =CA3S (2PED) MA 53]
FNORM ([ TMP] ¢3) 2CANG (ZPED) A 532
IF (IPED.EN.2) GO TO &2 »A 533
[F (FNORMIITNPL+2).GT ., ZPNORM) TIDNORw=FANCRM(]TNP]e2) MA 536
62 CONT INUE »A 535
v “A S36
c PRINTING STRUCTURE CUARENTS wA 5§37
c MA 538
IF (IPTFLG.EQ.(=1)) GN TO 64 wA 539
IF (IPTFLG,.GT.0) GO Tn 63 »A 540
PRINT 161 MA 561
PRINT 162 MA 542
GO TO ke HA S4)
63 IF (IPTFLG.EBG.3.0R.INC.GT.1) GO TN 64 MA 564
PRINT 163+ KPRIsHPOL(IRTYP) sxpOSH MA 545
64 PLOSS=0. MA 546
1TMPL =0 A 547
JUMP=IPTFLG®] MA S4B
00 70 1=1wN MA 549
CURI=CUR(T)owLaM MA 550
CMAG=CAAS(CUR]) “A 651
PH=CANG (CURT) “A 552
IF (NLNADLEQ.D) GO TO 6S MA 553
IF (ARSIREMLI7APAAY(I))).LT.1,F=27) GO 10 &S MA S5
PLOSS=PLOSS*eSPCHMAGPCHMAG*REAL (7a23AY (1)) ST (T) MA &S5
65 IF (JUMP) 6947066 NA 556
66 IF (1PTAG.FQ.0) GO YO A7 vA 557
IF (ITAG(I)NF,IPTAG) GO To 20 ~A 558
L TTMP L= THMP o} MA &539
IF (IT4P] LT.IPTAGF .0R.1TMPL 5T, IPTAGT)Y 65 YO 70 CTRRY)
IF (IPTFLG.EQ.0) GO T 69 MA 561
1F (IPTFLG.LY.2.0R,INC.GT.NORMF) GO TO 68 uA 562
FNORM (TNC) =CHAG “A 553
1SAVE=" MA Sha
68 IF (IOTFLGME.3) PRINT 164y XOD]XPR2,CMAG.PHE NA 555
GO TO0 70 MA 566
9 PRINT 1ASs TeITAGEI) oXUT)eYUI)oZ(1)eSTUINeCURTLCHAGPH “A 587
70 CONT INUE MA 563
IF (IXTYP . NE.N) GO TO 71 MA 589
TMP ] 2P [N=PLASNT=-PLNSS MA S0
TMP22100.°T#P] /P IN ~A 571
PRINT 1665 PINsTMP] 4PLOSSPLOSNTTHO2 “a 572
n CONTINUE A 573
160=6 NA ST7e
IF (IFLOW.NE.7) GO TO 72 MA 575
IF (IXTYP . GR.0.ANDLIXTYP.LTe4) GO TC 116 A 576
IF INFOO.NE.)) GO TO 121 “A 517
39
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il
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~O DD
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7=

7%

17

78

L XaKalNal

82

33

/s
35

@ m
e

“a

“E12 FreLD CALCULATION

1F INE23.EQ.(-1)) 6O 1O 79
PRINT 147

TNETEZNaeIINR

O TR 13)eNnR?Z
IN3T2ZNATeD2NR

IF 'NE22,E9,00 GO TO 76
TT==llcrTaARZNGT)
ST=z3[n(TaRZNDT)
YNSTYNILNINR

OFf Ta zleNAY
YNIT=rN2TeDYNR

IF (NEAR,€9,0) GO 1O 75
CP=3CHCITACYNAT)
=23In(TAeYNRT)
EINET=anRNIND

TA 73 wrz] JNRY
INETIANITDXNR

1F 'NZ22,E0.0) GO TO 76

202=1NSTOCTm

GO ¥C 1?7

XC33XNET

YOa=vNoT

20a=2naT

Twd)=ze 3/ /u AM

Twd2=zvrA/u AM

TwS3z7-3/mAM

CRLL NEFLD (TMPLeTMP2,TMPIEXIEYEZ)
Te2]=C3S(EX)

TwE23CanGEX)

Tw213C22SIEY)

TeSazCanGIEY)

Tm2S3C23SIEY)

TwDL3CaNGIED)

EPINT 168¢  XOAsY0BeZNByTMPLeTMP2,TMP I TMSL, THES, “==s
CONTINGCE ~
IF (w=? EQ.NFRD) NEAR=z-]

IF (NVFR3.82,10 GO TO 79

PRINT 135

31 13 1%

CONTINGE

STaNCAST FAR FIELD CALCULATION

IF (1F82,E0.-1) GO TO 114

IF (1F23.LT.2) GO 70 A2

ORINT ]f‘

IF tIF35.LE.3) GO TO al

STINT 170s  NOADLSCRALTSCRART

IF 11T33,87%,4) 50 TO =2

17 11742,63,2,0R.IFAR,EQ.S) HCLIF=mPOL (1)
1F (1723,E€7.3,03.IFAR,EN,5) HCLIF=hCIR
CL=CLT/7elAM

CrmzC=T/alAv
228712205001 (1. /7(EPSR2-SIG22WLAMSS55,928F ) )
PRINT 171e MCLIFCLTCHTIEPSR2.51G2
IF (lF3a.,NF.1) GO TO @3

PRINT 175

G0 70 a5

1=2¢i3C.]

J=1e]

1Ted1=2e]ax0]

JTMD2=zTTND] .

SOINT 172

IF 1S€I0.LT.1.E-20) GN TO A4

£ LLM/EFLD

Er3Az3c D/ul AN
EXoAz=360,2(EXPA=-AINT(EXRA))

SO1%T 173e  RFLDIEXRM,EXRA

SOINT 174 IGTOUI) o IATPII) o IGAX(ITHPL) s IGAR(ITH22)
TF et yPLE%.)) GO TO A7

IF (12°YP,E£%.4) GO TO B

22272y,

GLONTL @RI /7], +XPREPXPAS)

ckelet Lt Tatol]

A YA 38
SINEIF.,51010060K0R6 U AU 4L AN
GLUPzw AW a| AN®2,0D]/(376,.73°PIN)
S32I=2IN~PLCSS-PLOSNT

GCONSEOP

IF (10~ ,NE.0) GCON=GCON®P IN/PRAN

129

Gwar=a) €10

SINT=2Y,

Twd]250ueTs

Twd2z zeDTweTa

Cad EEL AT LI

2D 139 <Pzl NPw

A §74
A 573
“A SAD
A Sk]
™A 5A2

~“a SAs
»A GRS
RN 1Y
~A SA7
w4 548
MA SAS
A 550
“a 56)
~A 5§42
i 55)
“A 556
wA 598
MA 56
mA 597
“A 598
MA S99
A A00
“A €01
A £02
mA ~03
MA £04
“A A0S
MA €08
MA 07
HA /03
MA 609
MA 610
MA A1
MA 612
A 613
»a 6le
MA 415
MA K16
~a K17
M5 K18
MA K19
MA €20
MA 621
MA f22
~A 623
MA 624
MA 625
Ma 626
MA 627
nA 628
MA /29
“A 630
MA 431
MA K32
MA 63
MA 636
MA 535
“A 636
MA 37
MA £33
MA 439
MA 640
MA Aol
MA K42
MA 643
MA bbb
MA 665
MA 665
HA K47

MA 648
MA K49
MA 650
MA 651

Ma €52

“a 653
MA 656
MA €55
MA 65%

MA 657

MA 653

MA 659

MA 660

MA 651

MA 662

MA 653

MA K56

PA 655

MA 666

MA 667

MA K68

MA 659

MA /70

MA &71

MA K72

MA 473

MA 676

MA K75

MA 476

d
0
u

T LI
GYIVAY AdD

.i

}
i 5

maTt |
VIR

3

d 3k
i 900 Gl

"

