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FORTRAN SUBROUTINES
FOR THE NUMERICAL EVALUATION

OF THE SOMMERFELD INTEGRALS UNTER ANDEREM

Abstract

A description is given of the subroutine package added to the computer program
WF-LLL2A to extend its capabilities to include solving for the currents on thin wire
structures when the structures interact strongly with a lossy ground. This includes not
only the case of a structure located above the ground, but also buried beneath it and
with portions above and belqw the ground. The routines solve for the mutual impedance
between two segments of the structure by the use of approximate formulas due to Norton
(when appropriate) or, when necessary, by the evaluation of Sommerfeld integrals through

numerical contour integration.

Introduction

’ This report describes a subroutine package added to the computer program,
WF-LLL2A (described in Appendix C), to extend its capabilities for determining the cur-
rents on thin wire structures interacting strongly with a lossy ground. The program

divides the structure into N straight-wire segments and calculates the mutual impedance

between each of the segments to determine the entries in the impedance matrix, Z. It

then computes the currents on the segments by solving the system of_equations, E = Zi,
for the currents I, where E is the field incident on the structure.
The subroutine paékége calculates the mutual impedance between two segments by
determining the tangential field at the observer segment due to a unit current on the
. source segment. The package uses two approaches to calculate the tangential fields, one

is the numerical evaluation of Sommerfeld integrals,l’2

listed in Appendix A, via the
"optimum" contours of integration determined by Lytle and Lager,3 and the other uses
Norton's approximate formulas;4 listed in Appendix B. Incidentally, the title of this
paper specifically mentions‘the Sommerfeld evaluations since they required most of the
development effort; however, this package obviously does more than simply evaluate inte-
grals, hence the term unter anderem, German for "among other things.'" In the interest of.
redUCing computer time, the section using Norton's formulas is automatically chosen when-
.ever the parameters of the problem are within the range where his formulas are known to
;?rovide sufficient accuracy. Presently, Norton's formulas are used whenever the source
" and observer are both abovéAground and the separation between them is greater than a

. Wavelength.
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Fig. 1. Flow chart for subroutine package for calculating ground interactions.

Logic Flow

Figure 1 is a flow chart showing the path of control through the'routines.‘ The
logic is a "tree" Structure with control beginning at the top and proceeding to ih;
lower levels via ''branches" until the bottom levellis reached. Control then returhs in
the reverse direction along the same path. This method appears to be much easier to
debug, verify, and modify than other possible arrangements; it'is also intended to' make
the program easier to understand. ‘ . :

The level 0 routine, SETUP, initializes variables in the various common‘blbcks
to the values of the ground parameters and the frequency. In the level 0 routine,
CMSETUP, the mutual impedance between two segments is determined by calculating thé
tangential field at the center of the observer segment due to a unit current on thé axis
of the source segment according to the geometry indicated in Fig. 2. This‘is foun¢ by
integrating the fields due to a Hertzian dipole as a function of its position aloné the
axis of the source segment. The routines at level 1 (GFIELDS, SFIELDS, and NFIELD§)

find the E field tangential to the observer segment as a function of the parameter T,

which specifies the position of the Hertzian dipole along the axis of the source segment.
The calculations of the tangential field using Norton's formulas is done bx sub-

routine NORTON. The calculation of the tangential field using the Sommerfeld integrals

is dbne by the routines SFIELDS and GFIELDS. The Sommerfeld integrals have been bﬁoken

'
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| z dArr¢“, 27 into two terms, one for the freespace
! indicates 1 ;
; direction Green's functions (by GFIELDS) and the
of positive other a Sommerfeld '"correction' to the
cunenfﬂew ] -~ free-space fields (by SFIELDS). The sub-

y! routine ROM, called by CMSETUP, performs
;;7 an adaptive Romberg integration, using
GFIELDS, SFIELDS, or NFIELDS as aninte-
X grand, to find the mutual impedance between
the two segments. The results from the
integration of SFIELDS and GFIELDS are

/ .~ added to get the correct results fo} the
// ' Sommerfeld integrals. The subroutine,
J/// » CMSETUP, then stores the result in the
/% impedance matrix, CM, after performing the
interpolation appropriate to the sine,
Fig. 2. Notation for geometry describing cosine, and constant basis functions used.

location and orfiientation of a

segment in space P (a,B,z), The level 2 routines return the

values of the p,p, and z components of the
E-fields at an observation point due to vertical and horizontal Hertzian dipoles located
at a source point. When using Norten's equations (Appendix B) to make the calculation,
*' ‘ the subroutine NORTON is used. When using the Sommerfeld integrals (Appendix A), the
EVALU routines are used — EVALUA2 and EVALUA3 for an above-surface source using the

Bessel and Hankel function formulations, respectively — EVALUB2 and EVALUB3 for a below-

surface source using the Bessel and Hankel formulations, respectively. When using the
equations for the-free space Green's functions, the subroutines GEVALUA and GEVALUB are
.used for above- and below-surface sources respectively. |
The level 3 routines are the various integrandé for the Sommerfeld integrals.

The routines ROMBERG and GSHANK perform numerical complex contour integration of level 3
routines to obtain the values of the U and V integrals (and their p and z partial deri-
vatives). The equations for the U and V infegrals are shown in Appendix A. The notation
used is that of B?mos.S The level 3 routines are named according to the functional form
used and the positions of the source and observer relative to the interface. For instance,
the routine HSAOB returns the U's, st, and their derivatives for the Hankel function

formulation for the source above and the observer below the interface.

The level 4 routines calculate the elementary functions. They evaluate the
‘Bessel functions (BESSEL), Hankel functions (HANKEL), the value of the variable of inte-
gration on the complex contour (LAMBDA), and the appropriate complex square root (CROOTS)
for the Sommerfeld integfals. For Norton's formulas they evaluate the value of the
reflection coefficients (RE and RH) and the Sommerfeld attenuation function (FBAR).

In the section Subroutines and Functions a more detailed description of each of

. the subroutines  is given (in alphabetical order), listing the equations used, the input
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and output calling arguments, the input and output COMMON blocks, and calls to other
subroutines. An input COMMON block is defined as one where the variables in it are only
used as data and are not modified by the subroutines. For example, the subroutine
EVALUA2 lists EVALCOM as an input common block since the variables in EVALCOM are not
modified by EVALUA2, but are only used to obtain the values of the observer height.,
and other 'constants.'" An output COMMON block is defined as one whose variables are
modified by the subroutine. EVALUA2 lists CONTOUR as an output common block since the
variables in it — ITYPE, A, and B — are modified by EVALUA2. The reason for
differentiating between input and output common is to simplify the task of determining
the flow of data through the program. The section Common Blocks gives a description of

the major common blocks, listing and defining each of the variables in them.

Numerical Results

BOUNDARY CONDITIONS

One of the test problemé done to verify the correctness of subroutines in the
package is shown in Fig. 3 where the fields due to vertical and horizontal Hertzian
sources were calculated for observers slightly above and below the interface. The

Source Observ_eér Source
z=10 " m X
h =’£a:; Medi h= . s
1 ' o edium (2) 2 m Observer Mﬁnum (2)
a///// /77777 Medium (1) v//////f/_/\i_/////f Medium (1)
=1 ;= |
o r 9-2 ~p=10m~> 2=-10"m
=10
f = 300 MHz
(@ o ®
~p=10m>l z2=10"m pP=10m —= 1
j Medium (2) Medium (2)
TANATTTT7777 7777777 Medium (1) ‘{_(/ /7777077 /%S Medium (1)
h = Observer = Observer
~20m =20 m
—Y e z=-10-6m
Source Source
(c) (d)

Fig. 3. Test cases to verify the correctness of the evaluation of the Sommerfeld.tint.:e-
grals by determining if the boundary conditions at the interface are satl%sfled.




observed fields satisfied the boundary conditions at the interface (i.e., continuity of
J tangential & and normal flux density, D = €&) stated below:

Ep(2) = Ep(l), tangential & continuous,
E¢(2) = E¢(1), tangential € continuous, and
Ez(2) = E/so Ez(l), normal D continuous,

where Ex(i) is the x component of the & field, due to either a vertical or horizontal
source, for the observer located in medium (i). € is the complex

€ =€ + io/w.

Oer
The values for the fields on either side of the interface were calculated for

the cases depicted in Fig. 3 and are listed in Table 1. The real and imaginary parts,

Table 1. Fields at the observer for the cases of Fig. 3.

F= 2.000E+00
ER= 9.000E+00
SIG= 1.000E-02
RHO= 1.000E+01

H= 2.000E+01
2= 1.000E-06
A3ERV -1.18693E-02R 1.68570E-031 1.19884E-02M 1.71917E+02P
A3EZV -1.40863E-01R 1.77549E-011 2.26640E-01M 1.28328E+02P
A3ERH -2.09793E-02P 4.64563E-031 2.13875E-02M 1.67514E+02P
A3EZH . 2.26535E-02R -1.49365E-011 1.51075E-01M -8.13609E+01P
A3EPH - 2.21803E-02R -4.30386E-031 2.25940E-02M -1.09812E+01P
2=-1.000E-06
A3ERV -1.18660E-02R 1.68500E-031 1.19850E-02M 1.71918E-02P
A3EZV 2.54676E-03R 2.73408E-031 3.73647E-03M 4.70316E+01P
A3ERH -2.09793E-02R 4.64562E-031 2.13875E-02M 1.67514E-02P
A3EZH -2.38222E-03R ~7.36578E-041 2.49350E-03M -1.62818E-02P
A3EPH 2.21803E-02R -4.30386E-031 2.25940E-02M -1.09812E+01P
H=-2.000E+01
Z= 1.000E-06
. B3ERV 5.08796E-05R 4.08100E-051 6.52242E-05M 3.87320E+01P
B3EZV -1.32329E-05R 4.32717E-051 4.52498E-05M 1.07004E+02P
B3ERH -7.36010E-0SR -4,78335E-051 8.77790E~05M -1.46980E+02P
B3EZH -1.77493E-04R -1.39608E-051 1.78041E-04M -1.75503E+02P
B3EPH 1.34234E-04R 5.83473E-051 1.46366E-04M 2.34931E+01P
z=-1.000E-06 '
B3ERV 5.08873E-05R 4.08081E-051 6 .52290E-05M 3.87272E+01P
B3EZV 6.72620E-07R 3.70021E-071 7.44877E-07M 2.54440E+01P
“B3ERH -7.36010E-05R -4,78335E-051 8.77790E-05M -1.46980E+02P
~ B3EZH 6.63037E-07R -2.86272E-061 2.93850E-06M -7.69596E+01P
' “B3EPH 1.34234E-04R .83473E-051 1.46366E-04M 2

.34931E+01P
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magnitude, and phase of each of the components are given according to the notation:
. R
A3 Y
E<P
B2 H
Z
where A3 means routine EVALUA3 calculated the fields using the Hankel function form of
the Sommerfeld integrals for an above-surface source; and
B3 means routine EVALUB3 calculated the fields using the Hankel function form of
the Sommerfeld integrals for a below-surface source.
indicates the & field,
means the p components,

means the ¢ component,

means the z component,

< N U & I

means a vertical source, and

H means a horizontal source.

Thus the name, A3EPH, indicates the ¢ component of the & field due to a horizontal
source was calculated for an above surface source using routine EVALUA3.
A compafison of the fields in Table 1 shows that they do, indeed, satisfy the
boundary conditions for the cases depicted in Fig. 3 where e/s =9 + i 60. '
The entries in Table 1 were determined by a 'driver" routlne named BOUNDARY which
called the level 2 subroutines in the package. This was done to simplify the debugging

by verifying the correctness of the subroutine package before combining it with the
WF-LLL2A code. ' ~ ‘

INPUT RESISTANCE OF DIPOLES

The Sommerfeld/Norton subroutine package was made part of the computer program,
WF-LLL2A, for determining the currents flowing on thin‘wire structures. A brief
description of the theoretical background, capabilities, and timing for the code is given
in APPENDIX C.

A test problem done to verify the correctness of the code after introducinggthe
subroutine package involved the calculation of the input resistance of vertical and
horizontal half-wave dipoles as functions of the ground conductivity, height, and the
ground treatment used. Figures 4 and 5 show the exact agreement between the WF—LLL?A
code and the results of Miller, et a1.6’7’8 who also used specular reflection coeffﬁcient
and Sommerfeld ground treatment. For convenience, the values of Figs. 4 and 5, calhulated

by the WF-LLL2A code, are listed in Tables 2 and 3.
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Results by the WF-LLL2A code and Miller8 are the same.
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Fig. 5. Input resistance vs conductivity and height for five-segment, horizontaIl, half-
wave dipole. Results by the WF-LLL2A code and Miller8 are the same.
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Table 2. Input resistance of five-segment,
vertical, half-wave dipole vs
height and conductivity.

Table 3. Input resistancé of five-segment,
horizontal, half-wave dipole vs
height and conductivity.

Conductivity Input resistance, Q Conductivity Input resistance,
Height,m Height, m
(a) 25 30 35 45 (o) 10 30 50

107> 105.7 88.78 81.21 76.14 1070 69.45 102.2 83.40
1074 105.8 88.75 81.14 76.10 1074 69.67 102.4 82.85
1072 108.8 89.02 80.06 75.61 1073 69.75 104.6 80.88
1072 115.4 92.91 82.23 74.63 1072 50.73 114.0 72.82
107t 115.2  94.54 83.63 74.67 107! 35.18 117.6 78.38

94.99 84.10 74.74 1070 29.81 118.5 78.76

10-0 114.9




Future Extensions

Future improvements are directed to reducing the computer time to calculate the
ground interactions by following two approaches. The first is to decrease the time: for
the evaluation of the Sommerfeld integrals. Currently, the program spends about 40% of
the time evaluating.Bessel and Hankel functions. This was decreased from about 90% by
writing faster versions of the Hankel and Bessel routines, but further improvement_is
still possible. Another planned improvement is the implementation of the vertical con-
tour of integration for the Hankel function form of the Sommérfeld‘integral discussed by
Lytle and Lager.3

The second approach is to use approximate expressions wherever they'provide;suf-'
ficient accuracy. Planned improvements include formulas for a buried antenna by .Bdnos
and a ‘'series of empirical formulas valid for various ranges of separation and values of
ground parameters. It will be possible to use the "full-bore" Sommerfeld integrals to
determine the relative accuracy of the various approximate expressions and to determine
the ranges in value of the parameters involved for which sufficient accuracy is attainable.

-10-




Common Blocks

This section gives a description of the major common blocks used by the sub-
routine package. These blocks appear in most of the routines. A briefAdescription of

each of the blocks follows, stating the general purpose of the common block and the

specific use for each of the variables in it.

COMMON EVALCOM

EVALCOM is the common block used by most every routine to get values of the

locations of source and observer in cylindrical coordinate system and the various ranges

shown in Fig. 2. In addition, the values of the propagation constants in the two media,

k1 and k2, are specified. The variables are all initialized by the routine SETUP."

HI
Z1
ZMH
ZPH

R1
R2
cJ

CK1
CK1SQ
CK2
CK2SQ
COEE
COEH

Height of source, h.

Height of observer, z.

z - h,

z + h.

Separation between source and observer in cylindrical coordihate

system, p.

Rénge from source to observer, R1 ="p2 + (z f,h)z,
Range from image of source to obserVer,AR2 = 'p2 ¥ (z - h)z.
v-1.
Propaghtion constant in lower medium, kl'

2 .
kl‘
Propagation constant in upper medium, k2'

2
k2.

Constant multiplier for Sommerfeld integrals = jwpo/4m,
Constant multiplier for Sommerfeld integrals = -1/(4m).

COMMON RCOM

RCOM contains the variables to be incremented by integration routine ROM for

determining the speed of convergence for a given integral.

NEVALS - incremented by the number of evaluations of the integrand

necessary to achieve convergence.

TROUBLE - incremented whenever convergence cannot be achieved.

-11-
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COMMON ROMCOM

ROMCOM contains the variables to be incremented by integration routine ROMBERG
for determining the speed of convergence for a given integral.

NEVALS - incremented by the number of evaluations for the integrand
necessary to achieve convergence.

TROUBLE - incremented whenever convergence cannot be achieved.

COMMON SFCOM

SFCOM is the common block used to communicate to the routines SFIELDS, NFIELDS,
and GFIELDS, the locations of the centers of the source and observer segments (in the

X,Y,z coordinate system) and their orientation, wire radius, etc.

X

YS »x,y,z coordinates of center of source segment

pAS)

AS ,

BS}‘a,B‘angles of orientation of source segment (see Fig. 2)

SS length of source segment

WR wire radius of source segment

X0’

YO »x,y,z coordinates of center of observer segment

20

A0

BO}OL,B angles of orientation of observer segment (see Fig. 2)

IMUTUAL = 1 when mutual impedance between two different segments is
desired, ‘

= 0 when self-impedance of a segment is desired.

-12-
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Subroutines and Functions

A brief description of each subroutine and function is given, along with a
description of each of the arguments and a list of the pertinent equations. The
routines appear in alphabetical order on the following ﬁages so it will be necessary
to refer to the block diagram (Fig. 1) in order to determine the logic flow.

A casual observation will show there are many routines which appear to be
very nearly duplicates. A trade-off was made between the amount of code generated and
simplification of the logi¢ flow. The tree-type structure of Fig. 1 would be impossible
to recognize without the duplication of code. This has several advantages, one of which
is that if it is known that a particular problem will never use the Norton formulas, for
instance, then the routines NFIELDS, NORTON, RE, RH, and FBAR could be left out. The
other advantage is that it;is much easier to do some fine tuning of such things as step
sizes, contours of integration used, etc. for the situation of below-surface source, for

example.

SUBROUTINE BESSEL (Z, JO, JOP)

BESSEL returns the value of the zeroth-order cylindrical Bessel function of the
first kind, Jo, and its first derivative, JO’ for complex argument, z, via ascending

series and asymptotic expansions.
INPUT ARGS:

Z = z, the argument of the Bessel function {(complex).

OUTPUT ARGS:
JO = J (z), (COMPLEX),

a1, (2)
JOP = J} (2) = —5— » (COMPLEX).

INPUT COMMON: None.
OUTPUT COMMON: Nore.
ROUTINES CALLED:

CEXP - Complex exponential.
CSQRT - Complex square root.
SQRT

SUBROUTINE QMSETUP (ZRATIP, ZRATIM, KSYMP, IPGND, IVERTRC)

CMSETUP performs the calculations necessary to fill the impedance matrix, CM

for the computer program WF-LLL2A, which performs a method-of-moments solution for the

i, - currents on a thin wire structure using sine, cosine, and constant basis functions by

solving the matrix equation, E = ZI, for I; where Z is the impedance matrix, E is the

incident field on each segﬁent of the structure, and I is the current on each segment.

-13-




The entries in the impedance matrix, CM(I,J), are determined by calculating the
mutual impedance between the segments of the structure by finding the E field fangential
to the Ith segment (called the source). The arguments KSYMP, IPGND, and IVERTRC control
the method used to obtain the value of the tangential field. A value of KSYMP = 1 means
that the structure is located in free-space so the fields are determined by integrating
the free space Green's functions. A value of KSYMP = 2 means the structure is located
over a lossy ground and that the E field is to be determined by adding the free space fie:
to an image field modified by the specular reflection coefficient (IVERTRC = 0), or the
vertical incideﬁce\reflection coefficient (IVERTRC = 1). For the case of a perfect ground
IPGND = 1) the reflection coefficients are set to unity. A value of KSYMP = 3 means the
structure is in the presence of a lossy half-space and the Sommerfeld/Norton subroutine
package, the subject of this report, is to be used. '

CMSETUP is the level 0 subroutine in Fig. 1 which calls the level 1 routines in
the package, GFIELDS, SFIELDS, and NFIELDS after filling the entries in common block
SFCOM wiith the coordinates of the source and observer segments. The E field obtained by
using the Sommerfeld iﬁfegrals is found by adding the contributions of GFIELDS (the
free-space Green's functions) and SFIELDS (the Sommerfeld ''ground correction'). When
the separation between the source and observer is greater than one wave length, NFIELDS
is called to obtain the E field using Norton's formulas. o

To reduce the computer time used to fill the CM matrix, CMSETUP exploits the
Toéplitz symmetry present in the structure. CMSETUP assumes that the user has numbered

o the segments in the structure soithat the
segments which are not Toeplitz—s&mmetric

bef th 4
3 4 5 6 7 8 9 10 come before the segments which are.

- -— : Figure 6 gives a Beverage antenna as an

v

1 V(=) Drive Load F 2 example in which the driven and loaded

segments (which are not Toeplitz-

/;/C/<//;/C/<//)/c/<2()/;/;/C/<//;/f //ﬂ// symmetric) are numbered 1 and 2, respec-

tively, and the segments on the horizontal

wire (which have full Toeplitz symmetry)

Fig. 6. Thin-wire model for Beverage |
antenna showing sequence of num-

bering segments so that Toeplitz number of non-Toeplitz segments, CMSETUP

symmetry may be exploited.

are numbered 3 through 10. To obiain the

reads a data card of the form:
NONTOEP N,
where the word NONTOEP begins in column 1 and the number N is 2 for the example.

A significant decrease in computer time is obtained by exploiting Toeplifz sym-
metry, since it is only necessary to calculate the entries in the first row of the sub-
matrix containing the Toeplitz antenna element. The other entries of the submatrix are
then obtained according to the relation:

Aij’= A, lifj|'+ 1 i=2,...M3=1, ..M,

where A is the Toeplitz submatrix and M is the number of Toeplitz segments (8 fo# the

example) .
-14-
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INPUT ARGS:
ZRATIP - The ratio of the impedance of the upper medium to the lower.
ZRATIM - The ratio of the impedance of the lower medium to the upper.
KSYMP - Controls the ground treatment used.

= 1 for free space.

2 for specular or vertical incidence reflection coefficient.

3 for Sommerfeld/Norton.
IPGND - Specifig¢s presence of perfect ground for KSYMP = 2.
= 1 for perfect ground (infinite conductivity)
= 0 otherwise.
IVERTRC- Specifies type of reflection coefficient for KSYMP = 2.
= 1 for vertical incidence reflection coefficient.
= 0 for specular reflection.coefficient.
OUTPUT ARGS: None (See OUTPUT COMMON) .
INPUT COMMON
GEOM - To get the position and orientation of the segments of the structure.
ANGL - To get sines and cosines of the angles of orientation of the segments

of the structure.

JUNK - To get the connections between the various segments so that interpolation

can be performed.

RCOM - To get the number of evaluations of the functions integrated by routine
ROM.
ROMCOM - To get the number of evaluations of the functions integrated by routine
ROMBERG.
REFL - Contains variables used for calculating reflection coefficients.
| FREQ - To get the frequency.

JOBCOM - To get the current job number.
OUTPUT COMMON

333 - This block contains the CM matrix filled by CMSETUP.
SFCOM - To pass the locations and orientations of the source and observer seg-
ments to the routines GFIELDS, SFIELDS, and NFIELDS.

FUNCTION CROOTS (Z, XK, XL)

CROOTS returns the complex square root of Z, where Z is assumed to be (A-k), for
the value of lamba, XL, relative to the vertical branch cut beginning at point k, XK.
The choice of root implied by the vertical branch cut is shown in Fig. 7b, the Z plane,
k where the root chosen is always to the right of the heavy line. The numbers in the octants
: of the Z plane indicate the quadrant in the Z plane (Fig. 7a) in which Z must lie to
produce a root in a given octant. Note that the root chosen by the complex square root

foutine, CSQRT, with the real part positive, will be the correct root for Z in quadrants

~15-




1, 2, and 4, and that it will be the negative of the desired root for Z in quadrant 2.
CROOTS calls CSQRT to get the real part positive root and negates the results for the
case of the Z in quadrant 2.

INPUT ARGS:
Z - number for which correct complex square root is to be found using a
vertical branch cut (COMPLEX).
XK = the point in the complex lambda plane where the vertical branch cut
' begins (XK is either k, on k2, the propagation constants), (COMPLEX).
XL -" lambda, (COMPLEX). '

OUTPUT ARGS:
CROOTS = vz according to vertical branch cut shown in Fig. 7.

INPUT COMMON: None.
OUTPUT COMMON: None.

ROUTINES CALLED:
CSQRT — to get complex square root with real part positive.

2 1
— -
3 K 4
z plane

where z =X -k

Nz plane
where Nz =N Xk
(a) (b)

Fig. 7. Root chosen by CROOTS for vertical branch cut.
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SUBROUTINE EVALUA2 (ERV, EZV, ERH, EZH, EPH)

EVALUAZ returns the p, z, and ¢ fields due to vertical and horizontal dipoles
using the Bessel functidn form of the U and.V Sommerfeld integrals from Appendix A for
a source located above ground and using contour of integration No. 2 shown in Fig. 8.
The integration of ‘the path (1) to (2) is performed by routine ROMBERG and the path
from (2) to infinity is performed by routine GSHANK. ‘

RI‘ ‘ INPUT ARGS: None.

OUTPUT ARGS: ERV - p field due to

vertical source

: (COMPLEX) .
;k EZV - z field due to
! vertical source

. (1) gk (COMPLEX) .
2 (2) AR ERH - p field due to

z{‘ horizontal source
LV /e ) (COMPLEX) .
‘ EZH - z field due to
horizontal source
Where ¢ = §|p th 2| (COMPLEX) .
whichever is |ar;e’r EPH - ¢ field due to
horizontal source

Fig. 8. Contour of integration used by (COMPLEX) .
routines EVALUA2 and EVALUB2 for
Bessel function form of the U
and V integrals.

To get p, z; h and propagation constants, etc.
To communicate with ROMBERG.

INPUT COMMON: EVALCOM
ROMCOM

OQUTPUT COMMON: CONTOUR - To .communicate with routine LAMBDA.

ITYPE - Set to 1 for linear path (INTEGER).
A - Set to lower limit of integration (COMPLEX).
B - Set to upper limit of integration (COMPLEX).

SUBROUTINES CALLED:
ROMBERG - To get contribution of path (1) to (2) in Fig. 8.
GSHANK - To get contribution of path (2) to infinity in Fig. 8.
SQRT -

-17-




SUBROUTINE EVALUA3 (ERV, EZV, ERH, EZH, EPH)

EVALUA3 returns the p, z, and ¢ fields for vertical and horizontal dipoles usin
the Hankel function form of the U and V Sommerfeid integrals from Appendix Aifor a
source located below ground and contour of integration No. 3 shown in Fig. 9. The inte
gration of paths (1) to (2) to (3) to (4) are performed by routine ROMBERG, and the
paths from (4) to (5) to infinity and minus infinity to (1) are performed by routine

GSHANK.
k (k2 k_) INPUT ARGS: None
o) S .
X7 OUTPUT ARGS: ERV - p field due to:
I vertical{source
(COMPLEX) .
k] i_ EZV - z field &ue to
A | (g)——— —_ vertical isource
. ‘(COMPLEX) .
-k e ‘
2 kR " ERH - p field due to
E%. _%% horizontal source:
-k, (COMPLEX).
- EZH - z field due to
6 = tan KTWJE“) i :
z| +h horizontal source
‘ (COMPLEX)'.
Fig. 9. Contour of integration used by EPH - ¢ field due to
routines EVALUA3 and EVALUB3 for ) . |
the Hankel function form of the horlzontag source
U and V integrals. '(COMPLEX);

INPUT COMMON: EVALCOM - To get p, z, h, propagation constants, etc.
ROMCOM - To communicate with ROMBERG.

OUTPUT COMMON CONTOUR- To communicate with routine LAMBDA _ %
ITYPE - Set to 1 for linear path (INTEGER)
A - Lower limit of integration (COMPLEX).
B - Upper 1limit of integration (COMPLEX).

SUBROUTINES ; CALLED: :
ROMBERG - To get contribution of’ paths (1) to (2) to (3) to (4) in Fig. {5.
GSHANK. - To get contributions of semi-infinite paths in Fig. 9.
SQRT
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SUBROUTINE EVALUB2 (ERV, EZV, ERH, EZH, EPH)

EVALUB2 returns the p, z, and ¢ fields for vertical and horizontal dipoles using

the Bessel function form of the U and V Sommerfeld integrals from Appendix A for a source

located below ground. and contour of integration No. 2 in Fig. 8. The integration of

path (1) and (2) is performed by routine ROMBERG and the path form (2) to infinity is

performed by routine GSHANK.

INPUT ARGS: None.

OUTPUT ARGS: ERV - p
EZV - z
ERH - p
EZH - z
EPH - ¢

INPUT COMMON: EVALCOM
ROMCOM

OUTPUT COMMON: CDNTOUR
ITYPE
A
B

SUBROUTINES CALLED:

field due
field due
field due
field due
field due

to vertical source (COMPLEX).
to vertical source (COMPLEX).
to horizontal source (COMPLEX) .
to horizontal source (COMPLEX).
to horizontal source (COMPLEX).

To get p, z, h, ¢ propagation constants, etc.
To communicate with ROMBERG.

To communicate with routine LAMBDA.
Set to 1 for linear path (INTEGER).
Sét to lower limit of integration (COMPLEX).
Set to upper limit of integration (COMPEEX).

ROMBERG - To get contribution of path (1) to (2) in Fig. 8.
GSHANK - To get contribution of semi-infinite path in Fig. 8.

SQRT

SUBROUTINE EVALUB3 (ERV, EZV, ERH, EZH, EPH)

EVALUB3 returns p, z, and ¢ fields for vertical and horizontal dipoles using

the Hankel function function form of the U and V Sommerfeld integralsffrom AppendixiA

for a source located below ground and contour of integration No. 3 shown in Fig. 9.
"The integration of paths (1) to (2) to (3) to (4) are performed by routine ROMBERG and

the paths from (4) to (5) to infinity and minus infinity to (1) are performed by

routine GSHANK.

INPUT ARGS: None.

OUTPUT ARGS: ERV
EZV
ERH
EZH
EPH

p field due to vertical source (COMPLEX).
z field due to vertical source (COMPLEX).
p field due to horizontal source (COMPLEX).
-z field due to horizontal source (COMPLEX).
¢ field due to horizontal source (COMPLEX).
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INPUT COMMON: EVALCOM - To get p, z, h, propagation constants, etc.
ROMCOM - To communicate with routine ROMBERG.
OUTPUT COMMON:CONTOUR - To communicate with routine LAMBDA.
ITYPE - Set to 1 for linear path (INTEGER).
A - Set to lower limit of integration (COMPLEX).
B - Set to upper limit of integration (COMPLEX).

ROUTINES CALLED:
ROMBERG - To get contribution of paths (1) to (2) to (3) to (4) in Fig. 5.
GSHANK - To get contribution of semi-infinite paths in Fig. 9.
SQRT

FUNCTION FBAR (P)

FBAR returns the value of Sommerfeld's attenuation function for a given Sommerfe
numerical distance, P. The expansions used are taken from R. W. P. King)lo
INPUT ARGS: P - Sommerfeld's numerical distance, either electrical, Pe, or Magnetic

Pm.
OUTPUT ARGS: FBAR - which is F(P) = (1 - i/@P) EXP(-P) ERFC(i/P),
where ERFC is the complementary error function.
INPUT COMMON: None.

OUTPUT COMMON: None.

ROUTINES CALLED: CEXP
SQRT

SUBROUTINE FNPLOT (A, B, FCN, K, NAMBCD)

FNPLOT is called by ROMBERG or ROM whenever they fail to converge for a given
integral. It calculates the value of the Kth integrand of the function, FCN, f#r
25 points betweén the limits A and B. FNPLOT then plots the real part, imaginary part,
magnitude, and phase of the values, so that the user may detefmine Why the int%gral

failed to converge. A title, NAMBCD, is printed on each plot for identification.

INPUT ARGS:
A - Lower limit.
B - Upper limit.
FCN - Name of function to be plotted.
K - Integrand number in FCN to be plotted.
NAMBCD - Title to be printed on plot.

OUTPUT ARGS: None.

INPUT COMMON: None.
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OUTPUT COMMON: None.

ROUTINE CALLED:

FCN - To get value of function.

CARTMM - To determine maximum and minimum of values to be plotted.
FRAME - Advance plotter one frame.

MAPX - Establish mapping factors and draw grid lines.

TRACE - Plot a series of points connected by straight lines.
SETCH - Position beam of CRT plotter.

CRTBCD - Point title on plot.
PLOTEA - Empty plot buffers.

SUBROUTINE GEVALA (ERV, EZV, ERH, EZH, EPH)

GEVALA returns the p, z, and ¢ fields due to vertical and horizontal Hertzian
dipoles for the free-space Green's functions when the source is located above the sur-
face. For the observer above the surface, the fields are calculated according to the
equations shown in Appendix A. For the observer below the surface, the fields are set

to zero.
INPUT ARGS: None.

OUTPUT ARGS: ERV - p field due to vertical source.

EZV - z field due to vertical source.

ERH - ip field due to horizontal source.
EZH - z field due to horizontal source.
EPH - ¢ field due to horizontal source,

INPUT COMMON& EVALCbM - To get locations of source and observer in cylindrical

coordinate system.
OUTPUT COMMON: None;.

ROUTINES CALLED:
GREENSAOA - To get free-space Green's functions and their derivatives for both

source and observer above ground (Gzz).

SUBROUTINE GEVALB (ERV, EZV, ERH, EZH, EPH)

GEVALB returns the p, z, ¢ fields due to vertical and horizontal Hertzian
dipoles for the free-space Green's functions when the source is located below the
 surface. For the observer below the surface, the fields are calculated according to

>7  the equations shown in Appendix A. For the observer above the surface, the fields

are set to zero.
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INPUT ARGS: None.

OUTPUT ARGS: ERV - p field due to vertical source.

EZV - z field due to vertical source.

ERH - p field due to horizontal source.
EZH - z field due to horizontal source.
EPH - ¢ field due to horizontal source.

INPUT COMMON: EVALCOM - To get locations of source and observer in cylindrical

coordinate system.
OUTPUT COMMON: None.

ROUTINES CALLED:
GREENSBOB'- To get free-space Green's functions and their derivatives for both

source and observer below ground (Gll).

SUBROUTINE GFIELDS (T, ETANG)

GFIELDS uses the free-space Green's functions (shown in Appendix A) to calculate
the E field, EGANG, tangential to the segment containing the observation point due to
a Hertzian dipole located at a point on the axis of the source segment specifieﬂ by
solving for x, y, and z in parametric equations of parameter T.

GFIELDS is a function to be integrated by the subroutine ROM to find the E field
tangential to the surface of the‘observation segment due to a current flowing aiong the
axis of the source segment, since the fields due to a line current are equivalent to
the integral of the fields due to a Hertzian dipole as a function of its position along
the line. Hence the parameter T becomes the variable of integration specifying, the
location of the}dipole along the line. As T varies from -1 to +1, the position.moves
from the negative end of the source segment to the positive end.

The solution by the method of moments used by the program WF-LLL2A, use$ constant
sine, and cosine basis functions requiring GFIELDS to return three values of ETANG — the
first for the constant term, the second for the sine term, and the third for theé cosine
term.

~ The observation point is élways located away from the axis of the oBserVation
segment a distance equal to the wire radius, along a line that is described by the inter-
section of two planes, one perpendicular to the segment, passing through its center, and

the other parallel to the x-y plane.

INPUG ARGS: T - Variable of integration; as T is varied from -1 to +1 the ?osition
of the dipole moves from the negative end of the source segment to

the positive end (REAL).

OUTPUT ARGS: ETANG - E field tangential to observer segment for each of th? three
basis functions (COMPLEX (3)).
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2 C .
INPUT COMMON: SFCOM - To get the position and orientation of the source and:

observer segments.

EVALCoM _ To get the propagation constants in the upper and lower

media.

OUTPUT COMMON:EVALCOM To pass the locations of the source and observer in the.

c¢ylindrical coordinate 'system to the routines GEVALA and
GEVALB.
SUBROUTINES CALLED:

GEVALA - To get fields due to vertical and horizontal Hertzian dipoles for a

source apg,,q ground.

5. GEVALB - To get fields due to vertical and horizontal Hertzian dipoles for a

source bej g, ground.
CSINCOS - Complex Sine and cosine.
. ATAN2 - Arc tangen: .
cos *

SIN

SUBROUTINE GREENSAOA
- (622, GzzR G22RZ, G22R2, G2222, G21, G2IR, G21R2, G21z2)

. GREENSAOA returns the values of free-space Green's functions and their associated

Y ives for source ang observer above the surface (522) according to the equations in

PUT - ,
ARGS 622 G‘:P"E*’“'s function for source and observer above surface.
anj '
G22R =
Do
32G
G22RZ = 53333
-
32G
G22R2 = —22
32
62G
62222 = — 22 .,
3 22
G21
ee‘Space Green's function due to ''image' of source
FG 8622
21R = ]
o
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32G21
G2IR = 5ol
32621
G21Rz = —=
3p
62122 = —=
3z
32G2'1
62172 =
3,2
VA

INPUT COMMON: EVALCOM - To get positions of source and observer in cylindrical
coordinate system. :

OUTPUT COMMON: None.

ROUTINES CALLED: CEXP - Complex exponential.

SUBROUTINE 'GREENSBOB i

(611, G1IR, GlIR, G1IRZ, G11R2, G11z2, 612, GI2R, G12RZ, G12R2, Gl2Z2

GREENSBQB returns the values of frge-space Green's functions and their #ssociated
derivatives for source and observer below surface according to the equatiens sh?wn in
Appendix A, ‘ ' |

INPUT ARGS: None.

QUTPUT ARGS: Gll1 = Green's function for source and observer below surféce.

3G |
GLIR = —il - |
9p |
|
2G11 |
Gl1lRZ = ga-z- . ‘
32G11 |
Gl1R2 = — !
2 i
9p !
I

32611
61122 = — |
9z 5

G12 = free-space Green's function due to '"image' of source.

-24-




LT TP S

]

G12RZ

G12R2

|

Gl2z2
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INPUT COMMON: EVALCOM - To get positions of source and observer in cylindrical

coordinate system.
OUTPUT COMMON: None.

ROUTINES CALLED: CEXP - Complex exponential.

‘ SUBROUTINE GSHANK
(FCN, STARTER, DELTA, SUM, NANS; SEEDER, IBREAK, BREAK, DELB)

s 11 s s oo .
Gshank performs Shank's algorithm™™ to calculate a semi-infinite integral. The
integral is expressed as an infinite series consisting of a sum of integrals over equal-

spaced intervals as shownt

1=f F) =1+ S I,
A 0 z i

n=1

A!
where I0 =[ £(A) dAi.
‘ o A

(IO is found before calling GSHANK; its value is passed via the argument SEEDER.)

© A'+iA
I =f | £(0) dA,
A'+(i-1)A

the interval width (DELTA),

. where A _
.the lower limit of integration (STARTER).

and A!

