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FOREWORD

his manual is a supplement to the Eng ineering, User ’s
and Systems manuals prepared for the Antenna Modeling Pro gram
(AMP), and describes the operat ion , 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 lar ge structures.

The AMP code as modified (AMPJ ) has been delivered
to the Naval Ship Eng ineering Center and U. S. Army Strategic Communi-
cations Command and was developed under Office of Naval Research
Contract N000 14-7 1-C-0187.
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1.0 INTRODUCTION

I Wire antennas and their supporting structures frequentl y include

junctions of several wires connected together at a point . Such multiple

I junctions are especially common when wire grids are used to model
solid surfaces as is of ten done in mathematical modeling of antennas.

1, 2 , 3

I The ant enna modeling computer program AM.P for wire antenna s
and the extended program AMPZ4 for modeling wires and surfaces both

I allow for modeling mult iple wire junct ions , and have demonstr ated good
results for many such structures. In som e cases, however, when

se gment s of greatly different lengths have been joined at multiple junctions

.1 the method used in these programs has yielded inaccurate results. Hence
a more careful treatment of the current interpolation at multiple junctions

I 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

I data cards to request the optional treatment at specific junctions are
described in Section 2. 0. Although the optional technique is numerically

I more st able for the general case of unequal se gment lengths at a junct ion,
it was not included in the extended code AMPZ for the following reasons:

• 1) the technique used in AMP2 has demonstrated good results for equal

I segment lengths and has a good record; 2) the new technique as imple-
mnented for testing requires an extra unknown at each multiple wire

[1 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 interac t ions between se gment s separated
by more than a specified distance to reduce matr ix fill time. Henc e
the only feature of AMPZ 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 optional junction inter-
polation and approximate matrix fill method.

I . 
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Section 2. 0 of this manual contains instructions for use of the

fe atures of A.MPJ not in program AMP, and supplements the AMP

Users Manual’. Section 3. 0 gives the equations for the junction inter -

I polation and approximate matrix fill methods , and supplements the

AMP Engineering Manual2. Finally, section 4. 0 details the coding of

the AMP Systems Manual3. Listings of the changed routines are
~~ the routines that differ from those in program AMP, supplementing

included.

-2-

I— ~~~~~~~ - — •-— IIL~~~1~.~~
_

_
~~ .: ~



~ -‘ —-- .
~~~

- -.—
~~~~~~— ~~~~ r~—- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • -~~~ .--- ,

- 4

2.0 PROGRAM OPERATION

The basic information needed to use program AMPJ is contained
in the AMP Users Manual’. This section c~sntaizis supplementary
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 exac tly as AMP. The one exception is
that AMPJ uses a time saving approximation in filling the interaction
matr ix 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 negat ive of the sum of the curr ents

at the centers of the other segments. Because of the average, thi8
technique can lead to problems when the segment lengths at the junction
are greatly unequal. The optional junction interpolation method satisfies
Kirchhoff ’s Cur rent Law directly at the j unct ion 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 , th is 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 rnultisegment junctions have nearly equal 

-•

lengths. Re sult s in Section 3.0 show an error of about 15-percent in
the input admittance of an antenna when the segment lengths at a junct ion
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.

a
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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 factor s of 8 to 10. With the AMPJ program an

U antenna model may conveniently be run both with standard and optional
interpolation methods to test the need for the optional method. When

U 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.

U 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 (I - 0. 7 R . )  N2/M + B (N + N~)3/M2

U + CN N 2/M + DkNfN

where N = number of segments in model

I M = number of degrees of symmetry
N = number of different excitations
Nf = number of far field calculation point s
N

3 
= number of junctions at which optional inter-

I polation method is used
the fr action of all segment pairs for which the

J separation is greater than R0 where R0 is the
- limit set on the KH card for ch ange over to the

I 
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 fir st term in this
equation represents the time for matrix filling; the second term, matrix

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

I.
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calculation of the far fields. Each term represents only the dominant
component neg lecting 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 matr ix fitting in core are roughly

A = 2 x ~~~ B = 5 x 10.6, C = 2 x l0~~ , D = 3 x 10~~

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 lar ge 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 f o r  program AMP
except for the addition of data cards to specif y ju nctions at which the optional
interpolation of the current is to be applied, arid the separation distance
at which the matrix filling changes over to an approximate form. Hence
the user should refer to the AMP Users Manual’ 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 specif y 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 specif y the junctions at which matched derivative
interpolation is desired and finally a car d with mnemnnic JE to indicate

the end of junction specifications. The form of these data cards is
shown below.

1
1 
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U END GEOMETRY INPUT (GE)

U CARD: -— ___ ____ ___ ___ ___ ___ ___

I~ 
s $0 2( 30 40 - 50 60 70 80

I GL Ii 12 Bla.~ Blinli Blank Blink Blank Blink Blank

I The n~inbin~ al.n iM top ref., to the liii takann in

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

I for the addition of the integer 12. II 12 is equal to 1 the program reads
junction specification cards following the GE card. If 12 is blank standard

I data cards , described in the AMP User ’s Manual are expected after the
GE card.

I
U -

I
I
U 

•

I
I
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~~~~ JUNCTION SPECIFICATION (JX)

~~~~ PURPOSE: to specif y segment junctions (simple or multiple) at
which the optional interpolation is to be used.

CARD: ,~ 
—

~ ~~~~~~ 
~ T~i 

•

~~~~~ 30 40 50 60 70 80

J X IX IV IZ ~ Blank BLink Wink Blank Blank Blank

The liuniben along the top ref., to the laM culumn in each field.

I I I I II PARAMETERS:
INTEGERS -

IX - tag number of one segment at the junction.
Blank or zero for IX implies that the segment

U will be identified by the absolute segment

number in the next location (IY).

I ~~IY - equal to m, specifies the mth segment of the set

• I of segments with tag numbers equal to IX. If
IX is zero or blank, IY is the absolute segment
number.

IZ - specifie3 the end of the segment determined

U by IX and IY. IZ equal to 2 specifies end 2
of the segment and 1 or blank specif ies end 1

U (reference direction for current is toward
end 2).

NOTES:

• Optional interpolation is used for the junction at the specified
end of the specified segment . The j unction may be either
simple or multiple. A JX card is required for only one

segment end at a j unction to cause use of optional inter-

- 
- 

polation for all segments at the jun ction.

- 1

II 
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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 specif y ing simple
junctions. For optional interpolation at all multiple
junctions but no simple junct ions the JX card may be

omitted with only a JE card used.
o Each junction at which optional interpolation is used

adds an additiona l unknown in the matrix equation.

• All segments at a junction at which optional interpolation

is used shoul d have equal wire radii.

• When using the optional interpolation method on a 
- 

-

str uctur e for which symmetry is used in the solution ,

any ju nctions 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 wer e produced by reflection -~ 
- -

or rotation. In addition,. the junctions must be specified
in the same order in each section. II only a JE card (no

JX card) is used to specif y all multiple segment junctions

these r ules will automatically be satisfied. Use of a JX -

~ -
,

card with IX and IY blank to specif y all multiple jun ctions

followed by other JX cards for simple junct ions is not
allowed with symmetry since the junctions will not be

specified in the proper order.

-8- 
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~~~~ END J~~~CTION SPECIFICATION (JE)

PURPOSE: to mark the end of the JX cards or specif y all
multiple junctions.

CARD: 
,
.

~ 

—

~~ 

-
~~~~ ~~ 30 40 50 60 70 80

J E  ~ .~ 
Blank Blan k Blink Blink Blink Blank

U The numbers along the top vel~ to the last column in each field.

U I I  I I I I
PARAMETERS: None

1 Il a u s  punched in column 10 of the GE card then a JE card is
required to return the program to r eading the standard input cards.

U 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.

U 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).

U
U
U
U
U
I
U
U 

• 
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INTERACTION APPROXIMATION RANGE (l(FI)

PURPOSE: to set the minimum segment separation distance for
u~e of a time saving approximation in filling the matrix.

CARD: /~ ~I ~~~~~~~ ~~~ 30 40 50 60 70 
- 

80

Kit .
~~ 

.
~ .~ .~ Rkl4 Blank Blank Blank Blank Blink

S

The minbe~ along the top ref., to the last colunin in each field.

I I  1 1 I I
PARAMETERS:

DECIMAL NUMBERS
RKH - The approximation is used for interaction

between two segments separated by more than

RKH wavelengths.

NOTES:
• 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.

• 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.

• 11 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.

-10-
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• 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, segmentat ion , 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 RICH ; therefore, it is best to experiment on any given
problem type if a minimum value is desired. RICH should
never be less than the length of the longe st segment,
however.

• The matrix fill time using the RUN compiler on a CDC
6600 computer is approximately T1 = (2. -l . 4R )  (l0~~ ) N2

seconds wher e R~ is the number of segment pair s for which
the separation is greater than RICH, divided by the total
number of segment pair s (N 2). Thus the fill time is
decreased by about 70R percent . .

- 

I 

• 

• 

-11- 
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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 connect ion

numbers (1+ ot I-) less than -90 000. Also, the value of RICH is printed

following the printing of frequency and wavelength.

- i

./
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3.0 FORMULATION t.)F THE I1’~TERPOLATION METHOD AN D~APPROXIMATE MATRIX FILLING

3. 1 INTERPOLATiON METHOD

For the current interpolation method used in program AMP the
— current on segment j is approximated as

(s) = A
3 

+ B
3 

sin k (s - s
3

) + C
3 

cos k (s - 5
3

) (1)

where k = free space wave number (2 r i / X )
8
3 

= a at the center of segment j.

A , B
3 

and C
3 

are constants to be determined so that equation (1) yields
the best possible approximation to the true current on the segment. Of
the 3N constant s to be determined f o r  a structure having N segments,

ZN are eliminated by enforcing conditions on the local behavior of the
current . These conditions are used to eliminate the constant
and C. in terms of the current at the center of each segment, I. = I.(s.).

.1 3 3 3
The N unknowns, I

3
, 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 unkn owns 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
more segments, equation (1) is extrapolated a distance equal to the
average of the distances from the center of segment j to the center s
of all other segments connected to the junction and required to equal
the algebraic sum of the current s at the centers of the other segments ,
relative to the reference direction of segment j. These conditions are
based on the cont inuity of current at the junction (Kirchhoff ’s Current
Law). Applying these conditions to equation (1) yields the three
equations 

-13- 
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A. +c . = 1. (2) j
3 3 .1

A. - B. sin k 6: + C. cos k 6 = (3)
3 3 3 3 3 3

A. + B. s i n k & + + C . c o s k 6 ~~~ K f (4)
~ ~ 

-

where

= half the length of segment j

ô = ~~~~+~~ ~~

A k3 ~ ~~~~~

K =  E (+1 )
3

Ki~~ E .±’
k

The summat ion index .t takes on the values of the numbers of all segments —

connected to the fir st or - end of segment j , of which there is a total of

n , and k takes on the values of the number s of all segment s connected

to the second or + end of which there is a total of n+ . The plus sign in

the sumn-..ation of currents is used when the reference directions for ‘ 
-

segment j and segment L or k are parallel and the minus sign when

reference directions are opposed. Solving equations (2), (3) and (4) for

A , B
3 

and C
3 

yields

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ (5) :1

B~~~~~~ [Kj ( c o s k 6 ~~_ 1 ) + I ~~(cos k 6 _ C o s k 6 ~~)

- cos k 6. )] (6)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ (7)

where ~~= sin k 6 + sin k - sin k (6 + &~ ) (8)

Ii
-14- 
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To solve for the I~ the terms are regrouped as

I. (s) = K X (a) + I. Y. (a) + K~ Z
3 

(s) (9)

X
3 

(s) = 4~— [Sin k 6 + (cos k -1) Sin k (s - s~) - sin k 6~ (10)

cos k ( s_ s . ) ]

Y . (a) = -

~~ 
[- sin k (~~~~ 

+ & )  + (cos k 6 - cos k 6~~) sin k (a - a ) (1 1)

+ (sin k 6 ~~ + sin k 6~~ ) cos k ( s _ s ~)]

Z. (s)~~~~ [sin k 6 : + ( l  — cos k ô . ) s i n k ( s - s .) - s i n k6 ~ (12)

cos k (a - s.)]

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

I terms in equations (10) through (12) by the fields at the observation point

due to these current distributions. The coefficient of each I. then represents
— 3

a contribution to the matrix element in row i and column j where i is the
segment at which the field is evaluated.

The optional interpolation method enforces the following two
conditions at a junction.

I 1. The sum of currents leaving the junction is zero.
2. The derivatives with respect to distance at the ends

I of all segments at the junction are set equal.

These conditions are applied at the junction rather than by extrapolating

I to the segment centers , thus eliminating the discontinuities at the junctions.
The second condition is based on the continuity of potential as stated in

I reference 5. For equal wire radii , continuity of potential implies that
the charge densities on the wire ends at a junction are equal , which

I through the cont inuity of current law,

I (a) = - jwq Cs) (13)

implies that the current derivatives are equal.

-15-
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To apply these two conditions at a j unction an addit ional unknown

is introduced representing the derivative of the current on the end of

each wire at the juncti on. For the optional interpolation on the positive

I 

end of segment j the conditions used to determine A., B. and C. in

- equatiOn (1) are

1. (a. - öj ) = K (14)

I. (a .) = I~ (15)

)

I where c~ = the current derivative at the positive end of segment j

The solutions for A., B and C . are

1 
~ 

+
A

3 
= .