n
Ul

NOILINC
10N S30




A9

<o

91

92
93

9%

95
9%

97
98
99
100

101
102

103

164

105
106

167

104
109

PrlaPu] DO~ “a RIT
PrazPHleTA MA KTA
TRETETHETS-OT™ ~“a 275
PO 109 ®Twz]oNTH MA <F9)
IrETsTmETenTa MA &)
IF (KSYMP ENQL2.ANN THET 5T 33,31 .8%2, 1FARNFL1) 63 TU 109 ~A &A2
TrazTweTeTa MA £B)
IF (1FAR.EQ.1) GO TO a9 HA ala
CALL FFLD (THA2HAET=Er= MA £33
6O TO O wA KRS
CALL GFLD (AFLN/MLAMIORA T mET /0t AU FETHeERPReERN7RAT [ oxSYMO) MA RAT
EROMICAASIERDY MA ARQ
FRNA=CANG(ERD) uA &E§
ETHMZzOF AL (ET=OCONJGIFT~) ) MA &£50
ETHMESNRT (FTmu2) MA &3]
ETHAZCANGIETH) MA 652
EPHM2zCEAL (ERP=®CONJG (FPm) ) ~MA &9
EPHM=SART (EPHM2) ~A AGe
EPmLICANGIFPH) MA &35
IF (IFaa.€n.1) GO 7O 104 “a £66
ELLIPTICAL POLARIZATINN €2y T, ~A £97
IF (ETHM2.GT o1 4E=20e02,62=%2,%7 ] ,F=20) MA G323
TILTA=z9, MA &99
FMagR2=0, »A 70)
FMINR2=0, ~a 701
AYRAT=n, mA 702
1SENS=maLKx ~A 7373
GO TO 35 MA 704
DFAZ=EDHA-ETHA MA 705
1F (EPma.LT.0.) GO TO 92 “A 704
DFAZ2=NFAZ-360, MA 707
GO0 T0 ) ~MA 703
OFAZ2="FAZ+160, MA 709
IF (ARS(DFAZ) ,GT.ARS(NFAZ2)) Z522:=nFa22 MNA 710
COFAZ=C0S(DFA7TA) ~A 711
TSTOR] =E THM2=EPHY2 MA 7]2
TSTOR2=2 . ®EPHMSET~MOCNFAZ Ma 713
TILTA= _S®ATGN2(TSTOR2.TSTI3]) MA T)%
STILTA=SINITILTA) ~aA 715
TSTORI=TSTORIOSTILTA®STI TS “a 716
TSTOR2=TSTOR2PSTILTA®rOSITILTS) MA 717
EMAJR2=~TSTOR] +TSTOR2ET=42 ~A 713
EMINR2:TSTOR] -TSTOR2¢FPru2 A 715
IF (EMINP2,.LT,0.) EMINR2:G, ua 722
AXRAT=SORT(EMINR2/FMA JR2) A 721
TILTA=TILTA®TD MA 722
IF (AXR2T .GTL1.E-5) GN TO Ge uA 723
ISENS==POL (1) “A 726
GO TO 96 MA 725
1F (DFA2.G7.0,) GO 7O 95 MA 725
ISENS==P0L 12) MA 727
GO TO 96 mMA 728
ISENS==POL (3) MA 728
GNMJY=DR10 (GCONSEMAUR2) MA 730
GNMN=DR] 0 (GCON®EMINRZ) MuA 731
GNV=D10 (GCONSETHYD) “A 732
6NH=D3]10 (GCONSEPHM?2) ~a 733
GIOT=DR10(GCONS(ETHMZEPR¥2)) MA 734
1F C(INPR.LT.1) GO TO 103 MA 735
I1=1+1 MA 736
IF (1.GTNOR¥AX) GO Tn 103 MA 737
GO TO (97+93+4995100¢101)s IV mA 733
TSTOR]=GNM) MA 736
GO TO 102 “A 740
TSTOR1=GNUN MA 76)
G0 TO 102 MA 742
TSTORI =GNV MA 743
60 70 102 MA 744
TSTOR1=6GNA MA 765
6O TO 102 MA T6h
TSTOR1=KTOT MA 767
GAIN([)=TSTOR] A 743
IF (TSTOR]I,.GT,.GMAX) GUAX=TSTD=} A 743
17 (1AvP.FN.0) GO TO 106 mMA 75D
TSTOR1=GCOPS(ETHM2+EPHM2) uA 751
TUPI=2THA=-TuP2 MA 752
TMPG=TRASTuUD2 “A 753
IF (KTw,EN0.1) TMP3=THa MA 75
IF (KTH EQNTH) Tupg=THA HA 755
DA=zARS(TMP Lo LANS(TMPI) =COS T T*3uy) ) mA 756
1F (KPH FEN.1NDRKPH.ENNP=) Da=z Se0a A 757
PINT=DINTTSTORLI®DA ~A 758
I tlave,ENR.2) GO TN 109 MA 759
IF (IAY,EN.L) GO TO 115 “A 760
THES=GNMY nA 7h]
\CELELANTT " 762
GO TO 104 HA 753
TMOS=GNY MA The
TMPE=GNM MPA 765
1F tRFLDLLT.1.E~20) 6N TO 197 MA 765
FTHM2E THMOE XPm MA 787
ETHAZFTHASF (RA MA 768
EPHMZEDONMSF KO A 749
EPHAZEPHASERAR “A 770
PRINT 1760 THETePHIaTMPS THIR  2TOToAXRATTILTACISENSCETHMETHAY  MA 771
EPMMFPHA MA 772
60 10 109 % A 773
PROINT 177¢ RELDOMIsTHET oF T=w o TA FuMMFONAFRNUERNA NA 776
CONTINIE “A 778
41
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oo s e

110

111
112

1le

115

116

117
114

119
120

121

1€ (18/9,.67.0) GO 1O 110
Te2)=T=ETSeTA
TePesTwR e DTHOTASFLOAT (NTH-])
TYSI2A3S(NPHOTASFLOAT (NPH=1)®((NS(TMRY) =COSITNZui))
BINT=2INT/TND)

Te23=Tw23/2]

PaINT 173, PINT«THR)

IF (INCR,EG.0) GO T0 116

IF (ASS(GNOR) 4GT.1.E~20) GMAX3GNOR
ITe2lztINNA=1) 020

[TwsgzTTuELa)

PAINT 173 IGNTP(ITMPL) s IGNTP (1THRZ) ((max
[TUd2382meNTH

IF (ITwB2,57,:00MAR) [TMP2=NORMAX
[Twei=201Tu22e2)/3
[TuP221 4] @3- TMR2

JTeR3z1TND)

[ TwPa320]TVR]

IF (ITW22,610.2) [TuRazlTMPa~]

02 111 I=1.1TuP)

[Tw233]TuPJe]

[Tw2ez1TuPGe]

J3il=lr/NTm

THO | 2T=ETSFLOAT([-J®NTH=]1)*DTH
TH2222-1S+FLOAT (J) *0Pw
J=ITHee3=]1) /NTH

TH233T=E TSeFLOAT([THP = ONTH=]) oD T~
TwZaz2=SeFLOAT(J) *DPw
JECITHRL-1 1 /NTH
TMOSzTRETSFLOAT(ITMPA = ONTH=])ONTH
THS522=[SeFLOAT(J) *0Pw
TSTCS1=GAIN(I)-GMAX

IF (I.SQ.ITMP]AND,ITMP2,NF,0) RO TO 112
TSTC22=6AIN(ITMP]) ~GMAX
OINT=%aINI[TMPL) =GMAX

POTINT 1800 TUPLsTUP2.TSTORLeTUD Y TOPRL TSTIAZeTwE2 Yo o 0T
GC T2 1le

IF (ITwP2,€0.2) GO TO 113
TSTO32=GAIN(ITMPI) =GMAX

P2IMT 1300 TMP]TMP2.TSTORL«TMR I TUPG,TSTNRR
60 TC 1la

PRINT 130+ TMPLTMP2,TSTOR]

1F (1eTYP.EQ.0.,CR.IXTYP.EQ,4) GN TO 120
NT=IC2NTHICe]

INC=INCe)

XP212122] «xPRG

IF (9T=IC.LENTHIY GO TO SS

NT=1C=1}

XP2|=T=ETIS

XPR221532+XPRS

NP=]Cz\2H]Ce]

1F ‘NS=]C.LE.NPHI) GO TO 5SS

NP=[C2)

XPR2=3=15S

IF 1I2TFLG6.LT.2) GO Tn 120
1TwPl=NTHIOoNPH]

IF 'ITwD] LE.NORMF) GO TO 115
[Te =\ 25wF

Pa:NT 131

Te2 ] =F0Cou(])

0O 115 J=2.17wP]

1F (53U ) JGT.TMRL) THMPL=FNORW(J)
CONTINUE

SRINT 1282+ TMPLXPRIHPOL (IATYP) «XPRALISAVE
00 113 JnlonNPu]

[Twd2a8THIe(J=])

00 117 I=lenTH]

[TePl=TeTuR2

IF (ITw23,57.17%P1) Go 7O 118
TeP2=F\ 0w ([ TMP3) /THP]
TMR3I=20820(TwP2)

PAINT 183, AOPLXPR2,TMP I, TMR

APD [+ 123 exPRe

CoNTiv &

P02 =ET][S

AP2223w-18§

IF (v=7 EQ.NFRN) TFAR=<~]

1F %S5 .NEel) 60 TO 121

BIINT 135

6o T3 1%

MmZavwaZe]

IF (9a7 LENFR0) 60 Tn 43

IF (I2£0,EQ.0) 6O TO 124

PRINT 134e  ISANTINSANT) ¢ ZPNORW

[T =204520

TF (ITed] LE.(NORMF/4)) GO TO 122
1Tu2138CRuF /4

2ITNT 135

IF (IFS5,EN.0) THPL2FuMZ= INFRO-1)*NELFRY
IF (IFS0,E0.1) THPL=2FWKHZ/ (DELFPN®® (NFRQ=1))
00 123 I=1.1Tw0l

1Twd221eu0(]=1)

TMDZ=F\ 36N ([ TYP2) /7PNNRM

TR NLwU ([ THP2e]) 7 70N0RY

TePasl rGu(]TUD2e2) /2ONORY
Te2SzC,CRN{TUDR2e])

PRINT 13AAs TUPLeFNORMITTMP2) sFNORMITTMP2a1) ok N2 ([ wazege

42

76
T
773
719
TR0
781
782
83
784
785
786
er
733
189
759
51
792
763
756
755
9%
757
758
799
#00
acl
ag2
a3
04
805
LY
07
Q03
09
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pvpn e T rng DOES NOT

PERKIT Fuili LECiiL § iiaa’ﬁcnﬂ&

123
126

12%
126
127

123
129
130
13

132

133
136
135
136
137

138
139

140
16}
142
143
144
145
145
167
148
149
150
151
152
153

15«
155

156

157
158
159

160

161
162

163

164
165
166

167

168
169
170

1 FNORM([TUR243) 4 TMP2 s TUP T, THPG, THOS
IF (1IFR0,EN.0) THP1=2Tud]eDFLFRN

IF (IFRN,EQ.L) TMPI=TwP]eDFLFRN
CONTINUE

PRINT 135

CONT INLE

NFRQ=)

w7=]

60 T0 15

FORMAT  (8241146)

FOQMAT (1=l

FORMAT  (///7433%130M®00000002000000000c00+29000000,//+74Ks24HANTEN
INA MODFL ING PROGRANG/ /4134 ,3(neeeve eesestcsennes)