’ The implementation: of Shank's algorithm in GSHANK calculates S(4), S(6), S(8),
: etc. until the algorithm converges, where S(N). is found by using the first N + 1 terms
‘ of the series to fill the first column of the matrix Q, according to:

QO’1 -‘I0 % SEFD

Q,1° Q g, v fori=l, eees N
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The remaining columns of the Q matrix are then determined by:

2
Q _ (Qi+llj-l)(Qi—1,j-l) = (Q-,j 1)

lj —.(Qi+1,j-l) + (Qi-l,j-l) - Z(Q

i,j- 1)

fori=3j, ..., N-3j,

while j 2, ...,

N,

2

Since N is an even number, the g{h column of the Q matrix wili have only two enfries.
They are compared -to determine if the algorithm has converged. If the percentage differ-
ence between the two is less than the convergence criterion (CONCRIT), then the average
of the two is taken as the value of the semi-infinite integral, I. If the percentage
difference exceeds the convergence criterion, then two more .terms are added to the‘series
(N = N + 2), the new entries in the columns of the Q ﬁatrix are determined, and the two
entries in the new gth column are compared for convergence. If the percentage difference
is too large, N is again incremented and the process repeated. If the process has not
converged by S(30), the routine prints.-a suitable comment and accepts .the average of the
two values in the last column as the answer. .

The function, FCN, actually contains NANS integrands which are integrated in .
parallel by ROMBERG but are manipulated by Shank's algorithm serially. This is domne by
storing the results frem a.call to ROMBERG in a table, Al. Then, when Shank is being
applied to the Kth integrand, the appropriate value is taken from Al. If there is no
entry.in Al, then a call is made to ROMBERG.

GSHANK is used to obtain the values of the semi-infinite integrals for the com-
plex contours in Figs. 8 and 9. The integration of the contour in Fig. 8 is straight-
forward; the integral of path (1) and (2) is calculated outside GSHANK and paseed to it
as SEEDER. Then Shank's algorithm is used to find the contribution from path (2) te
infinity and return the value of the total integrai (from path (1) to (2) to infiniﬁy)
in SUM for the NANS integraﬁds in FCN. [

The integration of the contour in Fig. 9 is more complicated. The eontribu{ion
of the paths (1) to (4) are found outside GSHANK and passed as SEEDER. Shank's algérithm
is then applied to a stralght line beglnnlng at (4) and passing through point (5) to infinity
If the algorlthm converges | before point (5) is reached, the value of the total 1ntegra1
is returned in SUM. However, if the point (5) is reached before converging, the comtour
of integration makes a change in slope and proceeds to infinity at angle, O. This has
been implemented in GSHANK by passing the point (5) as the argument. BREAK, and testing
the upper limit of Ii to determine when it equals or exceeds BREAK. If it exeeeds QREAK,
the 1imit is made equal to BREAK and the integral determined by ROMBERG. This means
that ROMBERG has been used to directly determine the integral from point (4) to (5)«
GSHANK performs the integration on the contour from point (5) to infinity by definiﬂg a
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new I, as the old IO plus the integral from STARTER to BREAK, defining a new A equal to
0 .

DELB, and starting Shank's algorithm at the beginning. When convergence has occurred,

the answer for the total integral from point (4) to (5) to infinity is returned in the

‘table, SUM, for all of the integrands in FCN.

INPUT ARGS: FCN Name of function to be integrated (EXTERNAL SUBROUTINE).
STARTER - The lower limit of integration A' (COMPLEX).
DELTA - The interval width for I, to be used before the point
BREAK is reached (COMPLEX).
NANS - The number of integrands in function FCN (Integer, .

10 maximum) .

SEEDER . I , contribution to integral done outside GSHANK (COMPLEX,
10 maximum):

IBREAK - - 0 means no change in slope of contour of integration;
1 means a change in slope occurs at point BREAK (INTEGER).

BREAK - Point in contour of integration where slope changes

(COMPLEX) .
' DELB. - New interval width for I, used after point BREAK has been
reached (COMPLEX). . ' _
;ﬂOUTPUT ARGS: SUM - value of integral to infinity (including contribution by

SEEDER), (COMPLEX, 10 maximum).
lfNPUT COMMON: ROMCON - issued to determine the number of evaluations of the
: integrand

dUTPUT COMMON: CONTOUR - used to communicate with routine LAMBDA.

ITYPE - 1 for straight line path (INTEGER)
A - lower limit of integration (COMPLEX)
B - upper limit of integration (COMPLEX)

; SUBROUTINES CALLED:

ROMBERG - to get integrals, Ii’ of FCN.
QSOLVE - solves for entry, Q(I,J) in Shank's matrix.

SUBROUTINE HANKEL (z, HO, HOP)

HANKEL returns the value of the zeroth-order Hankel function (of the first kind)
Bnd its first derivative (Hy(2), H (z)) for complex argument Z, (where Z must be nonzero),

.

‘ﬂa ascendlng series and asymptot1c expansmns.9
INPUT ARGS: 2z - Argument of Hankel function (COMPLEX).

'~ OUTPUT ARGS: po - Hy(2).

dH_(z)
HOP - y'(yy = 0
Ho(2) = z7—-
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INPUT COMMON: None,
OUTPUT COMMON: None.

ROUTINES CALLED: SQRT

ATAN2 - Arc tangent.

CSQRT - Complex square root.
CEXP - Complex exponential.
EXIT -

-System routine called when job is finished. Used
when HANKEL is called with Z = 0. ‘

SUBROUTINE HSAOA (T, ANS)

HSAQA is ;he function to be integrated by ROMBERG for a source above ground and
an observer above ground using the Hankel function form of the U22 and_V22 inte?rals
shown in Appendix A. This routine is used when the.variable of integration, lambda,
follows the complex contour shown in Fig. 9 specified by routine EVALUA3. Since ROMBERG
can only perform integration between real limits, a change of variable has been made from

lambda, which is complex, to the real variable, T.

INPUT ARGS: T - Variable of integration As T is varied from 0 to 1, lémbda move
from one end of the path in complex plane to the other: (REAL).

OUTPUT ARGS:
2
ANS (1) = 5= (COMPLEX) . |
9p |
i
2 i
Vs, |
ANS (2) = ) i
9z
32V22 ‘
ANS (3) = —— . ;
dpaz ‘
2
_ ¥V |
ANS (4) = —5— - \
|
ANS (5) =V,,- |
ANS (6) = U,,.

The subscript 22 indicates both source and observer located above groupd (in

i
medium 2). ‘ 1
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INPUT COMMON: EVALCOM - To get the positions of the source and observer in the
cylindrical coordinate system and the propagation
constants for the upper and lower media.

OUTPUT COMMON: None

SUBROUTINES CALLED:

LAMBDA - To find the value of lambda in the complex plane as.a function:
of parameter T.

CROOTS - To return the correct complex square root for the vertical branch
cuts used in this formulation.

HANKEL - To get the value of the Hankel function.
SUBROUTINE HSAOB (T, ANS)

HSAOB is the function to be integrated by ROMBERG for a source above ground and
an observer below ground using the Hankel function form of the U21 and V21 integrais
shown in Appendix A. This routine is used when the variable of integration, lambda,
follows the complex contour shown in Fig. 9 specified by routine EVALUA3. Since ROMBERG
can only perform integration between real limits, a change of variable has been made from

lambda, which is complex, to the real variable, T.

INPUT ARGS: T - Variable of integration. As T varies from 0 to 1, lambda moves
from one end of the path in complex plane to the other (REAL).

OUTPUT ARGS:
2
.9 VY
ANS (1) = —3
ap
a‘zv21
ANS (2) = —
ap
ézvzl
ANS (3) = 533—2_ .
ANS (4) = V21
ap
ANS (5) =V, .
ANS (6) = Uy, .
azvzi
ANS (7) = =t

The subscript 21 indicates a source above ground and an observer below.

-29-




B L. . - | h - 0 NSRS DIVUIN N S NOS—— § 13

INPUT COMMON: EVALCOM - To get the positions of the source and observer in the

cylindrical coordinate system and the propagation constan
for the upper and lower media.

OUTPUT COMMON: None.

ROUTINES CALLED:

LAMBDA - To find the value of lambda in the complex plane as a function of
the parameter T.

CROOTS - To return correct complex square root for the vertical branch cuts
used in this formulation.

HANKEL - To get the value of the HANKEL function.

SUBROUTINE HSBOA (T, ANS)

HSBOA is the same as HSAOB except that the formulation is for a source below
ground and an observer above ground, using the Hankel function form of the U

and Vl
integrals shown in Appendix A.

12 2

INPUT ARGS: T - Variable of integration. As T varies from 0 to 1, lambda moves
from one end of the path in complex plane to the other (REAL).

OUTPUT ARGS:
32V12
ANS (1) = ——* (COMPLEX).
oo
3'2"12
ANS (2) = —5= .
3z
azvlz
AS (3) = gt
s (4) = V12
ap
ANS (5) =V,
ANS (6) = U,
2V12
ANS (7) = 555

The subscript 12 indicates a source below ground and an observer above ground.
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and observer below ground, using the Hankel function form of the U

INPUT COMMON: EVALCOM - To get the positions of the source and observer in the
cylindrical coordinate system and the propagation
, constants for the upper and lower media.

OUTPUT COMMON: None.

ROUTINES CALLED:

LAMBDA - To find the value of lambda in the complex plane as a function
of the parameter T. ' ‘

CROOTS - To return correct complex square root for the vertical branch cuts
used in this formation. "

HANKEL - To get the value of the Hankel function.

SUBROUTINE HSBOB (T, ANS)

HSBOB is the same as HSAOA except that the formulation is for both the source

11 and V11 integrals

shown in Appendix A.

INPUT ARGS: T - variable of integration. As T varies from 0 to 1, lambda moves

from one end of path in the complex plane to the other (REAL).

OUTPUT ARGS:
azvll
ANS (1) = —3
o9p
azvll
ANS (2) = —
oz
32v11
ANS (3) = —
(3) 9paz
ANS (4) = V11
-
AN (5) =V,
ANS (6) = Uy,

The subsdript 11 indicates both source and observer in the‘ground‘(medium 1).

INPUT COMMON: EVALCOM - To get the positions of the source and observer in the
cylindrical coordinate system and the propagation

constants for the upper and lower media.
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OUTPUT COMMON: None.

ROUTINES CALLED:

LAMBDA - To find the value of lambda in the complex plane as a function
of the parameter T.

CROOTS - To return the correct complex square root for the vertical
branch cuts used in this formulation.
HANKEL - To get the value of the Hankel function.

SUBROUTINE INFINITY
(FCN, START, DELT, ANS, N, SEED, IBREAK, BREAK, DELB)

INFINITY calculates the values of a semi-infinite integral, I, expressing it as

an infinite series consisting of a sum of integrals over equal-spaced intervals.

1=‘[ £0) A = I, +21i.,
i=1

A .

where

. 1

I, = fA £00 dA,

. .
. At+id
1, = £(0) di,

A+(i-1)A
A = interval width (DELT, delb), and
A' = lower limit of integration (START).

IO is calculated before calling INFINITY, its value is passed via the argument SEED. Th
value of each interval, Ii’ is determined by subroutine ROMBERG. The infinite series is
considered to have conveérged when the fifth consecutive interval, I has contributed
less than 10-3 of -the sum of all the previous intervals (including IO). If convergence
has not been achieved when A' + iA equals or exceeds BREAK, a new interval width, A, is
chosen equal to DELB, similar to the routine GSHANK.

INFINITY is to be substituted for GSHANK whenever a case arises where GSHANK
appears to be falsely convering.

INPUT ARGS: FCN - Function to be integrated (EXTERNAL SUBROUTINE).
START - Initial lower limit of integration (COMPLEX).
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DELT - Interval width for I, used befﬁrg the pbinthREAK is
_ reached (COMPLEX). .
N - Number of integrands in FCN to be done in parallel (INTEGER,
10 maximum) .

¢ . SEED - Contribution to integral done outside INFINITY
§ ; (COMPLEX, 10 maximum). g
f : IBREAK: - 0; there is no break (bend) in contour of integration
" (INTEGER) .
- 1; there is a break (bend) in contour at point BREAK.
BREAK - Point at which new increment between intervals is to be

used (COMPLEX).
DELB. - New increment between intervals to be used after reaching
BREAK - (COMPLEX) .
OUTPUTS ARGS: ANS - Value of integral to infinity including contribution due to
SEED (COMPLEX).
INPUT COMMON: ROMCOM - Used to determine the number of evaluations of the
integrand.

OUTPUT COMMON:

CONTOUR - To communicate with routine LAMBDA.
) ITYPE Set to 1 for straight-line path (INTEGER).
‘ A Set to lower limit of integration (COMPLEX).
B - Set to upper limit of integration (COMPLEX).
ROUTINES CALLED: ROMBERG - To do integration for interval,'Ii qfkfﬁnction~FCN.

SUBROUTINE LAMBDA (T, XL, DXL)

LAMBDA returns thé value of A, XL, and dA/dt, DXL, as functions of the parameter,
T. This routine is necessary since ROMBERG can only perform integration between real
limits, while the contours of integration used for the-evaluatioh of the Sommerfeld
K integrals require integratioﬁ between complex limits. The integral over the path connect-
ing the points, A and B, in the complex plane can be expressed as a function of the real
parameter, T,'according to:
{

(8. ! o
Ia f £()) dA -f £0(D) T dt,
A 0 -

where
‘ ‘ A and B are thé- complex limits__of integrétion,
A is the complex variable;§f integration, and
t is the real variable df integration.
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For a contour consisting of a straight line between A and B,

A(t) = A+t (B-A),
Al g
Sl = B - A,

For a contour consisting of a circular arc centered at A and starting at B,

ACE) = A+ |B - A[I12TE + (B - A1

dﬁét} = jor |B - AIEJ[zm + ((B - A)].
INPUT ARGS: T - REAL variable of integration. As T varies from 0 ito 1, XA vs

from complex lower limit, A, to complex upper limit, B.

OUTPUT ARGS: XL - A.
DXL - dA/dt.

INPUT COMMON: CONTOUR
ITYPE - 1 for a straight line between A and B.
- 2 for a circle centered at A, starting at B (INTEGER)
Lower limit (COMPLEX).
Upper limit (COMPLEX).

A
B

OUTPUT COMMON: None.

ROUTINES CALLED:
" SQRT
CANG - Phase angle of complex number.
CEXP - Complex exponential.

SUBROUTINE NFIELDS (T, ETANG)

NFIELDS uses Norton's equations (shown in Appendix B) to calculate the E fiel«
ETANG, tangential to the segment containing the observation point, due to a Hertiian
dipole 1ocated at a point on the axis of the source segment specified by solV1ng for »
y, and z in parametr1c equations of parameter T.

NFIELDS is a function to be 1ntegrated by the subroutine ROM to find%the E fie
tangential to the surface of the observation segment due to a current flowin# along tt
axis of the source segment, since the fields due to a line current are equiv#lent to t
integral of the fields due to a Hertzian dipole as a function of its positioﬁ along th
line. Thus the parameter T becomes the variable of integration specifying tﬁe locatio
of the dipole along the line. As T varies from -1 to +1, the position moves@from the
negative end of the source segment to the positive end. '
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The solution by the method of moments used by the program WF-LLL2A, uses constant,
sine, and cosine basis functions requiring NFIELDS to return three values of ETANG — the
first for thé constant term, the second for the sine term, and the third for the cosine
term.

Thg observation point is always located away from the axis of the observation
segment a distance equal to the wire radius, along a line that is described by the inter-

section of two planes, one perpendicular to the segment passing through its center, and
the other parallel to the x-y plane.:

INPUT ARGS: T -+ Variable of integration. As T is varied from -1 to +1, the

; positionlof the dipole moves from the negative end of the source
~ segment to the positive end (REAL).

OUTPUT ARGS: ETANG - E field tangeﬁtial to observer segment for each of the.
three basis functions (COMPLEX (3)).

INPUT COMMON: SFCOM - To get the position and ofiéntation of the source and

observer segments.

EVALCOM - To get the propagation constants in the upper and lower

media.

OUTPUT COMMON: EVALCOM - To pass the locations of the source and observer in the

cylindrical coordinate system to the routine NORTON.

SUBROUTINES CALLED:

NORTON - To get the fields due to vertical and horizontal Hertzian
dipoles using Norton's equations.

CSINCOS - Complex sine and cosine.

ATAN2 - Arc tangent.

cos

SIN

SUBROUTINE NORTON (ERV, EZV, ERH, EZH, EPH)

NORTON returns the p, z and ¢ fields for vertical and horizontal dipoles using
Norton's equations for source and observer above ground shown in Appendix B.

INPUT ARGS: None.

OUTPUT ARGS: ERV - p field due to vertical source (COMPLEX) .
EZH ~ z field due to vertical source (COMPLEX).
ERH - p field due to horizontal source (COMPLEX) .
EZH - z field due to horizontal source (COMPLEX).
EPH - ¢ field due to horizontal source (COMPLEX) .

r
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INPUT ‘COMMON:
NORTSETUP - To get frequency and ground parameters
EVALCOM - To get position of source and observer in cylindrical
coordinate system. \
OUTPUT: COMMON:
CXNN to pass XNN - the index of refraction squared (for use by routines

RE and RH).
.SUBROUTINES CALLED: )
RE - E-field reflection coefficient.
RH - H-field reflection coefficient.
FBAR - Sommerfield's attenuation function.
SQRT
. CEXP - Complex exponent.

CSQRT " - Complex square root.
ASIN - Arc sine.

FUNCTION QSOLVE (Q,I,J)

QSOLVE : solves for the Qij entry in Shank's matrix, according to the formula:

; 2
(Qi+1, j-l)(Qi-l, ifl) = (Qi, j_l)

Q= QSOLVE =
(Qi+1, j_l) + (Qi-l, j‘l) = 2(Qi, j_l)

INPUT ARGS: Q - Shank's matrix.
I - Row index.
J - Column index.

OUTPUT ARGS: QSOLVE = Qij
INPUT COMMON: None.

OUTPUT COMMON: None.

FUNCTION RE(T)

RE returns the reflection coefficient for a plane wave incident at angle theta,

T, with the E field perpendicular to the plane of incidence according to:

RE = S0 © —\JNz - sinﬁ

cos 6 + \N2 - sin26

]
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where

N is the index of refraction in lower medium, and
6 is the angle of incidence.

INPUTS ARGS: ~T‘— Angle of incidence; theta (REAL).

OUTPUT ARGS: RE - Reflection coefficient (COMPLEX).

INPUT COMMON:  CXNN - To‘get XNN index of refraction squared (COMPLEX).
OUTPUT -COMMON: None.

SUBROUTINES CALLED:
SIN
cos
CSQRT - Complex square root.

FUNCTION RH(T)
]
RH returns theireflection coefficient for a plane wave incident at angle theta,

T, with the H field perpendicular to the plane pf‘incidence according to:

2 N
RH = chos 6 - VN” - sin'® ,
N2cos 6 + \}N2 - sin?e
where

N is the index of refraction in lower media, and

8 is angle of incidence.
INPUT ARGS: Tﬁ— Angle of incidence, theta (REAL).
OUTPUT ARGS: RH - Reflection coefficient (COMPLEX).
INPUT COMMON: <CXNN - To get XNN the index of refiactioh squared (COMPLEX).
OUTPUT COMMON: None.

SUBROUTINES CALLED:
SIN
Cos
CSQRT - Complex square root.

SUBROUTINE ROM (A, B, FCN, N, SUM, RX)
Y
ROM returns the integral of function, FCN, between real limits, A and B, according

to the adaptive ROMBERG scheme of Miller.12 There are N integrands to be integrated in
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parallel, specified by subroutine FCN. The results are returned in SUM. RX is the

criterion for determining convergence and is usually set to 10-4,’

INPUT ARGS: A - - Lower limit (REAL).
B - Upber limit (REAL).
FCN - Function to be integrated (EXTERNAL SUBROUTINE).
N - Number of integrands of FCN (INTEGER, 10 maximum).
RX - Convergence criterion (REAL).

OUTPUT ARGS: SUM - Result (COMPLEX (10)).

INPUT COMMON: None.

OUTPUT COMMON: RCOM - To indicate number of evaluations pf FCN needed.

ROUTINBS CALLED:

FCN - Function to be integrated. FCN must have arguments (T, ANS) ,
where T is the variable of integration (set by ROM), and ANS
becomes the complex values of the integrand, FCN, at T. ANS
can have a maximum dimension of 10.

TESTC - To test for convergence (COMPLEX FUNCTION).
FNPLOT - To plot integrand when convergence could not be achieved.

SUBROUTINE ROMBERG (A, B, FCN, N, SUM, NX)

ROMBERG returns the integrand of function, FCN, between real limits, A and B,
according to the adaptive Romberg scheme of Miller.12 There are N integrands to be done
in parallel, specified by subroutine FCN. The results are returned in SUM. In order to
prevent false convergence for oscillatory integrands, the argument NX is used to;speciff
the largest interval size that ROMBERG is to cohsider, expressed as a fraction of the

interval between A and B (i.e., A ax = (A - B)/NX). The value of NX is chosen so that

m
the largest interval contains only one or two oscillations of the integrand. For smoothly
varying functions, a value of NX equal to 2 will give convergence with the fewest number

of evaluations of FCN.

INPUT ARGS: A Lower limit (REAL).
B - Upper limit (REAL).

FCN - Function to be integrated (EXTERNAL SUBROUTINE).
N - Number of integrands in FCN (INTEGER, 10 maximum).
NX - Controls interval size (INTEGER).

OUTPUT ARGS: SUM - Result (COMPLEX, 10 maximum).

INPUT COMMON: None.

OUTPUT COMMON: ROMCOM - To indicate .number of evaluations of FCN needed.:
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ROUTINES 'CALLED:

_FCN - To get value of integrands (EXTERNAL SUBROUTINE). FCN must have
arguments (T, ANS), where T is the vériable of integration (set
by ROMBERG), and ANS becomes the complex valuekof the integrand,
FCN at T. ANS can have a maximum dimension of 10.

TESTC - To test for convergence (COMPLEX FUNCTION).

FNPLOT - To plot integrand when convergence could not be achieved.

SUBROUTINE SACA (T, ANS)

SAOA is the function to be integrated by ROMBERG for a source above ground and an observer
above ground, using the Bessel function form of the U22 and V22 integrals shown in :
Appendix A. This routine is usdd when the variable of integration, lambda, follows the
complex contour shown in Fig. 8, specified by routine EVALUA2. Since ROMBERG can only
perform integration between real limits, a change of variable has been made from lambda,
which is complex, to the real variable, T.

INPUT ARGS: T .- The variable of integration. As T varies from 0 to 1, lambda

moves from ohe end of the path in the complex plane to the other
(REAL) .

2
] V22
OUTPUT ARGS: ANS (1) = ———3—*(COMPLEX).

ap
2
9 V22

3z2

ANS (2)

. 9p9z
oV
NS (4) = 22
3p
ANS (5) =V, -
ANS (6) = Uy, -

The subscript 22 indicates that both the source and observer are located above

ground (in medium 2).
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INPUT COMMON: EVALCOM - To get the positions of the source and observer in the
cylindrical coordinate system and the propagation

constants for the upper and lower media.

OUTPUT COMMON: None.

SUBROUTINES CALLED: .
LAMBDA - Find the value of lambda in the complex plane as a function of
the parameter T.

BESSEL - To get the value of the Bessel function.

SUBROUTINE SAOB (T, ANS)

SAOB is the function to be integrated by ROMBERG for a source above ground and
an observer below ground, using the Bessel function form of the U21 and V21 integrals show
in Appendix A. This routine is used when the variable of integration, lambda, follows
the complex contour shown in Fig. 8 specified by routine EVALUA3. Since ROMBERG can only
perform integration between real limits, a change of variable has been made from lambda,
which is complex, to the real variable T.

INPUT ARGS: T - The variable of integration. As T varies from 0 to 1, lambda
moves from one end of the path in the complex plane to the
other (REAL). '

2
9Vy1
OUTPUT ARGS: ANS (1) = —5= (COMPLEX).
ap
2
3V
ANS (2) = —32 .
9z
2
9y
ANS (3) =
9pdz
3V
Vo
ANS (4) = —o- -
ANS (5) = V,, .
ANS (6) = U, ..
2
AV
ANS (7) = 3oan.

The subscfipt 21 indicates a source above ground and the observer below.
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INPUT COMMON: EVALCOM - To get the positions of the source and observer in thé
cylindrical coordinate system and the propagation

constants for the upper and lower media.

OUTPUT COMMON: None.

ROUTINES CALLED:
LAMBDA - To find the value of lambda in the complex plane as a function
of the parameter T. '
BESSEL - To find the value of the Bessel function.

SUBROUTINE SBOA (T, ANS)

SBOA is the same as SAOB, except that the .formulation is for a source below ground

and an observer above ground, using the Bessel function form of the U12 and V12 integrals
shown in Appendix A.

INPUT ARGS: T -:The variable of integration. As T‘varies from 0 to 1, lambda

;moves from one end of the path in the complex plane to the other

(REAL).
: azvlz
OUTPUT ARGS: ANS (1) = —5— (COMPLEX).
op
a2V12
ANS (2) = —5= .
9z
azv12
NS ) = 555
v ;
%12
AFS 4 = 2p
ANS (5) =V, -
ANS (6) = U, .
| 32v12
s ) - g7

The subscript 12 indicates a source below ground and an observer above ground.
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INPUT COMMON: EVALCOM - To get the positions of the source and observer in the
cylindrical coordinate system and the propagation

constants for the upper and lower media.
OUTPUT COMMON: None.

ROUTINES CALLED:
‘ LAMBDA - To find the value of lambda .in the bomplex plane as a function
of the parameter T.
BESSEL -~ To find the value of the Bessel function.

SUBROUTINE SBOB (T, ANS)

SBOB is the same as SAOA, except that the formulation is for both the source and

observer below ground, using the Bessel function form of the U11 and V11 integrals
shown in Appendix A,

INPUT ARGS: T - The variable of integration. As T varies from 0 to 1, lambda

moves from one end of the path in the complex plane to the other

(REAL) .
32\/11
OUTPUT ARGS: ANS (1) = 5 (COMPLEX) .
ap ’
32V11
ANS (2) = 5= .
9z
32v11
ANS (3) = - .
009z
ov
= 11
ANS (4) = 5o
ANS (5) = Vi -
ANS (6) = Up; .

The subscript 11 indicates both source and observer in the ground (medium 1).

INOUT COMMON: EVALCOM - To get the positions of the source and observer in the
cylindrical coordinate system and the propagation

constants for the upper and lower media.

OUTPUT COMMON: None.
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ROUTINES CALLED: .
LAMBDA - To find the values of lambda in the complex plane as a function
.. of the parameter T.
BESSEL - To find the value of the Bessel function.

SUBROUTINE SETUP (FRQ, EPSR1, SIG1, EPSR2, SIG2)

SETUP 1n1t1allzes the variables in common blocks EVALCOM and NORTSETUP. SETUP
must be called before any of the level 1 routines of Fig. 1 every time the frequency or
media parameters change,

INPUT ARGS: FRQ - Frequency in Hertz (REAL).

EPéRl - €. for lower medium (REAL).
SIG1 - 0 for lower medium (REAL).
EPsRZ - €. for upper medium (REAL).
SIG2 - o for upper medium (REAL).

OUTPUT ARGS: Nane.
INPUT COMMON: None.

OUTPUT COMMON: ‘£VALCOM - Used by many routines as input common.

CJ = j = V-1, (COMPLEX).
CK1 = propagation constant in lower medium, kl, (COMPLEX) .
CK1sQ = k2 = wzu €,E- + jwp.o,, (COMPLEX) |
- 1 070 T 072 :
CK2 = propagation constant in upper medium, k2’ (COMPLEX) .
2 _ S
CK25Q = Kk = weqe r, + jwng0,, (COMPLEX).
COEE : = constant multiplier of the Sommerfeld integrals
Juugy
= Tl (COMPLEX) .
COEH = constant multiplier of the Sommerfeld integrals = i%

{COMPLEX) .

NORTSETUP - Used by NORTON as input common.

F = frequency in Hertz, (REAL).

ER =€, in lower medium (upper medium assumed to be free
space), (REAL).

SIG = o0 in lower medium (upper medium assumed to be free

space), (REAL).

ROUTINE CALLED:
CSQRT - Complex square root.
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SUBROUTINE SFIELDS (T, ETANG)

SFIELDS uses the results of the U and V Sommerfeld integrals, shown in Appendix
to calculate the E field, ETANG, tangential to the segment containing the observation
point due to a Hertzian dipole located at a point on the axis of the source segment
specified by solving for X, Y, and z in parametric equations of parameter T.

SFIELDS is a function to be integrated by the subroutine ROM to find the E
field tangential to the surface of the observation segment due to a current flowing alon
the axis of the source segment since the fields due to a line current are equivalent to
the integral of the field due to a Hertzian dipole as a function of its position élong
the line. Thus the parametér T becomes the variable of integration specifying the
location of the dipble along the line. As T varies from -1 to +1, the position moves
from the negative end of the source segment to the positive end.

The solution by the method of moments used by the program WF-LLL2A uses constant,
sine,'and cosine basis functions, requiring SFIELDS to return three values of ETANG, the
first for the constant term, the second for the sine ferm, and the third for the cosine
term. '

The observation point is always located away from the axis of the observation

|
segment a distance equal to the wire radius, along a line that is described by the inter- |
section of two planes, one perpendicular to the segment passing through its center, and

the other parallel to the x-y plane.

INPUT ARGS: T - Variable of integration. As T is varied from -1 to +1, the
position of the dipole moves from the negative end of the source
to the positive end (REAL).

OUTPUT ARGS: ETANG - E field tangential to observer segment for each of the
three basis functions (COMPLEX (3)).

INPUT COMMON: SFCOM - To get the‘position and orientation of the source
' segments.
EVALCOM - To get the propagation constants in the upper and
lower media.’
OUTPUT COMMON: EVALCOM - To pass theilocations of the source and observer in
the cylindrical coordinate system to the EVALU routines.

SUBROUTINES CALLED:
EVALUA2 - Get the fields for a source above ground, using Bessel form of
' the U and V integrals.

EVALUB2 - Get the fields for a source below ground, using Bessel form of‘
the U and V integrals.

EVALUA3 - Get the fields for source above ground, using Hankel form of
the U and V integrals.

EVALUB3 - Get fields for source below ground, using Hankel form of the

U and V integrals.
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CSINCOS - Complex sine and cosine.
“ATAN2 ' ;- Arc tangent.

cos ‘

SIN

FUNCTION TESTC (F1, F2)

TESTC is the function used by ROMBERG and ROM to determine if an integral has
converged.
INPUT ARGS: FI1)
Two successive approximations to the integral for which the

percentage difference is to be determined (COMPLEX).
F2

OUTPUT ARGS: TESTC (COMPLEX),

where
(|Re[F1) - Re[F2]]|)/(Re[F2])

Re [TESTC]

In [TESTC] = (|Im[F1] - .In[F2])/(Im[F2]).
INPUT COMMON: Nome..
OUTPUT COMMON: None.

ROUTINES CALLED: ' None.
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Appendix A — U and V Sommerfeld Integrals

MATHEMATICAL FORMULAE

The mathematical formulae describing the

fields due to either a vertical electric

or a horizontal electric dipole located either above or below the ground-air interface

. ~ 5 . .
are given below. These formulae were obtained from Bafios,” and are expressed in his

z

|

Image

(h-z)
Medium (2) €0,
Medium (1) € 191 | R

X Source Observer

P(Pl‘brz)

Fig. 10. Figure defines notation used by
Banos in formulating Sommerfeld
integrals, The source is located
on z axis; the observer is at
point P(p,$,z). The case for a
source located in the lower medium
is depicted. o '

notation (with the exception that the
cylindrical radius is herein expressed
as p, rather thén r) as shown in Fig. 10.
The air is assumed to be medium 2, the
ground medium 1. The current moment of
the source is denoted as p, where p = I2

ampere metre. The operating frequency is

R2 w = 2nf rad/s. The propagation constants

in the ground and in the air are, respecti

_ 2 o s
ki = w HoEoEy = 1WHg0,

and
2 2 o
k2 =W uoeo,

where U is the free-space permeability, €
is the free-space permittivity, €. is the
relative dielectric constant of the ground
and 0 is the conductivity of the ground.

The usual cylindrical coordinate system

?p designatés t
radial electric field intensity in region

notation (p,¢,z) is used. E

(ground) due to a horizontal electric curr

source. Note that the location of the source is not explicitly -designated using this

notation. The source height is designated as h, and h is assumed to be positive, without

regard to whether the source is buried or elevated. The receiver height is designated

as z, where z is negative if the receiver is buried, and z is positive if the receiver

is elevated. The radial separation between source and receiver is p. The source is

assumed to lie in the x-z plane, and the receiver lies in a plane oriented at an angle

of ¢ relative to the x-z plane. With this notation, the electromagnetic fields due to

elevated and buried electric current sources can be expressed in terms of what are

designated as U and V integrals (defined below)

The names of the subroutines which calculate the individual terms of each expres-

sion are indicated below in the corresponding term.

-46-




5

VERTICAL ELECTRIC DIPOLE IN MEDIUM 1 (GROUND)

Source Belqw, Observer Below Interface

iwpu 2 ) iw 2
0 PU ]
Ey, =77 5%@2 {6)) - 6 + —5° 5057 kgvll .
p 4‘!Tk1 ~ 47k PpIz
. - gr - 1 - N —/
GEVALB EVALUAB2, EVALUABS3

v _ lemy (az ) 2 . Lupuy ) 752
EY = 2V k% (6, -Gy + 0 (-—-+ k2> A
1z n 2 X
4“k§ o 1 611 7 62 wm? a2 U 2
— — ‘ \ -~ ' Y
GEVALB EVALUB2, EVALUB3

Source Below, Observer Above Interface

. 2
v _ lwpyy )37V

E2p T 9paz
N ~—
EVALUB2, EVALUB3
1uwpu 2
\' 0 9 2
E, = ———1 + koV
2z 4m (aZZ 2 ;2
~ -/
Y ‘
EVALUB2, EVALUB3
VERTICAL ELECTRIC DIPOLE IN MEDIUM 2 (AIR)
Soyrce Above, Observer Above Interface
iwpu 2 iwpu 2
' 0} o 0 3 2
E, = —> (G, = Gy ) [+ - kv, ¢-
20 4ﬂk§ 0pdz 22 217 4“k§ { 9pdz 1 22
-/ L J
~— : ~— -
GEVELA . EVALUA2, EVALUA3
Vv .iwpy 2 iwpu 2
B = | &5 + K5 (Gyp - Sy f * —2 ) *‘kg' k§'22 .
4'n‘k2 3z R 4nk2 9z ,
s J . —
B ~
GEVELA EVALUA2, EVALUA3
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Source ABove, Observer Below Interface

5
o =7 | %0z (-
J/

[

o EVALUA2, EVALUA3
iwpu f o2
o J[s 2
1z = 7w (a:z * kl) Va1
- J
Y

EVALUA2, EVALUA3

HORIZONTAL ELECTRIC DIPOLE IN MEDIUM 1 (GROUND)

-Source Below, Observer Below Interface

H : 2 2.
Elp = 202 [611 - 65 + k1"11:| * kq[Gyy - Gy + U]
/a2 ' iwpu 2 )
P 2 ) 0fa% /.2 2
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16" 2 sin¢ 'p 5% (611~ G * vy ]+ kl611 - G0 * 11]}
1

-iwpu _ -iwpy, . :
: o] 1/8_ . .2 o1 5 (2 2
=sing| — p.(ap * k1> (G1 * 61p) |+ coso 7 15 % (k1V1p) * KU
41rk1 4wk1 p op .
WL - - ~" -/ ‘—y——/\ . M j
GFIELDS GEVALB SFIELDS EVALUB2, EVALUB3
iwpu 2
H _ 0 9 2 _
Bz = —7 cost [328p (611 * 615 - kz"n]}
4'rrk1
iwpp 2 iwpyu 2
0 ) 0 ) 2 -
= CoSp [~ J:—=— (G,, + G )] + cos¢ | ——s— | o (—k \' )} .
4ﬂki {azap 11 12 4nk§ 9zap 211
s v i 4 N — = —~v —
GFIELDS GEVALB ) SFIELDS EVALUA2, EVALUB3
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- - e

H
Ezp =
LY_/\__ ~— . J
SFIELDS EVALUB2, EVALUB3

f |
-iwpu, . v
| EI; = sin¢ ofLl 1z 4 1}
% ¢ 4 |p p 12
] ? w _—

SFIELDS EVALUB2, EVALUB3

. 2
iwpu v
el - cos¢ —2 12,
2z 4 3hdp
M.Y_J —

——
SFIELDS EVALUB2, EVALUB3

HORIZONTAL ELECTRIC -DIPOLE IN MEDIUM 2 (AIR)

Source Above, Observer Below Interface

iwpu 0 - iwpu ol 2 2

2
H ) 2 2 2
E, = cos¢ | . + k, )(G,, - G,,) + cosd |——==1—5 (k;V,,) + kU
2p 4Trk22 (api | 2> 22 21 4'rrk‘§ ap2 2°22 2722
GFIELDS ' GEVALA SFIELDS EVALUB2, EVALUB3
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GFIELDS GEVALA SFIELDS EVALUB2, EVALUB3
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Source Above, Observer Below Interface

2

iwpu 3V
H 0 21
E = COS | ———2 + U
1p 4T sz 21
M -4

TN

SFIELDS  EVALUA2, EVALUA3

-iwpp v
H _ . 0 J1 21
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GREEN'S FUNCTION DEFINITIONS
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" THE FUNDAMENTAL INTEGRALS (U,v,w)

Uij = U(a’b’p)‘

Vij = V(a,b,P).

U11 = Ut - 2,0,p)
\____,,_-—J
SBOB, HSBOB

U-12 = U(h,z,p) .
—

SBOA, HSBOA
Uy, = U;o,h +2,p) .