~~~ [K; cas k A~ - I~ cos k ( A~ + 6~~) +~~~ sin k ôj J (1 7)

I B
3 

= -
~~~~ [(Ii 

- K )  sin k A~ +e c~~ (1 - cos k 6 ) ]  (18)

S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ (19)

I D cos k A .  - cos k ( A .  + 6 ) 

• 

(20)

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

I on i(s) are

(21)

(a .)  = I~ (22)

I I. (S
i 

+ 6~~) = K~ • (23)

I 
and the solutions for A ., B., and C. are

I 

A~ 4~ ~ sin k 6~ + I ~ cos k ( o~ + 8 )  - K ~ cas k (24)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

(25)

-16-
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C
1 

= 1. - A
3 

= fr [(I. - K~~) cos k A 3 
+ sin k (26)

D = cos k (A
3 

+ o~ ) - cos k A 3 
(27)

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

I (s) are

I~ (s~ - A~~) = (28)

I. (s.) = I
i 

(29)

/ + (30)
J j  3 3

and the solutions for A., B and C. are
- +~ 

j 3
~~~~. -~~~~~~~.

A — I  ~ 1 (31)j j Z s i n k A .
- + 

3 
.

B. = Z cos k k  
(32)

C = 1  -A = (33)
~
j 3 j Z s i n k A

3

These equations give the constant s for the current interpolation
function of equation (1) once the current values I~ have been found. They

could b~ used as a starting point to obtain the matrix elements. In the

program, however , the matr ix elements are obtained by starting with
equations in the form of equation (9). Taking the derivative of equation
(9) with respect to a and applying the appropriate condition s 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 1:

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

-17-
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A A

column 2: o~ 
(s) x . (a) da - 

~ ‘A ~~ 
(a) Z (s) ds (34)

column 3: (s) Y~ (s) ds - f (a) (s) ds (35)

column ~ : - ~~~
- f ~ (a) Z. (s) ds (36)

3

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

column k: f ~ CL. (s)Z . (s) ds - ~~~~~ 0. (~ ) X. (s) ds (37)

coluxri.n j: CL. (s) (s) ds - r I (s)X . (s) ds (38)
—A3 .1

column ~: 
~~~

- (a) 
~~~ . 

(a) da (39)

- j

3. Optional interpolati on on both - and + ends

column j: 

~~~~ 
(a) Y. (a) da - (s)X .  (a) ds (40)

+f G
~ 

(a) (B) 13 -

— A 3

I j i
column ~~ : 

~~
2 ~~ 

(x A 
CL. (s) x. (a) da - ZJ ~~ G~~(s)

(s) ds) . (41)

column ~~~ ~~2 
(~ ~~~~ 

G~ (a) X. Cs) da - (42)

Zf A 
(a) Z. (s) ds)

~18-
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a

I
For each case GL (a) is the component of the free space dyadic Green ’s

I function for the electric field tangent to segment i at the center of that

segment due to a current at a on segment 3. X
3 

(s), Y
3 

(a), Z. (a) are

I 
as defined in equations (10) t hrough (12) with the exception that ~~ =

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

6 = when the optional interpolation is used on the + end , and a. = 0.

Also

i 
x = _

~~~
- [cos k (A . + 6 .)  - cos k A~~] 

(43)

= .~~-. [i - cos k (A .  + 6~~)] (44)

I 
z = * [cos k A. - 1] (45)

+ . .
where A is defined in equation (8) and 6~ = 6~ if optional interpolation is

I on the - end only, 6~ 6 if optional interpolation is on the + end only,

and 6. = A
3 

if optional interpolation is on both ends. The column indicies

I L 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
- 

P 
a multiple junction.

The columns designated by ~ represent the unknown current

I 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 ~~.I or K is replaced by the current at the segment end. By farming the

sum of these equations for each segment at the junction tn€t currents at

I the segment ends are eliminated by the condition that their sum be zero ,

1ea~~ng to the equation

I I
I
I
I .



- - -

~~~~

. 

I

~D i~ Z / X +I . Y / x+ c c/ x  -

N or (46)

M ~2J~~~Ik Z/X~~~I . Y / X + c c / X

- or 
~ .

= ~ - 1  - ccXI (Z 2 
- X2) - c~~~ ZI (Z 2 

- X 2)

-® 1. - x,(z2 
- X2) - cz + Z/(Z 2 

- X2)

I wher e j = 1, ---M represent s the numbers of all segments counected to
the junction and the expressions apply as follows:

I 
Q~ 

for junction on the + end of segment j ,  standar d

interpolation on the - end.

I ~~ for junction on the - end of segment j , standard

interpolation on the + end. -

® for junction on the + end of segment j ,  and junction
cc on the - end.

43 for junction on the - end of segment j , and junction

I + t h + d

I The above equations are used in the program AMPS. It is
possible to eliminate the current derivative unknowns (cc) r ather than
include them in the set of equations solved numerically but this is diffi-

I - cult if the new interpolation method is used on both ends of a segment.
Also, the code coul d be generalized fo r unequal wire radii at junctions

I but this has not been done.

The stability of the two interpolation methods for modeling

I 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.

I - The input impedance computed with standard interpolation at all segment
junctions is shown in Table 1 for vary ing 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

-20- 
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NUMERICAL TEST ANTENNA

4 2 METERS~~~~~~~

METER -

WHEN n =1, JUNCTION SEGMENTS ARE APPROXIMATELY EQUAL IN LENGTH
2 SEGMENT SOURCE IS USED

TABLE OF INPUT IMPEDANCE/2.
~.REQ. (MHz)

n -

______ 

270 280 
- 

290
1 333 + 379.5 36.7 + j95.4 40.0 + j i l l .
2 35.8 + j93. 39.5 +jfl~~ 43.4 + 1126.8
4 33.2 + j i 19.6 36.8 + j l 35. 40.6 + 150.4
6 28.2 +1152.5 31.1 +j 165 . 34.2 +j177.5
8 21.7 + 1190.2 23.8+j199.S 26.0 + 1208.6

10 13.9 + j233. 15.1 + j237 .9 16.3 + j243.2

TABLE 1 
- - - - - .-

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

1

•

-21 0425.13269

- ~~~~~~~~~~~~~~~~~ - - - ._---~~~~ -- --— -- -—~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
.
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I

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
junct ion is set equal to the other segments at the junction while the
rerriai.nin; center wire segment s 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 uneq’.al segments elsewhere. — -

Table 3 contains the results obtained using the new interpolation
technique at the two multiple junctions and the standard interpolation

at aU ju nctions of two segments. The segments on the center section

are progressively decreased in length including the segment connected

to the j unction. 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 result s 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 segment s at j unctions

with con~~dence.

3.2 APPROXIMATE MATRIX ELEMENTS

When wire segment s in a structure are distant from an obser-
vation po nt with respect to wavelength , simple expr essions can be used

to obtain accurate values for the fields. This fact can be used to substan-
tially reduce the time required in calculating the corresponding interaction

matrix e ements . The following expressions are used in the AMPJ
code whefl segment-observation point separation permits:

-22-
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SYMMETRIC 

T~~~~~~~A~~~~~~~~~~~~~~~~~~

SEGMENTS AT THE MULTIPLE WIRE JUNCTION

ARE APPROXIMATELY EQUAL ~N LENG Th

- S
2SEGMENT SOURCE

: 1
TABLE OF INPUT IMPEDANCE/2.

FREQ. (MHz) . . - 

.

n 270 280 290
1 34.4 + j80 .3 37.9 + j96.7 41.7 + j i 12.9
2 35.1 + $80.8 38.8 + $97.5 42.9 + j i 14.1 —

4 35.4 + j8 L 39.4 + j98 . 43.7 + $115.
6 35.6 + j82 .2 39.5 + j98.6 43.9 + j i 15.7
8 35.6 + $83.8 39.6 + $98.6 43.9+1112.4

I - 
10 35.9+j99. 39.6 + j97 .8 44.1 + $121.9

TABLE 2 
- - - -

- 

- 

N INPUT IMPEDANCE OF TEST ANTENNA USING STANDARD JUNCTION
INTERPOLATION SCHEME FOR AN EQUAL SEGMENT LENGTH JUNCTION 

-

~MBA~.
- - -23- 0425-13267

- 

- 
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TEST ANTENNA ~~~~~~~~~ 8

SYMMETRIC 

8

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

2 SEGMENT SOURCE

CURRENTS AND DERIVATIVES MATCHED AT J UNCTION

TABLE OF INPUT IMPEDANCE f2.

n f=27OMHz

2 34.5 +j78.9
4 36.1+j77.6

6 37.0 + $76.9
8 37.7 + $76.1

- 

10 38.1 + $75.4

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

0425.13268
-24-
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U
U
U E ( ~O) = 

I t  e~~’~~ ~~~~~~~~~~ + ~ 
~ ) 

cos ~ (47)
r0

E 0 Go)  = ~~~~e~~~’°(  1~~ u + ¶1 + 
) •~in e (48)

10 iWcr 0

U -

These are the fields of an incremental dipole of moment I L  located at the

origin of a standard spherical coordinate system and oriented in the

z direction . 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

U 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
separation distances as small as . 25 to . 2 wavelengths. Table 4 shows

U the accuracy obtained for a particular structure, a 2X dipole, for various ‘

segmentations and for var iou s separation distances for which the expres-

I 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

I the number of segment s away from the field 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 KH parameter slightly less than . 2 wavelengths will cause an abrupt
change to integration over one fewer segments. For the case of . ZX

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

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

S meter lar ger than the longest segment. It should also be pointed out —

that the minimum value for KH seems to depend to some extent on the
str ucture si ze, type, segmentation, and excitation. Values of KM up to

• 5X have been necessary to obtain only a few percent error for some

I
I -25-
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rU
STRUCTURE SEGMENT LENGTHS — -

U NUMBER OF
SEGMENTS

- U 
INCLUDED 0.2 0.1 0.05

KH PARAMETER

.01 .01 .01
0 % E R R O~ R E A L. IMAG.5 

_____________ 

47.2, 53. 77.3, 135. 97.4, 170.4

U 1 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

5 2 
~ 6 s i : ~~2A~~~~~~~~2~~13

I — _ _ _ _ _ _ _  _ _ _ _  _ _ _ _ _

I _ _ _ _ _  

.19~.33~~~~~~~~~ 28, .3O~~~~~~~~~ 3, 3.