FORMNAT (/77743 TK 26Me = = = COMMENTS =« = = =4/)

TORMAT  (25X.17A6)

FORMAT  (///7+10Xe34nINCORRFCT LAREL FAq A CIumiNT Cawd))

FORMAT (7777 IIMediMe = = = SERVENTATINN DATS = = = =y //eb0Xe
1 21HCONRNINATES IN MFTERS.// 25K,

2 SO0MIs AND f- INDICATE THE SENMENTS IZFOSF and AFTER 1./7)

FORMAT  (2X+&HSEG, s IXo26MCOORDINATES 2% ST5, CENTT2.SKekM 6 Gae
1 SKelARNRIENTATION ANGLESeaXebmw]=Eoats1S~CONNECTIOAN NATASIX,

2 IHTBG /92X e IHNO a0 7TX g 1ML 9 M a 1MY oS0, L m2 o TR e hmL T BT = 30 SHALPRA,

3 SXe4rRETAENe6rRADINS LN 2HT=e R alnlsaRe2=]realeInND,)

FORMAT  (1X+ISe6F10e5:1Xe3F10.5e1Re313e27,15)

FORMAT  (19h SEGMENT NATA ERROW)

FOOMAT  (/7//7)

FORMAT  (A2+13+315+6E12.3)

FOAMAT  (1Xe 19H®®e®e DATA CAPD MO.ol)e32022000el2:3(10015)0
1 6(1%,E12.5))

FORMAT  (///+]10Xs4SHFAULTY DATA CA2C La=EL AFTES rnFCMETRY SECTION)

FORMAT  (///+10X 06N MBER OF LNADING CA«NS ECCEFNS STORAGE ALLOTY
1EM

FORMAT  (/7//+10X¢31HDATA FAULT ON LOATING CARD MO, =2e15:5Ks 11HITAG
ISTEPL1=415.294 IS GREATER TwWAN JTaG ST:%¢2,15)

FORMAT  (//7/7+10XeSIHNIYEED OF FxCITATTAN £2306 Ex~FEDS STORAGE ALL
10TTEDY

FORMAT  (///+10Xe43hN MAEP OF NFT40S« CA205 EXCEENS STNRAGE ALLOTT
1ED)

FORMAT  (//7¢10Xs 79H4HEN MULTIOLE FIECUENCIES 237 SEQUESTEODs ONLY
1 ONE NEAR FIELD CASD (AN 8F USEN =e/e«)CRe22ALAST 783D RFAD IS USED
2)

FOOMAT (10X+2SHSEE USERS MANUAL SECTISN +44)

FORMAT (////7¢33X333He = = = = = FRESUENCY = = = = = =4//¢36Xs10MF
IREQUENCYZeELL beoH MN70/936X0 ] InaAVELENGT=2e€1],.407= “ETERS)

FORMAY  (///930Ke60" = = = STRUCTUSE TwFENINCE LOADING = = =)

FORMAT (/7 «35Xe28KTHIS STRUCTU2E IS NOT LOACED)

FORMAT  (///936Xe3lh= = = ANTENNA ENVIPCNWENT = = =o/)

FOPMAT  (4CXe21HMEDIUM UNDER SCFOEEN =)

FOPMAT  (4OXe27HRELATIVE DIELECTRIC CONST,.2eF7.307040K,13RCONNUCTT
IVITY=2F10.301 1M MHOS/VETER)

FORMAT ( 42X+ )4HPERFECT GROUNNM)

FORMAT (  44Xo10HFREE SPACE)

FORMAT  (///+32Xe25H= = = MATRIY TIVING = « =o//7e36Re5=FILL=eF9. 30
1 15H SECee FACTOR=4Fu,.34Sm SEC,)

FORMAT  (///7¢40Xe22h= = = FXCITATION = = =)

FORMAT (/36X )J0HPLANE WAVE ooX AMTRETAZF Y, 2011= "EGe  PHlasF7,2s
1 11H DEGe ETA=eF7.2.)30 NEGe TYPE =oh6413=e AcIAL PATIO=«F6.I)

FORMAT  (/531Xe)7HPOSITION (METFRS) o1ar el a=3=TENTATION (DEG)=/e28X
TolHROR2X o1 MY o 12X o I M2 JOX o SHALPHAWSR s um=ETS, 0k e ) 3=N[S0LE MOMENT.//
2 s4Xe]4HCURRENT SOURFEeIXe3(3XeF1N,5)01Re2(3ReF7,2)04XeFB,.3)

FORMAT  (4Xob(ISelX)eA(IXsFll ) eIneah sy

FOOMAT  (//7+66X%X026M= = = NETWOSK DATA = - =)

FORMAT  (/¢6XelBH= FRAN = - TO =e]10e]7=TRANSHISSION LINES]ISXe]
16H= = SHUNT ADMITTANCES (YHOS) = <oletsemLINEL/e5K,21NFAG SEG
2. TAG  SEGe«H6XsIHIMOENANCE s 6X o 6RLENGT M 12X el END ONE =o17X011
3H= END TWO =912Xe6MTYDEy/ QY 21rNO,. NOe NOo NO o * X o bOHM
LS eAXIAHUMETERS 99X 9 GHREALINXeSHTIMAGL s FMobmDEALs10Te5RINAG.)

FOPMAT (/46X oBM= FROW =obXobH= TQ =e268e45= = ACMITTANCE MATR]
1X ELEMENTS (MHOS) = <o/ ehYe21%TAG SEf. TaG SFGe.el3XeOm(0
2NE ¢ONE) ¢ 19X GH(ONF s TWO) ¢ 19X (TeNeTwO) e/ *8X21MN0. NO,
3 NO.  NOGeRXeGHPEAL ¢ 10X ¢SHIMAG, «SX e amIEAL e 1NN s ImIMAG, ¢ FX o &HPE AL
6o 10XeSnI“AG.)

FORMAT  (/7/7929%933H= = = CURRENTS 347 LICATION = = =e//7¢33Xe26MD1
15TANCFS IN WAVELENGTHS)

FORMAT (/742X 064HSEN.e2XeINTAGIGN21=CO0RN, OF <EGe CENTEROSXs
1 4HSEG.s12Xe26H= = = CURAFNT (AMPS) = = «4/e2Xe3aNCosINeINNO, o
2 SXelmN oAUy IHY eAX e IHZ s 6X s AHLENGTHS Lo AT AL ¢ 3R e Su[UAG, o TR o &HMAG, o
3 AXeSHPMASE)

FORMAT  (///+33%440N= = = RECEIVING PATTESY PANNITERS = = «o/ o6
1IXGGHETA=4F7.298H DEGOEESs /943X eb=TYDE =914¢/0a31,12MAXIAL RATIN=,
2 Fb6.3.7/ S1IXISHTHETAGAX e3P o102 ] 3re CUBIENT = yGXeINSEGe/
3 11X eSHINEG) «SXeSHIDEG) e TX s IHVAGNI TUNE s @ SHPRASE ¢ &X s INND L /)
FORMAT  (10Xs2(FT7.203X) ol XeElLl e eF7,205xe15)

FORPMAT  (1Xe215+¢3F9,6,F9,5,1%e3F]2,4479.3)

FORMAT  (///+40%e24H= « « POWED AUNCET = = =o// L3Ny |SHINPUT P
10WER 2eElletob6M WATTSs/ o43Xe]SHAANTIATED POWEI=.EllobshP WATTS,/
2 8IXISHSTRICTURF LNSS=¢Ellssebm nsTTSes 43T | SHAVE TWORK LOSS
3 =2eEll bohl WATTSe/ e XoISHEFFICIENCY =y F7.2¢9% PERCENT)

FORMAT (//77¢39%023Me « =« NEAR FIFLDS = = «o// e12%elm= LNCAT]
ION  =e21X 98He EX  =y]5Xefle EY ~ealS5Xefme Z7 <yy Xy
21HXs 10X e 1Yo 10Xe N2 010K, GHUMAGNTTUDE $ 30« SHPRASE « 5K s GRVAGNITUDE »
IIXSHPHASE ¢ 6X « FHMAGNT TUDE o« IX ¢ SHOMASE o /7 c6XebMVETERG SN BHMETER
LS eSX o AMETERS«AX e THVO| TS/Me IR THDEGSEES oA e TRV TS /Mo JC THDEGPEES s
SHEXTHVOLTS /My IXe THNEGIEES)

FORMAT  (2Xe3(2XoF9,4) 9 1Xe3(IReFL1.0s28:F2,2))

FORMAT  (//77¢11Xe30H= = = FAR FIELR A=NUNT DASAVETFRS « = =e//)

FOPMAT  (4OXs2SHRANTAL WIRE GROUND SCOEEN./ew0R, 1560 @IRES/ 06

43

L)
MA
“A
“a
MA
1)
“A
MA
“A
1)
A
A
“A

ars
are
a7
A8
A9
AR0D
AAL
Re2
AR3
afe
RBS
a8s6
ELYS
LLY]
uag
PSSO
us)
aG2
R93
R9%
a9S
RSH
RS7
A998
R99
w00
901
902
Q03
Q04
905
Q0h
Q07
Q08
909
910
qll
912
Q13
9ls
s1S
916
s17
sl8
99
920
921
Q22
Q23
Q24
925
926
927
Q28
929
930
931
932
933
936
Q3s
936
937
938
939
940
Q4]
942
943
94t
945
Q46
%7
LY}
949
950
951
952
953
954
a5s
956
957
954
a59
Q60
961
962
L L% )
966
Q65
966
Q67
968
969
Q70
971
912
973
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172
13

N

75
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175
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le 20m= = = LUTATITM = + =0 (lfejbbe = E(INFTA) = =,3ke]iora = E(Pn]) ws
2~ =031l = FID2IT04) = =0 %)