SAOA, HSAOA
Upy = UC-z,h,p).
———
SAOB, HSAOB
Vi; = V(b - 2,0,0) .
gY'?—‘J
SBOB, H$BOB
Vip = V(h,z,p)
SBOA, HSBOA
Va2 = V(O,h + z,0) .
SAOA, HSAOA
Vy1 = V(-z,h,p0) .
——
SAOB, HSAQB
© .'Yla'Yzb

e*_
Nty

U(a,b,p) Hécxp)xdx i

w _ “Yp2-Ypb

R [ 2e JO (Ap) AdA
Y, vy
0 1 2

bt 'Y"l a‘Yzb
e | ) 1

) 2
SURE

V(a,b,p)

-0

2

o -Y;3-Y,b
f 26 |1 120 Jy(Ap)AdA
2
0 kpYa * kovy
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Appendix B — Nortons Formulas

j -3B4Ry) exp(-jB,R,)
juu, (I2) 2. eXP(-3BgR, H .2 xp (-3BRp
V 0 v .. in~ 0 —— + R (0 sin" 9 ————
Bz = - — 77 sin ®p R} (g R Ry
N _ _J
v R
Direct Reflected
H . 2 exp(—jBORR)
+ (1 - R (eR)) F, sin %0, —
“ — y;
First-order surface wave
exp (-jB,R
+ (R OD) (jBlR ) (1—3cos 6)
D 0 (JBORD)
\ Y
Near field of direct
exp(-iB,R
+ R: (R OR) . jBlR )(1 - 3 cos 29R)
R OR (] BORR)
N ~ ,
Near field of reflected
N’ - sin 20 " exp(-jB.R.)
R 0'R
= 2 s O /7
N JBORR
u ~— J
Near-field -correction
ju, (12) exp(-3B,R )
E ¥ 0 v . cos6. sing ——— 0 D°
o} 4T D D RD
N J
Direct
exp(-jB,R,)
H . 0R
+ R (GR) coseR 51n6R ——-—-jiz——~—
\ —_—— _J

Reflected

; ,/Nz - sin 2eR exp (-3ByRy)
- (1 - R (eR)) Fe smeR 5 RR
N N

n'g ) —

First-order surface wave
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R

+3 cqseD 51nBD (jB =+ N

Y 2
0D (3ByRp)
~
Near. field -of direct

1 . ) exp (-38yRp)

-

R

H .
+ RN SgcoseR smeR ( -

:‘—i—— . l exp (-j BORR)
.JBORR (jBoRR)z

N

—

~ ‘Near field of reflected

/ exp (-iB,R.)
- (1 - RH(GR)) cos,, sing, ——J R
jBOR2
- 7

- - D -
Near-field correction.

u N - sine, exp (-jB,Ry)
- (1 - R (eR)) sind, . A
N jZBORR
L B J
N Y
Near-field correction.

juwu, (IL) : -3
o'y exp(-jB,R,)
— cos (¢ - B) cogeD sineD —_——TT-Jlll—
“ b
—
Direct

exp (~3B(Rp)

H R
- R (GR) coseR 51n9R R

I\ — R
Reflected
y JV < sin%e, exp(-3ByRy)
+ (1 - R;(eR)) F, sinfy 5 <
S— i YN R 7

First-order surface wave

+ 3 cosH,, sin8

p =iy ( )

o+
jBAR s 2 R
N 0D (3B4Ry) D

Y
Direct induction and static

: exp(-jB,Rp)
- R: 3 coseR sineR jBlR + L 3 R Q R
| OR  (3ByRy) R

—

AN . R
Reflected induction and static
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n

exp(-jB R,)

H . 0 R
. (1 - R (eR)) coseR sinfp - 3
JBORR

A\

v
Higher-order induction

2 2
"N - sin”0 exp(-jB,R,)
H . J
+ (1 - R (eR)) sinf, R OR

N? j2g R?
. ' O R J
—
Higher-order induction
jwu, (1) exp (-jB,Ry) exp(-jB.R.)
-——é%;——li sin (¢ - B) R op RE(QR) ___j?_llli_
\ D , R
Direct Reflected
E exp(-jBORR)
+(1-R (eR)) F, ——a——
. : R_
-~
First-order surface wave
. (1 . 1 exp(-JBORD)
iBoRp/  j8 RZ
“ %™ _
Y
Near field of direct
E 1\ exP(-iByRy)
*Ry ULt TBR )
0R j B~R
“ 7Po"R J
Y
Near field of reflected
2 2 .2 .
: H Fe cos QR N® - sin BR 1 exp(-JBORR)
-(1-Rep) 5 [ -1- 7t 7 " 338R. | 3
N 2N 0O'R jBORR
(- - - -/

-~

Higher-order surface wave

H .
1 H 3 R (eR) exP(‘JBORR)
N 0R 0R jBOR

R_.

(

-~
Near-field correction
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\‘ Ep = - T cos (¢ - B) cos GD -_-.__R;____
1 ‘ — J
| \ v

\‘ Direct

\

\‘ - R (eR) cos GR —x
\ - R

\

Reflected
\

—

N4 R

2 . 2
N” - sin”6 exp(-jB.R,)
| ; é,- RH(eRb F ( . R) Xp (-3BoRp
\ e R
.

~
‘\ First-order surface wave

\ exp(-jB,R.)
\ + ‘BlR + 1 (1 -3 sinzeD —-——-i—-o—-[l- A
| IB%p " (38,R,)

D .
| — ' —
| M :

Direct induction and static

| ' exp (-jB.R,)
| - Rz 'BlR + 2 = )1 -3 sinzeR -—-—1;1131—
| TPOTR (8RR

R

Y
\‘ Reflected induction and static

| (o1 11 ) ( H ) ( H )( .2 ) exp(-3B,Rp)
\ + = [ = + (L +R(B))+{ 1+ R(B) F J1-s5in “0
\‘ NZ (JsoRR (jBORR)Z ‘ R R’ e R

Rr
\
\
|
ﬁigher-order 1 5 I 1 N - sin 26R 2
\‘ terms ﬁ"‘;{é‘Sln 9R<1 - R (eR))(1+ m) Fe -—-—-—NT——-—- cos GR
\ ;
\

R

\ 1 ) 1 exP(‘jBORR)
\

+ -

iB i8R R
| RS VAR
\

\
Where the defining formulae for the symbols

above are:
\
‘ ‘ 2
‘ 2 = - 7 —0;- = Wy = T
‘ N=e - d s B Hofo = X
\ 0 [o)
\

\ : 2 _.(2_ .2
‘ RH(e) _N" cos 6 N sin” 8

‘ N% cos © +yN2 - sin2 8
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_cos § -m

cos 6 + VN2 - sin? ©

RE(e) =
F, = F(P), Fy-= F(P)

F(P) = 1 - j .mexp(-P) erfc (jﬁ)

NOTE: F(P) ¥ - ﬁ% for P>> 1
-jB.R N® - sin” ©
Pe = -———-—-—-—-—OZR * | cos BR + R
2 sin GR N
~38oRg Vil - <in 5. i
Pm = ————3—— * | cCOS GR + VN - sin 62
2 sin GR

The ground is assumed to have a conductivity 0 and a relative dielectric constant €.

everywhere, i.e., it is a homogeneous ground.
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| Appendix C — WF-LLL2A Code

WF-LLL2A (Wire configuration, Frequency domain, developed at Lawrence Livermore
| Laboratory, code number 2, version A).

‘ PURPOSE

| WF-LLL2A solves the problem of electromagnetic radiation from wire structures

\in free space or in the presence of a lossy half-space, including structures penetrating

|the interface. The solution is effected in the frequency domain via the application of
\

‘the thin-wire electric-field integral equation. Antenna structures may be composed of
\

many interconnected wires of differing radii, which may also be impedance loaded.

‘Electric space and surface wave fields may be evaluated.

| LANGUAGE
\

| LLLTRAN, single precision, is the FORTRAN language implemented by LLL's ComputaQ
Fioﬂs Department. It is essentially FORTRAN IV with a few added features, such as

alphanumeric statement labels and drop-through IF statements.

‘ : AUTHORS

| The code was originally developed at MB Associates, San Ramon, California.

ﬁfter its arrival at LLL, F. J. Deadrick and E. K. Miller made extensive improvements,
including development of the capability for allowing complex wave numbers in both the
Apper and lower half-space.

D. L. Lager and R. J. Lytle added the Sommerfeld and
orton ground treatments.

| ACKNOWLEDGMENT

The authors gratefully acknowledge ARPA's funding of the effort to develop the
Smeerfeld/Norton portion of the code.

\ ' AVAILABILITY

| A source deck containing approximately 4000 cards, plus a listing, is available
f#om LLL.
\
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The theory for the Sommerfeld and Norton ground treatments is contained in the
LLL report, '"Numerical Evaluation of Sommerfeld Integrals,' by R. J. Lytle and
D. L. Lager.2 ; |

A user's manual for the program is currently being published. Until it is
available, the manual for. the WAMP code (WF-MBA/LLL1) may be used to obtain the theoreti-
cal discussion of the thin-wire electric-field integral equation used and the method-of-
moments solution used. Moreover, most of the routines in WF-LLL2A differ only slightly
from those in WAMP,

Debugging and modeling advice is available from the LLL contacts listed below.
DESCRIPTION
Program WF-LLL2A uses a moment method to obtain the numerical solution. A

subsectional collocation method using point matching and a three-term (constant, sine,

and cosine) current expansion function is used for the thin-wire electric-field integral

equation:
Eoim - [ e [kmad « L ra - .
E®HA® =42 | 1@ |E®HRE +k—21tcr)-\7)1[tcr-)-vn] g ds',
e | |
where
- e-ikR/R,
k = w\lubeo‘,
and

Pl
1

T -1 +a@n]| ,

A -— f—
with t(r) the tangent vector to the wire at o?servation point r, EI the incident field,

a(r') the wire radius at T' in the direction t(r') X (¥ - T'), i(r') the wire current
wt

at r' (assumed uniform around the wires), and the (suppressed) time variation ei
‘The above eqﬁation applies only to'wire structures located in free space.
Location of a structure near the interface between two electricaily dissimilar media,
however, leads to reflected fields which can modify the free-space current distributions.
The present implementation of the code uses four methods for the ground treat-
ment. Two represent a geometric optics approach, using either the normal incidence or

specular plane-wave reflection coefficients to account for the‘reflected fields. The
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perfect image fields are modified according to the electrical parameters of the lower
half-space. A third, more rigorous, approach is the use of Norton's formulas when -the

distances and ground parameters involved are within the proper range. The fourth and

Host rigorous approach involves the use of two representations for Sommerfeld integrals.
he program automatically chooses either the Hankel function form or the Bessel function
orm, whichever is the most efficient. The integrals are evaluated by performing
umerical complex contour integration using an adaptive Romberg integration scheme.
hank's algorithm is combined with Romberg integration to obtain optimum convergence for
he integrals along a semi-infinite contour.
The numerical solution of a wire structure involves four basic operations. The
1rst defines the contour C(r) over which to evaluate the thin-wire integral equation. )
his is done by decomposing the structure into many interconnected straight-wire segments
f a finite radius. (A loop, for example, would be modeled as a n-sided polygon.) The
rogram allows for multiple junctions of wires and the loading of segments with an
rbitrary impedance. Several input formats are prov1ded to make the task of specifying
he locations and interconnections between the segments more user-oriented.
Once the geometry of the structure has been defined in terms usable by the

rogram, the structure's impedance matrix is computed by calculating the tangential

jlectrlc field at each segment observation point, i, due to a unit current flowing on
ource segment j. For the geometric optics ground treatment the tangential f1e1ds are
jound by summing two terms, the direct or free-space contribution, and the ground-
eflection contribution, found by computing the perfect image fields modified by the
jeflectlon coefficient at the specular point. For the Sommerfeld ground treatment the
angential fields are also found by summing two terms, the direct contribution found by
jntegratlng the free-space Green's functions, and a ''ground-correction' contribution
ound by evaluating the Sommerfeld integrals. For the Norton ground treatment the
#1elds are found by summing many terms including the direct term, the reflected term,
he first-order surface-wave term, the direct and reflected\near—fleld terms, and a
;ear field correction.

Once the impedance matrix has been evaluated, it is then factored into an upper
4nd lower triangular matrix, and solved via a Gauss-Jordan elimination algorithm. The
source vector used in the solution of the system of equations represents the tangential
41ectric field at each segment, Thus for an antenna problem, a single segment'may be

riven, whereas for scattering problems, each segment will have a source field dependent
jn the incident electric fields. The matrix factorization and solution yields the
' urrent distribution on the structure. From the solved currents, one may then compute
jn input impedance for an antenna and the far-field radiation pattern (1nc1ud1ng the
jurface-wave fields). The program takes advantage of any Toeplitz symmetry specified

or a structure to reduce significantly the fill time for the impedance matrix.
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LIMITATIONS

“'At 1eas£ six current samples/wavelength should be used in setting up a numerical

imodél,“ahd'the segment-length-to-wire-radius ratio should be greater than 5 for the
<thin;Wire approximations to be valid.

The two geometric optics ground treatment and Norton's formulas are only valid
for structures located in the upper half-space. The coding for the Sommerfeld integrals
is valid for structures located above, below, or penetrating the interface between the
two half-spaces. At the present time the coding has been thoroughly checked out only
for cases whére the structure is above the interface. For example, good agreement has
been achieved with other calculations and/or experimental measurements for long horizontal

wires near the interface (e.g., Beverage antennas), and vertical and horizontal half-wave .

dipoles.

STORAGE

To improve interaction in a time-sharing environment, the code uses a dynamic
storage-allocation scheme where the size of the largest array, called the CM matrix,
is determined after reading the data cards. The program then tells the operating system
exactly how much memory is necessary to solve the given problem. For the current
implementation on the CDC 7600, the code varies in size from about 61,000 words to
241,000 words as the number of segments is varied from 1 to 300. Of this, about 16,000
words are for the Sommerfeld/Norton routines.

The storage necessary for the CM matrix is 2N2, where N is the number of seg-
ments in the structure. The factor of 2 is due to the array being type COMPLEX. There
are also about 25 arrays of fixed size thch are dimensioned at the maximum number of
segments allowed (currently 300). It is possible to reduce the memory requirements by
making these arrays smaller. There are about 5000 words used for 1/0 buffers; these
could also eésily be reduced in size. For a particular problem it is also possible to
‘reduce the memory requirement by eliminating routines which would not be called. For
example, the subroutine SURF, which is only used for plotting surface-wave radiation
pattern patterns, could easily be eliminated when those plots are not desired. Another
example would be the elimination of the Sommerfeld routines EVALUB2 and EVALUB3 when
performing calculations for above-surface stfuctures, since these routines are called
only for below-surface structures.

TIMING

The computer time required depends strongly on the number of segments in the

structure, the ground treatment used, and the symmetry inherent in the structure. If a
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structure contains an element horizontal to the ground (a Beverage‘antenna, for example),
- ' !

it is possible to make use of the Toeplitz symmetry in that element to reduce the matrix
| £ill time. For a Beverage antenna or a horizontal dipole, which are highly Toeplitz sym-

|metric, the fill time is proportional to N, rather than the N2 for other structures.

The
\
\ground treatment affects the matrix fill time since the calculation of the Sommerfeld

\integrals is much slower than either Norton's formulas or the geometric optics treatments.
\The code automatically uses Norton's formulas when the separation between the source and

\ . . ) .

\observer is greater than one wavelength, making the computer time for a large structure

\(say a 10-wavelength Beverage) only slightly longer than the time for a one-wavelength
%tructure.

\ An estimate of the CDC 7600 time necessary to find the current distribution on
a vertical dipole is given by:

| T = 4 BN s,

\ where

|

\ N is the number of segments,

x B is the coefficient for factoring and solving the system of equations
\ B ¥2.6x 100,

\ and

| o is the coefficient for filling the impedance matrix; o = 0.0022 for
\

\ the geometric optics ground treatment, or o ~'0.34 for the Sommerfeld
\
\ ~ ground treatment.

\
\
\ Since there is no Toeplitz symmetry for a vertical antenna, the matrix fill time

‘ 3 . -
varies as N2. The time necessary for a \/2 vertical dipole with N = 5 is about 8 s,

u%ing the Sommerfeld ground treatment.

‘ An estimate of the time necessary for a horizontal dipole less than one wave-

\

lqngth long is given by:
\
\
\
\
\
\
\
\ where

-1
n

aN + BN3 S,

o = 0.0016 for the geometric optics ground treatment,
‘ or a = 7.6 for the Sommerfeld ground treatment.
\

‘ .
\ Since a horizontal dipole has full Toeplitz symmetry, the matrix fill times

varies as N. The time necessary for a A/2 horizontal dipole with N = 5 is about 4 s.
ot

\

\

‘ An estimate of the time necessary for a horizontal dipole longer than one

waﬁelength, using the Sommerfeld/Norton ground treatment, is:
\
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3
T = aSM + aN(N - M) + BN" s,
where

M is the number of segments in one wavelength,

g is the matrix fill coefficient for the Sommerfeld ground trea
(used when the separation between source and observer is less
1 wavelength) ¥ 0.76, and "

o,, is the matrix fill coefficient for the Norton ground treatment

N
when the separation is greater than 1 wavelength) ¥ 0.002.

The time necessary for 10-wavelength horizontal dipole with 101 segments is abou

REPRESENTATIVE GEOMETRY

A representative structure, Fig. 11, is a horizontal Beverage antenna 10
lengths long, only 1/15 wavelength above a lossy ground, and terminated with a 30

load
150 segments, £ =10 A

* - Lo ]
/////////////////

Drive with

Fig. 11. Representative structure'analyzed by WF-LLL2A code.

LLL CONTACTS

D. L. Lager, F. J. Deadrick, R. J. Lytle, and E. K. Miller.
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Appendix D — Listing of WF-LLL2A Code

PROGRAM WFLLL2A(TAPE2,HSP,TAPEG, TAPEB, TAPES)

PROGRAM WFLLL2A
W--THIN WIRE STRUCTURES
F--FREQUENCY DOMAIN

LLL--LAWRENCE LIVERMORE LAB WAS MAJOR CONTRIBUTOR
2--CODE NO. @

A--VERSION A

OOO0OOOO0O0O0O00O0O00 00

| t% C

\15 C A BRIEF DESCRIPTION OF THE CODE AND [TS CAPABILITIES
|18 C THE COMPUTER CODE NEWSLETTER, VOL. 2 NO.

IS GIVEN IN
1, APRIL .1, 1975.

117 C

18 ¢

19 ¢

|20 CODE ANALYSIS

21 CALL NEWNAME

22 CALL INLINE( )

123 COMMON/ NEWCOM/NNEW ,NOLD

24 LCM (333)

s PARAMETER (NS = 300)

26 COMMON/GEOM/N,NP , X (NS) ,Y(NS) ,Z(NS) ,SI (NS) ,BI (NS) ,ALP(NS) ,
27 I BET(NS),ICONI (NS), ICON2(NS) ,COLAM

28 INTEGER P

es COMPLEX ADMIT,ZPED,RRV,RRH,ZRSIN,RRD,ERX,ERY,ERZ ,EPX,EPY,
30 1 EPSILONP,EPSILONM,ZRAT[P,ZRAT IM,WKP ,WKM,ECONST

31 COMPLEX CM,FJ,EINC,EXA,CIX,CIY,CIZ,ERC,CSQRT

32 COMMON /FROSTCOM/~ INTEGER-ALPHA,BETA(15)

33 COMMON /GOBCOM/ IFIL(42)

3y COMMON 7333/ CM(1)

35 COMMON /FREQ/ FREQ,WKP,WKM,ECONST

36 COMMON /ANGL/ CAB(NS) ,SAB(NS) ,SALP(NS)

37 COMMON/ JUNK/NCOX , JOX (25) ,NCIX,JIX(25) ,NCOZ,J0Z(25) ,NCIZ,J1Z(25)
38 COMMON /MEDIA/ EPSRP,SIGP,EPSRM,SIGM -
39 DIMENSION EINC(NS),P(NS), [BET(2)

4p COMMON/ COMCOM/COM(8)

4l DIMENSION CURR(NS) ,CURI (NS)

4 DIMENSION THETR(20) ,PHYR(20) ,ETAR(20) ,DTHR(20) ,DPHR(20) ,NTHR(20),
43 1 NPHR(20)

4o COMMON /ABC/ AIR(NS),All(NS),BIR(NS),BI1(NS),CIR(NS),CII(NS)
45 DIMENSION [SEG(2,151),ENCR(2,150) ,ENCI (2,150)

46 DIMENSION CME (1)

47 EQUIVALENCE (CM,CME)

4g 3 FORMAT (415)

49 3333 FORMAT(37H  X(I) YD) Zely Sl

50 : ,

51 COMMON/ JOBCOM/ JOBNO $%% USED IN CMSETUP (FOR INTERRUPT)

52 JOBNO=0

53

54| MT IME=0

55| NDIM = NS

56| NRPAGE =45
57| FU=CMPLX(0.,1.7

58| 27=376.72727

59 Pi=3. 141592654

60| TP=2.%P|

61 | TA=.01745329252
62 | T0=57.29577951
63 | CONST=Z7Z/(2.*TP)
B4 | C = 2.99793E+8

| ~63-




65 [OF [LE=2RTA

:g E FIND SIZE OF LARGE CORE FIELD LENGTH.
68 C

69 IFLL= {FIL (18}

70 ¢

71 1000 CONTINUE

72 JOBNO = JOBNO + |

73 READ(R,458) (COMI{) ., 1%],8)

T4 IFLEOF ,2) 1600, 1700

75 458 FORMAT(BATO)
76 1700 READ(Z . 4B0y NTYPE NPRINT NRUN, [LOAD , 1SEL (MODE , 1D1SK, IPOND, I5S0RN

77 *  IBO, ISEGEX  NORMPWR, | SURF | IVERTFC
T8 MBO FORMATLIGI®)
79 C WLIBG JEGQ. 1y CALL ABSSIONC3 . 15,2RBO:
BG C IFOIB0 JEQ. 1y CALL KEEPBO( ) .
81 READIZ2,.901 01067 (OR NFS KGEYMP EPSRP  SIGR EPSRM, S1GM
B2 € WRITE(3. 80107 GHZ,OR NFS KSYMP EPSRP GIGP  EPSRM, SI0GM
83 CatL SETCHIQ.100. ,1.8.0,0.0
g4 ¢ WRITE{IDD Q010 OHZ ,OR NFS KSYMP EPSRP SIGP EPSREM, S 10M
85 9010 FORMAT(2F 1Q.5.218 4105
88 C
87 £ COLAM [S MADE NEGATIVE TO INDHCATE TO OTHER PROGRAME THAT DIMENSIONS
88 ¢ ARE GIVEN IN METERS FOR THE WFLLLZA PROGRAM
89 C
a0 COLAM = ~0.2899783 /7 OMZ
81 FREG = OHZ*1.E8
92 5553 WRITE(3,B332:
93 WRITE(100,83321
911 8338 F’ané?g;;;‘E%g&iwtwnia@wsﬁ»)&uaqm»¢uaz~»»aaua}
85 WRITEL3,8333y J0BND
36 WRITEC100,8333) JOBNO
T OB333 FORMAT(/ ,28H PROGRAM WFLLLIA RUN NUMBERIw, /1
a8 WRITE (3, 83341
ag WRITE(100,8334:)
1og
01 B33 FORMATY ( 20 Qﬁ&aﬁ*ﬁ%‘&&:39#&66&&&@%5«@4»&»#}
102 WRITE(Z, 4873 (COMuir, i=1,81
103 WRITECIO0,487) (COMEi), I=] &)
108 457 FORMAT L7/, IX,BALDY)
105 WRITE(3, 9680 INTYPE NPRINT NRUN, [LOAD, 1SEL (MODE , [DISK, 1POND, [O50RN
106 * L IBC, ISEGEX ,NORMPWR , | SURF | [VERTRC
107 WRITE 100, MBOINTYPE NPRINT (NRUN, [LOAD, | SEL ,MODE , D15, IPGND ., I G5CRN
108 » 180, [SESEX , NORMPWR , | SURF |, IVERTRC
109 459 FORMATI71S,F10.5;
110 WRITE(3,8011) OHZ . GR.NFS.COLAM
11 WRITEC1G0,8011y  GHZ ,GR NFG,COLAM
112 9011 FORMAT(/ IXSHFREQUENCY | 2X {H=E 13 %/ [ XSEHFREQUENCY INCREMENT =£13.5/
113 IX22HNG, FREQUENCY STEPS =4/ IX22HWAVELENGTH (METERS) =E13.%5//)
P i WRITE(3,8012) SIGP.EPSRP SIGM IPSAM
15 WRITE(10D.8018 SICP ,EPSRP,SI0M, EPSARM
1{6 9012 FORMAT L MEDIA PARAMETERS 7, UPPER HALFSPACE~~SI0Ma = L E12.4,
117 t EPSILON = LEIZ8.%,//7, LOWER HALFGPACE--SIGMA = Ej{2.4,
iia 2 EPSILON = (E1&.4,77, THE INTERFACE {5 LOCATED AT 2 = 0
tig FRlT FORMATI//¢ *=A PERFECT CROUND WAS USEDRe®* /771
120 IFLIPGHND.EG. 1y WOT Z,FWOT)
121 IFOIPGNDLEG. 1) WOT (DG, FWOTY
188 FROT2 FORMAT (/77 *°USED VERTI{CAL [INCIDENCE REF. COEF. ONLY®® 77/
183 PFOIVERTRC ) WOT 3,FWOT2 :
e FEIVERTRE) WOT 100,V W0T2
185 GOOTO 121,282,268, 8% NTYPE
126 21 CALL DATAGON!
ta7 GO 10 20
tes 28 CALL DATAGNS
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129 GQ TQ 29

130 26 CALL DATAGNS

134 GO TG 20

138 2% CALL DATATIP

133 oo 1O 29

134 20 WRITE(Z,Q0D8) N, NP

| 3% WRITE(100,800E) N, NP

138 ¢

137 ¢ NOW THAT THE SIZE OF CM  ARRAY 1S KNOWN, [SSUE & FROSTCALL TO
138 ¢ CREATE A NEW DISKFILE OF THE PROPER LENGTH.
139 ¢

140 HELL=[FLL+N*N2

1l BE TA=NNEW

jug BETAIZ ) eNFLL+P30R

43 CalLL FROST(OI0IB..BETA ERRY)

tuy O

145 £ ISSUE A FROSTCALL TO ADWUST THE LARGE-CORE MEMORY S|7E.
148

§87 BETA=NFLL

198 CALL FROST{13008,4,BETA ERRSY

145 N IMsN

180 CTALL ANTPLOT

151 CALL PLOTEA

152 CALL SETCHM0,100..1.0.,0.0.03

153 Q008 FORMAT(// | X22HNUMBER OF SECGMENTS i/ PXPPHNG, SEG. M A SECTOR =
154 IRE TR

155 3456 FORMAT(SOMISTRUCTURE GEOMETRY (DIMENSIONS [N METERS: SO
1 56 IBIHCOCROINATES OF SEG.CENTER SEG. WiIRE DRIENTATION AN
157 22BHGLES CONNECTION DATA/BXEYHX Y z LENGTH
188 34TH RADIUS ALPHA BETA H i Ty
159 [ P=NRPAGE
B0 SLEN=D .
181 DO w0 {=1,N
1B IFINPRINT+ 1180 800,804
iB3 800 AP=ALP{ {70
{64 BT=BET(1)*TO
165 [PsiP+]
186 IFCIPLLE LNRPAGE 16O TO 86
187 WRITE (3, 34561
168 WRITE 100, 3458
168 [P=i
170 BB WRITELZ,BaX(1, Yo, 200,810 BI Y VAP BT JJCONTITY 1, TCONS )
i71 WRITECIQO,BIXe 13, Y11y 201y . SLel BLCD) AP BY ICONICT Y T ICONS T
172 6 FORMAT (IX,7F10.5,31%
{73 801 ALPI=ALP(])
H BETI=BET (]!}
175 CALF=COGF (ALPL
1718 SALP (I =SINFLaLP]
177 CAB{ [ 1 =CALPCOSF(BET
178 SABU] ) =CALP*SINF (BET )}
179 SLEN=SLEN+SILL)
180 IFIST411.6T.0Y GO T &8
181 WRITE(Z,90010 |
182 WRITE(100,900% ¢
183 9001 FORMAT(30MH NEGATIVE SEGMENT LENGTH. [=15
i 8. CALL EXIT
185 20 CONT INUE
{88 WRITE 13,9008 SLEN
TR WRITE(100,8008) SLEN
188 9008 FORMATIZ23H TOTAL WIRE LENGTH =£ 8. 11}
189 [FIMODE L EQ. 260 TG 78001
190 DO OTRN [=1.8
HeH 1SEGHL, 151 1=0
18 D¢ 7RG K= 100
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193 [SEGLE . K1=0

194 ENCR(] ,K)1=0.0

195 730 ENCIt],K1=0.0

196 {M=0

197 WRITE(3, 76047

198 WRITE100,760%7

199 760%7 FORMAT (/2BHANTENNA SOURCE DISTRIBUTIONS,/23H CASE SEG. Y. T A
200 1EHGE /29K NO.  NO. MAG . PHASE

201 T3 READ(Z2.780463 1[5, ECM ECA NFLD

202 fRPUT  FOR ANT, USE

203 ¢ o~ CAKE NUMBER { LESS THAN &
204 ECM ~ VOLTAGE MAG.

205 ¢ ECA - VILOTADE PHASE

206 WRITELE, 780481, IS ECM ECA NFLD
207 HRITE{100.,.76046: ] 15, ECM ECA NFLD
208 7B04BE FORMATIZIS 2F10.5,15:

2058 IFOLLLE. D aND . L LE . 2y GO 10 73
210 ’ {ERRA=] 3 co T 13

2¥1 738 FFOLLLE IS ANG. IS LE N GO 1O 732
ez {ERA=2 ® GO TG 13

S1E 732 POl LGT . IM M=

Sl Wa [SEGU] 151+

218 FIRK.LE . 180 00 TQ 733

216 [ERR=3 % {0 10 13

ST 133 [SEGLT, 1B =K

218 ISEGHT . K)=18

2149 ECA=ECA*TA

220 ENCR(1,K) =ECM*COSF LECA)

281 ENCHOL K =ECM=SINF (ECAY

2&e PFINFLO.ONE QY GO TO 734

223 KM= 1M

£22% 70001 K=0

285 TS K=K+

226 KMA =K

S27 7905 IF(IL0AD.ES.0y GO TO 881

228 6508 FORMAT(IS.2810.0.,31%:

229 6507 FORMAT(  CABE= 13,84 SECGHMENTS, [w 8 THRU, 1Y, 12H LOADED WITH. E1D. 3,

230 120 OMMS RESISTANCE AND,EI1Q. 32, 19 HENRIES [NDUCTANCE?
231 PARAMETER (MAXLQADS=2D!

232 DIMENSION LOADS{3 MAXLOADS Y, ZL0A0S (2 MAXLCADS)
233 00 DLO [ =i ,MAXLOADS

234 RIT 2.6506, {CASENCO ZR . Z1,11.128 MORE

235 IFei2 . EQ.0 18=11

&3 WOT 3,8807, ICASENG, [, 12,2R. 21

237 WOT (00,8507, ICASENG, L), 18,2R, 11

238 (PO 0E. 1y G0 TO GOKY

239 FER} FORMAT( »+ERROR»» 11 .07T.128 FOR SECMENT LOADING
240 WOT S8, FER]

24t WOT 3,FERI

U2 WaT 100, FERY

243 CALL EXIY

24 GO CONT TNUE

245 LOADS L, [ =1CASEND

245 LOADSI2, [r=11

%7 LOADS (3, =12

S48 ZL0ADSE Y, fie2R

248 ZL0ADS 12, 1=l

284 TFIMORE EQ.00 GO TO GOUTH

51 OLO CONTINUE

“B2  FERS FORMAT! °ERROR®*TOO MANY LCADS SPECIFIED
253 WOT BG FERZ

254 ROT ZFERS

255 WOT J00,FERR

56 CALL EXIT
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‘ 287 GOUTL CONT INUE
\ 258 NLOADS={
| 258 C =»+22+BEGIN FREQUENCY DO LOOP.

| 260 BBLL DO 773 MKS=1, NS
261 FR= (GHZ+GR} / GHZ
262 IFMKS.EG. 1) FR = 1, .
| 283 GHZ=GHZ *FR
- FREG = FREQ*FR
| 265 COMMENT----SET UP INITIAL PARAMTERS TO SOMMERFELD ROUTINE
S IF(KSYMP.EQ.3) CALL SETUP(FREQ,EPSRM,SIGM.EPSRP,SIGR!
| 267 COMMENT----ABOVE IS OMLY VALID FOR SORCE AND OBSERVER ABOVE GROUND
| @6’ ¢
| 269 C EPSRP AND SIGP ARE THE MEDIA PARAMETERS OF THE UPPER (+) HALFSPACE
\ 270 C EPSRM AND SIGM ARE THE MEDIA PARAMETERS OF THE LOWER (-) HALFSPACE
271 ¢
| eve EPSILONP = EPSRP ~ FU*GIGP/ (TPSFREG'B.BS4E-12)
| 273 EPSILONM = EPSRM - FUsSIGM/ (TP*FREQ'8.B54E~12
L oemoc

| 278 0 WKP AND WKM ARE THE COMPLEX WAVE NUMBERS OF THE UPPER AND LOMER MFEDI
| 278 ¢

| 277 WKP = TPeFREQ/C # CSORTIEPSILONSS
| 278 WM = TPHFREGIC * CSORTIEPSILONM!
279 [FEAIMAGIWKPY 0T, 0,1 WKR = - WKP
280 PP EATMAGTHEMY LGT. 0.3 WRM = - M
| 281 ¢
\ 282 £ COMPUTE A ZRATI FOR THE UPPER AND LOWER MEDIA
\ 283 ¢
| 284 ZRATIP = CSORT(EPSILONP/EPSILONM)
\ 285 ZRATIM = 1 /ZRATIP
| 286 ZRATIPR = REAL{ZRATIF)
| 287 ZRATIPL = AIMAG(ZRATIPS
288 ZRATIMR = REAL (ZRAT (M3
289 ZRATIMI = AIMAG(ZRATIM}
\ 290 WKPR = REAL {HKP}
| 291 WKPT = ATMAG(WKP)
\ 292 WEMR = REAL (WKM)
| 293 WEKMT = ATMAGUHKM
\ 29y WRITEI3,2) WKPR,WKP[, ZAATIPR,ZRATIP! WKMR, WKM]  ZRAT MR, ZRATIM]
| 28% WRITELIQD,2) WKPR WKP[, ZRATIPR,ZRATIF WKMR, WNKMT, IRATIMR
| 298 1 LZRATIMI
297 2 FORMAT! K =  E12.%,5X.E12.%, ZRATI+ = . Ei12.4.85% ,E18.%,7
298 H K- = E12.4,5%.E12.4, JRATI- = E£12.4 . 5%,E12.% /7
\aae ECONST = TR*FREQ®D.9993001208E~7+F )

‘30[3 CEP A AP T RBEF IS AP ABSSFER LI FIADIFSL SR AN IV B I THFRAG S I F IS IIFRII B SRR RS2 TS

\3ca

| 302

| 303

304 1009 CONTINUE

| 308 CALL 00TiM

306 CALL CMSETUP(ZRATIP,ZRATIM,KSYMP, [PGND, [ VERTRC

307 CALL O0TIM(ITIME)

\308

1309

‘3§a C&é3$@")0(k%‘)*”}§0§®53"!i*‘&?&&\ﬂD:’:&‘!Q&#@ﬁt‘lé)D'ﬁ\b*@\ll**’%ﬁiibw)fﬁiﬁl»ii'ﬁﬁiaQ
311 1€ ({LOAD.€Q.01 ICASENO=MAXLOADS+! $$§ TO SHUT OFF DO DLOAD
312 IFCILOAD.EG. 01 GO TO Tui

(213 LOMMENT. - ~MODIFY M MATRIX BY LOADS

Tty DO DLOAD ICASENG=1 MAXLOADS $33 ALLOWS UP TO MAXLOADS CASES
715 IF ¢ [CASENO.GT. 11 GO TO 6Ll

316 COMMENT --~-ON FIRST PASS SAVE CM MATRIX ON DiSK

517 CALL FROST{24078.0,86TA ERRL) $3$ GET SUFFIX

218 EPR| [SUFFIX-1BETA,SHL.6) , INT.77B

kig FoMMY s (BRCMMATR X . SHL . BY L UN. [SUFF IX

20 CALL ASSIGN (4, [CMMX)

| .