1.21 .61 .31

I 6

1 .65 .81 .41

I 8 
02 022 09 19 037 .041

S
- 

~~~~ Table 4 -

PER CENT ERROR OF THE INPUT IMPEDANCE OF A 2X DIPOLE
- 

USING PARTIAL INTEGRATION AS COMPARED TO COMPLETE
iNTEGRATION

H

I
‘MBA~

_ _ _  - 

-26 3604-13129

• - .— ---- — - _ _~_~~~~~ j  ~~~~~~~~~~



I

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 KR is sought. The default

value for the KM parameter in the AMPJ code is one wavelength.

-27-
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4.0 DESCRLPTION OF COMPUTER CODE CHANGES

The following subroutines have been changed to implement the

U optional junction interpolation and approximate matrix filling:

CABC

U CMSET
DATAGN
FACTRU XNTG

- JMELS
LFACTR

~~~~~ 

MA~~
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.

F The matrix filled by subroutine CMSET consists of , first , segment

I field equations in the order of segment numbers and then equations for the
cur rent derivatives from equation (46). For a structur e with symmetry• I the field equations for the fir st section are followed by the current - -

derivative equations for that section and the equations continue in that
or der through all symmetric sections. Thus , for a structure with two

-~ symmetric sections the matr ix equat ion has the form

:J L  .12 L~~ 
i’_

P~i 
C 1 D1 C2 ~ 

0
S II iI — I

A2 B2 A 1 B 1 I~
I I
I I

I— I  - — —

T - 

D2 : D 1 
- 

- 
- -

_______ — .
~~ - --- - -...— .

~
.-.,--.. -

~~
- .— .

L~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ---~~~~~~~~~~~ -~~~~~ -~~~~~—‘ _ _ _ _ _ _ _ _



where I~ and c~~~ represent coluz;. vectors of the unknown current s

and cur ren t der ivat ives , 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 ET MNS which fills the rig ht 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 cur rent derivat ive equations and reposit ion 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 segment s 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 240O00~ 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 routine s 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
3
, B

3 
and C

3 
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:

C L O= K  or cz
.1

-: C L L= I .
3

CLY = K~ or +
.1

-29- 
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A connection number less than -90000 for a segment end indicates the

U new interpolation method is used at that end requiring ~~ or x~~ .

The statement~ from label 16 through 21 compute AX = A ., BX = B. and

U CX = C
3
. 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

• 5 evaluate equations (31) and (32). For each case statement 20 evaluates
C. = I . - A.. Finally from statement 20 + 1 through 21 the real and

5 imaginary parts of the constants are stored in arrays.

CMSET
Sequence number
ref erences

CM19. 1+2 : JSEQ(J ) = matrix row for segment J
CM19. 1+2 : JJEQ(J ) = matrix row for current derivative

at junction J.

I cMlza. 1 : Branch to section for approximate matrix fill.
CM1Z7+l :

I - 
CE1 = f~~~G. (s) X . (s) ds

- -

I - ~~~~~~~~~~ 

.

CEZ G. (s) Y . (a) ds
1 3 3 —

I .

CE3 = f •‘ G. (
~)z .  (s) ds

I - 3

CM 127 + 11 to - - -1 CM 127 + 13 : expressions (37), (38) and (39) are evaluated
label 2 4 + l t o

i 
label 24 + 3 : expressions (34), (35) and (36) are evaluated

I label 26 to
label 26 + 3 : equations (40), (41) and (42) are evaluated. In

the above three cases the contribut ions to ~columns are entered into the matrix. Other contri-
butions are entered in the following code.

- 

- 
I 

• 

-30-
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label 27 to
label 28 : f ill matrix element s for - end of segm ent (current s

i n K )

label 29 : fill matrix element for I.

label 29 + 1
to label 30 : fill qtat rIx elements for + end of segment (current s

in K . )
.1

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 corr esponds to the cases 1, 2 , 3 and 4 in
the equation.

DATAGN

The coding from statement label 9 + 2 through the end of this
routine set s 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 segment s connected

to that segment end. Statements 208 through 210 search for all multiple

junctions and reset the cor~nection 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 .IE 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 cornrnon/DATA/ to
other routines.

FACTR 
.

Minor modifications have been made to FACTR following sequence
number FA31 and at FA59 to use temporary variables to avoid unnecessary
evaluations of subscript references.

-31- 
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Statement s 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 3PJ 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 segment s,

taking into account the additional matr ix rows for cur rent derivative

unknowns.

LFACTR

Minor modifications have been made to LFACTR at LF58 and

LF9Z to use temporary variables to avoid unnecessary evaluations of

subscript references.

MAIN
Sequenc e number -

r efer ences -

MA64 to MA6S : 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 : R ICH = default value for separation distance at

which matrix filling changes over to approx-
imate form. -

MAl88 to
MA189 : Set new value for RICH

SOLVES

Statements between sequence number SS11 and SSL3 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

stora ge, to make room for the zeros within the vector.

-32-
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Statements between sequence num~ ers SS67 and SS68 rearrange the

solution vector for the case of a symmet r~: structure which uses the new

in te rpo la tion  on some j unct ions .  The solu:~on vector at SS67 consists of

the current s for the f i r s t  symmet r i c  sec:.~.~ £~ ilowed by the cur rent

derivat ives  for  ju nctions on the f i r s t  sect:~~~. then current s for the next

sec tirn , and continue s in this order t h rou~~ all sections. These statement s

put the cur ren t s  in consecutive locations so that I. is in location j ,  with

the cu r ren t  der iva t ives  in consecutive loc~ :u ~ s following the last cur rent

value.

TRIO

The statements following TRI Z a~ d T R I S  have been added so that

DIL or DIK are  set to 
~~~~

. for  ne~.v in te rpo~a : o~. on the - or + segment end

respect ivel y. -

Lists  of the changed rout ines  follow.

- 33 _ 
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)44 FORIIA T (100.25143(6 1j5c05 MANUAL 5 0 ( 1 3 5 5 .  .04 )  MA 9)8
745 FORMAT (///4,331.33*4 FIl5 E9C ,/.368,)OMF III 939

I003UE.4ey..(l&.4.4M H~ ’./.34*.Il..%14E1ENGT— ..E1I.e.7— !1004) MI 420
%44 FORM AT (//#,3OA.449 — — ST9IHSTU?E 7~~ Efl,’,CE LOA D IN G — — — ) MA 92)

II I 147 FORMAT 1/ •35%.24MT$Is STRUCT006 IS 14OT 1(64(00, MA 92?
148 FORMAT (///,340.3)14 — ANTENNA E%v1?C9.~~.I — — — . 1 )  MA *23
149 FORMAT (4C1.2)NNFOIU UNDER 9(606(9 .) MA 024
ISO FORM AT I408 .2714#ELATIAE OIELECTR(C C39AT ...F7.3.~~...04,)314CONflLJCTI MA 025

IV ITY ..F10.3.11P4 4945/ME000) MI 026
151 FORMAT I 421 .)4400PFECT GROUP.,’) NA 927

[‘ p 132 FORMAT I 443 .IOI4FREc SPACE) MA 929
133 FORMAT (//#,12*.2541 — — NAT RI , TI i5.4 - — -.,‘.‘4I.S’~F IU.”.69.3. NA 929

I 1514 SEC.. F*CTO8 ..F-~.3.5$ SEC.) MA 930
15~ FO RMAT I///.40X.?71I — — ,*CITITI3.. — — —I MA 93)
155 FORMAT (/.4*.IOMP1A#I’ WAVF .4l ,AMTMETi..F? .2.))P “0. PP*I .F7 .?. Ml 932

I IlK 910. ETA . . F7 . 2 . )3 M 400. Tv ~ T ..*6 . I5 . 4 . 511 RAT I(3* .F3.3)  MI 933

1 .lW X.) ?X .lWT .12X, 1M Z.)0X.SMA I,PMA .cI.’...4441a. .X.17 . I?I(E MOMENT. ,, MA 475I , 356 FORMAT I/.31X .17~4R0SI TIO P4 (M(TFRS, .I.. .l4—I4I(9IITIO’. (004)./.298 MA 934

2 ,4*.I4MCuRPFNT SOUP’-E.1*.3 (30.F19.S .1A .2(3*.’?.?l.-.,.F8.3 ) NA 936
157 FORMAT (4X.4(I5.1X).4(3*.El).44).3*.14.*2) MA 937

159 FORMAT ( / .6X. I I I19— FROM — — 10 —.131.I? TRiM S’IlSS)ON LIPIE .I58 .3 MA 039j 158 FORMA T 3/,,.’.4*.74$— — — 44019043 DIII — — —)  *43 933

2. 1943 SE0..5X.9HiM0EOANCE.6,.6..LE,.4TM.)?0.1LN~ £90 ONE — . 179 . 11  MA 941S 
1614 — 5)ISJNT ADMITIANCES 591906) — —.140..—E_ INE.#.S0.21$TAG 300 *41. 940

• 344— (MI) IWO ~.12X.4$ TY0E,/ .41.?IWNO . ‘40. 4)3. NO. .’I*.ANONIS NA 442
45.$~I.4,~ METERS .97. 4P.RFAL.I0*.5.4TMA6.,9l.4..M!AL.l3*.S$IMAG.) MA 043Q 160 FORMA t (1,68.8*4— FROM — .47.614— TO — .264.49’— — AC’IITTAPICE 9*7.17 MA 94.4
) X  ELEMENTS (NwI1S) — “ . /  •4 .O ,7 ) I .TA t .  6’). TAG SFG..)3*.91410 MA 943

~~~~~~~~ 2NE.ON(I.l00. 9’4(ONF.TWO) .190.9 (1.4).I.O)./ .31.2)$’4O. Ml). 74* 444
3 440. NO..8X.4 .4REA (.54 (.5slM.Ci..Sx.’.~~3e 8L.l00.5..IMAG.,90,4M0EAL MA 947

- - 4. )02,”H5NAG .) MA 848

3. 18) FOR MAT (//4.298.334 — — CUROINTS 35.3 L7CII1~~. — — — .,,.331,?4M0 1 MA 949

4 )S1A NCE4 IN WAVELEP(GII40) NA 050
*32 FORMAT I #/.2X.414SE4..2*.3”TA0.~~i.21.COO09. OF ~6(.. CENTE8.5*. MA OS)