3 / fT R Tl
®@ S5 eiSF e i et aT s Ter -
SZFSe3R o 7mv
STLTS @ LT

120 17K THMAG S L GRORISE s 90 s IMMAGL SR w8
7S e mMETEWS o s T=DENREF SelohonrwF T Wb 53
SIOEIS oo e e dOLTIG /W, 34e 7 JELMEFS,  RReT=Y w3 T34

<

2B aTB,8eFD, 2021 08%:2(D2.512,5,F3,.21)

S

TeF v, 20180 (3805 ] ,9024:F7.2)) £ ]

9\:-‘- CATNZIEL? 5727 4m50L 10 ANGLE S w3 5355

IN a,TIAGINRE LFT, “il4mpeP] STECANIANS.e//) i 335

‘ 274300 v - - - SN I2F0 GAlN = = ~ =e//037Ke20k, LE 2 44

ZremiiGws CTETINN TALTAD 2.F4.3¢3m “Ses/e3lake
- merleemtAINGTEYN 0/ VGl S TRETA 580 I=Pm]lents
2 S3e3K3e/a3128 SSSeZne TNELIEESIAIY)
(3einazie, Zebu3
(/77enleSimeS "Z1¢ v 2277525 STCRAGE TO6 SMALL.AZSAY TIuNC w3
N
GA/£< TR b= = = wOSwiy 12EC RECEIVING PATTENN = = =o/cb]t w3
ves/eal T amE YA ET  Tadn TEGFESesse] “A
YL FATI0zeFHeDe/ eV 2-ST0MENT NG,
eildme OATTEAN =e/e2lK.Sr(2F 3 enas
s

(/7 aihEqgitme = = Tor, T JWSENANCE DATA = = =/ 1458 12WS wa
15 20E RIGMENT WO.elae s eI ReZ|=NTEMALIZAT[ON FACTII=48]2.8477
2 2TXETIER - WA SR I2ED [MPETANCE -

s \"-'ug, 2 n.:i - et W15t e) TmIESI TN

5 an-n-\n n.ﬁ.sl.t-c-n
6 a=Cmwi S2eTaDFRETLTE8.T=DEDFES/)
LEt-1F 34 TesZw3TNELIE FO2 TWMOEDANCE NoSwaL[2aTION TOO S™atL e n"zn
123247 1121

FoaeaT (u.t: 30200212303 1205) 03008 12,502%eF7,242042(284E12.50 030 wr-zz
le £12.%20.77,2)

wi1n2d
FAIeAT S/ 7.208.32ak02E 1 TNATE INTEGRATION EMPLAYED FOR SEGWENTS
=% 82i37)
FASMAT oSe lrewiToe “EX 2v JUNCTION S2ECIF[ratlon)
END LT SR

¥ Yook s illelin

¥

p

4

A
Ty

:&il

i

%

Y
i

w il

1€

id 4
aa 100 0

i
3

L

\

"~

1
]
4

&

]
o

i

0
3

D119
N'S

N

LY

I

—




T ————— IS,

o et | A

copy prar e 7 096 00 S NOT
PERMIT FL.Li & m P..UDUGTIUN

i

SuAROUTINE CaAaC "

CAAC CNwPLTES COEFFICTIENTS OF ToE CONSTANT (A)e STNE (R)e AND ca
COSINE tC) TERMS IN TwE CUNRENT INTERPOLATION FUNCTIONS FOR TnE 4
CLHRENT VECTOR CUR, cH
cH
COVMDN /DATAZ  NeNPOR(H00) Y (300)e7(R00)«ST1E20)+=11R00) «ALP(ADO)
1 BETLAND ) ICONL(300) « 1CON2(B00)  ITACIRD)) ent 2Ma12%yMe Juax
COovMON 7CONT/Z  AI(ANND) +ATT(500)«313(R00V«=T1(A201eC12(R00)CIT(RD
10) «Cuyat800)
COMMON 7K/ NCOXeJOT(25) oNCEX TR (25) oNCIZ+ JOZ (251 oNCTI2eJ12(25) €A 11 i
COMPLET CuReCLOCLLOCLY 8XsRR, X cHh 12 i
CATA 19/5,23318530a/ cq 13
DO 21 I=len
CALL T310t1+JC019JC02.2IL«DIX) 1
CL=Tde7 1L {
Cr=TPe" K 1
SINLsSINICL)
cosL=TrsCLy
SINT2SINICH)
08K3Z°S(C<)
TFEUCO1.6T,(=3000M) 1060 TO S
JIA%sN=(JCO1+90000)
CLo=CustJlax)
GG 19 a
s 1FEICA11Lehe?
1 CLA={0,+04)
TFINCTILT. 1060 TO )
N3 2 <=zleNCIX 13
Jlagz raic) !
CLO=CLCsCUR (JTRK) !
TFINCOE,LT.1VGO TO 8
DO & w=1eNCOX
JOXK= )t N)
“ CLO=CLA=CUR (INXY)
6o T3 2 {
[ CLI=(N.0,) H
GO T0 2
7 CLO=Cu= tJCol) 3
TFICAN2(JC0L) NEL.ToAND.JCOLoNF , TICLO==CLO
] cLL=Cua
1F (JCH2.67.(=500001)G0 YO 13
JIXK=N=1JC02990000)
CLY=CUD tJTRx)
62 T0 1%
13 1FJC22) 94169015
9 CLY=(C,+0.)
IF (NCI2.LT, 1160 TO 11
00 10 «=1nCO7
JOZ%=302 tx)y
10 CLr=CLY «CLAI0ZK)
11 IF INCIZ.LT.10G0 TO 16
CO 12 w=lenCI2
JIZR=417 1)
12 CLY2CLY=CuRJIIZX)
GO TO 16
14 CLY=2(9,03.)
GO T0 15
15 CLY=CHR (€02
TFCICONE €ICO2) (NE.ToANDLICNZ2WNE, TICLY3-CLY
16 TF(JCI1.LT.t=30000))GD TO 17
1F (JCA2,LT7.1=90000))60 TO 18
SILK=SINL®COSXeCOSL®SINK
CELLO=STML+SINK=SILK
AX=(CLN®SINK=CLL®STLK+CLY®SINL)Y /CELLO
AR=(LLASICASN=]4) *CLL2{COSL=COSKI sCLY® ([+=CASLI I /TELLOD
G0 10 29
17 1F (JC02.LT.1=90000))6N TO 19
SILK=CNSLOCOSK=SINL®SINK
CELLO=<TLx=COSL
Ax=(CLN®SINCSCLL®SILK-CLY®COSL) #CELLO
BE=(CLA®(COSK~]1.) e tCLL-CLY)®SINL) Z/CELLOD
¢o 19 29
18 SILK=CASLOCISK=SINL *SINK
CELLO=rOSx=SILK
AX=(CLOOCOSK=CLLO®SILKCLY*SINL) /CELLD
ARz ((CLL-CLO) *SINKCCLY®(]1.~COSL)Y) /CELLOD
GO Y0 29
19 CELLO=2,%SINM.*COSL
Ax=CLL+(CLY-CLO) *COSL/CELLN
AXzICLY*CLOY*SINL/CELLOD
20 Cu=CLL=-0x
AT2(1)=2EM (AY)
Al1CIY=ATvAG(AY)
BI([)=REAL(AY)
BIT(l)=ATCAGIRK)
Cl2(1)=8Ea (Cx)
21 Cl1(l)=A19AGICR)
PETURY
END
.