321 CALL DEVICE( DESTROY ,(Creo) )
22 CALL DEVICE( CREATE L ICHMX NN 3+ 10008
323 BUFFER OUT (4%.,1) (CHM.CHME (N*N*2}

. IF LUNIT, %% WA[TO, OKOUT. ..
::; H:é;? FORMAT( **ERROR®* BUFFERING QUT OM MATRIX

326 wWOT 59,FOUT

327 WoT 3,FOUT

228 WOT 100, FOUT

229 CALL EXIT¢L}

330 OKOUT CONT [NUE

331 IFLAG=

332 50 T0 GL.2

233 G3L.1 CONT[NUE

334 IFLIFLAG.EQ. 1 GO TO GL2 $%% DONT NEED TO RE-READ
335 COMMENT--~-READ UM MATRIX FROM DISK
336 REWIMD (Y4

237 BUFFER IN 4%, 1) (CH,CMEINN*Z)

B30 WAITT IFLUNIT war WATTE OKIN, .,
339 FIN FORMAT( »*ERROR"* BUFFERING [N CM MATRIX 1

30 WOT 88, FIN

kJ3 WOT Z,FIN

2 WOT 100,.FIN

343 CALL EXITily

Zuyn  OKIN CONTINUE

45 IFLAG=1

MG GL2 CONTINUE

347 00 DL [NUM=1 ,NLOADS

348 IF(LOADS T, INUMY NE , [CASENDY B0 TO GLE

4G FNEW FORMAT(///7 MODIFY CM MATRIX BY SESMENT LOADS

350 (FLIFLAGY WOT B FNEW

351 [FOIFLAGY WOT 100, FNEW

352 IFLAG=0

353 WOT 3.6507. ICASENC.,LOADS (2, INUM) ,LOADSLE, INUM) , ZLOADS |, INUMY
35y . ZLOADS(2, INUM

355 WOT 100,65807, ICASENQ,LOADS (S, INUM) ,LOADSEE, INUMY , 2LOADS !, INUM) ,
358 . ZLOADSI2, INUMY

357 DO DL3 1=L0ADS(2, INUM) LOADS 13, |NUM)

358 COMPLEX ZL

3549 ZL=CMPLYXI{ZLOADSE L INUMI /ST 01  ZLOADSI(S INUMI*TR+FREG/ ST {1}

360  DL3 CMUIsN*(I-13r=OMUiseN -1 -00
361 GL3 CONTIRUE
362 DL CONTINUE

353 o IFUIFLAGLEG, 1) GO TO GLOAD 333 010 NOT FIND THIS CASE NO,
364 Tui {FINPRINT-1)Y 793,793, ™2
i85 Tua 00 Tun 1=l NP

388 DIMENSION THP(®)

87 WOT 3.F548,1

68 WOT 100,.FS46 .4

368 0G D781 J=1.N,2

373 N

374 COMPLEX TEMPCX

372 TEMPCX=CM [ +M® (-1 1)

373 TMP () =REAL { TEMPCX)

3T THP 21 =AIMAGI TEMPCX)

378 TMP {31 =CABS C TEMPIXY

e TMP U4 = TO*CANG I TEMPCX
377 [FeJdet LGT. MY GO TO 67O
378 S B

Es: TEMPCK=CM{ [ +N* )

380 THMP (51 =REAL ( TEMPCX)

31 P B =A IMAG{TEMPCX

282 THP L 7 =CABS L TEMPCX)

383 THP I8 =TRCANG TEMPCK)

384 ST CONTITNUE
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| 385 WOT 3.S5M6, CTMB LK), TUKS 1, JJ!

| 388 WOT 100,546, (TMP{IJK . fuk=1.UJ)

| 387 0791 CONTINUE

\ 388 7w CONTINUE

| 389 FS46 FORMAT(/2X. 1= ,(3)

| 390 546 FORMAT(@X.2(E11.3, R LE11.3, | .£11.3, M ,F3.3, P ,5%))
| igé i ;ve»»éghggsog OF THE MATRIX EQUATION
‘ Py TNy

‘ Kic X {:P{ﬁﬂ)a'ﬁ’h&%l?@%i.Da&‘ﬂ‘QﬁDR&‘»!\#i)»&i&ﬂ%‘é&lk%%-ﬁiaiS#«&Q&GG!@*&%Q&9&&*#»%@&1&

| 294

395

. 396

. 397 CALL ODTIM

| 398 CALL FACTOR(N,P NOIM)
| 399 CALL GOTIM(JTIME)
w00

Ty

‘ w32 {:&«»a&»éﬂ»*»gé%fu*#éaapagﬂbaavea&i»e»swap@»\sn3'»:-:'::3@«3»’1@#4;@5%;@@i«wba%n&a@*
\ w3 MTIME={TIME

| It TIME={TIME

‘ 405 T=TIME*Ll .E-6&

‘ w08 WRITE(3,65051 1

‘ 4Qa7 WRITECIQO,.B50%) 7

| 408 B505 FORMAT(/31M MATRIX INVERSION TIME [N SEC. FI0.3/)
| 409 Ka=1

| %10 [F(MODE . EG.2160 TO 747
| %} DO 7000% f=1.,M
| w12 70004 EINC(])=CMPLX(G.,0.)
| w13 TSEGL= [SEGIKA, 1511
| wie DO 70005 1=l ISEGL
| wis 15=1SEG (KA, 1)
| w18 70008 EINCUIS) s ~CMPLXIENCR KA, 11 ENCTIKA, [11451015)
\ Wiy PP ONPRINT.LT.OIGO TO 747
| 3F: WRITE 13,6409
| 419 WRITE (100,6409)
‘ 420 GLUOB FORMATI/3X, (5,5 E11.3, 3%, E13.3:
| 421 6409 FORMAT (Y4H SEGMENT EXCITATION (VOLTS/METER 54 MiH SEG N
w22 IUMBER  REAL PART IMAG INARY PART )
423 TFLISEGEX LNE. 1) GO 10 8410
\ w2y CALL ASSION(%,0,BRGUYEXCIT.D!
| 425 BUFFER IN (9, 1H(EINC,EINCINS) S
| 426 &%11 JFLUNIT,S! B4il,6%10, |,
| 427 WRITE(R, B412)
| wo8 WRITEL1OD,. 84120

| 429 6412 FORMAT( ERROR ON SEG EXCIT BUFFER IN OP--RUN TERMINATED.
| 430 CALL EXIY
| 421 B410 CONTINUE

| 432 00 8407 [P=1 N

\ 433 X1=REALLEINC (P

| b Bt K= ATMAGLEINC LR

‘ 435 FiXy UNE. 0. OR. X2 NE. 0. WRITE(3,Bu08) [P,X1.X2

‘ 438 PFaX] UNE, . (OR. X2 .NE. 0.3 WRITE(I00.8408) [P, X1,%2

‘HS? B407 CONT INUE
| 438 747 CONTINUE
‘ 439 e R e T I N

| 4n0

IEEEEEEFEEE R E R RS R A E R SR R EE SRS RS AN KR EEEEESSES

Ty

| 42

| w43 CALL OOTIM

TS CALL SOLVE (N,P,EINC.NDIM)
‘waﬁ FALL OUTIMIKTIME:

Gug

L ay7

“Hﬂ;a Lov. sssapnosbabsa  BiivaREEEE L
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wag 748 0O 160 [=1.N

w80 CURR( ] 1sREAL(EINCI] 1]

w51 180 CURI ([ 1=ATMAGIEINC(]))

w52 IF(NPRINT.LT.0!IGQ TO 430

453 NHALF = (N+13/2

W54 [P=NRPAGE

w55 0O 161 I=1.,N

wS6 J= [ sNHALF

BT {P=iP]

458 CHAG = SOQRTFICURRITISCURRITT » CURITITPCURILT Y

w59 PH = TO*ATANS(CURIUTY ,CURRt ]

460 IFUJ.6T.NIGO TO 82

4651 CMAGF = SORTFICURRUI*CURRI G + DURT G SCURT (.00

“62 PHP = TD*ATANSICURTJ CURRTUY )

463 IFOIPOLE ONRPAGE IGG TO GIRY

B4 WRITE (3, 9002

%55 WRITEL100.,8008)

SE6 HZES

4687 Gisl MN§T£§3‘EGU3EI,C$HHt13.Cuﬂétl),Q%AB,PH1$.CUPR!JS‘§U9¥(JE.CNAGP,PHP
468 18} WRITE(1G0,9003) 1 ,CURRL I ,CURTLL) ,CMAG,PH, J.CURR {13 ,CURT LU}, CHMAGP , PHp
468 182 WRITE(3,3003) 1 ,CURRUL ,CURIL T, OMAD , PH

470 WRITECIOQD, 80031 ,QURRE T, CURI {1, CMAG  PH

471 G002 FORMATISH|SEG . 4XIHCURRENT -  4EXUHEED . wXSHCURRENT =4 PAIHNG . SAWHRE AL |,
Y72 1634 IMAGINARY MAGNT TUOE PHASE NG R
473 S4 3HAL {MAG INARY MAGN TUQE PHASE / 3

T4 G003 FORMATOIN, IM,E13.4 . E£12.4.E16.8,79. 3,95, 14,£13.9 . £12 % .516.8,F9.%;
475 430 IFIMODE LEG. 2100 TO 201t

475 IFLISEGL . GTY. 1160 TO 2011

w77 ADMIT=CURR (IS +F P CURT LIS

478 ZRED=1./ADMIT

%73 WOT 3, (/471

480 WOT 180, (7521

48] FADZIP FORMATIAIC, = ,E11.3, B E11.3, | ,E£11.3, M ,F9. 3,
48 . = AT (E12.8. OHZ

483 WOT 3.FADZP, ADMITTANCE  REALtADMIT) AIMAGIADMITY,
320 . CABS(ADMIT  TR2CANGIADMI T ,GH2

%85 WOT 3.FADZP, IMPECANCE RCALIZPED AIMAGIZOEDY,
488 . CABS(ZPED) ,TD*CANG I ZPED)  OMZ

487 WOT 100,FaDZP, ADMITTANCE REALIADMIT)  AIMAG(ADMIT:,
488 . CABS(ADMIT) , TDPCANGIADM | T, GHZ

89 WOT (00,7 ADZP, [MPEDANCE REALIZPEDY,AIMAGIZPED),
a0 . CABS(IPED . TO*CANG( ZPED) \OHZ

481 2011 CONT [NUE

492 FINPRINT.GT.IHOT 2,800

w93 IFINPRINT.GT.OIWOT 100,8009

494 9004 FORMATiuM] [SXZHARIOXZHAL I I XOHBR 1 0X2HB ] | I XSHOR I OXPHE |
495 0O =82 i=§,N

%36 CALL TRIQU!,JCDY  JCO8, 0L DK

437 =511

w98 CL=TP=DL/ {-COLAM]

wGg CE=TP*DIR L-COLAMY

500 S{RL=SINF LY

501 COSL=C0%F (LU

502 SINK=SINF {CK}

503 COSK=LOGF 110

504 SILK=SINF (CL LK

305 CELLO=SINL »SINK-SILK

506 FeJo0t) 403,404,405

BT w03 8 0=0.0

508 CiL0=0.0

503 IFINCIX.LT. 1 GO 10 4088

510 20 w06 K= NCIX

a1 GIRK=JIRIK S

B1 CRLO=CRLOSCURR L S XK




(o

\ . 513 408 CILO=CILG+CURT (1)
‘ 1% w065  CONTINUE

\ 518 IFONCOX . LT. 1) 50 1O 41058
\ 516 DO %10 K=1.NCOX

\ 517 SONK = JOX (1)

\ 518 CRLO=CRLO-CURR { JOXK }

‘ 516 w10 CILO=CILO-CURT { JOAK S
\ 520 w105 CONTINUE

; - sa GO TO 411
: \ 522 uiY CRLO=0.D
i \ 523 CILO=0.0
4 \ CEM GO TO 4!l
| 588 w0s CRLO=CURRIJCOT )
\ 526 CILO=CURI (JCO 1
i | 827 w1l CRLL=CURR{ 1}
\ 528 CILL=CURI L)
. 529 IFLUCOE) %12, 913 0114
\ B30 w1 CRLY=0.0
\ 531 CILY=0.0
. B32 IFINCOZ LT, 1) GO 70 %155
| =33 DO #18 K=1,NCO7
| sy JOZK=JOZ (¥
| 53% CRLY=CRLY+CURR ( JOZK |
\ 536 415 CILY=CILY+CUR( [ JOZK}
| 537 4155 CONTINUE
| 538 IFANCIZ.LT. 1) 00 70 4169
\ 539 DO 416 K=1.NCI12Z
| Bun HIZK=J1Z ()
\ 541 CRLY=CRLY-CURR (.J1 7K
| S42 416 CILY=CILY-CURT (312K
| B42 %1685  CONTINUE
\‘5‘4’& GOOTO w17
| 545 w13 CRLY=0.0
\ 546 CILY=0.0
| 547 GO TO 417
| S48 41y CRLY=CURR {.JCO2)
\ 54a CILY=CUR] (JCO2 ]
| 850 417 ATRCI I (CRLOSSINK-CRLL*STLKSCRLY*SINLY /0ELLD
| ®81 ALT{I = (CILOSSINK-CILL*SILK+CILY*SINCI /CELLD
\ 852 BIR(]1={CRLG* (COSK-1 . ) +CRLL® (COSL-COSK I «CRLY* (1, ~COSL 1 1/ CELLO
| 553 BI1C1)=1CILOY (COSK~1.0) +CILL * (COSL~COSKI+CILY (1 . 0-C0SL 1 1 7CFLLD
\ 554 CIR{I =~ {CRLOSINK-CRLL® ISINL+SINKI +CRLYSSINL} /CELLD
| 555 - CHIED) =~ (CILO*SINK-CILL (S INLSINKI+LILY*SINL) /CELLD
| 558 FINPRINTY 402,402 .40
\ 557 wOl WRITELZ,98) 1, AIRCIY AL Y BIR(IY ,BITLL ,CIRV LY 00T
\ 858 WRITECIOD, 9811, AIRCITLATTOLY,BIROD B{ 101, CIRCTS . ClieD)
559 98 FORMAT(IX, 14, 201X, 2812, 90
| ‘ L, .
| 560 402 CONT INUE
‘Eﬁgsga’i;u»)u«vw:»a/&»%ﬂa»).\vaw%%#»»;ma;}adu
| s62 ¢
\
| 863 € IF NORMPHR = 1, THEN NORMAL IZE THE ANTENNA CURRENTS TO A REFERENCE
\ 564 ¢ POWER OF 1 WATT FOR THE NEAR AND FAR FIELD CALCULATIONS
“ggzg»&iﬁlu‘i&n’i,‘lahl!jb"i!i!ti?i‘ﬁ&i.
\557 IFINORMPWR LEQ. 03 60 TO wiB
| 568 PHAESUM=T
| 569 DO NORM I=1!, ISEGL
\ﬁ?a IEXCIT=ISEGIKA, 1]
| &7t PAR 0. B¥REAL ( (ENCRIKA, | 1»F J2ENCT (KA, 1139
| 572 . (CURA(TEXC I TI-FUCURICIEXCI Ty 3
\%?3 BLRSUM=PRRSUM» PR
[B74  NORM CONTINUE
575 WATT1=SORT (1. /PHRSUM
\‘S?E WRITE (3 w18 WATTY
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S77 WRITECIQO,4195 WATTY

578 WOT 3. (///)

579 WOT 100, trszy
580*ngFORHAT‘i"”’*"*”‘“"’*‘““‘"iﬁ VSL‘{AGEYDQ
S81 IRIVE ANTENNA AT [-HATT = F12.8 /7 ALL FIELDS ARE NORMAL[ZED
582 E?ﬁIPstmR‘ff”“"*"**"t"lﬁ-vglar»3
583 00 418 I=1.N

584 C

S85 C NORMAL [ZE THE ANTENNA CURRENTS TO AN EQUIAVLENT | WATT DRIVE FOR
586 C FIELD CALCULATIONS.

587 €

588 ATRCTY = AIR(TIPHATTY

589 ALTULY = AL 3oWATTY

S9G BIR(IY = BIRI[YRATTY

591 BITULY = BITU]I*WATTY

582 CIR(LY = CIRU)*WATTY

593 CHIChy = CLICh oWATT

584 wi8 CONTINUE

595 [P=NRPAGE

596 C

587 C

588 C IF IDISK = 1, THEN WRITE THE A B AND C CURRENTS QUT ON DISK PLUS
599 C JTHER REQUIRED DATA FOR DOING NEAR FIELD CALCULATIONS OFFLINE
500 C

601 IFLIDISK JEQ. O 60 1O 7908

&0 CALL ASSIGNIB, 0, IOFILE, 10000

803 C

B0 C FIRST BUFFER QUT THE GEOM COMMON BLOCK

605 C

506 BUFFER QUTIE, 1IN, COLAM

807 Bi IFIUNIT . 8) Bl,, ERPAR

608 ¢

809 C NEXT DO THE ANGL COMMON BLOCR

610 €

611 BUFFER OUT (8,13 {CAB,SALPINGY

B12 82 IFLUNIT . 8 B2, , ERPAR

Bi3 ¢

Bi% €

615 C BUFFER QUT THE A.B.AND C CURRENTS

816 C .

617 BUFFER QUT (B, I1MAIR,CITINGY:

gi8 B3 IFCUNTT . B) B3, ERPAR

519 C

620 ¢ BUFFER QUT THE MEDIA PARAMETERS

621 C

&2 BUFFER QUT (8,1)(EPSRP,SIGM)

523 B4 IFIUNTT, B B4 WEOF KEDF ERPAR

624 ERPAR WRITE( 3 ERMSG)

529 WRITE 100, ERMEG)

B26 ERMSC FORMAT( PARITY ERRCR GENERATED--OONT USE DISK FILE
627 WEDF CALL WRTYEQF (B}

828 Call DEVICE( CLOSER |, [OFILEn

B29 WOT 3 FMTS, |OF [LE

&30 WOT 00 FMTS, IOFILE

531 FHMTS FORMAT(//, SCRATCH FILE FOR THIS RUN 1S A&1D.7/1
632 POV [LE=[OF JLE+1

533 IFCOIOFILE VINT. 7783 EQ. 738

B3y IGHILE={OF [LE>48B

B35 7906 CONTINGE

536 IFUISURF L EG, 11 CALL SURF

637 FOISURF CEQ. 1y CALL FRAME

538 IFCLSURF LEQ. Ty CALL SETCHIO. 100.,1.,0.0.8.00
539

Bal

T




‘ [T WOT 3;899.]?}”{»5 £-5 JTIME* , -
o - 1.{“5,3‘(?;!&'1.. ind
‘ E42 WOT 100,893, 17T M- ‘ £-8

: LE-B.UTIME® ] E-6,KTIME®] .E-6
‘ 643 893 FORMAT(// MATRIX FILL 7TimE- F1

JFl12.%, SECONDS ./,
Bl FACTORING TIME~ Fla.w, SECONDS ./,
: B43 . SOLUTION TIME= .F12.4, SECONDS /.3
‘ B4
- B47

648 GLOAD TONTINUE
649 OLOAD CONTINUE
‘ B50 773 CONT INUE

851 GO TO 1000
852 13 WRITE(3,9085) [rpp
653 WRITEL100,9085; (rar
854 WOT 58,8055, |gRR

| 55 9055 FORMATI17H STop

ERRCR NO. {51
‘ 656 1600 CONT {NUE

857 IFUILOAD.NE.O) CALL DEVICE( DESTROY .1CMMX)
\ 658
‘ 659

B60
‘ 6881 CALL FROST(24108,02008,8ETA, IXT)

66¢ TIMCPU=BETA(1)/60.66 $%% CONVERT TO MINUTES

863 TIMIO=BETA(R) /B0 .£6 $%8 CONVERT TO MINUTES
‘ gg*: WOT 3,808, TIMCPU. TIMIO, TIMCPUT IMIO

o

WOT 100,900, TIMCRY, TIM[0, TIMCPUTIMIO

N L7,

666 Qo0 FORMAT /7y CPU TIME USED= Fl12.%,
‘ 887 /O TIME USED= .Fi2.8, MIN. 7,
668 . 8X, TOTAL= Fi2.8, MIN.
‘ B63
870
571 CALL EXIT
878 £ND
|
| -73-
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CODE ANALYSIS

SUBROUT [NE ANTPLQOT »
COMMON/GEOM/N NP, X 13001, Y (3001, Z¢300) 5163000 .B1 1300}, ALP(300)

1 BET(300;.ICONII300!.ECONEK3DG:.COLAﬂ

LABEL =0

FIND THE MAXIMUM VALUES OF X, Y, AND 2

£

5 0

KMAK=AMAXAF (X, 1,500
YHAX=AMAXAF (Y, 1,500
ZMAX=AMAXAF (2 1 500
PLTMAX=XMAX

[FOTMAX (GT . XMAXE PLTMAX=YMAX
IF{ZMAX . GT. PLTMAXD PLTMAX=IMAX
CALL FRaAME

CALL DRERS(11

DRFRNN-CWOANAE by~

| 17 CALL MAFP  {-PLTHMAX PLTMAY , ~PFLTMAX PLTHMAX, 14,  BS, 19, . 4
\ 18 CALL SETCRTID..0..1.0)
| 19 ¢
| 20 € PLOT PLAN VIEW X-Y PLANE
| 21 ¢
\ 22 DO 10 1= ,N
\ 23 [FLALPC]Y .GT. 1.5 GO 70 1@
\ o4 DX = G111 *COSFALP ] °COSFLBET [ /2.
\ 25 OY = S1(1)12COSF(ALP (1) »SINF(BET([11/2.
\ 26 X{ = Xt11 - DX
\ 27 X2 ow Xy o+ DX
| 28 Yi o= Yil1 - DY
| 29 Y2 = Yi{{) + DY
\ 30 CALL PLOTVIYY X1,YE X2}
\ 31 10 CONTINUE
\ k-3
\ 33 C LABEL THE PLOT
\ ™ ¢
\ 35 CALL SETCH (4§.,5.,1.0,2.0
| 36 CALL CRTBCD(10M PLAN VIEW ;
| 37 ¢
\ 38 € LABEL THE SEGMENTS
\ 38 ¢
\ 40 IFILABEL .SQ. O GO TO 13
\ w1 DO 11 [=i.N
| 42 IFGALP (D) LGT. 1.5) 60 1O i
\ w3 CALL SETLCHIX(T},¥i11,1.0.0)
| Yy WOT 100 12, 1
| 45 12 FORMAT(IX, 133
| 46 11 CONTINUE
\ W7 CALL FRAME
\ 48 C
\ 49 ¢ PLOT THE Y-Z PLANE
\ 50 ¢
\ : 59 CALL MAP (~PLTMAX,PLTMAX,~PLTMAX,PLTMAX, . 1%, 85, .19, 80
\ 52 CALL SETCRT(0..0.,1.0¢
| 83 CALL LINE(-PLTMAX*1.1,0. ,PLIMAX*{.1,0.}
| 5y 00 20.1=1.N
\ 55 IF(BET(I) .GT. 1.60 .AND. BET(I} .LT. %.65) 50 TO 20
\ 58 OV = S10]32COSFLALPOL ) *SINFIBET (1172,
\ 57 07 = S1LTICSINELALPLII/B,
| 58 ¥ o« Yi[1 - DY
\ 59 Y2+ Yii} + DY
| 80 Zt o= Zi4y - D2
| - 72 s 245t o+ 02
\‘ 82 CALL PLOTYIYL, 2y, ¥82,283

\ BX &0 CONTINE

Py




‘ Eé‘i - LABEL i %
LABEL TH #1 O

\
87
‘ 58 CALL SE
| B C CALL TCH(4S. .5
. CRIBC B
| 78 TBCD (1 »1.0.2.0
€ LA IH FRON S
‘ T 8L SEGME ONT VIE
‘ e ” MENTS H !
3 '
‘ i % o L AREL
: € EG
: | z‘* 2t 1= R+ X W ¢¥4 ] ]
! \ e éiigg?iziXN T e
& LL SE LGT L
- T 1.6
‘ 77 WOT 160 LOHEY (s <~,0 JAND ., #
21 -~ 0,12 2l £Tets
‘ \ 78 ;0N¥5Nus o 0.0 LT, 485
7 ALl ‘ LEBY G
: | o ¢ LL FRAME Go 1o a1
‘ ‘ 81 Z MOT THE X
: \ 82 ¢ X2 PLANE
! 83 ALL
\ MAP
CALL (~PLY
| 8y LL SET TMAX
| 85 CALL LaNg?T tu"Utﬁingx’"poN;
| #e of 40 i=) 'PL}";«;‘X.I ‘wzi X, PLTMAY )
| &7 [F{BET f’” b.0. . PLTMAX volh, . B85,.19
| B DX=S i .gT AXT 19,
| 8 g_b“!"co L3I O I
| SQ xg;zSii}}*g[i;lALPulr ? BETiLY LT
90 =X NF (ALP L CCOSE (BET( 11 /2
\ sl xemxtii”ﬁx LReie. (BETC11)/2 0.} GO TO 40
71s «D% 4 4Q
1 Eii
3 w5 %{},’g
: ’4
‘ Qy 40 CaLl &0 )
. TVING LT
‘ 9% 0 CONT INUE (X1,71.%2.7
‘ 96 ¢ LA 223
\ g7 ¢ BEL THE PLOT
| 2 CALL SET £ SEGMENTS
10 CAL CH45. .5
a .
‘ CRTBCD T
1ot IF (LABEL (oM SioF 2.0
\N}e D0 w1 - GEGL O € VIEW)
103 1 eET ) G0 10 i
104 CALL égif 6T, 305
185 i WOT 100 TQngifiizg LOR, BETOH
108 {:ON?gwélg'i ' “*MS'{}}‘H LY. 85
‘};g*‘r c CALL FHAME A0 TO Y
8 C
| PLOT
\i?g ¢ AN 1SOMETRIC v
T OF
111 THETA = OF THE )
\182 ST = 51 0.788 ANTENNA
113 cT = Céfr{7hgyﬁ§
e SCALE= SF (THETA
Fig CALL raP X171
118 AL ~PLT
\ o L SETCRT( MAX.SCALE
j17 O3 g £, -p
‘ 30 i=d PP I o CTMAY LG
118 oX = S§€‘~N 40 KL SCALE, 14
0 oy = 11 2COSF 1Al o 14..85
féﬁ D7 = Sf{zl‘iasytﬁhpfisﬁac 218,80
peo Z = Slifie FraLpg OSFiBET
121 XK1= X4 PGS INF L AL ) 1S INF (BE (1yis@
\2r v = YZH - % EYEESYT S \.8E?i§;§!!8~
125 71 = Zlii - Oy ‘
&4 LR U * 4
jes Y2 = ff§3 + DX
. 72 = rebye
185 C > = 211y oy
27 ¢ com oz
5 ONVERT TO
o8 C ! T PERSPEL
PEOTIY
CTIVE COORDE
DINATES
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XIPLOY = ¥§ - ESE ok

o YIPLOT = 71 - xjeg
131 X2PLOT » y2 . Xes*Cr
132 YEPLOT = 25 . X257
133 CALL PLOTViXZ?LQ?,V?PL@?,XEPLOT,VEOLG?:
134 30 CONT INUE
135 CALL §£?£Hi@ﬁ~,§,,l,ﬂ,8.ﬁ3
136 CALL CRTBCDN 1514 ISOMETRIC VIEW
P37 RETURN
H ENG

H CODE ANALYSIS

2 FUNCTION CaNGIAS

3 DATA (P1=3. 1w 189565359,

4 COMPLEX &

5 X=REAL (A}

B YA IMAG LA

7 FOX NE .0 GO TO 10

8 ANG=G

] ooy o7 o ANG = Prsp,

ig F oy L1, o ANG= -1 72

it CANG=ANG

e RETURN

12 19 CONTINUE

14 ANG = ATAN(CABSF (Y1/ABSE (%) 1
5 IF (X .6Y. 01 GO Q20

i6 IF 1Y JBE. 01 ANG = Pl -ANG
17 IF 4Y LT, 0) ANG = ANG-P!
ig CANG = ANG

19 RETURN

20 20 CONT [NUE

&1 IF Y LT, 01 ANG = ~ANG

a8 CANG = ANG

23 RE TURN
2% END

H CODE ANALYSIS

& SUBROUT InE CﬁfNCGSeZ.&éNz,QSSZs
3 X=REAL (73

i Y=AIMAGLZ

5 SX=SINF 1 %)

&8 CX=COSF i

7 IF(ABSF 1Y AT 1E-8) o0 TG
8 EY=fapriy;

g GO 10 2
R I EY=]. 7
iro2 SY=},/EY

iz CYs(EYsGyia 5

13 SY={EY-SYis . §

iy S§NZ*CH?LX%SX‘CY,$X*SY?
15 €032=CHPLXEC$BCX.“SX¢$Y1
1527 BE TURN

il END
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301

902 FORMAT (1 1H DIPOLE NO.IS!IH

10

H

CODE ANALYSIS
SUBROUT {NE OATAGNG
PARAMETER (MS = 300

COMMON/GECQMA/N NP, XIME) LY (MS) , Z(MSY ST 1MS) B (MG ALP NS,

BETIMS), ICOMNIIMS)  JCON2(MS T , COLAM
COMMON/CSEGs ISEGE 1O NOIP

TA=0.J1 7483292
READ(2,90014! \ROTAT ELEV NDIP
WRITEC(Z, Q001H] ,ROTAT ELEV NOIP
FORMATIZFIO.S, IS

RLAM=COLAM»8 4B7E-2

HI=H] *RLAM

ROTAT=ROTAT*TA

ELEW=ELEVeTA

1E&=0

00 10 =1 ND{P
WRITE(Z,9011X] . X2,72.50RCL ,WRAD NS
FORMATI(SFI0.5, 1%

Xi=X] "R AM

X2=X2 AL AM

22=22*RLAM

SORCL =SORCL *RL AM

WRAD=WRAD *RLAM

SORCH=SORCL* . 5

CALL LINEZ(X1,0.,-SORCH, [E2+1 8L ALF BUT,X1,0. SORLA, 1L, 1, 1 HWRADS
CALL LINEZ(X!,0..SORCH,JC+i EL ALF BUT X&.8.,22, 1E1 NS, | WRAD)
CALL LINE2(X1,0.,~SORCH, IE1+1 EL ALF BUT,X2,0.,-22,1E2.NS. | ,WRAD!

ISEGtI=IC
ICONT L [C e
ICOMTIE I+ 3=~
ICONZUIEI =0
ICONSLIES) =0
EL=2.*EL+SL
WRITE©3,802) 1,EL

CONT INUE
N=JE2 § NP=iEZ

CaLL MOVEID. 0. M ROTAT ELEV .0
RETURN

END
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CODE ANALYSIS

; é SUBROUT INE DATAGNZ
* PARAMETER (MS = 300}
Y COMMON/ GEOM/NL NP X IMET Y (M8 2 MG, BT IMS) BIIMS) ,ALPIMS; |
5 ! BET(MS),ICONI(MS), ICON2(MS), COLIY
& COMMON/CSEG/ ISEG( 10} NDIP
i Ta=0, 017453292
8 READ(2,900) HI,ROTAT,ELEV,PIVHT NDIP
g WRITE (2,300)H1 ROTAT ELEV,PIVHT NDIP
10 800  FORMAT(NF10.5,15)
1 RLAM=0. 0254
i2 PIVHT =P [ VHT *RLAM
13 © HI=Hi*RLAM
iy ROTAT=ROTAT*TA
15 ELEV=ELEV+TA
18 1£2=0
17 DO 10 1=1.NOIP
18 READ(2,901) X1,X2,22.50RCL  WRAD NS
19 WRITE(3,901)X1 X2, 28, 50ACL ,WRAD NS
20 801 FORMAT(SF10.5,15)
2 Xl=X]1*R aM
22 X2 X2 *RLAM
23 22=72*RLAM
24 SORCL =SORCL *RLAM
25 WRAD =WRAD *RLAM
28 SORCH=SORCL*.5
27 CALL LINE@IX1,0.,-SORCH, JE@+1 ., SLLALF .BUT X1 ,0.,50RCH, 1.1, 1, WRAD)
28 CALL LINE2(X!1,0..50RCH, 1C+1,EL ALF ,BUT ,X2,0.,72, 161 .N5, | .WRAD)
29 CALL LINE2UXI,0..-SORCH, [E1+! EL ALF ,BUT,X2,0.,-22, [E2 NG, |, WRAD)
30 ISEG(1=1C
31 LCONL C1T) =~ 1
32 ICONIETET+11=n]
33 JCONQ(1E 1) =0
24 ICON2(1E2) =0
ki EL=2.*EL+SL
36 WRITE (3,902 [.EL
37 902 FORMATC(IIH DIPOLE NOLISTIH  LENGTH=F 0.5
38 10 CONT INUE
33 N=TE2 § NP=[E2
40 CALL MOVE(D. ,-PIVHT,0.,0..0..0.)
41 CALL MOVE(D.,0.,HI,~ROTAT,0.,0.
4 READ(2,902) TX1,721,TX2.T28,1X3,123, TWRD NS | N2
43 WRITE(Z,9081TX1 T2}, TX2, T2, TX3, 723, TWAD NS | ,NS2
w4 903 FORMATI{7F10.5.215
45 TX1=TX1 *RLAM
48 TZ1=TZ1*RLAM
w7 TX2= TX2*RLAM
48 122=TZ2°RLAM
49 TXZ=TX3*RUAM
50 1235723 +RLAM
51 TWRO= THRO *RL AM
52 1E1sNe1
53 CALL LINE2(TX1,0. 721,161 ,EL ALF ,BUT TX2.0., 728, 1E2.NSI, |, TWRD)
54 CALL LINE2(TXE,0.,TZ2.1E2+1 EL ALF ,BUT,TX2,0..T23, [E2,NS2, |, TWRD)
55 ICONI (1E1 150
8¢ ICON2(IER) =0
57 NoLER
52 NP~ LER
3 CALL MOVE(D.,0..0..0. ~ELEV,0.)
B RETURN
&1 £ND
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CROE ANALYSIS
SUBROUTINE DATAGNE

PARAMETER (NS = 3003
COMMON/GEOM/N NP X INGT  YING  ZINS) ,SHINS ,BLINS) JALPINSY,
BETING , [CONTINS ), [CONSINS) [ COLAM

WRITE13,8901

901 FORMAT(///39H COLLOCATION PﬁOGRhM FOR LINEAR DIPOLESY

NP =1
Pl=3. 1415925854
[i=1
N=0

12 Crexes COLAM 1S THE DIPOLE LENGTH IN METERS
I READ(2,9001) ELLALF BUT XC, Y0, Z0  SDEL (M, 1CONT

FORMAT(IF10.5,21%:
A=ROEL *EL

MabieM

AL =ALF*0 . 017453229252
BT=8UT*0.01 75329252
CA=COSF (ALY

ELOS=EL* .8
Ki=RXC~ELO2*CA*COSF (BT
Yi=¥YCU-ELOS*CASINE (8T
Z1=dC-ELUS*BINF (AL
Call LINETUXI, YL, 20 LELEL AL LBT XP YR 22,012,081 A
{CONI LY 1=0

JCONS U210

Pi=i2s1

IF{ICONT .NE.OQ) GO 7O 1}
NP =

RE TURN

END

~79-




e T T

cgoc'ANALYSlS

"? SUBROUT INE DATATIP
3 PARAMETER (NS = 300}
9 COMMON/GEOM/N NP X INS) Y ING ,ZINS S ING ,BHINGS  ALPINS)
5 | BETINS),ICONI(NS), [CONSINS ,COLAM
& OATA (IB1AS = [RAY
7 FACTOR = (.3048
] ISEG = 1
g C
10 € READ IN 2 DATA CARDS FOR EACH MAJOR LINE. LINE LABEL WILL DETERMINE
1 WHICH OPTION WiLL BE WUSED FOR DATA GENERATION
g
H i READ (22,1000 LINE X1 ,¥E, 21 NCONT XS 2 72 NOONS
1% 1000 FORMAT (IRILVIFI0.5,IB,3F10.5.1%
15 READ (2,1001) NSEGS . TAU . AT, TENS,WIREDIA
16 10D FORMATIIS w105
17 C
I8 © CONVERT DIMENSIONS [N FEET TO METERS
18 C
20 Xi = X1 + FACTOR
4] ¥i = Y1 s FALTOR
28 Z1 = 21 » FACTOR
&3 X2 = Xg * FaCTIDR
2% ¥e = Y2 » FACTOR
25 22 = I2 » FACTOR
a6 WIREDIA = WIREDIA * FACTOR
27 WIRELTH = WIRELTH * FACTOR
28 IOPT = LINE ~ I1BIAS +
29 GOOTO (10,020,300 ,%0,50,60,70,80,80) 1087
3 C
21 € LINE A--NO SYMMETRIC ELEMONTS
20
33 10 CALL LINEZ (ISEG.NSEGS TAU WY, TENG  WIREDIA, XY Y1, 21, X&,Y2,28)
ke NSEGSA = NSESS
3% {CONT ¢ IBEG) = [SEG
36 ISEG = [SEG + NSEGS
37 ICONSLIBES ~ {3 = NCONS
38 o0 1O 1
g ¢
w3 O LINE 8
i O
42 20 CALL LINEZ ¢ {SEGQ NSECS ., TAU,WT,TENS WIREDIA X1 ,Y1 21 . X2,¥2, 28}
%3 NSEGSE = NSEGS
il CALL XFRM {I1SEG NSEGS,NLASTI
L3 CALL ENDS (ISEQ NSEGS NCON NCONZ . 2.3
£1-] 1SEG = NLAST
%7 GO TO ¢
48 ¢
wg £ LINE C
80 ¢
BL O30 CALL LINEZ (JSEG NSEGS, TAU. WT  TENS WIREDIA XL Y121 X&,¥38.72)
52 NSEGSC = NSEGS
53 CALL XFRM (]SEG NSEGS  NLAST!
a4 CALL ENDS (1SEG, NSEGS ,NCONi  NCONS, D11}
55 1SEG = NLAST
56 co 101
57 &
88 ¢ {.INE O
959 €
B0 w0 CALL LINEZ (ISEG NSEGS, TAU WY, TENS, WIREDIA X1, Y1, 21 X2, Y2, 28}
61 NSEGSD = NBEGS
B2 CALL XFRM (ISEG,NSEGS.NLAST!
B3 CaLL ENDS (ISEG.NSEGS NCONY NCONES 8,11
B4 0
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‘ 82 C LINE [ 15 MIRROR OF LINE D

‘ B8 C
87 CALL FLOP{ISEG,NSEGS)
\ 68 1SEG = NLAST
‘ BY CALL XFRM (ISEG,NSEGS NLAST)
790 NCON2 = NCONZ - 4
\ 2 CALL ENDS (1SEG,NSEGS .NCONT.NCON2. 1.1}
78 ISEG = NLAST
‘ 73 60 TO 1
‘7& '
75 C LINE E
\ 76 ¢
‘ 77 S0 CALL LINE3 (ISEG.NSEGS,TAU.HT,TENS,WIREDIA.XI,¥1.21 X2 .¥2 .22}
78 NSEGSD = NSEGS
\ 79 CALL XFRM (1SEG,NSEGS ,NLAST
‘ 80 CALL ENDS ([SEG,NSEGS . NCON| NCONZ. 0.1}
81 ¢
‘ 82 C LINE J IS MIRROR OF €
83 C
‘ 84 CALL FLOP (1SEG.NSEGS)
‘ 85 [SEG = NLAST
88 CALL XFRM ([SEG.NSEGS,NLAST!
\av NCON2 = NCON2 ~ 4
88 CALL ENDS (ISEG.NSEGS.NCONI ,NCON2 . 1. 1)
89 ISEG = NLAST
30 G0 T i
31 ¢
82 ¢ LINE F
93 ¢
94 B0 CALL LINE3 (ISEG.NSEGS,TAU.WT.TENS . WIREDIA, X! Y121 .X2. Y2221
\95 NSEGSF = NSEGS
96 CALL XFRM (1SEG.NSEGS NLAST)
g7 CALL ENDS (ISEG.NSEGS.NCONI.NCON2.O. 11
‘ga ¢
99 C LINE H IS MIRROR OF LINE F
lao ¢
a1 CALL FLOP(1SEG.NSEGS!
02 [SEG = NLAST
a3 CALL XFRM (ISEG . NSEGS,NLAST)
P Ow NOOMD = NCONL - &
05 CALL ENDS (I1SEG.NSEGS . NCONI,NCON2,0, 1}
6 {SEG = NLAGY
07 6o 70 1
08 ¢©
09 C LINE G TOWER
10 ¢
{1 70  CALL LINEZ {{SEG.NSEGS,TAU,WT,TENS WIREDTA X!, Y. 21 .X2.¥2,25)
12 NSEGSG = NSEGS
13 CALL XFRM (ISEG.NSECS,NLAST!
11y CALL ENDS (ISEG.NSEGS,NCON! ,NCON2.0,2)
15 [SEG = NLAST
J;a co 1O 1
117 ¢
118 € AN ALPHA CHARACTER OF | WILL ALLOW ONE TO GENERATE A SINGLE LINE
118 ¢ AT THE SPEC(FIED COORDINATES AND LABEL THE ENOS
20 ¢
121 90 CALL LINEZ (]SEG.NSEGS.TAU,WT.TENS,WIREDIA,X!,Y1,21.X2.Y2,28)
22 ICONT (ISEG) = NCONI
123 ISES = [3EG ¢ NSEGS
J2% [CONSCISEG-11 = NCOND
e GO TO | '
126

{

H
H

C
&7 £ AN ALPHA CHARACTER OF H WILL TERMINAYTE TeE [INPUT DATA
28 ¢

‘ ~-81~




it

29 80
130
131
132

Wwm -3t &g~

Y = 3

14
15
i6
17
18

20
21
2e
23
24
25

27
28
29
30
31

3
33
I
35
3B
37
38
33
4y
L3
42
%3
iy
s
w6
w7
4B
49
50

CONT INUE

N = NP = [SEG - }
RE TURN

£ND

CODE ANALYSIS

SUBROUTINE EFLDIB, S, RH,ZP, 1J,E25 ,ERS EZC ERC (EZK ERK  MEDTA)
COMPLEX EZS,ERS,EZC,ERC,EZK ERK

COMPLER WK, WK1

COMPLEX ERILERZTRIL,TR2, T TXZ,EINT 2D, 208 . CST, 557
COMMON/ TMI 7 ZPX RBE, | JX -COMPLEX~F WK

COMMON/FREGQ/FREQ, ~COMPLEX-WKP  WKM, ECONST

WK = WKP
[F(MED(A EQ. - 1) WK=WKM
WK =1, /WK

13 COMMENT~---F {LL COMMON BLOCK TM! FOR USE BY OF WHEN CALLED BY INTX

TJdX=1d
ZPd=75P
FORK=CMPLY (A TMAG IWK) |, ~REAL (WK ) $3F ~F J2 kK

RBZ=RH*AH«E8

RB=50RT [ (RB2)