1 4N5(9..122 .26M — — CURIENT (&MPSI — — ~~~~~~~~~~~~~~~~~~~~~~~~~~~ MA oS?r
~~~ 

2 5k ,1R8. 09,IMY .44. IK7 ,63 .AH L ENOTM.S* .4W01A1 .90 . c. . IMAO..71 .4.WMAG.. MA 953

- 3 $X.514814AS€I M I 934
5 153 FORM4.T (/i~ .33X.49M— — — oEC(I’sI~.G 044190’.’. D&143~ :T70S — — “./ .4 MA 055

13*.4META ..F1 .7.819 0IG°EES.,,43x.6—T7~ F — .04./..3..12”ili*L RATIO.. NA 036
2 F6.3.// •)19.SMTM ’IA,4.X.3H0pI.133.13... C(.-0~ E5.T .‘4.3MS5G.~ MI 087
3 .i1*.5’.(OE6).50.5M(OEDI.7T .q hG9IIu ”~~...4.4MDMiS1.’4.314NO../) M A 04.9

~~~~~~ 164 FORM*E llOT.2IF1.2.3.I.)x .E11...1I.r7 .2.4..IS MA 059
165 FORMAT (l*.205.3F9.’.F9.4.14.3’1/...’0.3) NA 960
366 FORMAT (/ / / . 40 0 0 ? 4 P’  — — ROMEO M ,rC• ET — — — . / /  •l10,ISNINOS1T P MA 961

lOWER ~.E1I.’ ..6’~ W A T T S . ,  .‘.3*.)S4’47114T13 P0.Ea..tII . 44.1.M WATTS. ,’ MA 067
2 ,432.I5M STRIICTURF IOSS—.E11.3.6’ .1705.4 .430.%5..N5TMORI( LOSS NA 44.3
3 ‘‘(11.4.6*4 W * TTS./.4U.l5MEFFlCiF,-,C? .. F7.4. ’.. PERC ENT ) MA 984

M IA? FORMAT I // / .393.23~
-. — — MOO R FI’L S — — — .F, .121 .14N LOCAl! MA 963

lOP. —.21% .8.4— (o ,I53. Ill.I . I $W_ ~? —, # .40. NA 066
2IH7.1 01 .IMV. )D8.I’47.Lf,4. 9M..A IIN1T’JIE .34,54’C..&51 .S4.0I”WAC.NITUDE . MA 867
33* .SMPPAS E.6* .OKM A (6P. iT u OE.30.Ss0 . .46€ ./  .61.38.1T’8S.SI.6H’IATE* Ml 96*

~~~~~~ 46.51.P.1.’I51f85.79.7pivØ) TS,M.3*.7WDE0~IE 6.A*.7’ 3Ot T5~M,33.7s)3eGg~(S. NA 069
- 5’,*.1HVOL1S/M .1*.lMf47L043605) Ml •70

ISO FlIRNAT (2(,3(7).F9.4).1*.313*.Fl).4.2I.T7 .?)! NA 97)
7 69 FOMMAT (///.31X.)4s — — FAW ‘9(143 (.—0U93 RA OAM F ,F8S — — —./4) MA 872
170 FOPMAI 1409.?SMQA 9IAL WI RE G~ 4),,N9 S(6D!(’4./.NOI. I5.6N • t 0ES . / . 4  MI 073
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S,480~ T 55.6 CL4C C..
C CR 2
C CIMC C’ .M?.TE S COEr’iC)ENlS OF T..E CO9 ,T85.7 IA). 9t~ € (9). 15.0 CI
C c:~ :~.- ~~) TERM S I’. T.. € CVWPE5. T I91€RPIILATS’)P. r~,9~ 1),)P.S POW T~E CM 4
C C57 7 137 VECTO R CUR . c.’ s
(5 CM 6

C”47. ‘DATA ! N.9P.3(8O0I.V (14fl0).7I9OO) .St4#30).~~iI 00Ol,i&M44OR).
I ?F1 (AT,4.IC05.IIWIO).)CD14’(903).IIAc-,40)I . . ! & . !? Y ” . J 0 1 Z

CO~”O’. ,CM9 1/ A IO4AUTI .A IiI .40O) .4I.49001. 4 i11 1 4 7 04.C I .4I800 ) .C II1A O
10) • C J 0 I 9 0 0 )
co”—o’. ,ju...., MC3* .J 0 1251.14 C 14 . • I l , 4 ? , .5 . C3?. jO Z I s Sl . P.ClZ .J t l I? S l  (8 II
CO— PIE. C ,3.CLO ,CLL.CL!.1..$3.rX C” )7
DAT A TR,4.753IS530A, CM Ii
00 ?1 I’l.P.
CALL T ’ TOI I .JC OI.JC02 .OIL .OI’ b
C1330 . 1L
C’4T7.5 51

I COSL’55 (CL )
StM~ .S!MIC~ )

I’S’)
lr,JC II.G1.I—70009))Ur) 709
J 7 * FA 5 . . )  idOl .7Q~ 3~ )
CLO C~~~’J1z ’I I
GO 7-I

I. IF4IC3l.7.8 .7
1 CL’ ’5..0.)

IF I I I .LT .I)013 TO 3
402 ‘.1.5.CI*

CLD

~

CL5 •C4

~~

tJ I

~~~

)
3 TFI14C) I.LT .1440 TO $

flO ‘. P.1.9301
JO’~~ ) ‘ I  ( 3

4 CL5’ L’3 C4.,4)J44~~
)

A C100~~). .0.)
GO TO~~

-• 7 CLO CuR I JCOI )
TFIZCI5.?lJ’SOl) .NE.1.A9O.JCn).P.F.I)reo.—CLO

0 CLL Ci~ (I)
IF IJC57 .GY .I—90 000))G0 TO 13
J IO* I.9— 1JC 0 2 00000)
CL,.CU~~1,JIX9)
GO TO I’.

)3 l EIJCI?)4.14.15
8 CL Y IC. .0.)

IFI NC3?.LT.5)6G TO 11
co 10
IOZ’4J(lI~~)

10 CL’.CL’.CL7(J0ZM) —
I) l’ 8C)7.LT.l)~ O TO 16

00 12 ..l.%C17
.1I2’’JI 7)9)

12
GO TO 16

14 CL” (0..0.)

4 00 TO 15,
IS CLY’Ci(JCO2)

11(11-39) (JC 0Z) .NE.I. A9D.J COZ.NF. Y ) C L V .— C L Y
16 IF .JcOl.LT .(—40000))GO TO 17

IF I JC-3?.LT.I—800004169 70 18
SILF SI P.L’COSM.COSL SINR
CE LLO .SI’4L .SIP.W—SILA
A l ,  (C113St~~~ CL L SILk .C1Y’S1P.L ) ‘CELLO
$1. I’SLI• I CO5U-1.I CLL• ICOSL — (03W I .CIY (i.- C’)SL ) I ~rfLL0