APnnNnn
PV rwn—

w N




T i R T Sl s A i . o " 2 o 5 ]
— :m.mw
|
Jd
|
|
|
AT - - ;
\ 3 e 4
N |
> - j
SUAROUTINE CMSET (%504e%COL oCManL " 8% 3um) ) : i q
c 2 - ;
< CMSETY SETS L2 T=E COMOLEX STRUFTUNE WATRIY N TreE 4S%ay (e c™ 3 4 ': g
¢ LI - {
COMMON /DATA/  %enNEsX(G00) oY (477} 478370461 (A20)a37 12071 ALO(AOD) - |
1 BFT(RA0) ¢ ICCYM)(330) o TCON2(RO0)+ITAC(R0T) sl AN [PSymy jwix Lo | b - i
OIMENSION C#(N208enE01L) ™7 s e 4
COMMAN ,MATD33/ [CASE NBLOKS o NFIL @ AL AST ANAL SYM DS Y™ o0y STM P g . (p—
COMMON sRESTZT/Z  IC1L - FEETS ST ™ 9 © — :’
COMMON #ANGLZ  SALP(23D) e [ =]
COMMON 7 JUNKYZ NCO&e s0aI25 ) e NCEI U0 (25050020 )02 1°5) 012 212125) cH 11 '— L
COMMON ZREFL/ ANt HMAYRHNZCAD oS3 joSALPR PR 2 rREFSREFPS v 12 R m ( 1
COMMON #7L74D7 ZAQRAY(RQD) 2 {
COMMON /GND/ 78T 102287 120CLeCm05C20L o SCHUONIANLL¥STuD. [FAR, IPERF C¥ 14 . i |
DIMENSION ZAB( () .SAB(1} ™ 15 T ]
DIMENSTON ET72(30+ ETIEIGE2E(2) 25 (2) LTS - D
COMPLEY F joCMoZA20AY CLleFDyETC2462,CELCF24CED ™17 b |
COMPLEY Z3ATT45EFSeRFFPSe2R5I% 23T 541142505 N2-0712 ™ 18 - a F
EQUIVALENCE (CARM1)eAiPU1))e (S43(2)10AETE1))0IF2072F) 4 F24EPE) 19 . H
DATA ET8/376.73/4212/4.2831353/.51/3,14150265/ M.l |
(- FUNCTIINS - = ~ c’
JSEOQ( N zJer  =1) /NP0 P vanr 3 :
JIEQ(IN 3=0=3T000¢((=J=F0001 )/ 54Ate})oNP 3 a
c €=
NOP=N/ND 3 G
JPMAX= AT /8O0 - i 1
JEQN=9 — CAD |
IF (ICASE.5T.2) €N 11 cn 20 o ;
FJatd.el,) ™™ 21 - "
1222°%PRLX s820 0 — i |
feLcx=12 o 23 e Y ] ]
IT=NPILX ™ 24 oo _Ag— |
Nil=ICle] ce 25 E
IF t IC]1 .E%. 0 ) 60 7O 1 c 28 !
IF (IC).LEL(=1)) 50 Tn 22 cn 27 ! 3
CALL ALCKIN (11+1s1201Ch0 1) c» 23
1 CONT INUE 29 H
DO 21 TXBL*1=NI1eNALOCS cH 230
1Sv=( TX3Lxl ~ [1enPIL e N
1F (IXALK],E2,%3L0%S) [T=NLAST ce 32
IF ¢ ICASE LY. 3 ) Iv=NCOL ch 33
IF (NRACL.EJ.0) GO 10 2 [ I Y :
1 P T1=F 192367 ,367/FLOAT (~.#A0L) I35 ;
’ T2=SCRRSFLIAT (NDANL) . J6 4
ZRATIS=7RAT! c™ 38 :
2 D0 3 I=1.17 4
: 00 3 JUsleN3Cw ;
3 CMIJel)=(0.00,) [ IS |
1TL=1T7 3
IF(ISV.CE.~P)60 TO 60 | 4
TFCISVeIT 6T NI ITLENS=]SY 3
c c* 62
c SOURCE SEGMENT 099 [ S | A
C (LYY i
00 18 J=leN M 45
CALL TPIO(JsJCOLleJCC2.DILDIXY
S=S1t) [ Y}
8=81())
xJ=X (D) c™ 49
YJ=Y(J) ™ S50
2I=2(N ™ S)
CA3J=CAR () cn 52
SARJ=SAF () cH 53
SALPJ=SALD 1Y) cH Se
C cn S5
c OBSERVATION SEGWENT LOOP cn  S6
C cn 57
DO 18 182 = |, ITL c™ 58
1=1SVela0 59
X1Jy2X(1) =50 cn 60
YIJaY (Y=Y cn 61
19=1-J ™™ 62
cARI=CAR(T) CH &)
SAPI=SATI]) [ T
SALPI=SALP(]) Ch 65
RFL==1, cH 66
c [ Y ]
c LOOP T INCLUDE IMAGE OF SOURCE SZAMENT FOR STRUCTUSE OvER GROUND, CM 68
[+ ™ 69
00 18 P=].xSvwp c™ 20
PFL==RFL N
SALPR=SALP joPFL 2
Z1J=2(1) =PFLO7) 13
ZP=X[.)*CAA JeYIJ*SAA e 7] JoSALPO ™
01J2CA31eCAR =SAB*5AA eSAL PIece PP cnN 1S
AROK2X [ ,~CA3 yoZ> w16
RHOY2Y [ J=SAR 2P ™ 7
RHOZ=214=SALPae7P c“ 18
RH=S22T (N0 AT K e PMOYSRNAY e RN 8RN 7 ) N 9
IF (R4,GT.1.€-6) GO 10 & CM RO
R=OX=0, cn 81
RHOY=0, cn 82
ANO2=0, cH 83
0ir=0. ™ Re

GO0 10 = CH AR5




Al il 'S

Inicamim i i

S QNOREI=0 L /P
AuOV NV /Im
QuO 722 /5
DIR=PunxeCA3 ] «m)veSAR]eRuNZ S P
% RSORT (NI )ext evigev] je21us210
IF(IP,NEL2)CD TO 1O
1121
IF (IPF37,£3.1) GO 10 10
ELTYE T
AYMAGSART (2T J*X1JevIy®YI D)

SET PASAMETZIOS FOR RANIAL wlNE GROUND SCREEN.

ann

IF (N0 F3.9) GO 10 7

RSPEC (2 (INeZ o212 ) /(201D e7 )

YSPEC=(Y (1102 J=2(1)®oY ) 7(2(1)e2 1)
RHOSPC=SGATIASPECO KSPFCoYSPECPYSPECT20T2)
IF (R=NSPC,5T,.5CRwL) 6O 10 6

ZSCAN=ZT] *R=QS2C* 4 06 (2M0SPr/T2)
ZRATIZ(75CoNe?RATIS)/(ETA®PRATIS7S5CAN)

GH 10 7

7RaT=724871S

IF (XYvaG,6T.1.E~5) Gn TO 8

CALCULATIAY OF REFLECTION COEFFICIENTS wHEN GIOUNN |S SPECIFIED.

LLLETE

PXz0.
PY=0.
CTw=],
ZRSIN=(1e99,)
GO 79 S
® Plz=Y]J)/7374A0
PY=X])saYNAG
CTH=21 /5426
ZRSINZISLOTI] ,=27ATI®7RAT 2 () ,~CTHeCTH))
9 REFS==(CT==22aT[*7RSIn )/ (CTHeZRATI®ZRSINY
BFFPS=(22AT[0CT4=2ASIN) Z (ZRPAT[®CTH+2RSIN)
REFPS=3EFDC-36FS
10 1IF(R.HT,2<=)6N T3 S3
CALL INTG!305:2H07PeDTJeDTRGETRETIeDILIDIKeTUeIPJCOL ¢ ICO20 XM YN,
1 2™

FILL waTRlx ELEMENTS. ELEVENT LOCATIONS DETERMINFD Hy CONNECTION
DATA.

[aXaXaNal

CEL=CuPLXIZTA(LIILETI(LN)
CE2=CuPLRIETA(2)ETI(2))
CEY=CUPLEIETR(IIGETI(I))

IF (JCI1.GT. BV UF1=ISEGJCOL)

1F LJCOL LT, t=30000)) 35 1=2JIEQ(ICN])
JE22JSF LN

IF(JC02.6T7.3) JEI=USEQICOR)
IF(JCO2.LT.1=30030)) JEIZIJIEQLICN2)
IF (JCOY.GT.1=30000))0N TO 24
1F(JCI2.LT,1-30000))Gn TO 26
CE2=2CE2-vusnueCEL
CEI=CEN-2vrameCE]

CMIJEL 179, =Cu(JELIPR) +CEL /XM

GO 10 27

26 1F(JC02.67,¢-90000))60 TO 27
CE2=2CE2-Yw/saweCE)

CEL=CE)~7w/s2meCE)
CM(JEIIPR)3Cu (JEI [P =CEJ/ XM
G0 T0 27

26 DEN=]1 ./ (XuoRN-7H®7M)

CE2=CE2+CEY-CED
CM(JEI1PR)=Cu (JEI, IPD) sDEN® (ZmeCEL =xMeCEY)
CMIJE] + 190y 2Cu( JEL 4 IPP) *DEN® (XxMeCE] -2M*CED)

27 IF(JCO1.LT.t=90000))6G0 TO 29
IF(JCCII1129002

11 CALL J¥ELSICEN eNCIR oI NoNCOK e JON s TPRICMINROW eNCOL NP o JPVAX)
GO 19 iS

12 TFEICI%21:791),£0.0)6n 10 28
IF(JC21.E3.0060 TO 28
CMIJEL. IP@)=Cu(JEL«IPR)=CE]

G0 T2 29

28 CMIJEL.IPPY=CuiJEL.IPR) +CE)

29 CM(JF2.,192)=2CM(JERoIFRD~LER
IFJICI2.LT.0=30000))6n TO 18
TF(JCO21102R: 16

13 CALL J¥ELSICE 1eNCOZ9JNZINCTIZeJT2¢IPRCUINROWINCOL NP o JPNAX)
GO TO 1%

16 TF (1CON1(JC82).,EQ. 016N TO 30
IF1IC02.,E3.4150 TO 30
CHU(1£3,1P0)=Cu(JE3IPA)=CEY

60 10 1A

30 CMIJEIIP9)=Cv(JEDIPR) *CET
GO ™0 1%

S8 RAXMleD[2e00
A027P/3

AJ=S22T(A351],-AG%A0))

Cl=Cud) TICOSIPRAL) o =SINIPKHL))
EQ=SPETACARSC]PCYPLR (L oo=1,/RXuT) /7 (P2%R®R)
ET=SOETASAROC|OCNOL X (|, eRKH]I=] ,Z7RKML)/ (2.9P [2%R*R)
E7:=ERes(=EToA)

EPsEiey]ef oAy

IFUIP . FR,20CALL ONIEZE (L) FZE(P)IEPE LIV EPE(2))
JE2=USE I

CHMIJE2. 190 2CM(JE24IPO) eDTJPE2NIRSEP

41

St i bt i

CH122.1

C™ 126
CN 125
CH 124
c™ 127

CMlsb.1
CMleb.2
CM1ab.3
CM46.6
CH166.5
CHl4b,.6
C™1a6.7
CM)46.A
CM146.9
CMlGb6 A




TINTINE
IFIT.I,.1TLI6GO TO 59
ITLalTL.)