SH=. 5%

RI=SORT I {RBE+ (IP+SH) o+ 2
ERI=CEXP(CMPLXIRT *AIMAG (WK, ~RY *REAL (WK 33
R&=SORT L {RBZ+ (IP-SH1 222
ER2=CEXPICMPLX (R2*AIMAG (WK ) , -R2*REAL WK} 1)

ZO1=CMPLX (2R REAL (WK ZPSAIMAG WK | oCMPLXISHEREAL (1K), SH*A [MAG WK 3
Z0S=CHPLX I ZP*REAL (WK T , 2P A TMAG WG 1 ~UMPLX(SHEREAL (WK1 ,SHY A IMAG LMK 1 3
CalLl, CSINCOSICMPLYX (SH*REAL 1MWK [ SH*ATMAGLWK Y} 85T, 06T

ERI=ERI*CMPLX (REAL (WK [ *ECONSTI /R AIMAG WK *ECONST Y 4R Y

ER2=ERF*IMPLX(REAL (WK *ECONST 1 /B2, A1 MAG WK ] *ECONST 1 783)

TRI=CHMPLX{~ATMAGIMK I /R REAL (WK /R
CHPLXIREAL WK [} /R VAIMAGOWK ] 3/R 1o e

TRS=CHMPL X -A TMAGIRK ] 1 /RS REAL CWK [ 1 /R +
CMPLXIREAL (WK1 1 /RS2 AITMAGINK I /RS #2

T =TR1*201

IXS=TR2* 20

EZ8= 100 T~ TX2*GOT 1 *ER2-{CST+TH [ +95T 1 2£R}

E2C=~{SST+TXz*LST ) *ERS-(SST TR LS T 1 9ER]

ERGe~({ Z0R*CST+88 T~ T2 Z0S*S8T 1 *ERS - 1 ZD I *CBT~SS T+ X1 2D *88 Ty »ERY 3 »
CMPLXIREAL (WK1 * (RH/{RB*RE I} LA IMAGIUWK [ Y *(RMN/ {RB*RE 1

ERC= {1 208 88T~ LT TR Z02 LS T sER2 e ( JOI *GET+CR/T-TX | 2 ZDI*C8TI*ERL ) ¢
CMPLXCREAL (WK T 1 {RM/ (RE*REYY (AITMAGUWK ! 12 {RM/ (RE*RB1 1

EIK=~TA2*ERS+TX L *ER

ERK=CHMPLXY ( —RHOREAL (WK | -RH*AMAGIWK 11 " { TRZERS-TRISERT

CALL INTX{-SH, +8H, 8B, [J,0INT

EZK=EZK~ECONST#E INT

RE TURN

END
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CODE ANALYSIS

‘ 2 SUBROUT INE ENDS ( [SEG,NSEGS.N1.N2,MIRROR ,NTYPE
3 PARAMETER (NS = 300)

‘ " COMMON/GEOM/N, NP X INSH Y INSI, ZINS) ST NS B INS)  ALPINSS

‘ 5 f OBETINGY, ICONTING) , [CONSING) COLAM
&

‘ 7 ¢ MIRROR = | FOR MIRRCR IMAGE AND NUMBERING, OTHERWISE MAKE MIRROR = §
8 C NIYPE = | FOR NORMAL LABELING, = 2 FOR ONO PLANE, = 2 FOR FREE END
gc

‘ 10 o0 10 J = 1.4

‘ 1 [FIRST = ISEG + NSEGS®{.j-1}

‘ 12 [LAST = [FIRST + NSEGS - 1
13 If (MIRROR LEQ. 1) 20,30

‘ 1w 20 IF (J .EG. 13 21,82
15 21 ICONITUIFIRST) = NI - 3

‘ 18 GO TG 40
17 22 ICONICIFIRST) = NI ~ 3 + @

‘ 18 GO TQ 40

‘ 19 30 GO TO (31,32.33) NTYPE

20 %1 ICONVEIFIRST) = MNi -~ J + |

‘ 21 6O TO 40

22 32 1CONUUIFIRSTS = [FIRST
‘ 23 5O 10 40
= NI

‘ 24 33 ICONIUIFIRST)
25 4 {CONSUILASRTY = N2 ~ J +
‘ &6 10 CONTINUE
27 RE TURN
‘ 29 €MD

CODE ANALYSIS

COMPLEX F FBAR

FUNCTION F(W.R.ER. S

PARAMETER (PI=3. (41592653589 7332384062643 ,MU=12 . S663EE~7 ,E0=8 . 854E - 121
BU=W*SAGRT (MU*ED)

COMPLEX XNN

ANN=CMPLR(ER, -8/ {W2ED 1}
FafBARICMPLYLT, ~BO*RY 51 L (XNN~1 .37 LXNNEXNNT 1

RETURN

END

AW DR Wy
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H CODE ANALYSIS

2 OPT iM{ZE
3 SUBROUT INE FACTORIN P . NOIM:
¥
8 £ SUBROUTINE TO FACTOR A MATRIX INTG A UNIT LOWER TRIANGULAR MATRIX AND AN
B ¢ UPPER TRIANGULAR MATRIX USING THE GAUSS-DOOCL [TTLE ALGURITHM PRESINTED ON
7 C PAGES 4il-4i6 OF A. RALSTON--A FIRST COURSE IN NUMERICAL ANALYSIS. COMMENTS
8 ¢ BELOW REFER T COMMENTS N RALSTONS YEXT.
a

14 LCM (333

11 COMPLEX CM,D,DETER

12 INTEGER R, P .RML RP1 P PR
13 DIMENSION PONDIM

in COMMON #3337 CMOD)

15 PARAMETER INS = 30O

16 COMMON /SCRATMY DING:

17 FLG=0

8 DO B0 R={ N

1g C

20 C sTEP

81 C

a2 00 10 K=} N

23 DR =2CH{KeN® (R~}

249 g CONT INUE

25 ¢

S8  STEPS 2 AND 3

27 ¢

o8 AMi=R-1

29 IF(RMELLT b B0 TO 31

30 DG 30 J=1,RMI

3t PJ=PIJ}

32 CMieN* (R~ 13 =D PN

33 DiPJ =D

34 SRl

35 COMPLEX XCM

36 MUl =N* U1

37 KCM=CMIJ*N* {R-1 1}

38 0C 20 1=JP1 N

39 DCL1=01 1y ~CMUL NI 1 XOH

40 29 CONT INUE .

Wi 30 CONT INUE

4g 31 CONT INUE

43 ¢

bWy { STEP w

4SS

Bl OMAX=D{RI*CONJG DR

w7 PiRI=R

g BP1=R+]

%9 FIRPLLGT N G0 TO i

50 00 %0 [=RPLN

51 CLMAG=D( ]3P CONJGIDUE Y

58 P {ELMAG.LT.DMAX) GO 7O %0

53 DMAX=EL MAD

oy FiRI=!

55 40 CONT INUE

56 a1 CONT INUE

87 EOMAX LT LLE-IDY TFLGH!

58 PRsP{R]

59 CHIReNY IR- 11 =0(PR)

85 DIPR) =DM

§1 T

62 € STERP B

63 ¢

(53] FFIRPY.LGT N GO 1O 8

-84~




55 B0 50 |=RPI N

&6 CHMULN2(R-1 11D 3/ CMIRN (R~ 1 1}
&7 50 CONT INUE

68 51 CONT INUE

B8 100 FORMAT(IH % (E16.8,E16 .81

70 IFLIFLG.EQ.QY GO 1O B0

71 WRITELZ,102) R,DMAX

Te 102 FORMATL TH PIVOTIZ2HI=E16.8)

T3 [FLG=0

Te 80 CONTINUE ,

s C WRITE(Z, 101y (P(RY R=1 N}

T 101 FORMAT(IH 2415

s DETER=CMPLX{}, 0.1

78 RETURN

9 WRITELZ, 10%)

8O 10% FORMAT{IOH R : LB OOMAG §

81 Do 70 R=l N

az OMAG=CABS IDETER!

83 WRITE(3Z, 106} R,DMAG

B 0B FORMATIIM IS E10.2:

85 IF(OMAG.GT.1.0E3D0.OR.OMAG LT, 1. QE-270) O TG 88
86 DETER=DETERCMIR+N* (R~ 11}

87 76 CONT INUE

88 WRITE{Z,103) DETER

a9 103 FORMAT ( I4HODETERMINANT = (E1E. 8, 10 E1R . 8BIM
a0 DHAG=CABSIDETER:

g1 FIOMAG . EGQ.O. Y CALL EXIY

92 RETURN

93 80 WRITE(Z, 104%! DMAG R

gh CONTINUE

95 0% FORMATISIHODE TERMIMNANT MAUGNI TUOE =£ {5 . 88H AT R=[%}
a6 RE TURN

a7 END
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gﬁmugwawwwmumm:wmwa

28
29
30
33

22
33
34
35
36
37
38
39
40
41

42
w3
h
45
uB
w7
48
4g
50
51

58
53
Sy

EIRG

CODE ANALYSIS
SUBROUT INE FIELDSIETV ETH EPH . R.P T X5,Y5,725,A,P5,0,F,
»  EPSHI.SIGH

PARAMETER (P1=3, 14138265 , MU=12 . 96636€-7 ,E0=0.894£~12}
COMPLEY RH RE . FBAR

COMPLEX COMFAC FERM FE ,FMEXPP EXPM ETV . ETH,EPH FPRME
COMPLEX PE .PM

COMPLEX C

COMMON /JCXNN/  ~COMPLE X~ XHN

We@, e eF

TP=2, *P]

STHET=SINUTY

CTHET=COStT

SPHI=SINIPY

CPHI=COSIP)Y

NN = CHMPLXIEPSRY, -SIGI/IWoE0Y

BU=W*SQRT (MU*ED

EXPR=CEXP(CMPLX (D, ,BO*2%*CTHET 1)
EXPM=CEXP(IMPLXIQ, . ~BOPZS+CTHET 1)

COMFAC=CHPLX (D, (WA MUZ (4 sP{*RY 1200
CEXPLLCMPLX D, ~BOR+BO (XS STHET s CPH I+
YEASTHET*SPHI 11 )
IFLY JGE. PI/2.3 GO TO OVERLAND
IF (25 LT, 0 GO T BELOR

COMMENT ~~-~SOURCE ABOVE SURFACE----COMPUTE SPACE WAVE

ETY=-LOMFAC*SINIAI S THE T2 (EXPR+RH{IT ) *EXPM}
ETHs~COMFAL*COSIAI *COSIP-PS i s {CTHE T {EXPP-RHIT 1 *EXPM )
EPHe~COMFAC COS{AY *S[NIP-PS» (EXPF4RE ( T EXPM)

RETURN

OVERLAND  CONTINUE %53 TOTAL PATH |5 OVER LAND

PM o= CMPLX(D,-BO R/2 . P LANN-1 Y

PE = PM/{XNN*XNN}

FERM = {].~RMH{T)1*FBARPE:

M = FBARIPMI

EYY = ~LOMFACSSINIAIAFERMEXPM

ETH & ~COMFAC*COSA) *COSIP-PSISFERMSEXPMCSQRT IXNN~-1 . 1/ XNN
1Fi2% .GE. 0.) RETURN

COMMENT-~-FOR BURIED SOURCES THE SURFACE WAVE 1S CALCULATED AS AN

¢
C

ELEVATED SOURCE AND THEN THE FIELDS ARE MODIFIED BY THE
FOLLOWING FACTOR.
FPRIME=CEXPIOMPLX (D, (BO o 2GS COORT XN~ . 1}
ETH=ETH*FPRIME
ETV=ETV FPRIME/XNN
RETURN

COMMENT ~~SOURCE BELOW SURFACE--CALCULATE SPACE WAVE

BELOW CONT INUE .

COMFAC=COMFAC CEXP (CMPLX (O, B0 *ZS*COORT (XMNN-STHET » 22}
ETv=COMFACSSINIAT*STHET = (1L +RH{T 11 7 XNN

£ TH=~COMFAC *COS (A1 *COSIP-PS) » 1 (1 . *RHIT) 1/ XNN) *CEORT I XNN-STHE T » #2)

RETURN
END
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CODRE ANALYSIS

SUBROUTINE FLOPUIFIRST, ISEGS:

PARAMETER iNS = 32001
COﬁMONIGEGMiN\NP.XENgﬁ;?iﬂﬁl,ZiNﬁi.Si¥N51.EIiNEL.ALP€N5§,

IOBETING), JCONTING, [CONSINSY COLAM

PIO2 » 3.14139268% 7 2,

IBIAS = w»* [QEGS

IX = [FIRST + [BlaS

[END = [FIRST + {SEGS ~ 1

OO 100 1 = IFIRST.IEND

AUiXy = ¥t
YUIX) = Xt
2Ly = 2

SOy = Sl

Bliixy = BI{

ALP{IXY = ALPU]:

BETCIXNY = PIO2 ~ BETU D
TCONIIEXY = [QONLLLY » [RIAS
ICONZUIX) = JCONSEIT » [BIAS
PX = X +

CONT THUE

RETURN

END

CODE ANMALYSIS

SUBROUT INE GF (2K ,C0,51)

COMPLEX E

COMMON/ THML/ Z2PK RKEZ, 14, ~COMPLEX -F JbiKk.

IFC1J) GSELF  $%% [J=0 MEANS DO SELF TERM

AK=GCRTI {RKB2+{ZK~ZPK1»22}
E=CEXP(CMPLEIRK*REAL (F WK  RK A HAGIF WK ) 3
CO=REAL(CMPLR I /RO *REAL(E)Y L 11 L/RKIPAIMAGIE 3 1)
Si=AITMAGICHPLX (1L /RKIPREALE Y L] L /RKITAIMAGIE Y 1)

RE TURN

CONY INUE

RK=SORTIIRKBZ+ (ZK~ZPK e}
E=CEXPICMPLXIRK  REAL (F JWi ) RKZATMAGIF . JWK Y 1)

COSREAL {CMPLX UL /ARKIIREAMLIE -1 1, 1T /RKY " A MAGIE Y ¥y
SI=AIMAGICMPLXI (] /R S IREALE I ~1 L3 (1L /RO SATMAGIE 1 1)
RE TURN

X0

SUBROUT INE GNIEZ ER)

SUBROUT INE OGN MODIFIES THE PERFECT [MIAGE FIELDS 8Y ThE
APPROPRIATE REFLECTION COEFFICIENTS EVALUATED AT THE SPECULAR
POINTS,

COMPLEX EZ.ER ERX,ERY,ERZ EPX EPY REFS REFPS
COMMON /REFL/ BHOX RHOY (RHOZ ,CABJ, SABJ SALPR,PX ,PY REFS REFPS
ERX=RHOX *ER+CABJ*EZ

ERY=RHOY *ER+SABJEZ

ERZ=RHOZ*ER*SALPR*ET

ERY=PX2ERX+PYERY

EPX=PA*EPY

ERY=PY*EPY

ERX=REFS*ERX+REFPS 2 EFX
ERY=REFS*ERY+REF PSP EPY

ERZ=REFS*ERZ

EZ=ERXCABERY *SABJ+ERZ *GALPH

ER <L RX*RHOX +ERY *REQY «ERZ *RHOZ

RETURN

END
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ai 15

i CODE ANALYSIS

& SUBROUTINE INLINECID)

3

4

5 COMMENT--~-THE ONLY [NPUT LINES ALLOWCD ARE-
& COMMENT~-m~ TPEF ILE BOX NNN

7 COMMENT -~ - TPRFILE TRIFILE

8 COMMENT - TP2FILE TPIFILE DDBOF ILE
G COMMENT =~ TP2F ILE TPIFILE BOX NNN

{0 COMMENT--~-~THE SYMBOL . MAY BE USED IF THERE |$ NO TP2 FILE
1 COMMENY ~~~~1F OD80F[LE 1S CHARACTERS DOB0 THE FILE WILL 8E GIVEN AWAY
182 COMMENT-~-~FOR THE LAST THEREE SETS THE DDB0 FILE 1S KEPT ON DISK

13

iy ALL INTEGER

351 DIMENSION NSYMBOLSE10Y, 1D

I8 COMMON /GOBCOM/ GEOMINLY

17

18 COMMENT ~«~~WMG 15 THE CONTROLLER

19

20 DIMENSION CONTROLLER(Z:

] CALL FROST (242%8, 0, CONTROLLER,TTYS
28 IF (CONTROLLER .EU. BRCRDER! GO TO Gu4u

23 TTY CONTINUE
&% COMMENT--~~ERROR RETURN MEANS T7Y [S CONTROLLER

&%

o6

&7 CALL MESSAGE (18.1.-10, NSYMBOLS, NOMES:

28 oo Dy, 1=1.5

29 IFOANSYMBOLSH]Y JEQ. 4002048 1 LF={

0 o CONT TRNUE

3

32 PFOLF LY. 3 0R. LF 6T, 51 ERROR,

33 IFINSYMBOLS{LLEQ. IR,y ,G33

kL) NFLAG=]

35 GO To No2

38 033 CONTINUE

37 CALL ASSBIOGN (2, NSYMBCLSB(1}

38 CALL DEVICE « OPEN |, NSYMBOLS(1}), LNTH, [QERR:
se iF CI0ERR (EQ. O JOR. I0ERR LEQ. 2 GO T¢ Ox
L34 WOT 58, FIDER, NSYMBOLS(D)

Y1 FIQER FORMAT {33 IMLINE* FAILED TO OPEN TRZ2 FILE~  AID:
w2 CALL EXIT

W3

4w 0K CONT INUE
45 NOZ2 CONTINUE

L35 PFLLFLEQ. 3y GO T QI8

W7 IF(LFLEQ. % AND, NEYMBOLS!2:.EG. 3RBOX)Y GO0 1O GUASE!

G COMMENT ~~«AT THIS POINT KWE HAVE-~TP2FILE TP3FILE DDBOFILE

48 (FANSYMBOLS {3 EQ.4RO0E0y 6O T GDOBO 232 QONT EEEP ON 0OISK
B0 COMMENT~-~~~THE RX AND 1RY IN NEXT LINES |3 NOT A BUG

51 COMMENT - ~~~-DESTROY EXISTING DDBQ FILE. [F ANY

52 CALL DEVICEC DESTROY | INSYMBOLS(I) . SHL . B L UNLIRXS

53 CALL DEVICE! DESTROY (NSYMBOLSIZ) .SHL .6 UNLIRY)

4 CALL KEEPBOUINSYMBOLS(3) .SHL.B1 .UN. {RY}

5% GO0B0 CONTINUE

586 GOOTO GBS

57 GCASE!D CONTINUE

o] GOOMEBY = (INSYMBOLSILF~ 1L INT. 77777780 SHL. 181 (UN. 3+HB0OX
59 GCOMOETY = (DU 3 ooUoMi3gr = (D02

B0 WOT B8, FMT, (GCOMI Ly, 1=36, 383

B FMT OFORMAT (18HOUTPUT WiLL GO TC 3410

62 GI0 CONTINUE

63 IFILF EQ. % CAND, NSYMBOLSIZY.EQ,3RBOXY G0 10 058

&4 Lag

3. 0.




PR R

E5 CALL DEVICE( CREATE SNEYMBOLS(2) 1y
&6 CALL DEVICE: DESTROY HNEYMBOLS (23
&7 CALL ASSIoN (2, 15, NSYMBOLS 2y 3

88 COIFILF EQ.3) CaLL KEEPBQ( )

69 G55 CONTINUE
70 G4 CONTINUE

71 COMMON /NEWCOM/ NNEW , NOLD

72 CALL CLOCK(TIME ,DAY )

73 WOT B,FMTi,NﬁhD.GCOM§3ii,GCCHREEE

Ty CALL CRTID(ID, 1)

5 CaLy SE?CH{G.iﬂﬁ.ﬁi,ﬁ,ﬂ.ﬁwQJ

76 WOT iQG,FMTi&NQLG‘QQOﬂi3§E“SCCH€3€§

77T FMT FORHATfffi,EQX‘E?HCCNYﬁﬂkiEE N&Hﬁ%:,A%Q.Bx.ESHﬂAﬁ LOADED: ,2a10)
J 78 WOT 3. FMTZ NNEW, TIME DAY
1 78 WOT IQS,F%TE*NNEH.TiﬁE,QAY
I 80 FuTa FORMAT (10X, 20HNAME WAS CHANGED TO: A10,5%,94TODAY 15, 28106772
‘ : 81 IFINFLAG.EQ. 1) RETURN
f 8 HOT 3,FMT3 NSYMBOLS: 1

83 HOT 100, FMT3 NSYMBOLS(; }

By FMT3 FORMAT (/7 , 10X, 3BHTHE FOLLOWING 1S InePyuT DATA FROM FILE: 810073
85 COMMENT -~ - WR ] TE INPUT DATA TG TaPEZ FILE AND DDSO Fiig

85 DIMENSION fCcomMMia:

87 REED RiIY 2. (BAIm ,{ICDHH§3§,55£.83

88 IFLEOF .2y G100,

B9 WOT 3, (1X.8A10: SUICOMMOT Y 1= 8
85 WOT 100, tix,Ba1n; ‘f§CCHﬁlI}‘£%},S}
a1 GO YO REED

832 GiUg CONTINUE

83 REWIND (83

) WOT 3, trzs74y

9% WOT 100, trisss;

98 RETURN

a7

a8 NOMES CONT INyE

89 ERROR CONT {NUE

100 WOT 53, FERR

1891 FERR FORMAT 125H® [NL INE » ERROR- - -RESTART
102 CALL ExiT

103 END
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H LODE ANALYSIS

a2 SUBROUT INE INTGIB,S,RH,ZP. Q)1 ,OP2 . ETR,ETL.OIL . DIK, 1, IP.MEDIA ETS . ETC,ETK
3 COMPLEX WKP , WKM, ECONST

4 COMPLEX ET ETS. ETC . ETK CLLOK , SINL LOSL . SINK,COSK , 8{LK,CONS

5 COMMON /FREGQ/ FREQ,WKP  WKM, ECONST

& DIMENSION ETRUZ) ETHI3 ET L)

7 COMPLEX £2%5,ERS,EZC.ERC (EZK ,ERK

8 Call EFLUIB,G.RH,ZP, 1J E25 ERS E2C ERC EIK ERK , MEDTAY

2] IFCiP ONE.2300 TO 4

g CaLL GNIEZS ERS)

1 CALL GNIEZC £RCY

12 CALL GNIEZR ERK}

i 4 ET18=EZS*Gi+ERSCP2

I ETC=EZ2C* 1 +ERC QP2

15 ETK=EZR* QI +ERK QP2

16 IFIMEDTA EG. +1) CL=WRPDIL

177 IFIMEDIA JEQ. -1y CL=wWKM*DL

8 [FIMEDIA EG. +1) CKoRKPDIK

ig IF{MEDIA JEQ. ~11 CR=WKMTOIK
24 CALL COINCOS(CL,SINL  COSLY
21 CALL CSINCOSICK,SI8K,COSK)
28 SILK = SINLYCOSK + SiNe*CO%L
23 CONS = 1./(SINL » SINK - S{LK}
24 ETt1) = (SINK*ETK + (COSK-CHMPLYIL ., Q.31 *FTS ~ SINKETO1#CONS
25 ET(2) = (~SLKETK + (LOSL-COSKI*ETS » (SINLSIMNKISETO =CONS
26 143 = (SINLOETK & (CMPLXUL. 0. 1~COSLIETS - SINL=ETCIsCONS
7 ETRE1) = REALIET (N
28 ETies = AIMAGIET (133
29 ETRIZY = REAL(ETISN)

30 ETII&) = AIMAGIETZ2Y

31 ETRL3) » REALIETIEY)

22 ET1(3) = AIMAGIET (3

33 RETURN

4 END

-90-




&£
W
&

IFINS-NX31,1,85
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, ] CODE ANALYSIS
, ‘ 2 SUBROUTINE INTX(EL1.EL2,B. 14,50
3 COMPLEX SG
H " STRUCTURE {56, 36R/SG 1)
g DATA{NX%“.&N@%EESH;_erS-m,szmi‘E««m
‘ & Z=EL}
7 ZE=ELP
‘ 8 IF{IJ.EQ. QY ZE=D.
g GeZE-7
10 E£P= | 0oNM
‘ iy EP=S/EP
12 ZEND=ZE -EP
13 SGR=0.0
1y SG1=0.0
‘ 1 NG=NX
16 NT=D
17 CALL OF(Z,GIR, 011t
18 1 DZ=5/NS
‘ 19 DZOT=0Z+0.5
&0 ZPnZ+02
21 IF{ZP-7E 34 4.5
‘ea 5 02=2€-2
23 IF(ABSF t0Z2)-EP1 100, 100 .4
24 u IP=Z+020T
25 CALL GF(ZP,G3R.G311
28 ZP=7+02
27 CALL GF (2P .G5R.G51}
28 23 TOOR={G1R+GSR) *DZOT
29 TO0I=(G11+G51) <0707
‘3& TOIR=(TOOR+DZ*G3RI*0.5
31 TOUI=0TO0{+DZ*G311+0.8
32 TIOR=(% 0*TOIR-TUOORI /3.0
33 TI0I=t%.02T011~TDOII /3.0
34 TEIR=TEST(TOIR, T1OR]
35 TELI=TESTLTOIL., 1101}
36 IFATE L =RX149, 48, 20
37 ug IFATEIR-RXIB0,80 .20
38 20 IPsZ+07+0. 25
39 CALL GF(ZP 028,021
] ZP=Z2+07°0.78
41 CALL GF ¢ ZP G4R,G4 1)
42 TO2R=(TOIR+DZ0T* (GAR+CHR1 1 *0. 8
‘a3 TO2I={TOI [ +DZOT{GRI+GH1 1120 5
1434 TIIR=(% . 0*TO2R-TOIRY /3.0
45 TIli=(%.0°T021~T0111/3.0
& TEO0R={16.0%T1IR-TIDR!I/15.D
ﬁ? TE0I=416.62T111-T1011/15.0
8 TESR=TEST  T11R, TA0R)
Es TESI=TESTLTI [, 720
Es CIFUTER I ~RX 148, 48,21
1 oug IFITERR-RX}I8] 51,2t
te 50 SGR=SGR+T10R
3 SGI=5G1+T101
4 80 NT=NT+2
55 60 1u 52
£ 51 SGR=SGR+T20R
’ SGL=5G1+T1201
8 58 NT=NT +
G 52 2:7+02
gs IFeZ2-2ENDS3, 100,100
g1 53 GIR=0%8
82 O11=65]
ia TFANT-NTS 1, 5%, By
]




65 5% NSNS/ 2

86 W=

&7 GO T 1

&8 21 NT =0

&9 FINS-NMIDE Wy i
T 4y WRITELZ,93) 7

T3 93 FORMAT (24H STEP SIZE LIMITED AT Z=F16.5)
e .60 1O 5y

T3 22 NSeNG 2

T OZ=5/N5

75 DZOT=02+0.5

76 GERR=(GER

i G81=03]

78 GIR=GoR

75 G3i=0G21

80 GO 10 23

81 160 CONT INUE

82 IFi1J156,57.%6

83 85y SOR=2. * (GOR+LOGF [ ISORTF (B*B+5+G1 451 /8y
84 S5GI=2. 9561

8% o6 CONT [ NUE
86 RE TURN
87 END

CODE ANMALYSIS

H
2 SUBROUT [NE JMELSIETR ET NOP P NCM, UM, 1)
3 LOM €333y
iy PARAMETER (NS = 3003
5 INTEGER P
8 COMPLEX CHM FJUEINC
7 COMMOM 73237 CMiIL}
8 COMMON /GEOM/ N
3 DIMENSION JP(35) ,.MO5)
10 FoulsCMPLXg. 1.1
i IFINCP.LY. () GO TQ 2
e OG 1 J=1 NCP
13 N SNEN SIS
I CHMUTN® I IPI~1)  1=0MOI+NS {UP -1 1 +ETReFUETI
- CONT INUE
16 [FINCMLT. 1Y GO TC 4
17 DO 3 J=1,NCM
ig SME M
9 32 CMOTsNT LM~ y=DMOleMe OIMI-1 1P TR-F 30T
e u COMNT IRUE
H RETURN
22 END
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i CODE ANALYSIS
2 SUBROUT 1NE JUNCfd,JNO.NCE,NSEG!%NCE,M§ESE,SE
ks PARAMETER (NS = 3001
i COHHCNJSEGNJN*MP.XfNS>‘Y{NS§.Z€NS§,Si!Nﬁi,ﬁ{fhﬁi.ALP§N§3,
i g i EETINS!,iiGN!:NE%.EQONE{NS},CGL&N
] 5] OIMENS iON NSEG{!ES).NS{&B?E&&
7 NC =0
8 NCS=(
4 g SNC={, ¢
10 00 1o f=1 N
i1 §F‘UCON!€%!—JNO§8,E£
P IFil EQ.) oo o e
13 HCI=NC1+
i4 [FINCY . GT . 28} GG TO 9g
5 NSEGIINCI =1
16 SNC=SNC+E{ 113
72 IFIICGN8113~JNGE§G;3*§Q
8 3 IFol.EQ. g GO TO 19
9 NC2=sNCEs
e IFINCE . 6T . 25 GO OTo 9y
&1 NSEG2INC2) = §
28 SNC=SNC+Sj 13
a3 1 CONT INUE
&4 FO=NL NG
a5 S=45§iJE*SNCfFCSf§.ﬁ
I8 RE TURN
&7 99 WRITE(3.81) UnD
28 8! FORMAT (4R ERROR - 100 MaNy CONNECT i ONS TO O JUNCT oMy,
24 CALL EXi7T
30 ERD

-G R




W d O ey o

33
3y
35
3e
37
38
ig
Y
%}
g
%3
iy
5
£1]
7
4B
44
20
a1
s
53
By
fobi)
56
57
jat= ]
59
50
61

20

CODE AMALYSIS
SUBROUTINE LINETIXT, YL, 21, 01 ELVALF (BUT X8, Y2, 22, 12 NSEG M, A
FARAMETER {NS = 3001
COMMON/GEGM/N NP K INGY ,YINSY ,ZINSY  STING BHINS) (ALPINS:,
POBETINS, ICONLINSY , JOONS NS, COLAM
Ca=00SF LALF ¢
SAa=SINF (ALF
CAB=CA*COSF (BUT
SAB=LA*SINE (BUT
XZ=X1+EL *CAB
FE=Y  +EL *SAB
2= +EL*SA
GO YO
ENTRY LINEZ
KINC=¥Z-X 1
YINC=YE~Y1
ZIRC=Z2~21
ELAY=GORTFIXINC =X INC Y INDY NG
CL=SORTF (X INC X INC Y INC Y INC Z INC2ZING s
Sa=Z INCAEL
CA=EL XY/ EL
ALF=ASINF (9S4
PFLELXY . LT, . E-20:100 10 3
SB=Y INC/ELXY
CB=XINC/ELXY
BUT=ATANZ (58, T8
GO TQ 2
SB=0.
CB=}| .
BUT=G.
CAB=CA(E
SAB=LA*SH
[2=[ 1+ (NSEG~1} *N8
S I=EL/NSED
SO8=%1¢111/2.0
Xiii1=X]+502%CA8
¥iiji=yYl«S02+5a8
21y =Z14502°G4A
ALPCET I=ALF
BET({1 =807
Bitiii=a
iG=]l+NE
FCONT LI Ly=] [ ~NB
ICON2Ul 3218
KINC=GL{ 1 120a8
YINC=S] 6111 *SAR
ZINC=510111254
IFe18.87 .18 80 10 1
DO 10 1=18,18,N8
[.=1-NB
XildeXi M+ XING
YobrsYiinpeYing
IAEREVARIMEVES "
SieiysSioily
Hitii=a
ALF UL =ALF
ST eBUT
FCOML O] b=t
FCONS L L=l +NB
CONT I NUE
SE TURN
ENC

s 7. g



|1 SUBROUTINE LINEZ 11 ,NS, TAUWT, TENS . WRAD X1 .Y1, 71 X2, Y2781
\ 2 PARAMETER (MS = 3005
3 COMMON/GEOM/ N NP X TMS) Y IMST 2 (MG ,51 (MS),B1(MST  ALPING ),
\ y IOBET(MS), ICONT (MS) . [CONSIMS)  COLAM

5 ¢
\
\ B £ THIS SUBROUTINE S USED 7O CALCULATE THE GEOMETRIC COORDINATES OF

7 £ EACH MAJCR ANTENMA ARM.  THE OATA GENERATED 8Y THIS SUBROU
| . ; OUT INE 15 THE
| 8 C X.Y.Z COORDINATE OF THE CENTER OF A SEGMENT PLUS THE ALPHA AND BETA
\ G L CGRIENTATION ANGLES OF EACH POINT. (NTERCOMNECTION DATA 15 ALSO GENERATED FOR
|10 € EACH OF THE SEGMENTS. BY SPECIFYING THE PROPER PARAMETERS N THE SUB
\%g € CALL ONE HWAS THE CHOICE OF USING A TAPERED SEGHMENT LENGTH WITH A

12 C CATENARY FORM OR A LINEAR FORM.
\
|13 ¢
[ 14 IFOTENS LE. 1.) TENS = [E100  $3%% iF 5 18
| 5 LE. 1. NS = g IF NGO TENSION,DONT USE CATENARY
s KING = X2 - X3
18 YING = Y2 - Y1
17 ZING = 22 - 21
|18 BHO = SQRTF{XING®*2 + YINC* 42 + ZINC® 3
RE! RHOXY = SORTF{XINC**2 + YINC®92)
\
20 BETA = ATANZ(YING ,XING)
|21 EXPSUM = 0
|5y n ’
22 NEXP = -1
23 ¢
\aw ¢ CALCULATE SEGMENT LENGTH SLO. IF TAPERED SEG IS USED SPECIFY TAU
Bs ¢
Fs DO 18 LS = 1,NS
g7 10 EXPSUM = EXPSUM + (1. «TAD #2451

g SLO = RHO / EXPSUM
29 ¢
B3 € CALC AN APPROX VALUE FOR THE ALPHA ANGLE USING ST LINE SEG. ALFA

£ WILL BE USED 10 DETERMINE THE [NCREMENTAL X AND ¥ STEP
c

H
Be
B3 ALFA = ATANSLZINC,RHOXY?
b4 CA = COSFULALFAY

5 SA = SINF{ALF A

& CAR = CA*COSFIBETA:
37 SAB = CAYSINF (BETAl

8 0
ie C SET UP SEGMENT PARAMETERS, IFf WIRE WEIGHT [5 SPECIFIED. CATENARY WiLL
ﬁs C BE CALCULATED. FOR VERTICAL ELEMENTS NO CATENARY WILL BE USED.