-~~~~~~~~~~~ GO 10 ,0
I? IF (JC342.LT.I—90000))i.’) 10 %9

SI LROC’4S1. F0%R SINL8SINN 
- - —

CELL O”ILR COSL
AI.(CLO ISIPØ .CLL SILI—C1Y”CO%L ) ‘CELLO
O’4ICL’)•ICOS’—I. ) • (CL1—CL’) 51’4LIICEL*.O

— 00 10 70

— 19 SIL k.C~~SL.COS9—SIN1 SINS
CELLO . SI—SILl
AI.(CL (6.C4)SK CLL SILR .CLV SIML ) ‘CELLO

~~~~~~~ F.9.l)CLL CLO)M%iM (.CLP’(l..CO51l)!C(LLO
00 10 20

%Q c0110.2.eSIP.L’rOS4.
A3 ~~CL L . (cL V—CL O) ’COSL# CEL LO
4*. ICtY.Ct0) INt~ C(LI.O

20 Ct. ’SLL—l0
A IJI1I.R(I4 (A l  I
A I I ( I , .A I M A G (A I )

: 

OIRI1).RElt$07)
e I I ( 1) .AI9* G~ 8* )
d O l l )  .0631 (C I)

21 CIIII) .A18 *G (C*)
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EL

SURROJISNE C’S’T I5. 3..eC41.C0.5.5 T . -.. 1 CM I • --

C CM 2
C CNS(T SETS ..~~ 7.6 CO’4IE* ST1 ’-T~~-’ .A T7~~ 33. T—5 £ . 4 4~ 3M CM 3 

~ •;:•...4
C CM 4

C3MMO P. 0313 ~~~90).?,1 O F T I q , 0 ) , : C 1 -~I I q ’ 4 D ) .~~C 3 N 2 I A O O ) . I ? A 7 f 4 * I ) . . 1 A51 .1DT ~~~. — *8 ~ ‘r’~
O(”C’dSOM  .‘(‘.73’.MCO,) CM 3
Ce~~ O9 ~.‘a 733/ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ CM 0 ---‘

COM O’4 ~0 F T ! 7 T F  3 z 1 . : : 7 . l c 3 . -.s ’S . ..;~ ’,. 5- .~ 
r -  CM 9

COMMON ‘A 144L ’ 5A ( 7 t 9 ) 6 4  -~~~~
COMM ON #J(JMM/ 5.C-3l.~~OP (2SP.14CI1.~~I’f’4*.5.COZ,iU?(”)..(Ii..1?I?S) CM II
COMMON ‘~“t/ R51OI.i’M43Y.R-,OZ.I5&0J.c3

J.SALP0.PX.~ ~•
_5~ 44j CM 12 

‘. . 1-It
COM MON 111,10! ZIRRA TIOOI)
COMMON ‘0140/ 77A1(.ZD IYI2.51.C..SC2.L.SCPM O.P.IA (51.’S!’4.i0.AM .IPERF C” 14
DIM E N SION 349 ((). .3*9 (11 (9 is f
D INEN S IOM 112 (34 . (1I,3).E?E(?,.(-” ,7, (N 14.
COMPLE X rj.CM .ZA2QA T.CI.ID ,E1. r l .I7 ,C(1,(F7 .CE3 CM I) I .~~

CONPLOI Z4ATI.3(rS,OcFPS.7753. .Z3A 55S.Il.F5C35..280 12 C” IA - •—-

OOUIVALEMC( ICAA,l).A.~~,I)). (T*3(5).43T(l)).(FJ.
;l’).~~ 2.ER() CM 19 _1_

~
DATA ETI/374.73,.4UF’- .293I 483’.01,’.l41 59?SSl CNIU .l

C FU NC T I 7’.S — — - - 
~~J S E O ( 4 ) 3 J . .J .1)/5.7.JPMAI —

JJ(Q(Jl.~ i-. 1O00 .t4 J~ 3*0O (l/J01A..l)X6P 
- -

C
NOP’N/5.° -

~ 
- 

—
JPMI*..j”I0/%OR
J00P1 1 

A;~
11 IICIS (.GT .2) ~‘,I9’ Il CM 20

(‘4 2)
12.2 5.03LO5114OCIA

C” 23 .—~~~ ~~~~~~~
IT.NPNL” CM 24. 2~ —4
NII ICI.1 CTM 25
IF I IC) .‘O. 0 o r,0 y l 1 CM 26
IF IIII.LE .(—I )l 430 T’ 22 C 77
CALL ~LC (I14 ()1.).I2.ICI•I) CM 24
C074TIN~5€ CM 29
00 21 tZRLX I .Nll.9$LC~ S CTM 30
ISV ( 174191 — )).N084 9 CM 3)
IF (IZRLkl.d 3.90LO$S I IT.M LII CN 32
IF I IFAS E .1?. 3 3 IT’MCOL CM 33
11 (NOIOL.03.O) 60 10 2 CM 34
77.Fi.7Ib1 .OI7IFL3AT (.IAOI.l CM 35

• T2 SCOoO•FLOAT (NRAOL ) CM 38
ZOATIS .7RAT I CM 30

2 00 3 I’).!’• 00 3 J . ) .1440W
3 CM (J.l)—IO ..*.) CM 41

ITI IT
IFII S V.rE.5.P)6O TO 60
IF ( ISV.IT.OT.90) I IL .MD ISV

C CM 47
C SOu RCE s(:-—ENT L330 CN 43 —

C CM 44
00 18 •I.).N CM 45
C ALL TRIO (i ,JCOI .JCO2.D IL .D15(
5.51 (J) CM 47
8~ 4 I (J )
ZJ .AIJI CII 44

CM 50
2J 2*J) CM SI
CA4J CA8 (J) CM 32
SAOJ SA4IJ) CM 53
SALPJ SALP(J) CM 54

C CM 53
C OP SERVATI ON SEOWENT LOOP CM 56

C CM 37
DO IA 9D ~ • I. 711 CM 5$
I.iS V .I70 CM 5’)

CM 60
YIJ ’T(I9— ’J CM Al
I J I J  CM S.
CAAI’ CA4If ) CM 5,3
5423 5*0(3) CM Sb

%AL PI SAL PII ) CM 45
CM 66

C CM 67
C LOOP 1(7 INCLUO! IMAGE OF SO,JOCF S5I66NT ~~)3R STR.-CTU I QIER 000UMO. CM 49
C CM 69

00 II 1P l.’S’~ CM 70
PFL .—PFL CM 7%
SALPR.~ ALPJ~~~L CM 72
ZIJ .2II ,_DrL •7J CM 73
10.41 ).CA4J.?IJ SAA J .7IJ SAL PR CM 24
0IJ Cl9l •Ca 9J_ SAAI~~SA2J•SILPI0SI LRR CM 15

CM 36
pMOY .71J 5A$J 20 CM 77
01402 2 I J—5AL ’ ~~~?3 C~ 73

CM 79
IF (RM .OT.i.t—V ) 03 10 4 CM ID
R~ O4’O . C~ 9%
OMOT O. CM 02
04107.0. CM 53
018 1. CM 04
0010 ’ C~ 85
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~J I
4 M’.l*’0 04/7’. CM 9I~

(N 97
CM PM

IQ.P..’-4*CASI.3*)V.S’4I.OI6ZSIPI ( 5 1  09
• 7.SOPV,.IJ.lIJ.YlJ .’!j.?IJ~ l1 Jl CM 90

! F ( I P ...E.2 C-l TO 13 (9~ 9.1
7 I~~I cM 51
Il 4IP~~7P .E3.1) 3.) II) ID CM 92

C” 93
1 v M A G .S 3 R T l a I J • * 1 J . o I J

~

Y I f l (N 54
C CM 95
C SET P1*AWETEOS 100 RA DIAl 1k1 6RO~i94) 61-WEEP,. CM 94
C C~’ 57

11 I14704L .FO.’3) 00 TO ~ cM 94
*50CC..:. II’?J.?Il).Z I),’IZII).7 ii cM 99

m l 1S?EC.(7IT)•ZJ~ 7II)’Yj%’ (Z(I)-74) dM 100
PMOSPC .SQ0TI*SOEC .*SPVC.YSREC .YSP€C .T? .T2) CM 10%
I, l7 —OS ~ C.Of .SC~~

, )  40 TO 6 CM 102
• ZSCQN.TI•R—OSRC•1LOGCRMOSPC/T2 c” 103

2011 1.i TSC;5.’RlV IS)! .ETA ”?RAT Jç . ?6(.~~) CM 1 74
GO TO 7 C” 105

m l 4. 7 R’ 4 3 s 7 5 . A~~ 55 CM 10’.
7 IF l4VM8G.4I .I.E~~S) 07 TO 3 C~ 117
C CM 103
C CALCUtATI’I’. 0$ 44E~ 1CCT1OM COEFFICIIP.TS •-‘FN C.7C’U94 IS SPECIFIEO. CM 179
C CM 110

0*510. (N )))

II I 07.0 . CM 112
CTW. I. CM III
?RSIN.U..-3.) CM 114
GO 109 C” 715

O P*3~~7Ij,’I7M1G CM 116
0Y .XIj,I’ A G CM Ii?
CT-4 2I 1, 4 0 40 CM III
20SI5..:S;~~~,I.—Z 8A Tl ,7A 1!—fl. — (5T~ ’CTM)) CM 119

9 RErS.—I3T— .ZR*TI•?75!,.)/(’ST.-DZPSTI3ZPSIN) CM 120
aFr pS.47Ro? l .’S1——?45I5.)/)2oATt~~rT-*.? PsIP.) CM 121
RErp5-,75r07.JSFS (5M 122

I D  IF(R.DT .~~~~)G~4 TO SI CMIfl.I

tI I CALL I5.TGIS.S.2M./0.OIJ.OIR.ETR.ET I.011.DIX.I u jC0 j’S0~~ 4”~~ M.
I 2”)

C C’4 124
C FILL 93771, ()EM(91S. ELEM ENT LOCAT IONS OETE9N IN O I)? COP.NECTION CM 125
C DATA. CM 124
C CM 127

CE l—C— o~ * tEt ~~(1) .611(I))III CE3.C”~L*lf12(3) .611(1))
1Ff J’S•)3 .G1.0)JEl.J SEGI JCOI)
IF .J’S)I.Lt.(~ s000oI)JrI.J-JEO4Jr01)

I
IF (JCO?.G 1.3) J(3 JSEO ‘JC02)

LI I IF(JCl! .OT .I— 0000I)G0 TO 24.
IF JCO?.LT.I—80030 )G’) TO 26
Ct2.CI?.TMFIMWCO I

~~~~~~~~~~~~~~~~ ICM I J!1.I00~~tM IiEI.IPR) .C0I#XM

II I GO TO ‘7
24 IF(JCO2.G? .f—90000)IGO TO 27

C12 .CE2—1 #I” C’3
CEI .C (I—70,3N~CE3
CN (J(7.!0*,.CN(JE3,IRI

~
)—C E 3/*M

GO TO ??
• 26 OEN .I./I* ”III—?”’?N)

~~~~ 

CE2.C€2.CtI.C23
CN(J63.IbMI CW IJE3.IPR).OEMS(ZMWCEI’4MWCEOI
CM (JEI .10’).C’II it) .IPR) .OEN’ (*M.C(I—?$ ’C(31

27 IF( JClI.LT .l—~l500))GO TO 79
IF(JCCJ)II.ZQ.I?

~I I 
II CA LL ,ELS.CEI...Ct*.JIl.P.CO4.JOI.IOQ.CM.N800.NCOL.9P.iP A*) - 3

60 13 79
12 I ’ , lCO . .71J7011 .€3 . J )G O TO 7*

IFIJCOI .C3.j )G0 TO 23 -•

CM (JE1.I0 $WEM (J€I.!P0) CEI

El i 2$ CTMIJ(I .100 !.C9IJEI.IPR).CEI
29 C”(J’2.I22,.C lJE?.1 -) (- € 2  —

lF(JCO?.L T.I— flDD7))C~O TO IA
IF ( 3(3’ ) )3.38.

I) CALL J 15 (C [1.MCOZ .J (7Z,NCI2,J17,IPO3CM NROM,5.C0L.14D .J0’4*)

4 G0 TO I~

II I 14 IF I ICO411Jc02 ) . tO . J ) C,O TO 3D
I’IJCl?.(3.J)40 TI) 39
C~~( J53.IP’).CML4ES.IPQI-C5 ,
00 10 1$

30 CM IJEI,I0*).CMfJE3.IPR).C I
GO TI) I~ 

CM 14A. t

h I
SI 0 9 P s ) O Mf  740

A0.77#. CMIA4.3
*).S3*TIAISI).—A 3 .AO )) (9144.4
C1.CM2I (I(MI79’fII..SIPIIRIMI), CMI4I.S
f,.S.~~T l3A5.C1 .C Pt*lI ...I.,R9M3),(Pl? R 8, C~f144.6
tT.S0(TA*AI•CI•CM 0t* (I. .R3HI

~~

I./NK#L )#(2. PI2 P R) C”I.4.7

I, 

~ 7.(0.49.!TWA3
f0.!50*I.!’A1 C 144.9

I~~IIP .’3.l,CAtL 0N1646 ()I.FZEIP ).E”EIlI,106125) C9144.A

it ~. 
j~p si

CNIJ (2.I~~~ISC WIJE2.IPR ) .OIJ.(Z.F4IR’EP
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~~‘ 145 ‘!
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•5~~~. 5..~~’’L .~~7

•~~~~0

•~~~
;_ 2.~ 0l93.M€ .J€ 3’•)(’O TO 42 .

~~~ 
!._

_ 

~

V~”
4-~~ 3~ )‘.77)). 9E.J~~ P,)GO IC) 64 r~

•
~ ... .. ~

:W-,c71.LT ..—30930))Jr•As.a
•~~ ~ 4.4J_ 7~~IO(J. JC3I .j CQ2.DIL . f l I3)  -:

:..Si4.r ;TL ,.ciNIflIk)_ SIM (OIL .fl 1W ) 
‘.1. 0 

- —

‘I  0~~ L S _ 1 -~~( ) 3 ~~L.cj~~9

7 •4.7.47..4 .7 ).JCAS _____

~7 ~~-JC31.0T. 3)iE1 JS€O (JCOI)

.~~f?.SDR~ .CM( JE?.I9P4.YM,*M ~~~~~

4 
1’ TCOI)6-o.b4.73 - -

:.. ST1 -E5.NC!l.JTX .NCOX.JOl.I0T.CM.5..P,C3.L.5.P..4 **l

‘3 ~~~2 (JC01).E3.J)GD TO 71
3 itOi.El.J)GO TO 7)

- ..E1 ~~~~~~~ .CMIJ E I  .IPRI—?N,8 ’4
‘4

‘1 . jl5 .~ *R) .C.(.IE1 .IPD).?M/3N

~3 j T7~~ JS~~;IJ)
!c-it:?.GT_c)Jt3.JSEI)(JCO2)

• it?, ERR) ‘CMI it?. I”PI —YM /*M
I. b R )  .Cf I. 100) 1.