33 T2 &)

=3 1°.s]
&3 DT 8% 133smITLLIT
JINE E N
1N r N
DT 26 s3len
2 3 4
- 17782120
18 C21+99009,8N6. 060860 T 62
JCa5=2
bid T2,LY,i=92029)) JCAS3L
LY IFCI2039000,NE.JESNIG0 TO 65
JT25=)
IF CT1.T. (=50000) ) ICAST
53 Cacl T2100JeC0)+JC02.DILDIK)
DiLzPI2eCIL
Olead1ze0]x
TENSSINICIL) eSINIDIR)=SINIDILNTH)
ve=138 1T LK)
1P 31¢,LT.0IL0IL=DIK
T==l25(C1IL)
Imz(V.Ow) /DEN
vezl] -"w)/TFy
Jwz 2we) ) /TEN
53 T3 (47462043.72)9JCAS
a7 15 2C31.57.2) JE1=.5EQ(JC0))
JI22085010 )
Cw £2.190)2ClIE2,IPP) s YM/ XM
T lel3a)2CmI]eIPP)*), /2N
IFI 21168455473
‘s izlw/aw
e JWELSICEYONCT 2o TR NCOX s JOR e IPReCMoNeNCIL e NP, Z=aR)
: ey
73 o821 €011 .EQ,4160 TO 71
¢ 1450.0060 10 71
*EL1e122)2Cu(JETLIPR)=ZM/ XM
s T2 &6
T 1JE1e1SR)2CH(JELSIPD) 7N/ XM
7O A&
“3 FEIEIRE5400
- 152 5C02.5T.8) EI=ISER(ICO2)
e )E2,.1°2) 3CW(IE2.1PR) =YH/ XM
L@ 1eio0)=Cu (] IPD) ] /XM
IF K221 70+56.75
Ts P 20 DV L)
Clen, IELSICEISNCOZeINZINCIZ o172+ TIPReCMINNCOL NP . JPwAK)
23 7O 6
7% 1T 10112021 .E2. 060 TO 72
1F: 2C32.E0.0050 To 72
Cw J€3.12R)=CY(JEIIPR) e ZM/ XM
b G2 TS 68
3 72 Cwe £3.199)2Ce(JEIIPR) =ZM/ XN
SC 7O as
£3 HKiITUEin
LElINSL 02142000
DEnm] s Jue2uegMOIn)
Cw £2.130)3Cu(JE2.IPR) -1,
-y Co:lelZ2) =l e IPRI=XWSDEN
% To1 141501 2Cu (JEL-1PR) =ZMeDEN
. 5% TS &8
- 73 FEZEI5E31)
SISt JCC2+590000)
TEe=l./ (20 M XN AN)
Cw:€2.1P9)=Cu(JE2.1PR) *]1.
CwilyeI50)3CH(], [PR)=XUODEN
Cwe ,E1,190)2Cw( JEL.IPQ) -ZHeDEN
=5 CimTINE
£3 1T INSACLNELO) Z2ATI=2RATIS
< #3731k ELSwEN"S MOOIFTED Ry LOBNING
1T (ML7ADL.EGC.D) GO TO 20
VT 19 I=leI7
J2ISVel
157 0.57,82160 TO 23
3 Jel12CW e e1)=2ACRAY ()
és fIZA3E,.LTY.3) G0 TO 21
Dol BCCAT (1lelet201931)
b ixs e}
IF rI1C1,85,%3L0%S) GO TO 2}
H AL C=xPaT
23 TinTINE
7 OLICASELLT.Y GO 10 22
& ML ]
L ill=e2
. T OLICISELEQ,Y) IC1=-)
. x0T
3 i8 2T _on
) L £+
i
e -
#
e .
8
>
#
s ——— T B I TR v e

146
167
148
149
150
151
152

153
156

156
157
158
159
160

162
153
166
165
168~




GOPY Avamen: -
PERIT ;. Lo DCES NO

Seke L TRODUCTION '

SURAROITINF  DATAGN oa 1
& Ga 2
c DATAGN IS T %Af% Z0UTINE FOR INPUT OF GENWETRr ‘ATa, py 3
& oA &
COMMON /DATAZ N2 o R (H20)eY(ANN) a7 (R00)«STIBOOY e JL37N) 8 P(RND)
1 9F (A0 C0%1(903)« TCON2(A00)JITAGLA0 TN e al BN, TP v, juax
DIMENSTAN 22(30e 7201)e 22¢(1) oA ?
DIMENSIIN BTSTUAN« LF ety LFY(2)s 1F2(2) DA “
INTEGES  G™.ATST DA &
EQUIVALENCE (€2¢1)+S1 1133 e (Y2010 eALPI1)) e (2211).RET L)) DA 10
DATA  ATST/2HAae2HiR 027530 2M05 4 2NGF s 2HGM s 2= UKo 2P UF / oA 11
DATA  IFX/)m oIME/IFv/inm JINY /L 0F2710 oln2/ oA 12
DATA  T74/0,01745329252/ oA 1)
1PSYMay DA 3%
Nw[RE=" 0A 15 -
N2 CA 16
PRINT 11 cA 37
PRINT 12 DA 33
c DA 19
c READ GFOMETSY DATA CASL AND 3GanCH Tn SECTION FOR (CPESATTON DA 29
= RENUESTFD s 21
C DA 22
1 READ 17 GuelTGuNSestaloYuleZu)l ot W2oTw2e2nZeWAD ca 23
IF (G¥,E0,a1ST(1)) G T2 2 A 24
IF (1GM,EQ,2T5T(2)) GO 70 3 DA 25
IF (G4,E0,ATST(3)) G0 70 < A 25
IF (GM.EQ.ATS5T(&)) GO 1O 5 Da 27
IF (GY,EGQ,ATST(3)) 46 T2 9 08 28
IF (GM,FQ.ATST(A)) CO 10 A 0s 25
GO 10 10 cs 230 3
c os 31 i
€ GENERATE SEGNENT DATA FIR STRAIGHT wiAE, oa 32 b
Cc oA 33 -
2 NUIRE=NeIRE~] 0A 16 s
I1=Ne) oA 35 - A
T2:=Nens Ca 236 S
PRINT Jeo NaIPZokWloYaleZu]oXw2,YW29792+RADeNSeIl.121TC oA 237
CALL WIRE (AwleYalol2®leAn2,YW2:7W2RADINSITG) oA 38 .
60 T0 1 oA 33 2
c DA 40
c REFLECY STRUCTURE ALONG Xeve 02 Z AXES OR NQTATE TC FO3M CYLINDER, CA 4} .
C DA @2 >
3 1Y=NS/10 DA &) s
12=NS-1veln DA 46 -
tx=1v/10 DA &S
Iv=lv-1xelg DA 46 3
IF (IX,NEQD) Tx=1 DA &7 -
IF (IY.NE.0) 1Y=1 CA &8 1=
IF t1Z2.NEWO) 12=1 OA 43 I
PRINT 15s IFX(IXe])olFV(I7al)oIF2(12¢1)0176 cA SO a5
GO TO = oA S1 #
4 PRINT 14¢ MSeITG DA 52 [
Ix=-1 DA S3 '
S CALL DFFLC (IXALY41241TGeNS) DA Se
(] 1 oA 5SS
[ DA Sé6
c SCALE STRUCTUSE DIVENSIONS BY FACTOR Xwl. oA 57
€ DA S8
6 0O 7 I=1«N OoA 59
XtIy)=xt1)exwl DA 60
Y(1)=yi])®xwl OA 61
Z(1)=2(1)%xwl DA 62
2t =r2(1)°ta] DA 63
Y2(I)=v2(T)*sw] DA 66
Z2(11=72(1)1*%a] DA &5
7 BI(I)=RI(l)exs] DA &6
PRINT 17+ xw! oA 57
GO T0 1 DA 49
c DA 49
c MOVE STAUCTURE OR REPSCDUCE ORIGINAL STRUCTURE IN NEw POSITIONS. DA ;0
C DA 1
7 PRINT 13+ TT6NSoanlorwlel Wl etW2eYW2e2W20RAD DA 72
XwlzXwleTA nNna 73
YWl=YwleTA DA 74 ‘
ZwisZwioTA DA 75 i i
CALL MAVE (XuloeYWloZW]oRu2:Yu2.7W2¢INTIRADS)NSITE) DA 76
GO 10 | oA 77
(4 oA 2?3 {
[4 TERMINGTE STRUCTJURF GFOMETRY INOUT, DA 79 §
c 0A %9 | g < 1
9 CALL CANECT (1T6G) OA 81 1
CALL roNver na 82 | B3
JMAX=0
IF INS.E3.0)RE TUSN fi} &
PRINT an i £
111 WEAD 91 +GMelRelvo]? 5
PAINT Q1eGMalLalYey2 B
IF(GM.FNLATSTIT)IGA T 2] i ff = |
IF LGN NE LATST (M) ION Th 212 {
IFtJMae,7F0,91h0 TH 202 b | o
RE TUSY b .
212 PRINT w2 |
sT00 IR A
21 IFIIR.E0,0.ANNL17,F2:3)150 10 20 M |
I1=21SEOANITR L) | ¥ |
d