1
je NEND = NS + | =~ 1
%3 XXl o= Xt
sl YY) = Y1
uﬁ 771 = 71
4B CAT = WTSCOLAM/ (2. *TENS*0. 3048
417 00 100 M=, NEND
ab NEXP = NEXP + 1
ug SL = SLOS{].+TAUI**NEXP $2% A TAPERED SEGMEMT FOR NONZERG TAU
50 SLX = SLeCAB $3% SEGMENT PROJECTIONS ALONG THE
1 SLY = SLe*SAB 3353 XOAND Y OAXIS
s XX2 = XX1 & SLX
5 Y¥Z = YY] ¢ GLY
Sty APRIME = SORIFLIXXR-X13%22 + (¥YY2-Y11**21  $3% MORIZ DIST DN WIRE
ﬁ$ [F(ABSF (ALFAY LLE. .5 5O TO 11t
56 [72 = IZ% &+ SL*S4

GO TQ 110 $3%  WITHIN 4w DEG OF VERT

PI8 = 7R - (RHOXY-XPRIME 1 # (CAT*XPRIME + ZINC/RHOXY

X¥ o= GORTFIGLXs*2 + SLY*=2}

ALPHA = ATANS((ZZ2 ~ ZZ713y %€y $8% CALD THE CORRECY ALPHA ANGLE
SiMYy o= (XXT o+ X212

L3 e

(10 LIRS LIRS (R ]
PR o T 1 B2 4 St S

64 YiMy o= YYD e YYZYi2.
83 ZiMy o= (ZZV v 223372
&4 S1(Mi = SORTE(XY»32 » (F22-2Z11%*2)




\ 65 BI (M) = WRAD

| 66 ALPIM) = ALPHA
| 57 BETIM) = BETA
58 ICONTIMY = M -
| &9 [CON2IMY = M + |
\ 70 XX1 = Xx2
\ 71 YYo= YYR
| 78 2Zy = 222
| 73100 CONTINUE
™ RE TURN
7 END
|
\ ! CODE ANALYSIS
| e COMPLEX MIXPATH,F ,CSORT ,CEXP
| 3 FUNCTION MIXPATHIW, EN,SNLEF ,SF PHI . RANGE , DLAND
| Yy PARAMETER (Pl=3. 1% |53265358979323846364 3 MU= 12 SEB36E-7,E0=8. 854k -1 2)
g
\ 5 MIXPATH=1 .
\ 7 IFIPH]LGE. P12 .5 LAND. PHILLE.PI*1.5) RETURN $S3% PATH ALL LAND
| g PH=PM1
| <! IFIPHT GT.FI*1.51 PH=R . *P]~PH]
19 D=DLAND/COS {PH)
| 1 TF{D/RANGE .GE . 1) RETURN $3% PATH 15 STILL ALL LAND
\ 12 MIXPATH= (F (W, RANGE . EF ,SF ) *F (W, RANGE -0 EF ,SF | *F (4,0, EN,SN3 1/
\ 13 (F (W, RANGE ,EN SN #F (W RANGE -0, E8,SNJ *F (W, D EF .SF 1
| i MIXPATH=CSCRT (MIXPATH] .
| 15 ¢ DIMENSION ~COMPLEX- FCI(8! B EQUIVALENCE (FC,FCCY $ DIMENSION FOCIIB)
| 18 C FCULI=F (W, RANGE (EF \8F 1 & FL 21 =F (W4, RANGE -0, EF 5F
| 17 ¢ FCUZ1eF LW, D,ENLSN) $ FO4)=F (W, RANGE ,EN, &M
\ 18 ¢ FCUB)=F (W, RANGE-D,EN, SN § FCI(BI=F (4.0 ,EF ,8F)
| \ 18 C FOATI={FC U IsFCL@I o F0 U 1/ LFC I FFC LB *F OB
| ‘ a0 ¢ FOLei=0S0RTIFCLT73
‘ ‘ 21 ¢ FLIB81=CABS (MIXPATH
28 ¢ WOT Z, (BE1Z.4} ,FCC,PHI,RANGE DL AND
| 23 RE TURN
\ 24 END

‘ “gf}"‘




RN T N

A L b G b Ty TU Ty UTY U Y Y e oo oo o v s
mxw!UQOm»qggm;wﬁﬁmmmmumm:w

36

[
@D ~d

1o

{

e s oWk

SUBROUT [NE HOVEfXﬁ.?S;ZS‘QSE.ROY,FQZB

PARAMETER (NS = 30,

COHMGNKQEGM!N,NP.X@NS!,Y%NS),Z(NSE

BE?(N%I»iCON!(NSI|ICGNE§NS§.CGLAﬁ

SPS=5INF {ROX)
CPS=COSF (ROX)

STH=SINF (RDY )

CTH=COSF (ROY
SPH=S INF (RO7
CPH=COSF (ROZ

XX=CPHeCTH

K¥= CPH'SIH*§P8~SPH'CPS
XZ= ﬁPH‘S?H‘CFS-SPM‘SP%
YA=EPHACTH

Y¥= S#H’SYH'SPS-CPH’QPﬁ
YZ= SPH-STH*CFS—CPH-SPS
ZX=~5TH

ZY=CTHeSPS

LZ=0TH* PG

DO 10 f=1,N

Xl=Xi1y

Yis¥iyy

Zi=21013
xx{!wX§*XX*Y§'XY022*XZ*XS
Y(iJzX?*YK+¥E*??»2£*YE+YS
Ziz)mxl*zx*?l*2¥~Z§*Ez*ZS
P%PnCOSFEALPiiiI
PX=PXPCOSF(BET (] 1
PY=PXP*SINF(BET (1}
PZ=SINF(ALPI]1}
PRP=PX*XX+PY e XY +PZoX7
9??&?X'YX+PY*YY*PZ’YZ
PZPmPX*Zx»PY*ZYvPK*ZZ
ALF (L) =ASINF (PP}
EET&I?QA?&NE%PYP,?X?}
CONT INUE

RETURN

END
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CODE ANALYSIS
SUBROUT INE NEWNAME
ALL  INTEGER
COMMON  7NEWCOMs NNEW, NOLD
OIMENSION BETA(D

COMMENT --~~GET PRESENT NAME AND SUFFIX
CALL FROST (24078.0,8BE7A ERRL)
SUFF IX=(BETA.SHL .83 [NT.778
IFISUFFIX.EQ. Q) SUFFIX=IRF
NOLO=BETAL2)

3 0l O A Y e

o
—r

DO D1 I=},10
| 12 [FCCINOLD.SHL . (1+6)) . INT.778) .NE.Q) GO 1D Gi
\ 13 D1 CONTINUE
‘ I l=t
15 Gi 1FLD LT, 3 (=3
‘ 186 MNEWe { (INOLO.SHU ., 1] ~13 28 INT, CCOMP 77778 JUNL (ORs  UN . SUFF X)) SHL (it~
‘ 17 BEI-E
‘ 18 COMMENT - -~~CREATE DROP FIiLE
19 BETAC! I =NNEW
‘ 20 BETAI2)=0
\ 21 CALL FROST(01DIB.0001B,.BETA,ERRE)
‘ 28 COMMENT~~~~SET UP POINTER TO QUITY
‘ : 23 COMMON/ GOBCOM/ [ GOB (23
au EXTERNAL QUIT
| 25 1GOB(4) =( .LOC.QUIT)»1
\ 26 RE TLURN
‘ 27 ERRI WOT 58, [37H* *NEWNAME * *ERROR GETT NG PRESENT NAME)
28 CALL EXIT(i)
‘ 29 ERRZ WOT 59, (35H 'NEWNAME » *ERROR CREATING DROP FILE)
| 30 CALL EXIT(1)
‘ 3y END

‘ ~G 8-
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‘ &8 DXL IFCOXMINNLOT XLRRAY LTAY L AND . XLRRAYUTAR.GT.03 JOR. XMINN.LE .03

B6 . OXMINNEXLRRAY{IA)
‘ 7 GEB  CONTINUE
68 IF {MXN EQ. !} GO TO GA9
‘ 69  GDOY CONTINUE
79 IF ( YRA .GE. ISLCM) GO TO GYLCM
‘ 71 YMAX 2 YMINN=YM] N=YARRAY ( 1 ]
‘ 72 DO OYY, IB=i+1YRA, NPLT®IYRA, IYRA
TE IF ryMaY LT, YARRAY(IE} Y YMAX=YARRAY:IE:
‘ 74 IF CYMIN GT. YARRAY (1B} YMINsYARRAY (B
THOOYY IF{CYMINN.GT.YARRAY(IBS LAND. YARRAYC(IB).GY .0 .OR. YMINM.LE.O)
‘ 5 s YMINN=YARRAY { I8}
77 60 10 689
‘ 78 GYLOM CONT INUE
‘ 75 YMAX=YM | NN YMIN=YLRRAY € 1)
80 DO OYL . 1B=1+1YRA, NPLT®IYRA, IYHA
‘ 81 IF tYMAY .LT. YLRRAY! B} YMAX=YLRRAY{18:
82 IF(YMIN .GT. Y RRAY{IB)Y) YMIN=YLRRAY((8)
‘ 83 DYL IFCOYMINN,GT.YLRRAYUIBY AND. YLRRAY([8).67.0) .OR. YMINN.LE.O)
ay . YMINNsYLRRAY (18}
‘ 85 689 CONTINUE

‘ 86
‘ 87 COMMENT ----ATTEMPT TO MAKE MIN .NE. 0 FOR LOG MAPS
‘ 88 COMMENT--~-ADJUST MAX AND MIN SO PLGT O0ES NOT RUN ON E0GE

89 IF(MXN.EQ.2) GO 10 GON!
‘ g0 IF(MAP.EQ.2 .OR. MAP.EQ.4 .OR. MAP.EG.6 .OR. MAP FO.8 .OR.
91 . MAP.EG.I0 .OR. MAP.EQ.121 .GONIL
‘ g XMIN=XM NN
‘ a3 IFIXMAY, LE. D . OR, ZMIN.LE D1 GO TO GONE
4 gy IF(XMAX.GT. 1.1 XMAX=XMAX®*! 05
‘ 95 IF (XMAX.EQ. 1.1 XMAX=1.0S
o8 IFOXMAX LT 1.1 XMAK=RMAXY+ 9%
‘ 97 IF{gMIN.GY. 1. XMiN=XMINs 08
98 IFOXMINLGEG. 1.} XMIN= .95
‘ 99 IFEKMIN.LT. .1 XMIN=xMIN»*1 .09
‘ 100 6O 10 GONI
101 GONIL CONTINUE
‘ 102 DX, 05° (XMAX-XMIN
103 IFIDX EG. 0y DX=. 05 ABSF (XMAX)
‘ 104 IF(OX.EQ.C) OX=1.
105 XMAX = XMAX + DX
‘ 106 XMIN=XMIN- DX
‘ 107 GON1 CONT INUE
108 IF(MXN.EG. 11 GO TO GSKP
‘ 109 IF (MAP. Q.7 .OR. MAP.EG.3 .OR. MAP.EC.S6 .OR. MAP.EG.7 .OR.
110 . MAP.EG.10 .OR. MAP.EO.11) .GONAL
‘ 111 YMI M= YMINN
112 IF CYMAX,LE.O .OR. YMIN.LE.O) GO 10 GON2
‘ 113 IF CYMAX.GT. 1.1 YMAX=YMAX**{ 05
‘ 1y IFOYMAX EG. 1. YMAX<} .05
P15 IFIYMAX LT, 1.1 YMAX=YMAXs» Q5
‘ 116
117 [FOYMINLGT. L.} YMIN=YMIN®+® . G5
‘ 18 [FCYMINLEQ. 1. ) YMIN=.96
! ECYMINLLT. 1.1 YMIN:YMIN® |, 08
‘ 120 GO TO GONE
‘ 121 CONEL COMTINUE
t2r oY=, % {YMAX -~ YMINY
‘ 123 (E(TY.EQ.01 DYs.05*ARSH [ YMAXS
Lo 1F(D¥.EQ.0) DY=l.
‘ EEE FMAK = YMAX DY

126 YMIN=YMIN-DY
‘ 127 GONE CORT INUE
‘ icB GSKP CONTINUE
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191 [FUFRMY |, GNOF
tug CALL FRaAME
143 INTEGER FRMNG
P FRMMO=FRMNO+ |
e CALL SETCH(BO. ,8%.,1.,0,0.00
146 WOT 100, (TIHPLDT NO. = 1% FRMNG
147 INTEGER TIME ALL DAY YEAR
148 CALL CLOCKITIME, IMD:
Iwg YEAR={MD, INT. 77778
150 MT={ (IMD.SHL, 1B INT 778 ~208  $%% ASCL] TO OCTAL
151 MU= CIMDLUSHL . P4 L INTUTTEY - 20R 8%% ASCHT TO OCTAL
182 DIMENSION MONTHILIS)
183 DATA (MONTH=3RJANM,ZRFES , JRAMAR, 3RAPR , IRMAY , IRJUN , 3RJUL , 3RALG,
15 ZRSEP, 3ROCT (3RNOV, 3RDEC)
155 DAY={IMD.SHL .52 INY. 77778
158 MACH={ IMD.SHL.BY L INT. 778
157 ALL =1 L IDAY, SHL 2% UM MONTHOID=MT+MUY ) SHL . 18) L UN . YEAR
198 WOT 100, (THTIME = ALQ.RE,A100 ,TIME MACH.ALL
159 [FiMap LE. 12}
160 Call MAPX (MAR, XMIN, XMAX, YMINM, YMax, 11329, €999, 3%,
161 IF(MAP ,GT. 12y CALL MAPE (XMAX,.11328,.90,.2%)
182 ONOF CONTINUE
163 CALL DDERS{13
1 B4 IF (PLT LT, 23 GO TO GLIN 5% DO LINE PLOTS ONLY
16% CALL SETPCH (1.0.,1,0,20
166 CALL POINTC (CHR, XARRAY, YARRAY, NFLT, [XRA, lYRa:
167 IF (PLY JEGQ. 21 G0 TQ GPTS $8% 00 PTS W/0HR ONLY
168 GLIN CONTINUE
163 FOPLY JEG. 1 LOR. PLT LEG. 3
170 N CALL TRACEP (XARRAY, YARRAY, NPLT, DOT, IXRa, [YRA}
171 IF (BT EQ. ¢ JOR. PLT LEQ. w3
172 ® CaLl TRACE (XARRAY, YARRAY, NPLT, [XRA, [YRA!}
173 GPTS CONTINUE
L
175
1768 COMMENT~=~--NOW TO WRITE THE TITLES
177
178 IF(FRM) ,GRET
179 INTEGER OLDXTA,OLDYTA,OLDPTA ,QLDXTE, OLDYTH,QLOPTE
180 IFLNOTIXTI XOR, . 1y XTA=QOLDXTA
181 IFEONDT (YT UXOR, 1y ¥YTA=QLDYTA
82 PR OONGY (PTLLOXOR. 31 PTA=QLDPTA
183 TFLLNOT . IXT2 L A0R. 11 XTB=0LDXTH
18 F{LNOT. IYT2 XOR, 11 YTB=0LDYTH
185 TR NOT . (PT2 . XOR . 1y PIS=0LDPTR
18e GLDHTA=XTA
187
188 DLOYTA=YTA
189 OLOPTA=PTA
190 CLOXTE=XT8
| 191 OLOYTB=YTE
|tae SOPTE=PTB

129

130 COMMENT--~~PLOT ON APPROPRIAYE OUTPUT MEDIUM (MED)
134

13 IF iMED JEQ. &) GO TO GDDBo

133 ¢ CALL PLTITPZ (XARRAY, YARRAY, NPLT, XMAX, XMIN, YMAX, YMIN,
134 C * BTy, XT1, YTi, PT2. X182, Y721

13% IF (MED LEQ. 1) GO TO 8TP3 $BC DO TP3 oMLY

136

137

139
140 (D080 CONTINUE
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193

1 G4 CALL SETCH (10.,8.,1,0,1,01 § CALL CRIBCD (X711
195 CALL SETCH €(1D0..7..1,0,1.0% % CALL CRISCDIXTE)

‘ 196 CALL SETCH 11..20.,1.0,1.13 8 CALL CRTBECD (¥T1)

| 197 CALL SETCH 2..,20.,1,0.1,1) $ CALL CRTBCO (YT2)

‘ 198 CALL SETCH 110..32..1.0.2.01 & CALL CRTBCD (PTi:
199 CALL SETCH (10..30.5,1.8.2.0 % CALL CRIBCO (PT2)

‘ 200

\ 201

‘ 202 COMMENT----POSITION BEAM S0 WOT 100 STATEMENTS MAY SE DONE
203 CALL SETCH (1., 5., 1.0.0,0y

| 204

\ 205

‘ 206 COMMENT----WRITE FORMAT LISTS OUT
207

\ 208 GTP3  CONTINUE

\ 209 DO DWOT, N=3, {60, 97

‘ 210 IF IMED EQ. 23 N=100 $3C JUST 00 TAPE 100
211 COMMENT~---SET UP ABSOLUTE ADDRESSING

‘ 212 ABSOLUTE A(1) § DIMENSION - INTEGER- A{1}

| 213 EQUIVALENCE (L .NFMT)

‘ R DIMENSION L1t}
21% DO ©EMT, K=l NFMTS

‘ 216 MueFMT O LK

\ 217 OFMT WOT N, AUM) LU BIFMTUIZ K1Y, (28 SeAtFMT(2,L 1K) 1

‘ 218 IF (MED .EQ. 1} N=100 $3C JUST DO TP3 (CAUSE LOOP TO TERMINATES
219 DWOT CONTINUE

\ 220 GRET CONT INUE

‘ 221 RE TURN

‘ 222 END
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7

CODE ANALYSIS

1
2 SUBROUT INE SOLVE (N,P,B,NDIM)
3c :
4 C SUBROUTINE TO SOLVE THE MATRIX EQUATION LU®X=B WHERE L 1S A UNIT LOWER
5 C TRIANGULAR MATRIX AND U IS AN UPPER TRIANGULAR MATRIX BOTH OF WHICH ARE STORED
6 C IN A. THE RHS VECTOR B IS INPUT AND THE SOLUTION IS RETURNED THROUGH VECTOR B
7¢ ‘
8 LCM (333)
9 PARAMETER (NS = 300)

10 COMPLEX CM,B,Y,SUM

1 INTEGER P,PI

12 COMMON /333/ CM(1)

13 DIMENSION P(NDIM) ,B(NDIM)

14 COMMON /SCRATM/ Y(NS)

15 C

16 C FORWARD SUBSTITUTION

17 €

18 Do 20 I=1,N

19 PI=P(1)

20 Y(1)=B(PI)

21 B(P1)=B(1)

22 IPl=1+1

23 IFCIPL.GT.N) GO TO 11

au DO 10 J=IPI,N :

25 B(J)=B(J)-CM(J*N*([=1118Y ()

‘26 18 CONTINUE

27 11 CONTINUE

28 20 CONTINUE

29 ¢

30 C BACKWARD SUBSTITUTION

31 C

3?2 DO 40 K=1,N

33 [=N-K+1

34 SUM=CMPLX (0. ,0.)

35 PI=1+1]

36 IFCIPI.GT.N) GO TO 31

37 DO 30 J=IP1,N

38 SUM=SUM+CM (1 +N* (J=1)) *B(J)

33 30 CONTINUE

40 31 CONTINUE

41 BUI)=(Y([1-SUMI/CMCI+N® (1~1))

42 40  CONTINUE

43 RETURN

Yy END
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SUBROUTINE SURF
CODE ANALYSIS
COMMON/ COMCOM/ OML8)

DIMENSION- INTEGER-TITLE (1D

DATALTITLE 10 =7781

COMMON APLTCOMY ~INTEGER-MED  MAN,PLT FRM, MAR CHR ,DOT,
TXRALIYRA,XRA YRA NPLT ,PTA XTA YTA,PTE XTH.YTE,

FHTOI0.5) NFMT(S) NFMTS  ~REAL - XMIN, XMAX, YMIN, TMAX
DATA (I77=778 (PTA=IT7 177 477, THTLE 177 177y

G2 AL D DB e Yy e

\ it DATA (MED=2,3.0,1.01,18H0.3.1.13
\ 12 F1OD FORMAT( MAXIMUM FIELD STRENGTH = £18.5;
\ 13 F200 FORMAT! POWER IN SPACE WAVE (THETA COMPONENY, PHI COMP.. TOTALI= L3E13.%)
‘ 14 F250 FORMAT ( ERN= E19.%, SiGN= £18.4, ERF= E18.u, SI0F= E12.4
\ 15 F300 FORMAT(BAID}
\ 16 F400 FORMAT( DLAND= E12.4, RANGE = E18.%)
\ 17 CATA(FMTF 100, LOC. 1, XXMAX)
‘ 18 CATALEMY(11)=F 200, .L0C. 3, POHERT ,POWERP  POWER)
| 13 DATA(EMTI2])=F 250, .L.OC. % ERN,SIGN ERF .SI1GF )
“ &0 CATAIFMTIZ =F 300, LOC . 8, 000 COMe2) ,COM 30 COMtS Y COMIS  COMIBT COMUT, COM
21 .8
\ 2 DATACFMY (M1 =F400, LOC. 2. DLAND  RANGE
\ 23 DATAINFMT=4 2.5 .2, 1.5
24
| 25 COMPLEX MIXPATH
\ 26 COMPLEX ETV.ETH.EPH,SEPH, SETY ,SE TH, CURMDM
\ 27 DATA (DLAND=200.)
\ 28 COMPLEX CSORT .CEXP
‘ 29 PARAMETER (P1=3. 1459765356079 31236462843)
\ 30 PARAMETER (DTR=F1/180. .RID=1B0. /P
\ 31 ¢ DATA (RANGE=1.ES), INPH] =781 (PHIMAX=S  vP 11 (PHIMIN=Q)
\ @2 C DATA (NTHET=11 . (THETMAX -P1/6. 1. ( THETMINZP /B )
‘ 33 DIMENS{ON ANG (3605, VERT (3601  HORZ { 380>
\ k1 FIRST=0
\ 25
| 36 GMORE MORE=0
\
37
\ 38 NAMEL IST JLIST/ INFILE  NPH] PHIMAX PHIMIN.NTHET  THE TMAX , THE TMIN,
\ 3g YMIN, YMAX  HMIN HMAX ERN . SI0N ERF S 10F , RANGE \MORE . T1 TLE ,OLOVERS | ON
| 40 . (DLAND,NOHIP NTHE TP
\ Yl
\ ug INPUT DATA LIST 2.3
\ 43
\ G COMMENT---~READ COMMENT FILE BY FRED.
\ 45 DIMENSION [COMMOE)
\ 46 ICCIFIRST JEGQ. 1) $0 1O 4100
] IFIRGT =]
\ 48 ¢ CALL ANTPLOT
\ g C CALL FRAME
\ 850 C [NFLE = INFILE
\ 51 ¢ CALL SETCH(0,100,.1.0.1.0.00
‘ B2 ¢ CALL ASSIONIS, INFLE)
\ 853 ¢ CALL DEVICEC QFEN | INFLE LNTH, JERR)
\ 54 ¢ FUIERR.EQ.O OR. 1ERR.EG.EY GO TO REED
\ 8% 0 WiT 59,FBAD, INFLE, IERR
\ 88§ WOT 100,.FBAD, INFLE, [ERR
\ 57 L FHAD FORMAT( COULD NOT OPEN COMMENT FILE AlD, S-FIELD 1S 13
88 ¢ 60 TO 6108
\ 59 ¢ REED BIT 6, (8A10Y L (iCoMacls j=1.8)
60 © IF(ECF BT G100,
81 o WOT 100, TIX.BAI0 L LICOMMUIY 1] B
&2 ¢ GG 1D REED
\

‘ B3 G100 CONTINUE
| Bk CALL DEVICE: CLOSER ,1nFLE:

[
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&5
&
87
58
6%

71
78
73

15
76
7
78
80
a2
83
B4
8%

87
88
89
30
&1
92
93
gy
25

g7
a8
g9
100
131
102
103
10%
105
106
107
108
109
110
P13
112
113
L
115
118
117
118
119
{20
| 121
| 122
| o3
‘ZER
ies
| 128
| 127

| ies

FrRM= 1

INFLE=INFILE
PARAMETER (NS=3003
COMMON/ ABC /
COMMON /GEOM/ N NP XINS) Y INS)  ZINS)  STINSY B (NS, ALP (NS,
* BETINS), ICONT NS, |CONSING) ,COLAM

COMMON /ANGL./ CABINS) ,SABINS) ,SALP(NS)

COMMON /MED 47 EPSRP S0P EPSRM,S10GM

FREQ=-2.997963C «5/C0LAM
ERN=EPSRM § SIGN=SIoM

COMMENT ~-~-D0 INTEGRAL TO FIND POWER [N SPACE WAVE

IFINPHIP LE. 0 JOR, NTHETP . LE.O! GO T0 GMNPWR
SUMT =0 $ SUMP=0 § DTHET= SR I/NTHETP
Q0 DP} (Pi=1 NTHETP
THET= ([P~ .8) 2 GeP[/NIHE TP
STHET=5INITHET)
MNPH [ s NPHTPYSTHE T
[FANNPHL LT, Y NNPH e
DPR =g, 2P /NNPH]
DO DR [PS=] NNPH]
PHI = {P2-1323, 2P} /NNFH]
ETVaE TH=EPH=] .
SETV=SE TH=SEPH=0 .
D0 DP3 K= N 8% NG, OF SECS IN ANTENNS
CURMOM=CMPLX CATRII O [RIK) JATHIRIACT IR 75 (3
CALL FIELDSIETY ETH EPH RANGE ,PH{ , THET,
KK, YK ZUKY,
ALPIKY BET(K Y, CURMOM FREQ,EPSRM, S 10M)
SETV=SETVYETV § SETH=SETHETH  § SEPH=SEPHLPH
DR CONTINUE
ESUT=1SETV+SE TH s CONJG I SE TW+SFE TH1
ESQP=SEPH*CONJG I SEPH)
ESQT=ESQTs0PM] *STHETDIHEY
ESOP=ESOP*ORH I »STHE THOTHE T
SUMT =SUMT+ESOT
0P SUMP=SUMP+LSGR
POWERT=8UMY » SsRANGE « #2377,
PORERP «SUMP s  S*RANGE = =8/ 377,
POWER=POWERT +POWERP

WOT 3, (//20HPOWERT POHERP PCWER= (30 15.%) POUERT ,POWERP  POWER

GNPWR CONTINUE

RANG=NPH |
IFINTHE T GT . 1) MNANDG=NTHET
00 02 =] NANG
PHI=OTR*PHIMIN § THET=DTH THETM] 4
[FINPHELOT. 1 CAND. NANGC.OT. 13

PHI=DTRS IPHIMING [ {PHIMAX-PHIMINI® (-1 1/ (NANG=11)
IFINTHET QT .1 JAND. NANG.GT. 13

THET=DTR* { THETMIN® ( ( THE TMAX - THE TMINI* (] =1 131/ (NANG~ | $}
ANG |y =PH]
[FINTHEY .GT. t3 ANG(11=P1/8. « TWMET
IWOTHETY LT, 01 PHI=PH+P!
FOPHET LT.00 THET=-THET
ETVsETH=EPH=(,
SETY=SE THaGEPH=] .
DO 0% Ke1.N $8% NO. OF SESS [N ANTENNA
CURMOM-CMPLXIAIR (K0 TRIKY AT IR I+C IR 1281 (K
CALL FIELDSIETY ,ETH EPH, RANGE ,PH]  THET,

YO YLK Ty,
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189
130
13
132
133
HES
135
136
137
138
139
140
M
Pregd
[
44
P et
[ 2+
P77
tug
iug
154
158
15
153
{54
{55
156
5%
158
159
1843
161
16
163
]
165
166
187
168
169
170
171
172
173
s
175
178
177
178
17a
180
181
182
183
P8y
18%
{8
I
188
189
190

ALP OGO BET 1 CURMOCM FREQ .EPSRM S| GM:
SETV=SETV+ETY & SETH=SETH+ETH § SEPH=SEPH+E R
0% CONTINUE
VERT ([ ) =CABS {SETY+SE TH)
HORZ (| ' =CABS{ SEPH)
IEITHET (GE. 3. 1915/2.3 VERT(LIsVERT ({1 *CABS(MIXPATHI2, "Pl *FREQ.
EFSRM SIGH ERF  SIGF ,PH]  RANGE | DLANDY !
02 CONT INUE
EMIN=YMIN B OAMAY=VMAX
MxN=2
TFOVMAK EQ. O (AND. YMIN.EQ.O) MxN=3
MaP=1 32
AXMAC=AMARAF (VERT | 1  HANG ., |, I DUMMY )
CALL PLOTITIVERT JANG  NANG 778,778, THETA COMPONENT 3
WOT 3 FMTY XXMAX
FMTV  FORMATC  STHETA® MAX FLD STRENGTH OF THETA COMPONENT =
Ei%5.5)
XXMAK = AMAXAE (HORZ | | NANG, |, TDUMMY S
WOT 3, FMTH, XXMAX
FMTH  FORMATL  *PHI = MAX FLD STRENGTH OF PHI COMPONENT =
E£15.5)
FINTHET . LE . 1Y GO TO GOBYY
KMIN=HMIN & XMAX-HMAX
MEN=g
TFOHMIN JEQ. O L AND. MMaAX EG. 0F MXNoJ
CALL PLOTIT(HORZ ANG NANG, 778,778, PH| COMPONENT
FRM=|
GOBYY CONT INUE
COMMENT -~ ~==PLOT RUNNING AVERAGE OF EFIELD SQUARED
IFANTHET GT . L) GO 10 GOoB8Y
DIMENSION RINTI 360 DANG 360
RINT(11=0
DANG (1) =ANGL L 180, /P
OO DML 1M1 =2 NANG
IFLANGUIMI-1 . 0T P 80 GO 1O oMy
DANGU ML) =180 ANG{ M1 /P]
ESQUAREAVG= 9 IVERTUIMI~1 122+ VERT{ [M} 123
DM RINTOIMDY =RINT O - 11 +ESOUARE AVG S LANG M -AND O IML -1 1)
GMI NMNANG= M~
RINT L 3=VERT {1 1ee2
DO OM2 I1M2=2 NNANG
DMZ RINTUIMEI-RINT([ME) A ANG( [MZ
MAFP=8 § MXN=3
CALL PLOTIT(DANG RINT NNANG, PHl | AVERAGE
GOBY CONTINUE
GFRED CONT{NUE
01 CONTIMUE
IFIMOREY GO 70 OHMORE
DIMENSION CURMAG NS CURPHAZ (NS [ SEGNUM NG
00 0w I=1,N
SEGNUMLE =]
CORMAGE 1 =SORTCIAIRIII-CIRET 1 o3 o fATI =0l ed e
CURPHAZ (L =RTD#ATANS LIAT L O3+ 0T LI (LA IR -CIRTI Y 1)
0% CONT FHUE
MXN=Z 3 MARP =G
TITLE=T78
CALL PLOTIT(SECONUM CURMAG N, SEGMENT NUMBER
HMAGMTTUDE )

.

N

, RUNNING AVERAGE--£ ©f

. CURRENT

[

AL PLOTITISEGNUM, CUPYHAZ (N, SEGMENT NUMBER , CURRENT |
- PHASE 3
RE TURM
E80
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Ay 1 e

@~ AR

T 0wt e

13
iy

15

7
g
i
20
21
22
e3

2

;

CODE ANALYSIS

FUNCTION TESTIF L, F2
PFLABSF(F21~1 . 08 ~-4012 .2,
TEST=ABSF (4F (~F 21482
RETURN

TEST=C

RETURN

END

SUBROUT INE TRIO(J,JCOT,JC02 . 0L DIk

PARAMETER (NS = 3001

COMMON/ GEOQM/K NP XINS) JYINS) ,ZINS) STINSS  BLINS) JALPINGT

BETINSY , [CONTINS: , JCONS2 NS COLAM
COMMON/ JUNK A NCOX , JOX (251 NC X, JIR29:

S=51¢)

JEOI=[DONT LY
JCQ@= [CONE ¢ 03
IFLJL08y 1,2, 3

JNCOZ

CALL quNClJ,gCOI,wCOX.JDMTNCéx§d§X.§§a§

G0 YO 9

BiL=%/2.0

GOOTO 4
DIL=1SIEJCD 1281 /2.0
WWoaCoey 5.8.7

CALL LUNCJ JCOE NCOZ, JOZ NCLZ L, D

GO TG 8

DiK=5/2.0

GO 10 8
DIK=151 L0 +5122.0
CONT I NUE

RETURN

END
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H SUBROUT INE XFRM ( [SEG NSEG,LASTSEG:

& PARAMETER (NS = 300}

3 COMMON/GEOM/N NP X INS)  YING!  ZINSE (STINS:  BILINS) ALPINS:,
4 IOBETINS, JCONT NS, JCONS (NS LOLAM

5 C

B £ THIS SUBRCUTINE TAKES ADVANTAGE OF SYMMETRY 70 ASSION VALUES TG
T € OTHE sDATA7 COMMON BLOCK --~ DATA FROM THE FIRST QUTANT 15 CALCULATED
8 £ FOR THE OTHER THREE GUTANTS

g cC

10 P o= B 141532654

i1 PLO2 = Plsg, .

12 NSEG2 = [SEG « NSED -

i3 INDEX = NSEDGZ

i GO 180 J=2.%

15 PiM = Pl0O2 ¢ (U~}

16 SINN = SINF(PIO22 4

17 COSN = COSFiPi02eu

iB SINML = SINF(PIMI

19 COSMI = COSF(P{M]:
28 HEND = {NSEG2 ~ IBEG » jr1s6d ~ 3
21 DO 100 M = ISEG NSEGS
a2 INGEX = INDEX + |
23 XUINDEX ) = (iMy» SiNN o+ YiMy ¢ COSN
o4 YOINDEX: = XiMye SinpMl o« YiM3 = 209M1
&5 ZUINDEXy = ZiMy
26 SICINDEX) = SiM3
27 BIOINOEX) = By
&8 ALPCINDEXY = ALFP(M)
29 BET{INDEX) = BET(M) + PiMI
30 ICONTUINDEX) = [CONLIMI » NEND

31 TCONSUINDEXY = [CONSIMI » NEND
32 100 COMT (N

33 LASTSED = INDEX + |

34 RE TURN

35 END
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Appendix E — Sommerfeld/Norton Subroutines Package
|
CODE ANALYSIS
OFTIMIZE
SUBROUT INE BESSEL (Z,AJ0,30P)
COMMENT ---~VERGION OF 28 FEB Tw. . OPTIMIZED FOR 7800. . ..0 LAGER

[3 I S FE IR VIR

‘ § COMMENT --~-ASYMPTOTIC EXFANSION [S INVALID FOR 7 A NEGATIVE REAL NO.
7 COMMENT --~~THE SYMMETRY RELATION J00-X3=-U0tX) CAN BE USED INSTEAD.
\

‘ 8§ COMMENT ~--~HOWMEVER THIS WAS NOT DONE HERE SINCE WE DON'T FEEL
| g COMMENT-~---THIS SITUATION WILL QUCUR. ... ...
\

| 10
|t PARAMETER (P1 = 3.1415926535897932)
|12 COMPLEX BOP
| 13 COMPLEX 2,22.73.2%.7%.P0Z,P1Z,0027,01Z ,AJ0, A1, ZEX UMO UM,
| o1m CHIO,CHTLLOXO, OX 630, 5X1 .5
| 15 COMPLEX 2P,2C,ZR.ZS
| 18 DIMENSION ~REAL-K11130),K12M(30}
\ 17 CIMENSION MU}, 101}
| 1B DIMENSION FAC((D,301
\ 19 IF { 1PASSED S ,OF JRST
| 20 GI CONTINUE
| 21 COMPLEX ZK
| 22 IFIREAL (7)1 %+ R+AIMAGIZ ) 2 +2) BET 838 [F(CABG(Z) .EQ.01 RETURN
-3 TFCIREAL (Z) % *P+AIMAG(Z 1+ 23}~ 100 . ) . LLARGE $3% IF(CABSIZ) . GT.10.7 GO 7O LARG
| 24 12=1 .+ (REAL{Z) ¥ *2+AIMAG(Z) **2)
| 25 MIZ=M{1Z)
| 26 AB=1. $$% ACCUMULATES . 77K
| 27 AJO=1. $%% ZEROTH TERM OF SERIES
| 28 AJl=1. $%% ZERGTH TERM OF SERIES
\EQ ZE=1, %88 ACCUMULATES (Z++{2+K31 171K FACTORIAL
| 20 ZEX=CHMPLX(  BS*REAL (F22), 25 AIMAGIZZ
|31 DO DIl K=1.MIZ
‘\33 TR R EOMPLKUREAL (ZEX sRI2MIKY JAIMAG{ZEX K IZMIK:
33 AUO=AJO+CHMPLX (REAL (ZK) L AIMAG (ZK 11
|34 D11 AJI=AJI+CHMPLY (REAL (2K oK IR VAIMAGIZK ) *B ] LR |
125 BOP=CMPLX - S*REAL (Z*AJ1) .~ 52 ATMAGIZ AJI 1)
& RE TURN
1 : 37 RET AJB=1.
: 18 80P=0,
-* 39 RE TURN
40 LARGE CONTINUE
| 41 2P=2%2
3 42 23 = 22%7
H 43 2w = 7307
¥ ﬁq 5 = I4r7
5 45 POZ = 1. - PI0/7E + PRO/IY
y 4e 6oz = -010/7 + 20723
t 47 PLZ = 1. » PLI/Z2 ~ PRL/ZYH
; “E G17 = Gii/2 ~ Q81473
- CHIO = Z = Pl/4.
&b CHiL = CHID - RL/2.
5£ CHIO = CHIZ*S
5 CHIY = CHIeS
53 7P=CEXPICHID)
B4 2G=CEXPL-CHIDY
585 CXQ = (IP + ZGI/E.
5é SXO =(ZP - ZB)/(F.°%)
57 IRECEXPIOH] LY
53 79 CEXPU-CHI 1)
5543 Ixy o= (ZR ¢ JB3E.
60 SXi{ = (ZR - 751/¢2. S
&1 AJD = BOZSCXD - QUZrSX0
62| AJE = PIZeCKL - Q12+8X1
63! ZR=CEART (2
B | 5 = QW 2R
|
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‘ 65 AJ0 = AJO#ZS

‘ €6 AJl = AJ1*ZS
87 8IP=-AJ1
‘ &8 R TURN
‘ £9  OF IRST CONTINUE
70 IPASSED= |
‘ 71
‘ 72 COMMENT -~~~INITIALIZE PARAMETERS FOR BESSEL FUNCTION
73
‘ ™ GECMPLXID. 1.}
%5 bW = SORTF(2./PL
‘ 78 FACtOI=].
‘ 7 nooa K = 1.,2%
18 X o= K
‘ 79 KileKi=1, 71K+ 1)
80 COMMENT -=--THE - SIGN BECOMES t-iresN FOR POWFER SERIES EXPANSIDN
‘ 81 KISMUK ==, /Ky ee2

‘ B2 B FACIK) = FACIK-11%X
‘ BE COMMENT -~~~ M OARRAY DETERMINES HO MANY TERMS 7O USE [N PORER SERIES EXPANS|ON

au 00 Ouw4 f=1,101
‘ 85 DO 043 Ne1,8y
86 IFOOls.2810eN LT, | .E-BeFACINI=*8) GO TO Duh
\ B7 D43 CONTINUE
88 Oui Mi11=N
‘ 8g ¢ WOT B8, (2013) L tMii),i=1,101
‘ ag PI0 = §./129.
31 PR0 = 9,26 +49. (B4, 264, 224 )
‘ g2 Gis = 1./8.
‘ 93 U806 = §.%28 .7 (48 *B4 3
G PEl e 15,7128,
\ 95 P21 = 15,021 . 245, /(B oG4, 524 )
96 a1t = 3./8.
‘ g7 G2 = 18.#21 /(4B *84% )
‘ a8
9g oo TO Gi
‘ 100 £MD
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COMMENT~»-~11 JUL T4 ., ADDED INTERRUPT FEATURE

i
e
‘ 3 COMMENT----27 JUN 74, .. MODIFIED TO HANDLE ARBITRARY NUMBER OF NON-TOEPLITZ
‘ # COMMENT»--~  SEGMENTS.  THEY MUST BE THE FIRSY FEW SEGMENTS OF THE STRUCTURE
<
&

CODE AMALYSIS
SUBROUT INE CMSETUPIZRATIP,ZRAT M KSYMP, [PGNG, [VERTRC)

‘ g LOM (333
3 PARAMETER (NS = 300)

10 COMMON/GEOM/N NP X INGY  YINST (ZINGY (STINSY ,BIINS) JALPINSS,
H { BETING) ., ICONTINS) , ICONPING)  COLAM

12 INTEGER P

i3 COMPLEX ZRAT! REFS REFPS TRSGIN,JRATIP ZRATIM

4 COMPLEX Foi,CM EING, CB0ORT

15 COMMON 73337 (Ml

16 COMMON /ANGLZ CABINS) ,SAQINS) , SALP (NS

17 COMMON/ JUNK ZNCOX , JOX (291 NCTX, JIX(859) NCOZ,J02(2%) NCIZ, 18185
18 COMMON/REFL /RHOX ,RHOY  RHOZ , CABLL, BARU, SALPR ,PX PY [ REFS REFPS
19 DIMENSION £TRIGY ETI (3

20 COMMON /RCOM/ ~INTEGER- NEVALSR, TROUBLER

21 COMMON /ROMCOM/ - INTEGER- NEVALS , TROUBLE

22

ps

5
Eﬁ COMMENT ----READ N NUMBER OF NON-TOEPLITZ SEGMENTS.  ASSUMMED YO BE
7 COMMENT ----  THE FIRST FEW SEGMENTS OF THE STRUCTURE

RIT &, 1A7.2110) ,ITOEP NONTOERP  ITIMING
[F{ITOEP . XOR. NONTOEP ' (GOK
FIOEP FORMAT( #«CMSETUR=+ 1%, A7, 1X, IS NUT WORD NONTOEP. FiIX 1T, 3
WOT B8, FTOEP, [TCEP
WOT 3,FTOEP, [ TOER
WOT G0, FTOEP . TOEP
CalLL EXIY

GOK CONT INUE
FTOEPS FORMATL *oCMSETUR* *NONTCEF= [10,10%, ITIMING= 110
WOT B9,FTOEPZ NOMTOEP, [TIMING
WOT 3,FTOEP2 NONTOER, [ TIMING
WOT 10D, FTOEPS NONTOER, I TIMING

s

[FUITIMINGY Call BEGINMAF

COMMENT -~ ~ENABLE CTRL-E 1 INTERRUPT FEATURE

COMMENT -~ =~ WHENEVER CTRL-E 1 1§ TYPED AT 177 THE PROCRAM Wiii
COMMENT - -~  PRINT QUT THE VALUES 0OF THE L00P COUNTERS AND TIME
COMMENT ~~-~ USED 80 FAR,