IF-jC)7a74.44.75
7 3~3— 7 ~~I

C’ll. J (~ 5ICE~.NCO?.JOZ.’4C1Z.JI?. lWR .CM,P,.N(OL .5.P.J0.A 1)
- —-

7’ !‘ 1-)9I lJC02).E).J)GO TO 72
!‘ JC ?.E7.Jl 40 TO 17
~.-~ (3. 2R).C..(JE3.1PR) .ZM/*M

‘2 C.it3.’Ro).CM(J63.1 P0)-~ZM/*II

55 .N0 . .1-31•~ OO33)
‘~ ‘~ I /~~~~I407 .. .7M0IM)

.6?. 2 1 .r ” ( J E 2 .  0M ) —I.
C. - I. I~~~

) .C”II.
• it~I.t2QI4CM(JE1.104).ZM00E9

- 
- :-:

‘7 )E? J5”OI J)
- - - .Fs:—’4~— iCC2-9000D

C’1J€2.IP°)’CTM(JE2.I08) 1.
C !I.120,.CN II,I03) 8M’OEM

- - 
- ‘.,61,IDR).C IJEI .109) ZM .OEN

~4 C3NT IP .E
5- .  33 (.1*Ct_ .’l€.O) 2RATI.ZOATI5 CM 146

C9 147
: •&‘o!& ‘L T — 5 . S  “‘7016160 9’ L0l”I91 ’ CM 144

CM I’9

~~ b$ A ) .~~ 3. )) GO TO 20 CM ISO
.‘. 1.1.11 CM 151
.‘:Sv.i CM 152

-~~‘- 
t ,. 1.MDlG0 TO 73

~.7)l M T J .I) ..ZACRA ?IJ) CM IS)
• • ::L7!.11.,I 60 10 21 CM )54

l •._  “7 3 3  I I I . i. ! 2. I . 3I)  CM 155
CII ISA

• ‘ ~~)•
1
~~ 1491C)~ 5) 00 10 71 

CM 15~
:s~~. ‘.sP~ l CM )53

P .  ~~.Io’ 
CM 359

GO TO ~~ 
CM 160

‘!.:N~ I I  CM I ll
:7:.—? CM 167
‘‘ cId ’ct.~~o.3) IC )—— ) 

CM %43

: 2 _ •.(RR T CM )44
!~~~~.. 

CM 165
C” *66- 
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PERdilt~~::L~~ ~~~~ 4ggg~~oj
11*512031197 1)11*3.9 OA

C Dl 7
IS DATA GN II 1.E •1J’. ~0.,Tb5.- FOR 190141 01 0615101!. *13. 751 3
2 D~COMMON ,.76r*/ 9.No ..(:)o).vlpon).7(Aoo).c lsd oo ) . lc ,1)I .A (PIARO ).

1 4 r r 4 4 ,• l . f S S S i H I T -) ) .  TC05.2 40*).II&G(4utI..14..T0 ’”.J..A,
OIMEN,’’9 .2 1 t 4 ,  P - ( : ) .  Z~~~(1 i  CA ‘
0(510943319 31543 (43. ~~~~~~~ (P434.41. IT 1424 3)6 1 -

IM TLC.E~ G” .11S1 Dl S
IQUIVALENCE 117 (I4 .SIll )). I12(1).4LDI%)). (Z21l).~ !1I1)3 01 153
DATA lTST/276..7~C$.?— .? G..7HGP.2NO51.?—J*.lI.Jr, Dl Ii
(1*1* I~~~’1~ .18’/.lf’/I- . ,114’/.IFZ’IM ,(47! 17A I? -

DA TA YA/O.O)’45)24.7S~ / 0* 13
IPSYM .7 Dl 1’.
NwIR(.-’ 0* 14 -

Cl 16 - :
PRINT II CA % I
PRI M? I? CA )~

C 75* 1~C 76*0 C.rS’IFT !v DATA 3*. . 3..37 46A.ICI 14) sECT ION ~0’ 606471 T4 0* 29
C O~5)’J~S rP 43I (5* 2) -
C D~ 22
1 READ I ’. G...ITO.94.*—I.T.2.Zel.4w2.,W2.2.2.WAO 756 23

IF 40 .0l .$11T4I)) GO 13 2 CA 24 - ‘7
IF l3)N .E 0.*11.T(? ) 04 TO 3 0* 25 -IF IG51.EO.%TSSI)~~ 00 70 — 0* 2~ 

-

IF (G~ .00.AT43’1~~)) 00 1) 4 Dl 2 7  -
IF IG .F0.115T45u -0 72 ~ Dl 27
IF (G$.F0.ATSTl9~~ :~. 1 3 9 0* 25
GO TO IC. 751 30

C CA 3)
C GENER A C  SE0”~ ’ST 061* 102 STR8344.T —140. 01 32 -
C 06 33
2 P4WIR€~ \,1RE I 0* 34

1I.W.I CA 35 -
CA 36

PRINT 74. N.I”E.5Aj.’.I.T I.*.?,YW?.?.7 .~~3),NS.II .I2.lTC~ 09 37
CALl. WIRE (Zw).y.(.Z.1.A1.?.3W2,7W7.RAI7,P,S.1IC.) 0* 39 -
00 10 ) 01 35

C 01 40 - 
-

C REFLECT ST#uCflJPE ALOSO : . i.  O~ 2 A l’S 0*  r,33~~yc ~~ FO9•7 cYLINDER . Cl I. )  -

C 06 42 s- -5
3 IY~ NS/LT Dl 43 • .s- -~

IZa6S—1 ’~~l*7 DA 41 --

13.17/ID 0* ‘.5 - -

I V .1Y—I7 10 0* 46 ~1 
- -

3F (*3 .5.6.01 31.) Dl 47
IF II Y .%t.0) 1’.) CA 40
IF 112.96.01 1 2 1  0* 49
PRINT IS. IFXIIX .1).11VIIV .1) .IFZIIZ. I).IT r, CA SO -~ -.3-
GO TO 0* SI C

4. 00797 14.. P35.170 Dl 62
1*.—) 0* 53 - -

S CALL ?~~1C ( !* . I V . 1 1 .I T G - 5 . ’)  CA S.. 134
0010 1 0* 53

C 01 S6
C SCALE CTWIJCTUDE DI”EP,cl09S 01 FRCTOO IwI. 0* 51 - - - -
C CA 58 ~- - -
6 00 7 1.1-N OA 59 _ I •

0). 60 si
Yll )~~Y’I)’Iwl 0* 61 -~
Z(I).ZI? I’A..& DI 62 I
A2(1).,2I1)~~(ol CA 83 -
Y2(I)~~’2Il) 4~ l 0* 64 - , --

Z? I)”?2(l)•l4l 0* 85
1 AIII).”I(l).X:I 01 5,6 -

PR INT l~~. *~~I 0* 67 —
6010 7 III 65

C 0* 69
C WOVE STOUCTURE OR REPRODUC E ORlf .IPIAL STRUCTU SE 79 96w P435I110 (*S. 0* 70 A
C Dl 71
P P01sT 13. ITO.9$.,.i.’9W1.T.l.*V2.V’42.ZWZ.Rh5) 0’. 12 • ,

~
Dl 73 

- 
-

YWI *Y.I•T* 06 74 -
? w I .Z w l .T A  03 75 -
CALL M’Vf (*1.t.YWI.EWO.34?.T0?.7W2.I#ITIWAD..5l .NS.ITG) 0* 76 -
GO TO I 03 77 j-

C Dl 73 ‘ . -

C VftWIle AV( cTW,4 CT J9F 6c0wE10! IND UT . DI 79 -

C C A 4~ f •
9 C4LL C’”s(CT (ITO) CA II

CALL CCMVO1 III 82 -:
JMAX*5 -- 

-
•

-4. -
IMIN ? SI)

III ME Al) RI .GII.I*.1Y. IZ • .43 -

PRINT a1.GM. Il.TY.I2
IFIGM .c’7.AT5f,7)I4%,1 TI 21
Ic(GII.5.l .A T S T I I ) t f l  TI 2%? •

IFIJ”4v .$Q.3)63 TO 20.
8011*09 •

27?  pR f p~f -.‘ -

STOP • -
P1 IFII* .r3.O.*9r ’ .I’.f9 .1)-3.3 TO 7(30 . 7.
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El
I ’ ’ l l . ’9 .2 60 TO 2)19
I..ICQ5.(I II
I’cIl .t1.I—9000011410 1) 31%
IF (I*.FO.0.OR .(Z.641.IIG-) TO LI !
35163.3513*.)
32 .—I i’l l .40009)
ICON) III.!?
510 T0 204

2)3 Il’ 1C~3P,2 ( I )
7c(1* .LT . I—90000))431 ‘0 1I(
f6(I3 .(Q.Q.’3R.l*.’Q.1I0G 70 i l l
•MAA. .I”7*.1
XZ.— (J **.93000)
ICOP ,2III.l?

2)— 1’’!’.’ T.0)G1) TO 275
I FI I C O5.I(L*).E0.II6J 1•3~~~

_• ._
IC 092 III 3 .12
4430 70 1)3

200 ! OMIII.l .IZ
0010 1)1

205 30 207 1—1.1.
IF (ICO5.l4I).IO.I1) ICO’il (71.12
(It 1C0N2 I I .00. 1’) 1(Os2U = IZ

207 1-99175.0
0-3. TO 111

204 !FIJWAI .C.1.O)C.O TO 2 12
40 710 I 1.N
13.0
I V~~ - I
1Z 51— (J513X.4001I)
90 204 J.1.P,
7F(lCO5.l(J).NF.IT)40 TO 211
11.1
!CC NI (J)’I7
‘30 10 709

21) I’IIC0S2IJ).ME .IY)G0 ~ 4) 204
30.3
ICC’-.? 1J) ~ I2

205 CONlINIE
IF II* .(0.O)GO 10 2)3

— 
JMA *~~J3A*.I

2(0 CI)*4tf ’4 iC
2)3 IFIGM .13.ATS1(8)).4FTU7~4

‘30 TO Il l
10 PRINT IS Dl 04

PRINT 20. GM,ITG.NS,ZWI.Tdl.ZW) .IW2.Yl2.Zdl.RAD Dl 85
STOP 0* 96

C CA 8?
(I ORWAT (////.330.359— — STPUCT(IPF SPECIF1C*T109 — — ..-i!.37*. gl 83

1 2OMCCOP0II*&TES ‘44751 90 INPUT 35,2.375. CA 99
2 ?9 4M 0T 6P5 OR RE SCILSO 174 METERS. ,.97*, 0* 90
3 3) M4~ F~ 4~ STOUCTUME IMPJT CS ENOEC ./’I 01 91

1? FORM A T I 23.l.,-IWIOE .79*.bWP,O. flF,4*.5I-.F14ST .2*.a~t*S T .SI.3HTA0. 06 92
I /.2i.TkNO ..8*.21-I41.91.2.-(11,9*.2571.109.25111.9X.2-7?..4.2’Z9.5,*. CA 53
2 6,.0l9Ius.38.4H5eIS,..S~ .4p’4.E0..)*.4.~SF0..S*.%P.P,O.) CA 54

13 0 7  CA 55
14 FORW A I (I*.I5.3111.5.1(.4611.S.’*.l5.41l.IS.1*.1S. ’4.141 0* 96
IS FORMA T (63.34.-ISTRUCTUOE QEFLECTED ALONG 14.6 A * E S . ’ ( L & . 8 l ) .  Dl 47

7 22... T A OS INC9EMEP,TC0 I I Y . I S )  DI 98
14 ~~~~~~ 16* .30.ISIOIICTU E 0-17*100 *905.7 2— 3*36 .13. 11* 99

C. 33$ T7’.~ 5. LADLE S ISCRE”FP*TE I3 01.16) 0* 100
17 FO ’MAV I6*.26HSTR UCTU 3C SC*I.EO 97 F*CTI%R.F143,Sl 0). 101
10 FORMAT 76* .495 T M6 SIRit T URE 4.36 PEE P. “05100. M OV E  a3 A 2390 IS —/ Dl 102