IF112.0,2)60 Y9 203
[x=1CONI LT
IF132.07,0-90000))60 Y0 }1))
IF(IRLFO,0,0R, IXEC.I1G0 To 11t
JMAK= JMAXe]
[23=1J%a%+80000)
ICoNMtT =17
50 70 206
233 Ix=1CON2(1)
17 (IX.LT,(=90000)1560 Y0 111
B IF(TIK.FA,0.,0R.IX.EQe110C T0 111
| JMAKZ JUAXe)
[Z72-(44aX+93000)
1CON2(1 =17
206 IF(IX,17,00G0 YO 215
IFLICONT(IR) EQTIGI TT 204
con2tin =12
co 70 11}
206 1CONLtT =12
60 TO 111
205 00 207 I=l«N
IFCICONLIT) LEQLIX) ICONI LT =12
IFCICoN2CLI EAL TR ICONZ L=
207 CONTINVE
c3 10 11)
208 IF (UMAX,G6T,.0)0GO TO 212

i 20 210 I=1.N
1x=0
k' te=-1
| [2=-1%aX+90001)
| 20 209 J=l.N
| IFL1CONL (D) oNELTYIGO TO 21}
| 1x=1
| 1CONL LUV 217
| 50 10 209
f 211 IF LICON2(J) WNELTY)GO 7O 209 4
E 1x=}
E 1CON2 1A =12
i 209  CONTINGE
i IF(1X.£0.0160 TO 213
E JMAXE AL ]
§ 210  CONTINGE
E 213 IF(GM.FN.ATST(B))IRETUGN
4 50 Y0 1)1
I 10 PRINT 19 02 84
. PRAINT 20¢ GMoITGINSsXwl oYWl oZW] eXW2eYW29Z42,RAD DA 85
| STOP DA 86
| (- DA 87
| 1n FOOMAT (////¢33%935n= =~ = STRUCTURF SPECIFICATION = = ~u/7+372s DA 88
Bl 1 28HCQORDINATES MuST BE INPUT TNese37X,
b | 2 29MMETERS OR BE SCALED TN METERSe/¢37Xs
3 31H3EFORE STRUCTURE I[NPUT IS ENDEC.//}# 0A 91
12 FOPMAT ( 2X o WHWIRE s TIXN o HHND, NF s X o SHF IRST 02X eb=t £ST 38 3NTAGS DA 92
| I 7e2Ke NG, 08X e2RAL ¢ PXe2MY ] 9 IXe2HZ ) 0 1DA921X29 9K 2T Z0v002=22eh X0 DA 93 3
E 2 6HRADTUS s IR eGHSEG . sS T ebHSEGL s 1A 9 4nSEGL ¢S54 INND L) DA 94
| 13 FOPUAT (A2413,15¢7F10,5) DA 95
¥ 16 FOAMAT (1Xe15¢3F11.50¢1Xs6F11:542X01504Xe1501X015¢%2015) DA 96
i 15 FOIMAT (6X+364STRUCTUSE REFLECTED ALONG THE AXESez(1Xea])e DA 97
3 1 22me  TA%S INCREVENTED Avs[5) DA 98
k 16 FOIMAT (6Xe30MSTRUCTUSE POTATEN AROLT 2-AXISe13s DA 99
| 1 30 TINES, LABLES InCQEMENTED BYW1S) DA 100
17 FO2MAT (6X426HSTRUCTUZE SCALED AY FACTORF1N.5) DA 101
18 FOAMAT (6X469HTHE STRUCTURE HAS BEEN MOVEN. “OVE ~ata c23D IS -/ DA 102
1 6Xe1341547F10.5) DA 103
19 FOAMAT (254 GEOMETSY NATA CARD FRRNR) DA 104
20 FORMAT (1XeA2+13¢15¢7F10.5) DA 105

90 FORMAT(//77+66H JUNCTIONS USING OPTIONAL INTERPCLATION wETw0D)

N FORMAT(A2,13,215)

93 FOQUAT(1XeA24134215)

92 FOPMAT (694 ERROR=- INVALID DATA CARD WHERE JUNCTINN INTERPOLATION
1CA90 EXPECTED)

ENC 0A 106~

CR A A AR R EEEEAEEEE-R-ET
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T I mmr——— W

GOPY AVAILACLY 10 nre POES NOT
_FEEE?‘!’HT Ft:.i.i Ll.».nul..l- ln:a}bc'nuu

SUAROUTINE FACTO (sek,lo,e™luy Fa '
c a2
C SUARDUTINE TO FACTY "= £ wi3™212 179 & UNIT LOWFR TOJANGULAR MATRIX Fa 3
c AND AN LPPER TRIANALLAE- 3T<1c SING TmE GAUSS=SONLITTLF ALGO=ITrs F& &
4 PEESENTEND ON PAGES aji=els UF a, SALSTON-=2 FIRST COURSE IN Fa 5 5
€ SUMERTCAL ANA) YSIS, Tiw A =FLOw REFE= TN COMNENTS [N RALSTONS FaA 5
C €27, (UAT2TR Toane-! . A ?
{4 Fa a
JIMENSION AINDIMNTI¥)e I120nT14) Fs k4
CoMu0Yy /SCRATM/  DNia=0nd
COvPLEL  ALDvaR) £4 11
INTEGED  R.RM]RPL.TJ.53 Fa g2
15 620 Fa 13
A0 9 BxleN FA 14
: C FA )5
€ STEP ) FA 16
C FA 17
7O 1 %=leN L
Diw)=Ard,x) . FA 13
1 CONTINGE €2 22
(s Fa 21
C STEPS 2 ann 3 Fa 22
c Fa z3 i
Iw)=R-) FA 2a i
IF (&41,LT.1) GO T~ - Fa 25 id
00 3 J=l.avl FA 26 |
2y=1P( ) Fa 27 H
48 §=0 (24} FA 23 i |
& |
FA 25 |
Fa 39 !
Fa 3
LIS AELIS SETYN IS S X
2 CONTINUE Fa 33
3 CONTINGE FA  3&
o CONTINLE FA 35
c FA 35
(1 STEP & Fa 37
{ Fa 35
DUAXEREAL(NIR) #CON S (N3 ) Fa 39
IP(R) =5 FA o)
ap]=3.] FA 4l
1F (RP1,GT.N) GO T2 & FA 42 &
00 5 1=RPleN FA 43 £
ELMAG=IEALIDI)I®CON0G 2]} FA & i
A IF (EL"AG.LT.DMAK) &GO 2 3 FA &S i
DMAX=E) MAG FA 45 1
- Is(2)=1 FA &7
s CONT INUE FA 48 i 4
. CONTINGE FA 49 !
IF (DNAX,LT.l.E-10) 1FiG=1 FA 50 18
PR=1P (%) Fa Sl i
A(R.R) 2N (PR) Fa 52
2(28)="(R) Fa 53
(= > Fa S
(4 STF2 5 g S5 !
c Fa S
IF (291 ,6T.N) GO TN 2 Fa s7
A2 )x1./70(PR)
00 7 1=0P].N Fa 53 ;
AR I)=0(1) %Ay Fa 55 i3
7 CONTINGE FA 60 q
L] CONTINUE Fa 6l
IF (IFLG.EQ.0) GO 70 3 Fa 62
PRINT 10+ RoNMAL Fa &3 |
IFLG=) Fa 54 i
9 CONTINGE Fa 65 !
RETURN o) FA &6
Fa 67
10 FAPMAT (1M 6HPIV " (e 3eg=12e5(4,3) s &2 }
END Fa &G~ :'J
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ool Nala)

[aEaNalel

ANON

N W

LN NaNal

~Ne

SUSROUTINE INTG(33SeR=4eZPeDIJeNIRETRETIOIL DI, 1 5e 12430014 IC02s

iJ

1 XMaVM2ZM)

INTG COMPUTES THREE CNAMPLEZ FIFLD COMPONENTS TeaAT wULTI18LY THE
THREE SEGMENT CURRENTS USEN IN INTERPOLATING OVES & SEGWENT,
THESE COMPONENTSe ETR AND ETIe RO INTD ThE INTE~A-TIUN mATRIX,

DIMENSTON ETR(3)e ETH(Y)
DATA 12/6,283135308/

COMPUTFE TANGENTIAL FIFLD OV O3SFMVAT[ON SEGYENT 5-F ¥ SINEs
COSINE. ANND CONSTANT FURIENTS ON SOUBCFE SEAVEST,

CALL EFLD (BsSeRMeZRe1U0EZRSsEZT1SEQRSIERTSIEZDC.721C+639CERIC
1 EZRKWF2INERRX,ER[X)

iF (IP,NEL2) 6O TO L

CALL GN (EZRSFZISERBS,E~[S)
CALL OGN (EZRCEZICENRCIE~IC)
CALL GN (F7RKEZIKERSSIER]K)
ETRS3E7ASON[ J+ERRSDI2
ETIS=E7ISeDIJsFRISeDID
ETRC=E7QCeDIJ+ERACON]
ETIC=EZIC®DIJ+ERICPDIR
ETOX=E7aKeN] JoERICD O
ETIX=E7IK*DIJ+ERI<®D(>

COMPUTFE INTERPOLATION COEFFICIFNTS AND FOS4 TrE CREFFICIENTS OF
THE THOEE SEGUENT CURRENTS USEN IN CURRENT INTESPALATION,.