At

LOCIN=.L0C, INTERRUPT
CALL FROST(338,.018,0,0.L0CIN, 0. ERRINT
ERRINT CONTINUE €33 [GNORE ERRORS

R

GO HOCCRRR QPP PA DL L L L L

i NEVALS=D

é NEVALSR =D

ﬁ FUsCMPLXID, 1.
4 Piow 3w 15I0BS
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‘ &5 SIGN=~1{,

| 66 00§ 1=i.N
&7 DG 1 J=i,N
‘ &8 D CMUTAN2 -] ) =CMPLXID. LG
83 ¢
\ 70 € J INDEX 1S THE SOURCE LOOP
\ 7t ¢
18 LIMJL=NONTOEP+! § LIMJU=NONTOEP+! $83 SET LIMITS ON 0O 2000
‘ 73 LIMIL=NONTOEP+1 § LIMIu=NP $8% SET LIMITS ON DO 2000
T4
| 75 03 OO 1i0=1.2
| 76
‘ 77 30 3000 Jeb ML IMOU
78
| 78 TALL TRIOES,JCOL ., JCO2 . 0IL . DI
‘ 80 EE-IR V)
g A=81 ()
‘ a2 CI=X LI
83 A=Y 1
\ EH TsZUd
| 85 MEDSOR =+
86 IF1(ZJ .LT. 0. MEDSOR = -}
‘ 87 MEDIA = MEDSOR
88 [F{MEDSOR .GY. 0} ZRAT[<ZRATIP
| 89 IF(MEDSOR ,LT. 0! ZRAT[=ZRATIM
\ a0 CABJ=CABILJI
91 SABJ=SAB (D)
ap SALPJ=SALP ()
| g3
‘ G
85 £ 1 INCEX IS THE 0BSERVATION LOCP
‘ 96 ¢
97 CO 3000 f=LIMIL.LIMIU
\ a8
| 39 COMMENT----FOR §10=2 CALCULATE ONLY NON-TOEPL[TZ ROWS AND COLUMNS
‘ 140 IF(110.€0.2 .AND. |.GT.NONTOEP _AND. J.GT.NONTOEP) 6O TO 3000

101

102 XIJ=X 1) =Xd
| 103 Y1J=Yiir-YJ
\ 104 MEDOBS = 1

105 IF(Z01) LY. 0.} MEDOBS = ~1i

1085 fd=t-J
| 107 CABI=CAB( D)
| 108 SAB1=SAB( 1}

108 SALP1=8ALP L)

‘ 110 REL =],

111 IF (MEDSOR*MEDOBS .LT. O .AND. KSYMP.NE.1} GO TO a0
| 112 IF{KSYMP NE.3) GO TO GRCOEF $3% KSYMP=2 MEANS DO SOMMERFELD CALL.
| 113 ¢ 1TC1J.EG.0) GO TO GRCOEF $$8 USE REF COEF FOR SELF TERM

11w © WIT 59, (2110 1.9
‘ 118 0 WIT O3, 2110 L 1L,d

116 COMMON /SFCOM/ XS.Y8,Z5,A8.B5.55 . WR X0, Y0.Z0.A0,80, IMUTUAL
| 117 X5 =XJ
\ P18 Y52

118 2527

120 AS<ALP ()
| 121 BSBET (W)

‘ i2e ss-5l(at

23 WR -5
‘ 124 IMUTUAL = 1§

125 RISEY SR
\ 126 YO
| 127 7002143

‘ 128 AG=ALPL
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|
1eq B0=BET( 1}
13 FACTOR= ] |
131 AL [M=~
132 CTEST=] E-2
133 IFOIMUTUAL . NE o) GO TO GMUTUAL
E3% COMMENT - -FOR SELY TERM 0O Twice INTEGRAL FROM g 10 L
138 ¢ FACTOR=2
138 ¢ AL TM=0
137 CTEST=1 . E-u 333 CONVERGENCE CRITER|ON
138 GMUTUAL CONTINUE
139
iuQ COMMON /FREQ, FREO.fCGM9L£X~%KP.HKM.ECGNQT
4} WVLENGTH=3 E8I/FREQ
g SHP&RA?]ONtSGRT(t(S-sz*%a UIS-Y0 ez & (25~20 202y
143 i?(Sﬁ?AQA?{GN*GT.HVLENG?Hé GG TG GNORT 5% USE NORTONS FORMUL 2%
Ty
8% ¢ HOT 53, (2118 1.y
148
%7 EXTERNAL SFIELOS . GFIELDS
148 DIMENSION ~COMPLEX-ETANG (35 ET13)
il f49 COMPLE X E?K.E?S.E?C.CL$CK,5§NL,COSL.5¥NK,CGSK,SKLK,CCNS
' 150
151 CALL ROH{ALEM.B,.GFIELDS,S.E?ANG,CTEE?;
152 ETKsETANG (1) #F AL "OR
153 ﬁTSrEIANG£83’FﬁCT&R
154 ETC=ETANGI 3 *FACTOR
155
156
157 CALL ROM%AL%M,i"S?EKLGS,B,E?ANG.CYESTs
158 £¥Kﬁ£?K*ET&NGtiJ'FACYQR
i5g ETS%E?S*{?ANQ(E!*FAiTOﬂ
180 ETC=ETC+ETANGI 21 2F AC TOR
161
182
183 GO TO GINTERP
164
{65 GNORT CONT I NUE
166 EXTERNAL NFTELDS
157
168 CALL ROHI&LiH.l..NFIELDS,3,ETANG,CT€$T§
183 ETK=ETANG (] 1 sFACTOR
170 ETS=ETANG (21 *F ACTOR
171 ETQ!ETANQE3E‘F&€TCQ
172
173 GINTERF CONTINUE
i
R HOT 3, (2110,%E15.58; .i,J,RﬁﬁLEEfKB,é%HAG(ETK2‘§ASS€€?&},i%QQ)fPi?
176 ¢ *CANG{ETK
177
178
=]
{80
(8
82
8z DIMENSION ~CGNP;£X~ESENSR,EC(NS?,EK(NS}
B4 IFLII0.EQ.2) GO TO 643 :
8% EStli=£Ts
B& ECt1=ETE
87 EKi{1=ETR
88 G443 CONTINUE
189 COMMENT = mw -0 INTERPOLAT[ON
180 FFIMEDIA EG. o ) CLeWKP»311
1131 [FIMERQTA (EQ. ~13 ClombicMerysy
e IFIMEDIA L EQ. +1 CR=WRP*D K
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193
19
195
196
197
198
199
200
201

202
203
204
205
206
207
208
209
21
21t

212
213
2
215
218
217
218
218
220
221

222
223
224
225
226
227
228
229
230
231

232
233
234
235
238
237
238
239
240
21

Shg
243
awy
245
S4B
247
248
248
250
251
253
25y
255
256

[FeMEDTA LEG. -1 CK=RRMeDIK
CALL CSINCOS(CL  SINL.COSL:
CALL CHSINCOSICK,SINK,COSK?

(SINLASINKI*ETC I *CONS

SILK = SINL*COSK + SINKCCOSL

CONS = J./IBINL + SINK - HiLK}

ET01 = (SINKSETK » (COSK-CMPLXCL. (0.1 1*ET8 ~ SINK®ETC) «CONS
ET121 = (-SILK*ETK + (LOSL-COSK)I*ETS +

ET1Ey = (SINLCETK + (CMPLXUT, 0.3 -COSLY»ETS ~

CHUIN* (U~ 13 1sCME L eNR -1 1 oETLE)
FadCOT.LT. 0y CALL JMELSIREALET (D)

SINLFETO s CONS

VATMAGIET 013 ) NCOIX X NCOX, JOx, |

JFLJCOL.GT. 8 CMOleNe 00~ ImCMOlsN2 L JCOL~ L 1 1+ET 1)
IFLIC02.0T7.0) CALL JMELSIREAL(ETIZ1 JAIMAGIETIZ3 I (NCOZ  UDZ MNCIZ  JIZ .1

[F{JC02.67.0)
GO TG Gla

CMUT N L0021 1) =CHI

CRCOEF CONT[NUE $%% USE REFLECTION COEFF APPROACH

601

602

700

KLODP=KEYMP
IFIRSYMP . GT .8 KLOOP =g
{3 300 IP=1 KLOODP
FiF L e ~REL
TlAsZi1y-BF L2
(1 =CABI *CABJ+SAB] *QABJ+BALP I *SALPURIL
O2=X1J*CABL +»Y [ J*BAB ¢ 21 J*SALP!
JPEXTOCABUY 1 JrSAB S« 21 JPSALPRFL
REES SILS SN SIELA S N LY. LTS N
FIHZ =RG~ ZF» 2P
IF(RM2 LT, 1.E-20F G0 TO 8081
FH=SORTF {RH2
GP2=(Q2~2P*Q1 1 /RH
GO 10 802
aPR=0.
Fk=0 .
CONT INUE
IWLIRLONE 2y SO TO 700
BALPR=SALPJ*RFL
FHOX =X | J-CABJ IP
RHOY=Y [ J-248BJ* 2P
BHOZ =2 1 J-SALP.J ZPRFL
RMAGSSORTF [ RHOXN * RHOX » RHOY * BHOY + RHUZ *RHOZ
(FLRMAG.GT.L.E-BIGO TO 3
REHOX=0. § AHGY=0. $§ RHOZ=0.
GO IO B
RHOX =RHOX / RMAG
RHOY = AHDY 7 RMAG
RHOZ =RHOZ 7 RMAG
FMAG=SORTFIYIJ*»Y Lo X1
IFIRMAG.GT. L. E-8)00 TO &
PE=0. $ PY=(.
CYM=1,
ZRGIN=CMPLX (L. 0
30 707
By =Y ]/ RMAG
Py e X[ RMAG
CTH=ABS( 21 J/SORT RS
JECIVERTRC) CTH=1 .
ZRSIN=CSORT (. ~ZRATI*ZRATI# (] . ~CTH*LTHI
REF B (CTH~ZRATI*ZRSINI/ {CTH+ZRAT | »ZRE NG
REFPSa~( ZRATI»CTH-ZRSING 7 (ZRAT [ 2O THAZREIN)
REFPS=REFPS-REFS
IFUIPGND UNE. 1Y GO OTO 700
ZRGIN=CMPLX(L . 0.}
REFS=CHPLX1L, 0.2
BEFPS=CMPLKIO, 0.0
CONT INUE

$3% USE VERTICAL REF. COEF,

PeN=(JCO2-133+ET 83

ONLLY~~RATHER THAN SPECULAR

CALL INTGIB.S.HH,ZP 01, OPZLETRETL.DIL. DIK, [, [P MEDIAETS E1C,ETK)
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N

g N

-
‘ 258
259
‘ 260
261
‘ 262
263
=
265
| ces
267
‘ 268
‘ 269
270
‘ 271
272
‘ 273
274
‘ 27s
278
5
278
‘ 279
280
s
282
‘ 263
‘ 284
285
‘ 286
287
‘ 288
289
‘ 290
251
=
293
=
295
| 296
297
‘ 298
299
‘ 300
‘ 301
302
‘ 303
304
‘ 305
206
o
308
>
310
o
312
| 33
‘ k4L
215
‘ 316
317
‘ 28
319
‘ 320

Ghy

520
200

C

Gia
3000

Gia

0ip

IFe1I0.EQ.2) 00 TO Guy
(FOIPLEQ. 1Y ESII=ETYS
WWOIR EG. 1y EC{y=ETC
IFLIP EQ. 1 ER(I=ETK
IFLIP EG. 2 ESt1=E£St [ 1+ETS*5IGN
IFUIPLEG.2) ECHIS=ECU)+ETCSIGN
FLIP.EQ.2Y EXUIISEKI ) +ETK*SIGN
CONT I NUE
=1
IFeIP . NE .2y GO YO 4
oo 2 10=1,3
ETROICI=SIGN*ETRIIC
ETIHIOI=SIGN=ET LI
IFLJCO1IBIW 611 .815
CALL JMELSIETRITY ETHoy NOIX, JIX,ONCOX, JOX 1)
GO 1O 81y
CMOLN* {00~ 1 3 Y =CMO L aNs CCOI- 111 +ETROI*F J2ET 0 1
ORI oML -1 0P o N L -1 1 EE TR o 08T 102
(FFLCG2y 814,300,620
CALL JMELSIETRIZy ETI(Z) NCOQZ,JOZ NCHZ  JIZ2. 1
GO 1O 300
CME TR (OO~ 11 1 »CMU{aNs (USO8 - 1Y 12E TRIZ1+FSET (3
CONT INUE
WOT 3, 412, 2F5.2,BE18.51 1,000, 3002, D10 DI REALLETK JAIMAGIETK),
REALIETC ,AIMABIETCY REALLETSHT (AIMAGIETS)
CONT INUE
CONT INUE

WOT 3, (1I0,3E19.5) (] REALGEKOD ) L ATMAGUER T 1) ,CABS(ERT 1), I=1 N
b

IF{1I0.EQ.2Y GO TO D10

DO D1A I=i,N

DO 1A U=t N

CMETsN® (=11 Y=CMPLX(D, 8.}

LiMJL=1 $ LiMoU=N 358 RESET LIiMITS ON DO 3000
LIMIL=1 $ LIMIU=N §3% RESET LiMITS ON DO 3000
CONT INUE

COMMENT ~-~~F [LL CM MATRIX USING TOEPLITZ SYMMETRY

DO LOOP J=NONTQEP+] N

CaLl TRICUJ . JCOL,JC02,D1L .0

DO LOOP [=NONTQEP+| N

SGN=1

(Fil=-J.0T7.0) SONe~1, $3% SIN TERM CHANGES SIGN FOR THIS CASE
INDX= 1+ JABS I ~Jr+NONTOEP $%3 TOEPLITZ INDEX

ETK=EK{ INDX}

ETS=ES CINDX ) »S0M

ETC=EC L INOX?

COMMENT ~-~-[0 INTERPOLATION

IFIMEDTA LEQ. +1) CL=WKP*DIL

IF{MEDIA EG. -11 CL=WKM*DIL

[FIMEDTA LEQ. +1) CR=WKPSOIK

IF(MEDTA LEGC. -1 CK=RKM*DIK

CALL CSINCOS(CL,SINL,COSL?

CALL CSINCOS{CK,SIHNK,CDSKY

SILK = SINL*COSK + SINK*COSL

CONS = 1./tSINL + SINK - SILK)

CT(Lr = (SINKETK + (COSK-CMPLXI1. 011 °ETS - SINK*ETC) *CONS
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\ 321 ET42y = (~SILK*ETK + (COSL-COSKI*ETS & (SINL+SINKI*ETC) *CONG

322 ET(3) = (SINL*ETK + (CMPLX(].,0.1-COSLI*ETS ~ SINL*ETC) *CONS
\ 323 CMUTSN® (Jm 1) 1=CHEEoN? (e 113 +ET ()
\ Zau IFIJCOL.LT.0) CALL JMELSIREALIET(11) AIMAGIET 1)} NCIX, JIX,NCOX, JOX, ! ]
\ 325 IFEJCOL.GT.0) CMUI+NS LUC0T~1))=CMUToN ¢ ICO1 =11 1+ET( L
| 326 IFEUC02.LT. 01 CALL JMELSIREALIET(3)) , AIMAGIET(3)) NCOZ,JOZ.NCIZ . J12. 1)
| 327 IFCJCO2.6T.0) CMULeN® 1JCO2~111=CM( [ +N* (JC02~1 1) +ET(3)
328 LOOP CONTINUE
\
‘ 389
‘ 330
| 33 IF1ITIMING) CALL ENDMAR(3)
| 332
\ 333
| 334
\ 325 IF (SYMP.ED.3) WOT S8, (BHNEVALS= 110,1X.110) ,NEVALS,NEVALSR
\ 336 [F(MSYMP.EQ. 31 WOT 3. (//8HNEVALS= 110.1X,110//1 NEVALS.NEVALSR
\ 337 PETURN
338 ¢
\ 339 ¢ THIG 1S A PATCH UNTIL TRANSMISSION CALCULATIONS ARE READY

| 30 C
‘ el a0 WRITEC3,FERD:
‘ Bug FERR FORMAT( A MIXED MERIA CALCULATION fRROR WAS OGENERATED-STCPPED

| 343 CALL EXIT

Ty
\ 45
. 348 COMMENT---~WHEN CTRL-E 1 IS RECEIVED CONTROL [S TRANSFERRED HERE
\ 347

S8 | NTERRU NU

348 (NTERRUPT CONT INUE
| 2ug
\ 350 CALL TICHEK (QUMMY | ,DUMMY2, 1CPU, 11O

351
\ 352 FRMAT FORMAT( JOBNO= |, 3, F10s 11, J= 13, i= 13,
| 353 TIME= FB.2. (MING )
\ 354

355 COMMON/ JOBLOM ! JOBNG
\ 358 WOT 59, FRMAT, JOBND, {10.J, 1, LICPU~TI0) /B0 .E8

1

‘ 35
‘ .358
‘ 359
\ 360 COMMENT----RESET INTERRUPT FLAD
\ 381 LOCIH= LOC. INTERRUPT
\ 362 CALL FROSTI33B,018.0.0,LOCIN, O ERRINTS:
| 383 ERRINT2 COMTINUE $%8 [ONORE ERRORS
\ 364
\ 365
\ 366

\ 367 COMMENT--—-RETURN FROM INTERRUPT

368 ABSOLUTE TWORDO (O
389 TWORCG=200000G08
370 CALL GBEXCH

374

e

273 END
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CODE AMALYSIQ

%

& COMPLEX CROOTS . 7, xK , %L

3 FUNCT ION CRO0TS(Z, XK, XL 3

4 COMMENT ~~ ~-RE TURNS CORRECT SOUARE ROOT OF 2 RELATIVE TO BRANCH POINT

5 COMMENT --«-xK AND XL (LAMBDA

& CROOTE=CSQRT (7}

7 lFlPEﬁLtXLI.L?ARE&LEXKE <AND . AIMAGIXL) . GE . AIMAG (XK1 ) CROOTS=-CROOTS
g RE TURM

E} E£ND
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CODE ANALYSIS
SUBROUT INE EVALUAZH(ERY B2V ERM,E7H EPH) $%% SOURCE ABOVE
PARAMETER (PI=3 1415828535897832;
COMMON JEVALCOM/ M Z1,ZMH, ZPH,R R] ,R2 . -COMPLEX~C.J,
CK1 ORI8O0, CK2,CK3SQ , COEE ,COEH
TYPE COMPLEX [1,023.C3
COMPLEX ERV . EZ¥ ERH EZH,EPH
COMPLEX COEE 1 ,.COEEZ ,COEH! [ COEMP
COMPLEX CEIR, CEIZ, CEIRH,CEIZH,CE|PH

W W -~ PR L Ty

| 10 COMPLEX CEPR CE2Z ,TEPRH CE2ZH,CE2PH
\ i :
| 12 COEE | =COEE
| 12 COEE@=COEE /CKPSO
\ 14 SOEHT=COEH»CK 150
\ 5 COEMB=COEH
\ 18
\ 1 IFUICALLED.EQ.D! WOT 3, o EVALUAZ CALLED
\ I8 (CALLED=]
19
\ 20 (FUZ1.LT.00 G0 TO 150
21
| 22
\ : 23 ¢ 1T 1S TO BE NOTED THAT THE SINE OF PHI AND COSINE OF PHI TERMS
\ 2 C THAT ARD ASSOCIATED WITH THE HORIZONTAL ELECRIC DIPOLE TERMS HAVE
\ a5 ¢ BEEN OMITTED FROM THE EQUATIONS FOR THE FIELDS DUE TO A
‘ 26 ¢ HOR[ZONTALLY ORIENTED SOURCE. ONLY THE REAL AND THE IMAGINARY
\
\ 27 ¢ (OR THE MAGNITUDE AND THE PHASE) TERMS FOR THE FIELDS HAVE BEEN
\ 28 C CALCULATED. 1T 1S ASSUMED THAT THE PERSON USING THIS PROGRAM
\ 29 ¢ KNOWS WHICH FUNCTION OF PHI GOES WITH WHICH COMPONENT OF THE
\ 36 C VARIOUS ELECTROMAGNETIC FIELDS,
‘ 3t ¢
\
\ 32
\ 33 ¢ THIS 1S THE GENERAL EVALUATION
\ kL
\ 35 C THIS SECTION 1S USED FOR THE EVALUATION OF THE U AND V BASIC
\ 36 C INTEGRALS. THIS SECTION 15 FOR Z LESS THAN ZERC, THUS THE U AND
\ 37 ¢ v INTEGRAL FORMS ARE FOR A SUBSCRIPT OF 22,
\ 38
\ 39 DIMENSION ~COMPLEX-ANS {101 ,5UM( (0]
\ 40 EXTERNAL SACA,SA08
41 COMMON/CONTOUR/ [ TYPE | ~COMPLEX -4 .8
\ 42 COMMON/ ROMCOM/ - INTEGER-NEVALS , TROUBLE
\ 43 NEVALS=0
\ My DO DZEROA 1=1.8
\ 45 DZEROA SUMi[1=D
‘ 46
\ w7 DIMENSION PATH(B)
3] PATH{ 1 1 =0
\ 4g PATHI21=0
\ 50 PATHI3) =1 . AMAXIF (R HI+ABS (21
| °H PATHIY =~PATHI 3}
\ 52
| 53 DO RLOOPL i=1,1,2
| By [TYFE=1 & A=CMPLXI{PATHII) PATHII+{)) 8 SsCMPLX{IPATHI]+2) [ PATHI[*Z
\ 55 CALL ROMBERG!D,!.,5ADA.B,ANS,10) $$5% SOURCE ABOVE OBSERVER ABOVE
\ 86 ¢ 1P {TROUBLE .NE.O) WOT 59, (BMTROUBLE=,110) ,TROUBLE
\ 57 1¥ i TROUBLE .NE .01 WOT 3, (8HTROUBLE=,110) , TROUBLE
SE ¢ WOT 859, (THNEVALS=, 1107 ,NEVALS
\ 53 ¢ WOT 3, UTHNEWALS=, 1103 NEVALS
\ » 80 WOT 3, (//SHPATH NO. 120 1
‘ &1 ¢ WOT 3, (L1551 L (REAL(CANS(JY T ATMAGIANS (U CABSLANS U ,u=1 T}
\ 82 DO DR J*1.8
\

\ 63 DRI SUM(J)=SUM(J) +ANS(J)
| 84 RLOOP1 CONTINUE
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K

79

100
101
1ae
103
104
105
106
a7
tog
108
i1g
i1t

t1e
113
LiM
15
116
17
g
tig
120
2l

1ee
183
{4
185
108
&7
108

Ty Yy

%y

5 %

f)

o

MNEVALS=0

OEL= 2*PIF 11, /MAKIF IR, HI»ARBS (21 13

DOMPLEX DELTA

GELTA=DEL
CALL GSHANK(SAQA ,CHPLX{PATHIZ) PATHIN ) 1 DELTA,ANS 6, 5UM,

G,OMPLXLG, 0., CMPLXID, . 0.0

00 DSHL {=1,8
SUMI I =ANST ]

[FITROUBLE .NE .0V WOT ¥, (BHTROUBLE=, {10} | TROUBLE

WOT 3, (THNEVALS®, 110} NEVALS

WOT 2, (3215.51 (REALCSUMUTY) JATMAGISUMIL) ) CABSISUMUII Y, =16}

@ i

THIS SECTION COMBINES THE REAL AND THE [MAGINARY PARTS OF THE %1X
BASIC INTEGRALS (M ORDER TO FORM THE FICLD INTENSITIES,

Ti=SUMe 3
CE=SUMIR sIKESG+5UMI2)
CE=GUMIn;

THIS SECTION EVALUATES THE FILELOS FOR A VERTICAL ELECTRIC DIPOLE.

CESR=COFES*CKISG8. o (1
CERZ=COEE2IKISG*2. L2
CHEA=CDEHZ *CKISG2 . «C3

THIS SECTION EVALUATES THE FIELOS FOR A HORIZONTAL ELECTRIC QIPOLE

C=8UmMi] Y +5UMIE)

[F{R.EG. Q) O2=0UM8+SUMIB:
[FARONE ) (2=8UMIs /R «SUMIBDY
C3=6UML 3

CECRH=COEER*CKZEG 2. # (1}
CESPH=~COEEZ*CKESN 2. * (8
CEQZH=~COEE2+*2, = CKISG* (3

ERV=CEZR
EIv=CESY
ERH=CEZRH
EJH=LESTH
EPH=CE2PH
RETURN
THE FOLLOWIMG SECTION 1S USED ¥ 2 1S LT, .

CONT [NUE

T#{G SECTION PERFORMS THE ROMBERG [NTEGRATIONS FOR THE U AND
¥ OINTEGRALS WITH A 21 SUBSCRIPT.

THE PROCEDURE FOLLOWED 1S THE SAME AS DESCRIBED ABOVE FOR 2
LESS THAN ZERD,

NEVALS=C
0 DJZERQE =17

DZEROB SuML 1 =0

BATHI L 20
PATHIZ =0
PATHI S =] sMAXIF IR HIABS(JE 1
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129
130
131

132
133
HEL)
135
136
137
138
139
140
fuy

1u4@
143
Tin
195
14E
1M7
148
1uh
150
151
152
153
154
155
1586
157
158
159
160
161

162
163
164
165
166
187
168
189
170
174

172
173
17
175
176
177
178
179
180
181

{182
183

PATH(% 1= -PATHI 3}

0O RLOOPZ 1=1,1.2

TTYPE=] § A=CMPLX(PATHOL ,PATHIL+1)) § B=UMPLX{(PATHI[+2) PATHII+31)

CALL ROMBERG{D.1.,SA08.7,aNS,10) $3% SOURCE ABOVE OBSERVER BELOW
C [FITROUBLE .NE.C) WOT 59, (BHTROUBLE=,|10} ,TROUBLE

IF(TROUBLE NE O WOT 2, 18MTROUBLE=,1103 ,TROUBLE

C WCT 58, (7HNEVALS=,110) NEVALS

o WOT 3, (THNEVALS= 110y (NEVALS

I WOT 3, 1//79MPATH NO. 12) i

< WOT 3, (3E15.%) ((REALIANSIJN I  AIMAGIANG U )Y (CABSIANS (JY) ,J=1, 7}
00 OR2 J=1.,7

OR2 SUMIJI=SUMLJI «ANS{ )

FLOOPZ CONT I NUE

[ NEVALS=(
DEL=.Z2*Pi*{] /MAXIF IR, HI+ABSIZ1
DELTA=DEL
CALL OSHANK (SACB , CMPLXAIPATHIZ PATHMIWH) JDELTA  ANS .7, 8UM,

G, CMPLXIG. 0., CHPLXIQ, 8.1}
DO JSHZ 1=1.,7
DGHE SUMT s =aANSL]Y

PFOTROUBLE NE .03 WOT 3, (BHTROUBLE=, 110y ,TROUBLE

C WOT 3, (THNEVALS= {1831 (NEVALE

C WOT 3, (3E18.95) (REALISUMUDY ATMAGISUMUDY) (CABSISUMUL Y 1= .7
Cl=aUME 3
CR=0UMIB ISR« SUM )
CE=25UMIN Y

Lo THIS SECTION EVALUATES THE FIELDS FOR A VERYTICAL ELECTIRIU DIPOLE.

CEIR = COEE1*2.*(1
CE1Z = COEEL*2.°(2
CHIA = COEM}*2.+(3

< THIS SECTION EVALUATES THE FIELDS FOR &4 HORIZONTAL LLECTIRIC DIPGLE

L THE SINGULARITY DIFFIQULTY AT RHO = 0§ (MENTIONED ABOVE ) QCCURS
9 HERE ALSO, SIMILAR REMARKS A% ABOVE appLY.

Ci=8UMi11+SUM(B)
FFORLEG. DY C2=SUMIM Y +SUMIED
[F(RUNE . O C2sSUMINs /R«SUMLEB)
CR=GUMITY 338 MAKE QURE THIS |5 RIOHT
CE RM = COEE1*2. =1
CE PH = ~COEEIZ. %02
CEZHW = ~COEEj#*2,7C3%
ERVICE IR
E2V-CELZ
ERH: CE1RH
EJHCEIZH
EPH-CE | PH
RE TURN
END
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1 |
|
|
|
|
| 1 CODE ANALYSIS
| 2 SUBROUT INE EVALUAZ(ERV,E2V,ERH,EZH EPH) $33 SOURCE ABOVE
3 PARAMETER (Pi=3.1415326535897932)
\ L) COMMON /EVALOOM/ HI,Z1.2ZMH,ZPH R, ®1 ,R2 . -COMPLEX-C.J,
| 5 LK1 LCK1ISG,0K2,0K2S0, COEE , COEH
| 6 TYPE COMPLEX C1,C2.C3
7 COMPLEX ERV,EZV,ERH,EZH, EPH
| 8 COMPLEX COEE!,COEER,COEMI COEHR
- COMPLEX CEIR,CE1Z.CEIRH,CE|ZH,CEIPH
| 1o COMPLEX CE2R,CE27Z,CERRM,CE27H CERPH
i
12 COEE 1 =COEE
13 COEER=COEE /CK2SG
I— COEHI=COEH»CK 1 S0
- COEH2=COEH
|18 :
| i? IF (JCALLED.EG.0) WOT 3, ¢ EVALUAZ CALLED
18 ICALLED=1
|1
- {F{Z1.LT.0) GO TC 150
3
| -
: | 23 ¢ 1T 1S TG BE NOTED THAT THE SINE OF PHi AND COSINE OF PHI TERMS
a4 ¢ THAT ARE ASSOCIATED WITH THE HORIZONTAL ELECRIC DIPOLE TERMS HAVE
! | a5 ¢ BEEN OM{TTED FROM THE EQUATIONS FOR THE FIELDS DUE TO A
28 ¢C HOR[ZONTALLY ORIENTED SOURCE. ONLY THE REAL AND THE [MAGINARY
| er¢ (OR THE MAGNITUDE AND THE PHASE) TERMS FOR THE £IELDS HAVE BEEN
| e8¢ CALCULATED. 1T IS ASSUMED THAT THE PERSON USING THIS PROGRAM
| 29 ¢ KNOWS WHICH FUNCTION OF PHI GOES WITH WHICH COMPONENT OF THE
30 C VARIOUS ELECTROMAGNETIC FIELDS.
T
32
‘ 33 ¢ THIS 1S THE GENERAL EVALUATION
3
| 35 ¢ THIS SECTION 1S USED FOR THE EVALUATION OF THE U AND V BASIC
3B ¢ INTEGRALS. THIS SECTION [S FOR Z LESS THAN ZERO, THUS THE U AND
37 ¢ Vv INTEGRAL FORMS ARE FOR A SUBSCRIPT OF 22.
38
39 DIMENSION ~COMPLEX-ANS({1M),SUM{10)
W EXTERNAL HSADA  HSADR
41 COMMON/CONTOUR/ | TYPE , ~COMPLEX- 4,8
4e COMMON/ ROMCOM,/ ~ INTEGER-NEVALS , TROUBLE
43 ¢ NEVALS=0 :
i DO DIZEROA 1=1.6
45 DZERCA SUMC]3=0
us DIMENSION PATH(S:
147 PATHI 1) = 2*REAL (CKE)
w8 PATHIZ2) =~ . S¥REAL (CKE)
49 PATH{3) =REAL (CKS)
50 PATHIY I =PATH(ZS
‘ 51
52 FATH{ | 1=0
| 53 PATH(Z) = 5*REAL (CK2)
= PATH(3) = . 22REAL (CK2)
\ 55 PATH(4) =PATHIE}
| 56 PATHIS) =PATH ()
‘ 57 PATH{G =~ [ BeREAL {CKE)
£8 FATH{7) =REAL (CK2)
| sa PATHIB) =PATHIE]
80
‘ 61 00 RLOOP! {=1.,5.,2
| 62 [TYRE=1 § A=CMPLX(PATH{[), PATHUI+11) & B=CMPLX(PATHUI+2) PATH(]+31)
B3 CALL BOMBERG(D, 1. ,HSAQA.B,ANS, 103 $%% SOURCE ABOVE OBSERVER ABOVE
|64 C WOT 3, t ~~PATH-- LIS 110,915,581 NEVALS,
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‘ 65 ¢ o REAL (A3 ATHMAGAY JREAL B L AIMAG (R}
\ 56 [FITRQUBLE . NE . §) WOT 58, (BHTROUBLE=, {103 |, TROUBLE
| 87 IFUTRCUBLE UNE . 03 WOT 3, (BHTRODUBLE=, 110} |, TROUBLF

[

‘ 88 C WOT B9, (THNEVALS=, 110 NEVALS
| 63 C WOT 3, (THNEVALS=,{10) NEVALS
| 70 ¢ WOT 3. (//9HPATH NO. 12) .1

| 7

WOT 3, (3F15.5; AREAL CANS O ) A THAG LANS (I [ CABSLANS I 5y, J=l 7
\ 72 00 DRI Us1LB

\ TR OOR] SUMUL =SUMIE) < ANS U

\ T4 RLOCP! CONTINUE

\ 5 ¢ NEVALS=0

‘ 76 BL IMePATH( 3)

\ 77 NCON=D

‘ i OEL= . 2ePI2 ]  /MAXIF IR MI+ABS L2

| 74 DEL=. L "REAL (0K

| B DEL=. 2 PI/R

| 81 DEL =MIMIF{ . Z%PI/R, 2 TREALICKS

\ g2 DEL=.2*PI/R  $3% SPECIAL CASE FOR Z1sH]=!

\ 83 CMPLEX DELTA

\ ay DELTA=CMPLXEO . ,DEL) 338 PATH PARALLEL 10 [MAGINARY A%15
85 DO DSWiNt i=1.B

‘ BE DSWINT SUMITI =-SUMUTY $3% SHINDLE SINCE DOING PATH BACKWARD
\ 87 COMMENT-~--SLOPING PATH PASSING THRU 0,» . 8«0r2)

| 86 DELTA=CMPLY (-, 2*DEL DEL)

- a9 DELTA=CMPLXID, ,DEL)  $3% PATH PARALLEL TO IMAGINARY AXIS
‘ a0 SLOPE=R/ (H]+ABS (2113

\ a DEL=.2* S /MAXIF (R, M1 -ABS(Z1 3

| g DELTA=CHMPLX {~DEL , S.0PE «DEL 3

| a3 IF(ABSOSLOPE Y (GE . 1. DELTA=CHMPLX(~DEL /SLOPE \DEL

\ = 3% CALL GSHANK (HSAOA ,CHMPLX(PATHMO L JPATH(Z) Y ,DELTA ANS ,6,5UM,
| g5 . 0,CMPLX(0..,0.3 ,CHPLXID. 0.}

\ 98 DO DSHY [=1.

\ 97 DSHI SUMiiy=—-ANS(l)  $33 SWINDLE SINCE $ID PATH BACKWARD
98 COMMENT-~--SLOPING PATH PASSING THRU CK1i
\
‘ 39 COMMENT-~~-~THE 99 FACTOR 15 70 AVDID PASSING OIRECTLY THRU CK}

‘ 1e3 € CEL=.2PI/R 353 SPECIAL CASE FOR ZisMi=Q
101 DELOEL =1  OI*REAL (CK I ~PATHI T /4 L 9Y9 A [MAGIOK I ~PATHIES
| _
\ 102 DELTA=CHMPLX(DEL *DELDEL ,DEL
\ 103 IF(DELDEL .G7. 1.3 DELTA=CHMPLXIDEL ,DEL/DELDEL
| 104 COMPLEX BREAK,DELTAZ
\ 105 DEL TA2=CMPLX (DEL , SLOPE *DEL
108 IF(SLOPE .GT. 1) DELTASSCMPLX(DEL /SLOPE DEL
| 107 BREAK=CNMPLX (1.0 *REAL (CKL, G99 AIMAGICK ] 1
\ {08 CALL CSHANK (HSAQA  CMPLYIPATHIT) (PATHIE ) DELTAANS 8 ,5UM,
| 108 | LBREAK ,DELTAZ:
‘ 118 00 DSWINZ [=1.6
\ 111 DSWING SUMUEI=ANSO] S
\ 112 IF(TROUBLE .NE.O! WOY 3, (BMTROUBLE=, 11D} ,TROUBLE
| 11z WOT 59, (THNEVALS=,1103 NEVALS
\ f1e € KOT 3. (THNEVALS=, 1101 NEVALS
\ 115 ¢ WOT 3, (3E15.81 , (PEALSUMIT I, ATMAG(SUM 1) CABSISUMIT) 121 .6)
116 ‘
| -
117 ¢
\ (18 0 THIS SECTION COMBINES THE REAL AND THE [MAGINARY PARTS OF THE SiX
| t1g ¢ BASIC INTEGRALS [N ORDER TO FORM THE FIELD INTENSITIES.
‘ 120
121
\ 128 CKESO+SUMIZ]
| 123
| 2y
\ 125 0 THIS SECT ON EVALUATES THE FIELDS FOR & VERTICAL ELECTRIC DIFPDLE.
126
| 127 CEPR=COLERCKIGa2, 5 (]
| 128 CER7=COEERCKISQ 3. #(2
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l |
|
|
|
\ 129 CHEA=COEH2*CK1SQ 2. «C3
| 130
13
\ 132 ¢ THIS SECTION EVALUATES THE FIELDS FOR A HORIZONTAL ELECTRIC DIPOLE
133 '
13 C1=SUML1) +SUMIB)
| 135 IF{R.EQ.01 C2=SUMI4I+SUM(B)
‘ 136 LR ONE . Q) C2sSUMINMI/RSUMIB!
| ‘ 137 C3=GUMIL 3}
138
S CE2RH=COEE2+CKISQ*2. *C1
| 1s0 CE2PH=-COEER9(K2SQ2 . *C2
| 1wt CE2ZH=-COEER*2 . *CK15Q°C3
\ 142 ERV=CESR
| 143 £2V=CERZ
B ERH=CE2RM
‘zwﬁ EZH=CE27H ‘
146 EPH=CE2PH
147
| 148 RE TURN
| 189
| 150 € THE FOLLOWING SECTION IS USED {F 2 [S .uT. O,
151
\ 152 150 CONTINUE
153 ¢
150 ¢ THIS SECTION PERFORMS THE ROMBERG INTEGRATIONS FOR THE U AND
\;55 ¢ v INTEGRALS WITH & 21 SUBSCRIPT.
156
157 ¢ THE PROCEDURE FOLLOWED 16 THE SAME AS DESCRIBED ABOVE FOR 2
|18 C LESS THAN ZERQ.
‘ 159
‘taa C NEVALS=0
161 0O DZERCB I=1l,7
| 162 DZEROB SUM(1)=0
163
164 PATHI1)=0
185 PATHI2 = BoREAL (CK2)
166 PATHIZ) = . 2*REAL (CK2)
‘387 FATHI% ) =PATHIS)
188 PATHIS ) =PATH( 3}
188 PATHIB) =~  B53REAL 1CKS)
170 PATH(7) =REAL (CK2)
171 PATH(8! =PATH(E)
172
173 DO RLOOPZ 1=1,%.2
174 ITYPE=1 § A=CMPLX(PATHOLI PATHI1+1}) § B=CHMPLXIPATHI [ +2) PATHII+31}
175 CALL ROMBERG(O 1. HSAOB,7.ANS. |01 $3% SOURCE ABOVE OBSERVER BELOW
176 ¢ [F{TROUBLE .NE . O} WCT 59, (BHTROUBLE=, 110! ., TROUBLE
77 IF(TROUBLE .NE.0) WOT 3, (BMTROUBLE=, 110} ,TROUBLE
178 € WOT 53, (7HNEVALS=,[10) ,NEVALS
173 C WOT 3, (THNEVALS=, 1101 NEVALS
180 ¢ WOT 3, (//GHPATH NO. 121 .1
‘185 C WOT 3, 13818 .81 (REAL tANS( Y JAIMAGIANS () ), CABSTANS (U1 (J=1 .7
‘xae DO DR2 J=1,7
183 OHZ SUMTLY =SUMIJI+ANSL
t8% RLOOP2 CONTINUE
185
188
187 ¢ NEYALS=0
188 NG DSWINIB fei,7
189 DokINIE SUMOL=-SUMIT $5% SINCE DOING PATH BACKWARD
190
=y SLOPE =R/ {HI+ABS(211)
192 DEL=.2sF1r (] /MAXIF (R HI+ABS (71115
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x 193 DELTA=CMPLXL-DEL ,SLOPEDEL)

{94 {F(ABSISLOPE) .GE. 1. DELTA=CMPLX{~DEL/SLOPE ,DEL
‘ 195 CALL GBHAMNK (HSACE CMPLXIPATHI [ PATHIZ) ) \DELTA,ANS, 7, SUM,
‘ 196 O,CMPLXIO. D, OMPLXLO. 8.0
1 ‘ 187 0G D3Hg 1=1.7
‘ 198 OSH2 SUMITi=-ANS(T) $%% SINCE DDID PATH BACKWARD
‘ 199

‘ 200 COMMENT~-~-SLOP NG PATH PASSING THRU CK!