1 6’. I I . IS.7’1I).5) 03 103
19 FORWAT (25W 000METRI DATA (AND 38808) CA 104
20 FORMAT ()*.A2.13.!5.7’IQ.S) 0* 103
90 FORMATI,,/,,465 JUNCTIONS uSiNG OPTIONAL INTERPOLITIOM 11—00)
9% FORM ATI *2.I3.2I5
93 F3QNAT( Ix .A2.13 .213)
92 rOR AT l~ 96. (PoOR—— 19,9110 0*t* CARD ANENE J(JNCTIOP. IM’ERPOLIIION

lCa~ D ! ‘R EC TE D)
(PlO 0* 506—
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1~ 
FE[~ T F~-~L1 L1~~ ~33UCTION

I ‘ - -è ’ ) i119€ P 33734 I~~.L . - . .~~~~.I C 7
C c-~~71JTIs F TO FACT — .*~~~14 t..T1 A 7 • I T  17. 4! 1’I~ 93)’’1~~ “1191) 3* 3
C L .~~ £5.  9059 10I* . -~ i_ :. c3- .43 T.-E 4*I 43s—3, )=LII TIP *L6,4-.IT.~~ ( 7

C P~~~~S ( ,~~1r) 6~. PAr,U ~ i :— .L - .—~ ~~. 5 -3LS1043—-7 ‘Ik..T COU-4S5 IN 5*
L C 43- ’E’ I 8 1  *5*4 v~~IS . - .-. - N — ‘~.- - =  -~F 15.— T I (DM513914 IN .1ILSTONS c? 4.
- I C 1 5 . 7.  4’~~T - T ~ ~~~~~~~ 

- _ FA

-I - C 31 *
II..EMS !tPl A 4 - (7 I 5 1 .5 IM . ~~~~~~~ 53 9
343M51 3 .9  ,4(OA T.., -

C - = ~ Lr .  1.0.883 ‘~~ I I
L !5rF’-~~ ?.3M5.9P).~~J.’~ 33 (7

‘3 ‘‘1.9 31 )4.I I~~~r-.43 31 13

I • C 38 35
C ~~~~ 1 F~ lb
C II 11

3 ‘I.s c~ ~~
• I 3 ) 7 ! ..~ TO

I I C2 T13. ,F 23
I C P1 7%

C S1~ PS ‘ *94) 3 PA 2?
C F’ 23

33 2-.

I (50 3 J= I. i4l 5* 2..• 

I 

I’ ‘~~1.L T .l (430 T — Fl ~5

I P4.I~~~
jI 3* 27

33 7(3
A 4 ($~ 34 983
O4PJ ) 0 (J )  Fl 25

90 2 I’,DI .s IA 31I 3 * 1 — i - i  3* 3-9

24 7 4 3  I) 3(J.I).T’.
2 3INT I . .5 38 33
3 30s4315,E P A  3.
4 C95.TI.-0 PA 34

I C 96
C ST5R 5* 37
C 38 3.7

‘3MAI.*cA4 (T)(p).COS .3.4 13))) 3* 39
Fl  4 3
3* 4)

I I
IT (QP).G T.MI GO 432 43 14 42
90 5 2 781=N 3* 43
ELMAO .)1(*LID (l .C:.. 2. 711 ) FA 44

f . IF I(L9C.0.LI.OM$3 5 3* 45
- C’4*k.EJ.NlG Fl 44

4 - • ID4R).I 31 47 - -

‘ 
5 CONTI’4 J’ PA 43

I ‘ C3NT Is-il 3* 49
(F lD513l .LT l.E—IO1 IFtO.1 71 50
90.78(4) p~ 5)
l(0.9) 1)4PQ) 33 57
)4’*)=~~4R) 61 5)

C • 3 * 5 4

I I C STIR S Fl 55
C 36  54

I F (‘~~t.GT.9) 60 1’ 5 31 57

3.0 7 I..RP3.9 Fl 50
Al9 .7) O(1).A3J Pt 59

I i 7 COP&TI’R-( Fl 60
P 1-09118~16 PA 61

‘1 (F (!FI.G.EQ .O, GO 439 Ft 62
PRINT 15. P,r)M65 P8 63
755.0’) PA 6’.

S CONT 19740 7* 65

I I 0(174*9 - 3* “6
C (3 $7
ID ~ )D.*T (I~ .

b4.0(, - • .57.2— ’ ‘-‘:‘ .~~‘ 
3* 5!

(P.O - 
T I  65-
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SUNROUTINE INTD (A.S.R.3.7P.flhJ.OIR.6!Q.E1(.DIL.17(,) .4D .,C0l.3C02.

1 8M.VM.3M)
C IG 2
C INTO COMPUTES THREE C ’4PLE3 FIrED COMPONEsTS 1*01 51 I LT ’ * L , 14.0 77. 3 - —-j c—.- - ,
C THREE S6G’4ENT C5. (!PNTS USED 14. 7919 SPOIlT ISO O4’~ * S- 3.’~ENT, 76 4 -
C Ts(5( FOMPOP4EPITS. 5I~ *90 (TI. -0 INTO T~ E 15.7E- &- T 3-.5. 51*141* , (0 S
C 10 6

DIMENSION 07011) . 0 1 7 4 1 )  ID 7
0*TA l°/6.23311513*/ IC. (I - 

- -
C 70 9 -
C C0 ?UTF TANG EN TIA L P7*10 3.9 O !1c3519A)1( (J9 SE443 (’.T 43 4) SINS . 10 10 - ‘ —2 COSIPIE. 1444) CONS T*s1 ‘U0OENT~ 09 S~75.~ CF S5 .€ T . 16 II - -  • .
(5 (43 I? •

CALL (FLU lP.S.MH.2*.IJ.E!4S.EFIS.E)1p-.E81c.~~7o.-.—57C.€;QC.Eo7 C. 14 13 - ~—
I (7Ql(.37I3.ERRR.EQI51I - IC. 74 r
IF I!P.sE.2) 4430 13 1 IC. 15
CALL 0’. ((7RS.FZIS.E80S.E!lS) 70 II -=-=E . ~~~~CIII OP. (EZPC.E7IC.ERRC.0- 1C) (0 1?
CA LL GM ( P ? R t . E Z i 9 . ( 3 0 ( . f P I * )  70 IV

7 ETRS.E7RS.fl(J .CRVS OIR 74 I~ : -
E TIS .OTIS.OI7.P0(S .D(D IC. 20
F TRC .(7SC O1J.(R~C’Ol’ 16 21
f1IC E?IC’DIJ.E~~1C•3($ 70 ?2 ‘‘

~~~ £~~~(TD3.E793 .OIJ.500.(.1773 ID 23

F 
PTI* (’I3.073.ERI4.)13 16 24 -

C COMPUTF IMTERROLITION COEFF1C7FNTS 6MT) FQ*O 3— I C 9’’ICI€STS 03 10 26
C 7H( TI-IPEE 6(0-4191 Cu~ PEl-.TS USE D IN CuRPEST IN439..P LA TT ’3N . 30 27 —a C•~C IG 2O .-- -~~~

CL’TP DIL JIl 29
C3.TP’OI( 76 30
51NI .SIN(CL) 76 3)
COS L CDSI CL ) 76 32
SI’40.S (N(C’4) IC. 33 ~~~~~~~COS* CC75(CW) 16 34
SIL K S7M (CL .C () 76 35
CON S SIPL ’SINM S (LK 16 - 36
ETR (I).(5I93•TTR5.ICOSR—l.)R(TOS-.STNV.ET!5),Cfl5.6 ID 37
(TI(l).(S1440•61I4.(COcS— I.I•ETIS—SI’.x•ETICJ,CO5.5 (0 15 •

~~~~~ 
.—_4

(T047).(—5TLK.ETR(.(CDSL—COSK).7TRç.(5~ P.L.5(5s).Sv7C)~~3(’.5 10 39
ETI (2).(—SILK’ETIS.ICISL—COSK).ITIS. SIP-.L.SIs .17!5 ,409S (6 40
£T P(3) .ISINL•ET S(.(1..COSL)•EIRS—SINL .ETAC) ,CO ..S 10 4)
ETI(3).(SINL•ET(9.(l.—COSL)’ETIS—SI’.L.(TIC),C4I’.S (6 42
IF(JCOI.L1. (—90000) 37.4) TO P
IF(JC17T.LT.l—40000))04) TO a
NET URN

3 COSL’COSI(
2 SILK CDS(CL’C*)

05. (SILI(—COSL)ICONS
y”.(I.—SILK),rO445
ZM. (COSL—) .)2CONS
RETURN 16 43
END 76 44—

I

I
SU000UT1PIE JM€LS(C51FL.NCP.JP.PlCM.JM,1.CM.9POw.’.CO...99,JoMl*) 3M I

C 314 2
C JMELS SUMS T’~ COPITOIRUTIONS TO THE 14*797’ ELV’€4S FuR SEGMENTS JM 3
C CONNECTED TO JU’ICTIINS OF TP400F OP NOSE SEGMENTS 3M I
C 3M 5

DIMENSION CNlN*3*.SCO’.) 3M I
DIME MSIOM JPI?5). J~~(’5) .344 7
C0.’PLE CM.Cs~L 314 6

- 
- IF (N1-0 .LT.II GO TO 2 ,4 9

00 1 • 3.~ .p4(5P JM 10

) CM( JPJ.1).CM(JRJ .I).CMEL 344 12
2 CONTINUE 344 13

IF INCM .LT.I) GO TO 4 3M 14
00 3 J.~.’4(M 3M 15
JN J.JM(J).I3MIJ)—1)/NR~ JPMAI) JM 16

3 CW(JM J .1).CM(JV J ,II—C3EL 3M )7
- COMTINjE jM 70

DETURM 344 79 —
(MD 314 20—

I’ —

52
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r~ n 

~ES NOT
___  

PER~IT 1~ L~ ~::.~: ~üi1~iCTIO N
Su’POul(PIE L !ACTA 1*. .~ 3...5.C01.T$I.I82.I~~I ~•P I

_______ 
C 5.3 2
C 136(15 REO FOSM S T A cS— OCII T TLF NIN 7P (IA IIS7N S 0’. 1.’T T~ O 910C 5 OF 1’ 3

1—. rRosSPOS(,1 ~~~~~ ~
-. 3 5708*435. T*( (.Au5-,—rCO LI)TLE 5.4 —

7 C 15.r.4)R1TWM 75 PRSST ..T0 ‘5. R ITEs 411—41. - OF a. WlL-’ TOP. .-. A FIRsT 47 5
________ C (5-3 )053 74. MUNERICIL I...4.YS~5. (05516917; 4.64051 RP.P7R TO (055154415 1’. L~ 4

5 0A LS TDSS TF)T. 1’ ~
C I~

C0 N044 ‘l4aTPA’ .’/ 1C A 5 - ’.9’L 14S.9’MLI.NI A S T . N I L S V M.sPSY .’ .LSYM t F  4
C0 509 /,331151/
DIMENSION A(I4RO..5(X). 734531)~ IF )%

_______ CO”PIE~ A . O . l J A  1• F 12
- •  7sTEc7 r; *.R).,.?.*j.: 4F I)

LODJC*I. L).(2.L3 IF 14
• IFLG.4l I’ Ii

C ic Is
C INI TIA l l iE *7 . R7,~~~.. 1~3 II
C IF I-s

Ll .(*I.’Q.l.A5D .1.?.0 .2 iT 59
I2.II*1’—1I .(O. I4l IF 2)
I3.I*?.(Q.N~L,)’S 13 21
ir IL l ) 40 70 3 IF (7
GO TO 7 t.3

________ 
I *~~ ) 1P 24

07.7*9955.3 L~ PS
3).) I’ El
325—1 13 27
00 10 6 5.3 2*

2 51.4*8445.1 I~ 2°
IP 33

Jl *II’l l)~~NPRL’~~ ~7 3)
• (F IL?) C.) TO 3 17 32

_____ C.O TO . iF 33
3 32-31 .sDRL (-.2 IF 3~.

oo yo c (3  35
4 32.J1.sC.)ILN—I 5.3 34
S 13 45.3) R2-NPAL*~~w A57 5.3 37

00 16 F-RI .RE 13 39
________ 1- IF 3

C SlEP t IP ‘0
C IF 41

DO 6 II • 31 .4400* 4F 47
C: D f%l . l eR . QF  4F 43

F. CONTI NU E IF 4’.

________ 
C (3 ‘.s
C STEPS P AND 3 1~ 46
C IF 47

IF ILI.OR.L2) 32.72 1 (F 43

F IF IJI.O1.J2) 30 13 5 - 
(F 4*

133.0 43 50
00 8 3.31.32 I~ 4.)