CL=TP*DIL

Cx=TPeDIK

SINL=SIN(CL)

CosL=Cos(CL)

SINK=SIN(CK)

COSK=COnS(Cr)

SILK=SIN(CL*Cx)

CONS=SINL*SINK=SILK
ETR(1)=(SINK®ETRK e (COSK=]14) PETPS=STAKSETRC) 2CONS
ETI(1) =(SINK®ET[<e (COSK=1.)*ETIS-SINKSETIC) 7CONS
ETR(2) = (~SILKOETRC+ (CASL-COSK) »FTRSe (SINL*STINK)*ET=C) /CONS
ETI(2)2(=SILKSETIXe (CNASL=COSK)®FTISe(SINL+SINK)®ETIC)/CONS
ETR(I)=(SINLO®ETRK+(1.-COSL)®ETRS=-SINLSETRC) /CONS
ETI(I)=(SINLPETIK*(1.-COSL)®ETIS=SINLOETIC)/CONS
1F (JCO1.LT.(=90000))Gn TO 2
1F(JCN2,LT.(=90000)i60 TO 3

RETURN

CosL=CnsSx

SILK=CNS (CL*CX)

XMz (SILK=-COSL)Z7CONS

Y¥=(1.=SILK)ZCONS

ZM= (COSL=1.)/CONS

RETURN

END

SUBROUTINE JMELS(CHEL +NCPeJPoNCMo JMs T oCMeNRON oNCOL o NPy JOMAK)

JMELS SUMS THE CONTRIAUTIONS TO THE MATRIX ELEVE%TS FUR SEGMENTS
CONNECTED TO JUNCTIONS OF THREE OR MORE SEGMENTS

DIMENSTON CMINIOWNCOL )
DIMENSION JP25)e UM (25)
COMPLEY CMeCuEL

IF (NCP,LT.1) GO TO 2

00 1 .J=1eNCP
JPSIP(J) ¢ (I (J) =] ) /NOS JPNAL
CHUIPIo 1) =CHEIP S0 T) sCHEL
CONTINUE

IF (NCY,LT.1} GO TO &

DO 3 J=]leNCR
JMGEJM(g) e (MIJ) =1) /ND® yPHAX
CHMLUM L T)=CMl M e 1) =CuEL
CONTINGE

PETUPN

END
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SUPROUTINE LFACTR (2+4=0wsCOLLTXLeIX241P)

LFACTR PERFORNS GA' SS-"SOLITTILF MANIPULATIONS ON ThE TwQ BLOCS OF
THE GAUSS=-POCLITTLE

N PAGES 4ll-6lk OF A, RALSTON == A F]OST
COURSE IN NUMERICSHL AN2LYSIS. COMMENTS HELOW REFFR TO COMMENTS IN

Tei TRANSPOSED v2°
ALGNRITHM |S PRESE™

PALSTONS TEXT,

COMMON /MATPAR/ JCARSS oNAL IS OB KoeNLAST oNFLSYMeAPSYMANLSYM

COMMON /SCRATV/ T (aCl2)
DIMENSTON AINICmeWC e [P (NN
COMPLEY AeDeAJR

INTEGER ReRlewn2e3 o0z

n61CAL Lleb 2403

1FLG=0

INITIACIZE R1e22e Qe

L1=IX1.F0.1.AND, 122.2..2
L2=t1x2-11.E0.1x}
L3=1X2,.EGNALOXS

IF (L1 GO 710 )

GO Y0 2

Q1=]

R2=2eNPALK

Ji=i

J2=~-1

GO YO S

Q1 =NPI LX)

R2=2eNPALK
J1=(IX]~1 2 ONPALK -]

1F (L2) GO T0 )

GO T0 «

J2=J1 enPaLK =2

60 Y0 S

J2=J1 snPBLK=]

IF (L3) R2=NPALKeN AST
D0 16 F=Rj.R2

STEP 1

D0 6 K = J1«NROw
DIX)=AINR)
CONTINUE

STEPS 2 AND 3

1F (L1.0R.L2) J2=i2-]
IF (J1.6T.J92) GO 72 §
1xJ=0

00 & J=yled2
I1xJ=1%Je]

PJU=1P ()

AJR=D(24)

A(JR)=AJR

0PN =LY

Jol=Jel

DO 7 1 = JUPLeNROw
DIN=D(I)=ACTelnI)®83
CONT INVE

CONTINLE

CONTINUE

STFP &

J2n1=)2e]

IF (L1.0R.L2) GO == 1t

IF (NRQw.LT4J29)) 206 °3 14
00 10 1 = J2PlenNa%m

S TLIEL T

CONT INUF

GO0 70 16

DMAXEREAL (NEJ2P)I*ION SN 2P )))
19(J2P)) =529)

J2P2=J2+2

IF (J2P2.6T.N20w) =0 "2 113

EL"AG-DSAL'BIIDO'
1F (ELMAG.LT.OMAL 50 TO 12
OmAR=E “AG

Pry2err =1

CONTINGE

CONT TNt E

IF (DMAt LTl E-10y 17 5]
PR=IP( 2P 1)

A(J2P[9) =N (PO)
DipR) =0 (J251)

STFP S

IF (J292.61.%9%¢) =3 =) 15
A=) L /7A1IP9) .0,

DO 14 120292+N27e
ALTsR)=D(])%A02

CONTI'OE
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CONTI%NLE

IF LIFLG.F3.2) 6O 735 §n
PRINT 17, 22042
1FLG=)

CONTIN €

RETURN

FOMAT  (1m o6mPIy T (o[ 3e2m)mes 1, A)
END

SUAROQUTINE SOLVES (N02eAelloHecl@sNCOL « [X NP N IDMAK)

SUAROUTINE SOLVESe FI3 SyuwiTo:~ STRUCTURES, WANDI £S5 TwE
TRANSFOIMATION OF TrE 21G=T marY SINDF VECTOR AND <OLUTION 0OF TrE
MATRIX EQ.

COMMON /SuaT/ St19.12)
OIMENSTON 2(%30¢+NCOLIe IP(N) 1X(N)e HIN)
COMMON 7SC2ATws Y130
COMMON /MATPAIZ ICASE NBLIKS o%2AL X oALAST oNBLSYMNOSYM oL ST M
COMPLEY  As34YeSUMLS
NPEQ=N®

IF (JPvsx ,£0,0)50 T9 15
NOEQ=ND e JPUAX

NEQ=N+ JO2UAXONCD
IFINOP,ES,.1)G0 TD 25

DO 15 1=NPeN

Y(1)y=3(n

182N

1A2NP

00 17 t=].n00
IF(1.€9.1)5% 70 25

D0 18 ysl.nP

TAslAe}

18213+

AlIA)=v(]3)

DO 19 y=]., Omax

Ias]A«]

BlIAI=(0.4Ca?

CONT IM E

1F(NO3,EQ, 1165 TO S
FNOP=NGP

FNORM=) . /FNOP

TRANSFOAM MATOIN EQ, 2MS VECTOR ACCCROING TN SYMMETRY MCDES

00 & I=1.NpED

DO 1 x=leno?

A=l (<~1)onprg
Y(K)=3(18)

suMzY (1)

DO 2 x=22en0P
SUMaSyueY (¢)
BUI)3SUMSFNCRw

00 & K=2.NOP
TA=]etaa])onPEd
SUNzY(])

DO 3 J=2.NOP

SUMASUMEY (J)®~ONJIA (St ey) )
BUIA) 23 MeFy0Dw

IF (ICASE.LT.® GO 10 6
REWIND 15

REWIND 16

SOLVE FACH WOTE EOUATION

DO 10 wx=),.ND>
TAz(Kx=])o\DETe]

1A=1A

IF (1C&SE.NEes) GO TO @

DO 71 = ). W30

QEAD 1150 tAtsel)ouz]NPED)
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A A N e Al

v up e 7 o0 DOES NOT
%EL.\,N;' -~ R0DUCTIC!

T Ny T )
RV TR

&

18=1
k IF (ICASE.€0.1.0%,ICASE.EG,S) AN T3 9
CALL SOLVE (NPEQeA(IA.i)elR(TA).R(10)e\=Dw)
GO ¥0 10
CALL LTSOLY (AsNPFQeNCOLoIX (T2 B(1a) )
CONTINUE
IF (NDP,EQ.1) GO TN 29

I%VERSE TRANSFOAM ThE MONF SOLITEO%NS

AU N AW W
DB DG D DD DD
:
Y

non

00 1% T=1.nPEN
N0 11 <=l.Nn0OP
IA=1e(x=1)eNPEQ
11 Y(x)=A(1A)
SuUM=Y(])
NO 12 »=2.NOP
12 SUMISUMSY (k)
EXS ST
DO 1e %=2,N0P
IA=]e(K=])eNPFD
SuM=Y())
DO 13 j=2.NOP
13 SUM=SUMeY ( J) oS (Ko )
14 R(1A)=SuM
29 TF (JPMAX L EG.0.0PNLEG NP RETU=Y
NN 21 T=NP.NEQ .
2l vy =acn -
faznNP
19=N
K=NP
DO 22 1=1+NOP
1IF(1.EN.1)G0O TO 27
D0 23 J=leNP
T1A=TA+]|
LELED
23 B(1A) =Y (K)
27 00 24 )=1egPMaL
18=18+1
K=Ke]l
24 8(18) =v (K)
22 CONTINUE
RETURN
END

PR R R R RV RV RV WV RV
Y IRVIRVIRY RV RVIRVY
w
<«

MRV
o
w

L]
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wan
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SUAROUTINE TRIO (JeJCN1+JCN2+DTLDIX) Md

]
SURROUTINE TRIO0 DETERMINES wHICw SEGWMFMTS ARE CONNFCTED TGO SEZiefny T2
Je  SURROUTINE JUNC IS CALLED TN FiLL CCMMON/OUNK/ FOR MULTIZL? | o
JUNCTINNS, 1 L]

aAanOOn
PU P W -

COMMON /DATAZ NoNPoX(B00)sY(800)eZ(AN0)+ST(B00)AT(R00)eALPIZ)P).

1 BET(AN0) +ICONL (3000 ¢ TCON2(B00) o [T5(300) ewlL AMs [PSYMy JuAX

COMMON ZJUNRZ NCOX+JOR(25) «NCIXoJT2(25) eNCNZ0JOZ2(2S) sNCI2e 1225

S=51(N

JCO1=T1CONL (3

JCO2=TCON2 (N

1F(JCO1,LT.(=500001)G0 TO 2

IF (JCNY) 1e2e3

1 CALL JUNC (30JCOLoNCOXoJORGNCIYyIxenIL)
60 T0 4
01L=572,0
GO 10 &
DIL=(ST(JCNLNeS5) /2.0
1F(JCO2.LY,.(=90000))1GO TO &
IF (JCN2) S.8.7
CALL JUNC (29JCO2+NCOZ9J0ZeNCIZ0174D1%)
GO 10 R
3 DIx=5/2,0
GO 10 &
DIX=(S(JCN28e5) 72,0
L] CONT THF

RETURN

END

E A

~
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