5 7* 3~ 15 3’1 5.3 52
#3,79(3) iF 53
130.0(03) 43

_______ l(J.R).*3S
0*93)—flU ) IF 55
J°1 J •1 5.3 56
(30 7 1 • JRI.9NO. IF 1,7
0(I).O(I)— lII.1,J).AJ! (F 58

7 CONTIN~4! IF 55

_______ 
P CONTIN’jE II 60
S CONTINUE 5.F oi
C IT 47
C ST7P 4 iF 63
C IF 6—

J29) 3?’I L~ SO
33 45.1.00.42) (5 (6 4’.

IF (NRO..LT .J’~ )) 5,T -, 74  i~~ 4?
7 00 30 1 • s2Pl.’.~O. 5.I 69

l (7 .R) .t ) f l 7  IF ~~
10 CONTIWJ L~ 70

60 TO 16 L 3 71
It T3.$IT .SFIIIOIJPP)4 35. -43I4)1J2P I)lI 77

~~~~~~~ IP IJ2PII.J?’l (F 73
~ f• 

~‘
IF (J202.OT.M90W ) 5- -, 0 11 5.F 75
00 32 I • SOP?. ! *  L~ 76 - -

£IM AG .REAL 10 (7)~~C .,- O Il ))) (7 7~
~~~~~~~ 13 IEI’4*G.t?.DMI&. ~ 

TI) 17 (F 78
DM A* .15. mA G ~F 75
(P(32P3).( IF 90 —

7 72 CO N T IN F 31
• I) COMT1N’-~ 

(F
3F (DMA I .LT.).(— l-  43’ . .) i~ 83
P0.3PI I?P)) (3 8..

85
(7 D IPR).D(J? I) ~F Al

C IF IT
• C SIPP S LI 33

C I_ F 65
(P (JP’Z.’71.5512.l .3 IS 1~

~~~~~~~ AJ.3.l.,?13 1.04
00 )4 I.J~t7.5.~ ’R (F 9)
£ 47 .RI.-a(3) .aJ.4 4P 5?

34 45091I”-E P 93

_______________-- 53 
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I
2% CONTINLE 5.F .3.

73 IIFLO. #,.C, 60 ‘T (F 55
PR(4* y 3 7 . ~~~~~~~ iF ‘.6
IFLC..T (P 97

2’. CONTI’. -( 1~~ ‘IA
RETURN 5.3 99

C i~ 700
C 43 (Fl —
I~ FORMAT I)* •5..0JV T).(i.7~~4... 15 , 4 )  43 70?

(NO 1F )03—

~- rwl
—4

U _

SU~ RDU?Io! SOI~ I7; (50 .A .i I - .4 . - ,7 3 .5235. . (1 .P .P .P. .3 *M **)

C SU~ POOTIN( 5D1.’!S. P R  ~~~~~~~~ T’.-4C1u44 55. *A%i4. 4- -; 1.- ’ 55 3
C TRA4*SFT*’6110’. OF 1—i -‘Ii- -- ~ R - SJOF VICTOR *9)1 -40Lu17)9 ~c THE SS ‘.
C MAT R IX 10. 55 S
C SS I

COM ~OS ‘SM ITe 5132 . 13 ,  SS 7
OIME MSION *45*09.9(01). I~~f%). ‘1194 . 4,491 S5 8
C0N~O9 /5C.)AT.’# 7155’-)
COMMO N /M*1#lJ/ ICAIE.%85.TSS .’,RR1.c.51454.’.RLSYM.NSSYM.s,153.. Sc 10
(05101(1 3.S.,.SUM.S sc 11 ‘—4.
NPEO•MP 8
7F(3~M*4 .EO.Op0D 73 I’.

IF I’.OR.6-).l)C.O TO 2’,
00 II 7.90.4*

16 y IJ ) . A ç J I  -

33*440
25 I8.’.P

00 17 1—I.sI)~ - -
IF (IJ-3..1IT) 10 24
00 IS J~ 1.4.~

lO IB.T
1”
/~. 00 75 3.1.30513*

I A . I A . 7
19 3(I*).4O..5.)
1? C0P*Ti~*jE
IS IFIPIO0.EQ.u&o TO 5

FNO~~9C~ 35 13
FNOPM.I.~ FMOP 55 14

C 55 15
C TRANS FORM 5*701* EQ. *515 CTOD *CCC OING TO SYMN* TQy MODE S 55 16
C S S 1 7

00 4 I.).’.o(3 Sc IA
00 3 s.l.~~? Sc 19
7 1 .7 .4 s — t 3 .9 7 0 SS 20

I !(14 3(I*I 55 2)
SU~ ’Y III 55 22
00 2 .2.’.I)P SS 23

2 SUM S,JM~ V I~11 5(3 24
• A II).S5.”•FP.095 55 25

DO 4 3.2-NO’ SS 26
IA .I.(.—I).N05~ 56 27

— S U M T I I )  55 24
00 3 3.7.4.00 SS 29

3 SOM SUM .YI3 • 0930(S (-..J)I 55 30
,. S((A).?4,M.F900.. 55 3)
S IF (IC*5E .LT.I) GD TO 6 SS 32 7

IS S5 33
0(93444) *6 Sc 34

C SS )S I -

C 301 FE 33CM M OTE E-3~ A1(O9 55 36
‘T 55 37
‘. 00 *0 .M.).MD~ SS 39

I A ’ ( 3 3 j ) •9001.)  SS 39
ss 40

IF 17C*s(.s€.s 00 10 Sc 47
I 5 O 7 l . I . 5~fD 55 4?

7 0180 I)’,) IAIS.1l.J.(.’dPE-)) 55 63

54
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n~y ~~i~~~~~ ” ’  “
~ ‘~C UOES NUT

LI~~~~~ 
Cu~ - -

~UUUU~~-’
!J 114.1 

• 

55 ...,
( I~ (F IlC*%E.f0.I.0I.ICASE .EO .S) ~.O 73. (3 435 4.’,

I CIII SOLVE (P.R(0.I(7,4 (),Ip(I3(.4.(’A,.5..O.l 5’. ‘9
-
~ 

GO TO )O 5%

ID CO ’áVl’C.E 55 ‘.4Eu V CALL ITSOL v I*.94”D.NCDI,IJ III . ‘7 i 0 i  4 IS .~~

)F IN30j~~~)3 00 1) ? 4  Si 53
C 3— ‘1

I C 7~~74P5F T0*P.$FOR’4 I.E 504 
~°i- ’l - -.S ,— ‘-2

I C
DO I. ! .).44 0E43 P..
03 I I  ~‘).P.OP 55

Os SN
I l  ‘161.4(18) ,‘. 57

I 5uM.1(1) 4-
~~ 

54
7 - - 

00 12 “2.P.OP -, 54

~~ SUM SUM.YIM4 0; 6*

I p~~~~.s,-s ,, 61
00 I’. ‘-?.1.O~ ,3 ‘2
7l.I.(5—13.PIPFQ ~S ‘3• 
5~J M . V ( 3 )  7 .

( nO 13 1512.NOP 05

II 
13 SUM.SI)~.Y (J) S (K.JI S 4 ’I I’ 4471)516 314 07
20 7P(JPMI. .E0,0.D*.9.EQ.NPIRFTU49

60 2* T 448.4.EO
2) YII ) ’ftI( )

fa .449
IS-Np_ i 35199

IU I DO 22 (.5.4409
IF 41.60.1)730 70 27
00 23 J ).P*P
7*s IA .)
“.3-7

~~~~~~~ 23 5I TA I~~~~x)
77 00 2’. •J=I.jOMU

IB—IB I
- 3.3*3

7 24 4(144 )—s IR )
72 CCPJT3’UE

QEIURN SS ~~-‘

- t ip

- 
- 

SURROUTINE TRIO 43.3C01.JCO2.015..Dl6I I

~~ 

C SUAROUTIPIE 10(0 DET(PMI’IES 51447 (. S6T”F~ilS A RE COPi’.FC!TO TO ‘~~-.-‘‘.T 7* 3
C 3. SURO0QTE~~ J%J4-4C IS CALLED f*( F L L  CC’~O’4,~IUPIK, FOP MULTI~~

4 TI 4

C JUNCTIONS. 1* 5, -1 COMMON #01611 44,440 .* (800).YIRCIR).ZI400).S7(800),al(A00) .A 10(*)O). 
7* 4

- I IIET(A00).Ic0’lI (*00) .1CO I2lV0Il .I7)43(43O) .WL AM.l P (3YM .JM *5
- COMMON 1JUN41 4*COX .JO*I2S).NCIZ.JI.(PS).NCfl?.3Ofl’A).’-aCI?.JIZ ?S’ 1* 5

5.51(34 1 IA
JCOI~~ICO NI (JO 73 II

• - JC OP.ICOP4? (J I T~ 17
~ IFIJCOI.L7 .t—40000))GO TO P

IF 7JC’lI) 1.2.3 1* 13
7’ ‘ 1 (*11 J”P*C (J .J COl .PICO( .JOR .NC 7I .J I , .O I L )  1* 14

7.0 TO 4 T 75
P 0li.S~P.0 1* (4

G4) T0 4 ~~ ~?

~~~~~~~ 3 OIL .IS(IJCQI).S)/2 .0 TO 18
- -4 4 3r(JCO?.L!.4—40005))60 TO A

- IF (JCO2I 5.6.7 1~ IS
S Call JUPIC IJ.JCO2.P.CO?.303.MCIZ.3I7.0I41 1* 20

GO TO P 1* 2)
A 0I4 5/2.O 77

~~~~~~~ GO TO M 7_ I  73
7 flI4.(SlIJC ~7I.$)’7.0 1*
A C4)MT I44(~F 7* 75

RETURN 75
1* 2’

I! 
- .
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