201 COMMENT----THE .95 FACTOR 15 TO AVOID PASSING DIRECTLY THRU CK1
‘ 202 DELDEL=t1  OI*REALICKIY-PATHITI /1 990 s IMAGIOK L -PATHIE §
0 203 DELTA=CMPLX(DEL *DELOEL .DEL )

‘ 20% IFIDELOEL .07 .1, ) DELTA=CMPLX(DEL ,DEL/DELDEL ¥

x 205 DELTA2=CMPLX(DEL . SLOPE *DEL .

206 [FASLOPE .GT. 1) DELTAS=CMPLXIDEL /SLOPE ,DEL)

‘ 207 BREAK=CMPLX{ ] . Q1 *REALICKEY, 9924 MAGIOKI )
‘ 08 CALL DSHAMK{HSAOB  CMPLXGRATHITY PATHIE Y (DELTA ANS 7 . SUM,
‘ 2049 [ BIEAK ,DELTAS)
210 DO DSHINSB (=17
‘ 251 DSWINSB SUM [1=ANS(])
| 212
| 213 IF(TROUBLE .NE.D) WOT 3, (8HTROUBLE=, 110} | TROUBLE
| giu T WOT 3, (THNEVALS=, 11D) (NEVALS
‘ 218 C WOT 3, (315,959 REALISUMOT ) JAIMAGISUME Dy ,CABSISUMIT Y 1=1, T
‘ 218
‘ 217 Ci=SUuMi 3
| 218 CR=SUMIB) *CKISO+SUMIZ)
‘ 219 CE=SUM Y
ﬂ 220
| 221 ¢ THIS SECTION EVALUATES THE FIELDS FOR A VERTICAL ELECTRIC DIPOLE.
| 222
| 223 CELR = COEE1*2.*C]
| 224 CELZ » COEE1+2.+C2
\ 285 CH1A = COEHI*2.*C3
0 226
x 287 ¢ THIS SECTION EVALUATES THE FIELDS FOR A HORIZONTAL ELECTRIC DIPOLE
228
0 229 ¢ THE SINGULARITY OIFFICULTY AT FHO = 0 (MENTIONED ABOVE) OCCURS
) 230 ¢ HERE ALSO, SIMILAR REMARKS AS ABOVE APPLY.
‘ 231
| 232 CHeSUMILT +BLMIB)
| 233 IF(R.EG.0F Ca=SUMIN +5UMIE)
‘ 234 IFAR.NE.OY C2=SUMil) /ReSUMIE) :
0 235 C3=GUMI7; $%% MAKE SURE THIS 15 RIGHT
| 236 CELRMH = CDEE142 o0t
| 237 CEIPH © -COEE(*2. (8
g | 238 CEIZM = ~COEE1*2.*C3
g ‘ 239 ERV=CE LR
f | 240 EZv=CE1Y
I | 241 ERH=CE |FH
i 2ue EZH=CE 1M
E ﬂ 243 EPH=CE 1FH
p 0 24k RE TURN
g | auh END
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CODE amaLYSIS

SUBROUT I NE EVALUBErERV.EZV,EHH}ﬁSH‘EPHI $3% SOURCE BEL oM

PARAMETER (Pl=3 14 15926535897932)

COMMON /EVALCOM, Hl.E%,ZNH,ZPH‘RVRi,RB,~COHPLER*Cd,
CK!.CKISG‘CXB,CKESQ*COEE.CCEH

TYPE COMPLEX £1,e8.c3

COMPLEX ERV.EZV,&QH,EZH‘EFW

CoMPLEX C&EQZ.CCEEE.CDEHI.COEHB

COMPLE X CE%R.EEIZ.CE!RH.CEEZH.CEipH

COMPLEX CﬁER{CEEZ.CEBQH.CEQZH.CEQPH

COEE 1 =LOEE/CR1BG
COEE2=COEE
COEH] =COEH
COEHS=COEMCKa5Y

IFCICALLED . EQ. B woT L EVALUBR CalLED
ICALLED=)

IFtZi.6E.0y 5O 10 150

[» 1T 1S 70 BE NOTED THAT The SINE OF Pl AND COSINE OF PH| TERMS
C THAT ARE ASSOCIATED WiTH THE HORZOMTAL ELECRIC DIPOLE TERMS HAVE
c BEEN OMITTED FROM THE EQUATIONS FoR TE FIELDS DUE 10 &

C HOR[ZONTALLY ORTENTED SOURCE . OMLY THE REAL AND THE [MAGINARY

< fOR THE MAGNITUDE AND THE PHASE: TERMS FOR THE FIELDS MAVE BEEN
c CALCULATED. 1T 1§ ASSUMED THAT THE PERSON USING THIS PROGRAM

C KNOWS WHICH FUNCTION oF PHI GOES WiTH WHICH COMPONENT OF THE

C VARIOUS ELECTROMAGNET IO FIELDS.

C

< THIS IS THE GENERAL EVALUATION

o THIS SECTION 1S USED FOR THE EVALUATION OF THE U AND v BASIC

c INTEGRALS. THIS SECTION {S FOR 7 LESS THAN ZERG, THUS THE U AND
C ¥ INTEGRAL FORMS ARE FOR A SUBSCRIPT OF 14,

DIMENSION ~COMPLEX~ANS (101 ,5UM(10)
EXTERNAL SBOA , SROB

COMMON/ CONTCUR # Z?YFE‘wﬁﬂMPLEXWﬁ,E
QUMMGNJRCHCQﬂfMiNTEGER-NEV&{ﬁ.?HQQBL&
¢ NEVAL S=p

0C QZEROA {=1.8

OZEROA SUM =0

DIMENSION PATHIR)

PATH( L 1=0

PATHIZ =
PATH{3§ﬁ§,!MAXIF<R4H§*ﬁBS{Z§E?
FATHIG =~PATH(3)

DO RLOOP| [=:,1.2

ITYPE=] § A=CMPLXIPATHO ) PATH (11 ) 3 QmCMPLX{PArﬁfé*EI,FﬁTHi§*3§§

CALL RCHBERG(%,}.,SECB,&.ANS,%G} 5% SOURCE BELOW OBSERVER BELOW

[FATROUBLE . NE. O3 WOT 3, IBHTROUBLE=, 1M TROUBLE

- WOT 3, (THNEVALS=, {10} JNEVALS

. WOT 3, (7 /79HPATH MO, 121 .

© HWOT R, 13188 ,iﬁEAL£ANS€$31,A%ﬂé&iﬁwﬁiék)4CAES€kN5iJ334¢*¥.7)
80 DRt U=1.8

OR1 SUN!J?=€UH(J?'AN5€M5

RLOOPE CONT [NUE

o NEVALS=0
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&5 CEL= SoPIs (] /MAXIF (R HI+ABS 211

&6 COMPLEX DELTA

&7 CELTA=DEL

68 CALL GSHANK (SBOB,CMPLYXIFATHIZ) PATHIUW T DELTA,ANS 6, SN,

59 . GLCMPLXI(0.,0.) , CHPLXIG. ,D. 1

il 00 D8HE I=} .6

TLODSHL SUMOI=ANS(]}

e F"(TROUBLE NE .} WOT 3, (8HTROUBLE=,1i0y , TROUBLE

T30 07T 3, (THNEVALS», 110) NEVALS

T ¢ NAOT F. 1ZEIR.S) L (REAL(SUMUI) ) JATMAGISUMEIY) (CABS(SUMIT 1, 1=t 5]
%5

78 ¢

e THIS SECTION COMBINES THE REAL AND THE [MAGINARY PARTS OF TH#E S
78 0 BASIC INTEGRALS® IN QRDER YO FORM THE FIELD INTENSITIES.

it

80 £ o=851Mi 3

Bi CoeSUMIS *CK ISR SUMIE:

a2 Ch=SUM i}

83

84 ¢ THIG SECTICN EVALUATES THE FIELDS FOR & VERTICAL ELECTRIC DIPGLE.
85

86 CEIR=COEE | *CK2SG*2 . * L}
87 CE1Z=C0EE I »CK2SQs e . *(C2
88 CrlA=COEM] *CK25G 2. *L3
a9
G0
g1 ¢ THIS SECTION EVALUATES THE FIELDS FOR A HORIZONTAL ELECTRIC DIPOLE
92
83 C1=BUMIL+SUMIB)
G4 [FIR.EG. 0 C2=8UMIM I +SUMB)
a5 IFERONE.O) Ca=8UMIN ) /R+SUMES
a8 CE=5UML )
a7 CEIRMH=COEE 1 *CKIGG=2. 21
a8 CE1PH=-COEE 1 *»{KISA 2. * (2
ag CE1dH=~COEE 1 *2 ., *CK25Q*C3
100
101 ER/=CELR
16g Ev=CELZ
103 ERM=CE |RH
104 EZH=CE 1 ZH
105 EPH=LE 1 PH
108
Q7 RETURN
108
168 ¢ THE FOLLOWING SECTION 15 USED IF 2 1S .GT. 0.
110
P10 150 COMTINUE
112 ¢ '
113 ¢ T+ 1% SECTION PERFORMS THE ROMBERSG INTECRATIONS FOR THE U AND
HEL I VY OINTEGRALS WITH A 12 SUBSCRIPT,
115
116 C THE FROCEDURE FOLLOWED 1S THE SAME AS DESCRIBED ABOVE FOR 2
17 c LESS THAN ZERO.,
118
18 NEVALS=(
120 0C JZERQOH [=1.,7
121 DZERCE SuMi]i=0
122
123 FATH(] =0
T PatT-i@t=0
125 PATH(Z =1/ MAXIF (R HI+ABSIZ1
198 BATM I o ~PATHI Y
187
129 DO RLQOP2 x5 .].8
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e e e — e LR 3

ITYPE=1 & AsCMPLXIPATHIL PATH([+111 § B=CMPLXIPATHI |42} PATH{I+3} )

CALL ROMBERG(D, 1. ,580A,7 4NS, 10 $83 SOURCE BELOW OBSERVER ABOVE

¢ IF(TROUBLE ME .0 WOT 53, (BHTROUBLE=,110) ,TROUBLE -

IFITROUBLE .NE .0 WDT 3, (BHTROUBLE=,}110) ,TROUBLE

C WOT 53, (7THNEVALS=,110) NEVALS

o WOT 3, (7HNEVALS=, 110 L NEVALS

C WOT 3, 17/9HPATH NO. 283(.5

C WOT 3, 13015%.5: .iRE’,ALiAN‘Bidﬁ,A{?‘!AGIANStJH.CABQS(A%&JU,.J&g,?&
DO DRZ J=1,7

DRZ2 SUMIJ) =SUMIJI »ANS{ )

RL.OCP2 CONT INUE

C MEVAL B0
DEL= 8P (] JMAXIF (R HI+ABSIZ] 18}
DELTA=DEL
CALL GSHANK (SEOA ,CMPLXIPATHLZ) PATH(%1) DELTA ANS,7.SUM,
O.CMPLX(0, 0.1 CMPLXID. 0.1
o0 OSHeZ [=%,7
LSHS SUMOL) =8NS )
FLTROUBLE ONE . D WOT 3, (BHTROUSLE=, 110y | TROUBLE
WOT 3, (THNEVALS-, 103 NEVALS

[

C WOT 2, (015,53, (FEALISUMEL I JAIMASISUMITY Y ,CABSISUMET Yy, =1, 7}
Ci=5UMi 3
C2=qUMIBy *LKISU+SUML )
CE=GUMIN

C THIS SECTION EVALUATES THE FIELDS FOR A VERTICAL ELECTRIC DIPOLE.

CESR = COEEZ+2. {1
CERZ = COEEZ*2. (2
CHPA = COEH2*2. (3

C THIS SECTION EVALUATES THE FIELDS FOR A HORTZONTAL ELECTRIC DIPOLE

c THE STNGULARITY DIFFICULTY AT RHO = 0 (MENTIONED ABOVE! OCCURS
c HERE ALSBO, SiMILAR REMARKS AG ABOVE APPLY,

Cr=BUMilsSUMIB)

IFIREQ. O Ca=8UMIwI+SUMIBT
IFER.NE. 0 C2=5UMIN 1 /R+SUMIB!
C3=SUMT) $3% MAKE SURL THIS 15 RIGHT
CEZRH = COEEZ*Z. (!

CE2PH = -COEEZ2=2.+({2

CE2ZH = -COEER-2.2L73
ERv=CEZR

EZV=CESL
ERMH=CEZRH
EZH=CE22H

EPH=CEIPH
HETURN
£RD




‘ CUDE AMALYSIS
| SUBROUTINE EVALURZERY E2V ERMH EZH EPHI 333 SOURCE BELOW
PLRAMETER (P1=3.|415926535897932!
COMMON FEVALCOM/ HI L, 21 ,2ZMH,ZPH R, R} RE, ~COMPLEX-C.,
CK1 CKISG, 0K, CKISA, COEE ,COEH
T™WPE COMPLEX Cf,C2.C3
COMPLEX ERV,EZV,ERH,EZH EPH
COMPLEX COEE] ,COEEZ.COEH! ,LOEHS
COMPLEX CEIR,CELZ ,CEIRH, CE1ZH,CE1PH

WO N £ W e

joed

COMPLEX CEPR,CE2Z,CEZRH,CEQIH CERPH
\ 11
12 COFE 1 =COEE /€K 150
13 COEER=COEE
\ i COTHI =COEH
\ 15 COTHR=COEH? CK2SA
18
‘ 17 PFCICALLED.EG.OY WOT 3, ¢ EVALUB3 CALLED
18 TCALLED=1
‘ 18
| Eet] IFi71.6E.0 G0 TO 180
‘ 21
22
‘ 23 ¢ 17 1S T0 BF NOTED THAT THE SINE OF P! AND COSINE OF PHI TERMS
\ 24 ¢ THAT ARE ASSOCTATED WITH THE HORIZONTAL ELECRIC DIPOLE TERMS RAVE
‘ 25 ¢ BEEN OMITTED FROM THE EQUATIONS FOR THE FIELDS DUE TO 4
26 ¢ HORIZONTALLY ORIENTED SOURCE . ONLY THE REAL AND THE [MAGINARY
\ 27 {OR THE MAGNITUDE AND THE PHASE) TERMS FOR THE FIELDS HAVE BEEN
‘ 28 C CALCULATED. [T 1S ASSUMED THAT THE PERSON USING THIS PROGRAM
29 ¢ KMOWS WHICH FUNCTION OF PHI GOES WiTH WHICH COMPONENT OF THE
\ 30 ¢ VIRIOUS ELECTROMAGNETIC FIELDS.
3 c
| @
| - 33¢C THI% {S THE GENERAL EVALUATION
34
‘ 3\ ¢ THIS SECTION 1S USED FOR THE EVALUATION OF THE U AND V BASIC
\ 38 ¢ INTEGRALS. THIS SECTION IS FOR 7 LESS THAN ZERO, THUS THE U AND
‘ 37 ¢ Vv INTEGRAL FORMS ARE FOR A SUBSCRIPT OF 11,
38
\ 39 DIMENSION ~COMPLEX-ANS10) ,SUM10}
| wg EXTERNAL HSBOA ,HSBOS
‘ 41 COMMON/CONTOUR/ | TYPE  ~COMPLEX-A B
| ya COMMON/ ROMCOM/ ~ I NTEGER-NEVALS , TROUBLE
43 ¢ NEVALS=D
‘ 4y 00 IZEROA [=1.6
| 48 DZERCA SUM1)=0
| 46 DIMINGION PATHIE
w7
‘ 48 PATIHE 1) =0
| LE- PATIHIS =, SoREAL (CKS)
0 PATHIZ e . 2REAL ILKS)
51 PATHIWI=PATHI )
\ 52 PATHIS) =PATHI3)
‘ 53 PATHIBI =~  BoREAL (LKD)
By PATHT) =REAL (CK21
\ 55 PATH(B) =PATHIE)
56
‘ 57 DO RLOOP 1=1,5,2
‘ 58 PTY¥PE=] § AsCHMPLX{PATHIT (PATHI]+131 § B=CMPLX(PATH([«2) PATH{1+31}
59 il ROMBERG(D,! ., HSBOH,B,ANS, 10! $3$ SOURCE BELOW OBSERVER BELOW
‘ 50 {PCTROUBLE .NE.O) WOT 3, (BHIROUBLE=,110) , TROUBLE
‘ 6l ¢ WO F, OUTHNEVALS 110 (NEVALS
82 ¢ WO E, $//8HPATH NO. 12 L
‘ 63 ¢ WOE 3, (Z2E15.9) L IREALCANS U ATMAGUANS LU ) (CABSLANS (Y 1 J=1, T
B4 00 CH1 Jsi B
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85 DRI SUMLL =SUMIJI»anNS 1
68 RLOOPL CONTINUE

87

68

68 ¢ NEVALS=0

70 DO OSWING 1= .8

Ti DSWINT SUMITI=~SUM |3 $$% SINCE DOING PATH SACKHARD

72

73 SLOPE=R/ (H[ 28512113

Ty DEL= 2RI+ 11 /MAXIFIR MI+ABSIZ21

it COMPLEX DELTA

78 DELTA=CMPLX ( -DEL , SLOPE *0FL )

7Y [F(ABS(SLOPE) .GE. 1.1} DELTA=CMPLX(~DEL /SLOPE ,EL)

78 CALL GSHANK(HSBOR ,CMPLX{PATHIL! PATHIR) ) DELTA,ANS .6, SUM,
74 . OLCMPLXIG. D1 CMPLX(D. 0.1 ‘
8O 00 DSHI 1=1.8

81 DSHI SUM11=-ANSTI) %%% SINCE DID PATH BACKHARDG

82

§3 COMMENT - -~-SLOPING PATH FASSING THRU K}

@t COMMENT---~THE .G8 FACTOR (S TO AVOID PASSING DIRECTLY THRU Cx1

DELDEL=(] . Di*REAL(CK I -PATHIT 3 /L 99 A IMAGICK 1 ~PATHIG 1
ODELTA=CMPLX(DFL *DELDEL D€L
[FADELDEL .GT. 1 ) DELTA=CMPLY{(DEL ,DELDELOEL
COMPLEX BRE AW DELTAZ
DELTAZ=CHMPLX (CEL ,SLOPE"DEL
IFESLOPE . GT. 1) DELTAZ=CHPLX{DEL /SLOPE (DEL
BREAK=CMPLX (] DI1*REALICKIY, (GB*ATMAGICK L !
CALL OSHANK (HSBOB , CMPLXIPATHIT (PATHIR 1 DELTA L ANS B6.5UM,
1.BREAK ,DELTAZ)
DO DSWING 1=1.,5
OSHINZ SUMTTI=ANSL D)

IFATROUBLE .LNE .3 WOT 2, (8MTROUBLE=, 110} , TROUBLE

C WOT 3, (THNEVALS=, 110V (NEVALS
I WOT 3, (3E15.91 (REAL(SUMODIY Y JAIMAGISUMET ) (CABS(SUMIT Y I=1 ,8)
C
T THIS SECTION COMBINES THE REAL AND THE [MAGINARY PARTS OF THE SiX
o BASIC INTEGRALS [N ORDER TO FORM THE FIELD INTENSITIES.

Ci=8UM3:

Ca=SUMS) LK IS0 SUMIE)

C3=SUM Y

C THIS SECTION EVALUATES THE FIELDS FOR A VERTICAL ELECTRIC OIPOLE.

CEIR=CORE | *CKRBO+2 . ¥
CE1Z=COEE] *CK2S2%2.
CHIA=COEHT "CKIS3%3 . *

y %

hd
[ I
taf f4 e

C {HIS SECTION EVALUATES THE FIELDS FOR A HORIZOMTAL ELECTRIC DIPOLE

Ci=SUME L +SUMIB:

[FR.EQ.OY C28sSUMI4I+SUMIB!
IFARLVNE . Q3 C2=SUMIY) /R+SUMIE)
CA=SUM( 3
CEIRH=COEEL | »CKIE0G*2. * (1
CEIOH=-COEE T *{K IS0 2. L2
CE17H=-COEE {3, *CKI8G* 3

ERY=CELR

EZv=CELZ
URHaCE 1AH
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128 TZH=CE L IH

130 TRMaCE | P

$ 31

132 RETURN

133

134 THE FOLLOWING SECTION 1S USED IF 2 18 .G6T. 0.

135

1236 150 CONTINUE

137 €

138 ¢ THIS SECTION PERFORMS THE ROMBERG INTECRATIONS FOR THE U AND
138 C ¥OINTEGRALS WITH A 12 SUBSCRIPT.

1w

4l © THE PROCEDURE FOLLOWED 1S THE SAME AS DESCRIBED ABOVE FOR 7
twe ¢ LESS THAN ZERG.

43

PHs T NEVALS=D

e D2 DZEROB 1=1.7

146 DIERCE UMy =0

iu7

48 PATHI Y =0

149 PATHIZ = S*REAL 1TK2)

150 PaTHi 2= 2eREAL (LKS)Y

151 PrTH{% I =PATHIS}

152 PuTHIS) =PATHL 3}

153 PLTHIB =~ SeREAL (LK)

184 PLIH{T7 I =REAL (LK

155 PETHIE =PATHIE)

156

157 00 RLOOP2 1=1.,%.2
{158 TI¥PE=] & A=CMPLX(PATH{I ,PATHI [« 1) § B=UMPLNIPATHI!»2) PATHII+31
159 CALL ROMBERG{O,| ., HSBOA 7, ANS, 101 9499 SQURCE BELOW OHSERVER AROVE
120 IFITROUBLE ONE . Q) WOT 3, (BHTROUBLE=, 1D} |, TROUBLE
161 ¢ WAT 3, (THNEVALG=, 110 (NEVALS
162 ¢ WO 3. (FZ9HPATH ND. [2Y L
163 ¢ WIAT X, (3E15.5) (REALIANS (I AIMAGTIANS () ) ,CABSIANS U U=, 7))
164 00 DR J=1,7

165 DR S =SUMLD s ANS (D)
166 RLOOPZ CUNTINUE

167

168

I1688 ¢ MEVALS=0

170 00 DSsWINIB =17 .

171 DSKINIB SUMI1=-SUMI] 3% SWINDLE SINCE DOING PAIH BACKWARD
172

173 SLLPE=R/A{HI+ABS(Z]

Py DEL= 2P {* (|, /MAXIF(R, H{+ABS 211

175 DELTA=CMPLX L ~0EL ,SLOPE#DELY

178 [FLABS(BLOPEY . GE . 1. ) DELTA=CMPLX(-DEL 7SLORE [ DELY

V77 CALL OSHANK {MSBOA ,CHMPLX{PATHI 1Y PATHIZ2) Y, DELTA,ANS 7, SUM,
178 O,0MPLXID. 0. CHPLXID. G .33

179

{80 DO OSHE [=1,7

181 DSHZ SUMilr=~ANS(]  $%% SINCE D10 PATH BACKWARD

182

{83 COMMENT - - -~SLOPING PATH PASSING THRU CKI

TBY COMMENT----THE 89 FACTOR (S TO AVOID PASSING DIRECTLY THRU X
185 OULNEL=11 . 01 *REALICKII-PATHI 711/ € 99 A IMAGICK ] 1 -PATHIB
188 DEL TA=CMPLXIDEL *CELDEL DELS

1R IFIOELDEL.GT. 1.1 DELTA=UMPLXIDEL ,DEL 'DELDEL)

188 DEL TAS=CHMPLRIDEL ,SLOPE*OELY

183 IFLGLOPE  GT. 1) DELTAZ=CMPUX(DEL/SLOPE DELY

130 BRE 5 =0MPLY L O *REALICK L, (B9 A MAGICK 1

{91 CALL GSHANK (HSEOA CMPLX(PATHIT7) ,PATHIB) 1 DELTAANS 7, SUM,
192 tLOBREAK DEL TAC)
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{93
1 Gt
195
196
197
198
199
200
201
208
243
20%
205
206
207
208
209
210
21
212
213
Sl
s
B
217
28
218
20
for-g]
c22
223
204
225
226
227
226

00 DSHINEG [=§,7
OSWINSE SUMU| 1 =ANSIfY
IFCFROUBLE (NE D) WOT 3, (BHTROUBLE=, {10} , TROUBLE
c HWOT 3, (7HNEVALS=.!10) NEVALS
o WOT 3, 13815 .5; ,lREALtSUHl[!l.A[HAG(&UM;&53.CA8515UH€§§Q’5$g’7;
Ci=5SuMi 3
C2=SUMIB) sCRPSQ+SUM 2
C3=SUMinus
c THIS SECTION LVALUATES THE FIELDS FOR A VERTICAL ELECTRIC DIPOLE.

CEER = COEEZ+2.+01
CERZ = CUOEE:z=8.%C2
CHEA = COEHE»2. +03

c THIS SECTION EVALUATES THE FIELDS FOR A HORIZONTAL ELECTRIC DIPOLE

C THE SINGULARITY DIFFICLATY AT RHO = 0 (MENT|ONED ABQVE ) CCCURS
C HERE ALSO, SIMILAR REMARKS A% ABUVE APRLY.

CE=8UM{ 1) +8UMIE:
IFIR . EQ. 0 Co=SUMIn +SUME)
TF(R.ONE . Q) COsSUMIMI/RSUMB)
C3=GUMI7) $8% MAKE SURE THIS IS RIGHT
CESRH = COEE2=2. 901

CEEPH = ~LOEER*2, «CF

CE2ZH = -COER@+2.+C3
ERV=CEPR

E2v=LER?

ERM=CE2RM

EZH=CE27H

EPH=CE2PH

RETURN

END
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CORE ANALYSIS

!
‘ 2 COMPLEX FHAR
| 3 FUNCTION FBAR(P)
4 COMPLEX 5, AUX.AUX1T,AUXZ,0Q.6
| 5 COMPLEX P ,F
| 6 CCMPLEX CSQRT ,CEXP
| 7 STRUCTURE 16,G1/62),(0.G1/02>
| 8 STRUCTURE (5,51/52)
q DATA (S1=0.),(58=1.)
| 10 Q=P
| i P94 = SQRTF (Q1+Gl + Q2°02)
| i2 P> = 57.29578*ATAN2(Q1,G2)
| i3 [T (PM - 10,y 10,11.11
% 10 CONTINUE
| 15 WX = 3. 1415926536+
\ 16 AUX1=CSORT (AUX
‘ 17 ALXE=CEXP (-0}
| '8 G = 1. - SPAUXI*AUX2 - 2.4Q
19 ALK = 2.%Q
| 20 AQ = -1,
| 21 DO 12 N = 2,50
‘ g2 At = 22N - |
‘ 23 ALD = ~A1Q
24 AUX = AUX®2. *Q/ AN
| 25 G = G + AID®AUX
| 26 12 CUNTINUE
| 27 GC 10 13
| 28 11 CONTINUE
29 ALX = 1./(2.°Q)
| 30 ALXT = AUX
| 31 G = -AUX
| 32 0C t4 N = 2.8
| 23 AN = 29N - |
34 ALXT = AUXTTAUX=AN
| 35 G = G - AUXI
| 36 1% CONTINUE
| 37 13 CONTINUE
. 8 FM = SORTF(GI*Gl + G2+G&)
33 FP = 57.29578°ATANZ(G! .02}
| 40 IFGFM = 1.0 40,404
| YI Wi CONTINUE
| 42 WRITE QUTPUT TAPE 3,44

‘ 43 i FOIMAT (1 THERRCR EPROR ERROR!
‘ B 40 CONT [NUE

4% F 0
‘ 45 FEAY=F
\ 47 RETURN

‘ 48 END
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\
\
\
\ | CODE ANALYSIS
‘ & SUBROUTINE FNPLOGT (A B,FON K, NAMBCD:
| 3 PARAMETER N=25
d’ | “ COMPLEX EVAL((D.N)} & STRUCTURE (EVAL.EVALR/EVAL D)
- | 5 DIMENSION VAL ((O,N33
5
| 7 00 LOOP 1=0.N
‘ 8 VAL Uy =A+ 19 (B-A) /N
| g DIMENSION -COMPLEX-Z ([0}
\ 10 CALL FONIVAL (LY .Z)
\ 1 LOOP EVAL(1)=Z(K)
\ 12
\ 13 CALL CARTMM(N,YMINR, YMAXR EVAL,Z)
\ 14 CALL FRAME
\ 15 CALL MAPX(S . A.B,YMINR, YMAXR, . 11328..999, 25. 9)
\ 16 CALL TRACE (VAL EVAL N+1,1,8)
\ 17 CALL SETCH(I0..32..1.0,2.00
\ 18 CALL CRTYBCDINAMBCOI
\ 19 CALL SETCH{L..20.,1.0.1.13 § CALL CRTBCD( RCAL PART 3
20
\ 21 CALL CARTMMIN YMIND, YMAX] EVALL.Z}
\ 22 CALL FRAME
‘ 23 CALL MARX (S A B, YMIND  YMAXD, (11328, 999, 2%, @
\ 24 CALL TRACE (/AL EVALIL . N+1,1.2)
| 25 CALL SETCH{ 0..32.,1.0.2,0)
| 26 CALL CRYBLCD NAMBCD)
| 27 CALL SETCHC ,.20..1.0,1.1) & CALL CRTBCD! IMAGINARY PART
| 28
| 29 DO D1 1=0.N
| 30 Dl EVAL (1)=CMPLY (CABS(EVAL (1)1, CANG(EVALL (1) 180, /3. 1415926)
31
\ 32 CALL CARTMMIN, YMINR,YMAXE EVAL .2)
| 33 CALL FRAME
3 CALL MAPXIG.A.B,YMINR.YMAXR, |]328..399, 25, .9
.3 CALL TRACE (VAL ,EVAL .N+1,1.,2)
# 36 CALL SETCH(10..32.,1.0.2.0}
.3 CALL CRTBCO(NAMECD!
B CALL SETCH(1.,20..1.0.1.13 § CALL CRTBCO( MAGNITLZE 1
33
“ 0 CALL CARTMMIN,YMIN] YMAX] EVALL .2
91 CALL FRAME
- CALL MAPX(9,A,B,YMINI.YMAX!,. 11328,.999,.25,.9)
L w3 CALL TRACE (VAL EVAL,N#1,1,2}
I CALL SETCH(13..32.,1.0,8.00
I CALL CRTBCD{NAMBCD)
— CALL SETCH(1..20..1,0.1.11 § CALL CRIBCO( PHASE 1
[ CALL PLOTEA
| ue RE TURN
\ 49 END
\
\
\
\
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CODE ARALYSIS
SUBRCTIME GEVALACERY EZV ERH,E7H EPM) $8% SOURCE ABOVE
PARAMITER (Pl=3.1415926535897932)
COMMON EVALCOM/ M, 21, ZMH, ZPH R R RZ  -COMPLEX-C.J,
CK1 CKISQ.CK2,CK2%0 ,COEE . COEH
TYPE COMPLEX (1,C2.C3,04 ,CECRFR CERZFR
TYPE COMPLEX CEZR20D,CESPIQ,CE2ZRZ,CHEAFR
COMPLEX G22.G22R,628RZ,022R2 ., 62222 ,681 G2 1R . GRIRZ,GA1R2 08122
COMPLEX ERV EZV . ERH EZH EPH
COMPLEX COEEY ,COEER . COEHM] ,COEH2
COMPLEX CEIR.CELZ . CEIRH,CEIZH. CEIPH
COMPLEX CESR . CESZ,CESRH,CE2IH CE2PH

COEE | =COEE
COEE2=COEE/CK2Sa
COEHL=I0EM*CH S0
COEHE=I0EH

ERV=0
EZV=0
ERH=(0
£ZH=0
EPH=(
IFE21.07:03 RETURN

THIS |5 FOR THE VERTICAL £LECTRIC OIPOLE.
CALL GFEENSAQA(G2Z,082R, G2a2R] GadRe  6arl2,
Cel . L2IR,G2IRZ,GRIRZ.GE1ZEY $5% SOURCE ABOVE QHSERVER ABOVE
CESRFR = COEE2*(G22RZ ~ GRIRIY
CEZIFR = COEE2*4G2828 - G118 + K250 622 - 4681
CHEAFR = COEMZ#(GI2R - GSiIR)

THIS 15 FOR THE HOR[ZONTAL ELECTRIC DIFOLE.

CERRZO = COEEZ* (GA2RE ~ GLIRS+(IK2SQ1Ga2-6a1 11

SPECIA. CARE S TAKEN AT THE POINT RHO = 0.

THE FUNCTION 1S WELL BEMAVED AT THIS PUINT, HOWEVER., WHEN

USING IME GENERAL FORMULAE N THE NUMER{CAL PROGRAM, ONE WOULD
CBTAIN A RESULY OF ZERQ OVER ZERG FOR RHO = 0. THE ACTUAL RESULT

IS WELL. BEMAVED, AT RHO = 0, AND THIS 1% TAKEN CARE OF
BY TAK NG THE PROPER LIMIT AT B0 = 0.

[FIR.EQ Oy CEZPIQ = -COEES#(GE82%1 -1, /RS « CJrCK21/R2 ~ Galoi~1. /R

P CJUPCKZ: /R + CKRESG 1022 - G218
IF(R.NE Gy CESRPID » -COEEZ2*{IGI2R - OSIR /R IKISG» 1682 G2
CEZIRZ = COEE2*(G22RI » G2IRI
WOT S8, (3015.5) REALCESRIR) BEALICESTFRY REALTIHSAFR)
AIMAL (CEZRFR) VAIMAGICERIFR) A IMAL LOIHEAF R
WOT 58, ()
WOT 59, (3£15.8) REALICESRES) (REALICEZP D REAL (CEBIRZ Y,
AIMAC(CESRZO L AIMAGICESP IO (AIMAGICEQIRT

ERV=CEBRFR
E7V=CE2Z°R
E£RH=CEER20
EZH-CERZ3Z
EPH=CERP 10
RE TUAN

END
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i

O ey

| 30
[ 31
| 32
| 33 C
-
|35
| 38
| 37 ¢C
| 3=
3=
| w0 C
[ I
| w2
| 43 o
| M
| 45
| 4B
| w7
| 48
|48 ¢
| 50 ¢
| 51 ¢
| 582 T

| 83 C

L

CODE ANALYGES
SUBROUT INE GEVALBLERY ,EZV,ERH, E72H EPH) $%3 SOURCE BELOW
PARAMETER (PI=3. 1%15926535897932}
COMMON /EVALCOM/ RHILZ1,2MH.ZPH R R ,RZ, ~-COMPLEX~Cy,
UKL CKISG CKE2 , CKE2S0, COEE  COEM
TYPE COMPLEX C1,C2.03,04 CEIRFR CEIZFR
TYPE COMPLEX CEIRSU.CEIPIQ,CEIZRZ CHIAFR
COMPLEX ERV . EZV ERM,EZH EPH
COMPLEX G111 . GHIR,GUIRZ.GILIRE GLIZB.GI2,618R, G1ORZ,GIER2,01222
COMPLEX COELL.COEER,COEMI ,CDEHS
COMPLEX CEIRCEIZ . CEIRH, CE1ZH CEIPH
COMPLEX CESR ., CESZ . CESRH CE22H, CE2PH

COEE 1 =COEE /KIS0
COEES=COLE
COEH} =COEH
COEHZ=C0EM (X250

IF{Z1.67.01 BETURN

HIS 15 FOR THE YERTICAL ELECTRIC QIPGLE.
CALL OREENSBUB(GHT,GIIR,GHIBZ, GHIR2. G122,

GI2,G12R,LIPRZ,GISR2 . 52721 3%% SOURCE BELOW OBSERVER BELOW

CEIRFR = COEEI*(GLIRI -~ GIZRD
CEIZFR = COEEI (G122 ~ GIaZ2 « CKISO*(GI ~ 512y
CHIAFR = COEHI®(GIIR - GI2R)

THIS 1S FOR THE HOR[ZONTAL ELECIRIC DIPOLE.
CEIRSO = COEII*{01 RS - GICRS+LKISQ*1G1I~G12)}
SPECIAL CARE IS TAKEN AT THE POINT RHO = (.

THE FUNCTION IS WELL BEHAVED AT THIS POINT, HOKEVER, WHEN
USING THE GENERAL FORMULAE [N THE NUMERICAL PROCRAM, ONE WOULD

CHTAIN A RESULT OF JERO OVER ZERDO FOR RHO = . THE ACTUAL RESULT

19 WELL BEHAVED, AT RMQ = {0, AND THIS IS TAKEN CARE OF
BY TAKING THE PROPER LIMIT AT RMO = 0.

IFIREQ. Oy CEIRPI0 = ~COREI*IGLI® (-] /Rl +» COCKII/RE -~ GI8%(-]./R2
§ CJHOKEN /RS + IRIBGIGHD ~ G121y

IF(R.MNE . O) CEIPIG = ~COEET* ¢ {GIIR ~ GIZRI/AHCKISQr (G -212)

CEVIRZ = COEE I »(GLHIRZ + GISRI

WOT 59, (3E1% 51 REALICEIRFR: REAL(CEIZFRE REAL (CHIAFRY,
AIMAGICE IRFHY AIMAGICELZFR: L AIMAGICHIAFR)

WOT 859, (/¢

WOT B8, 13£15.8 REALCEIRIONLVREALICEIPID) JREALICEIZRDY .
AIMAGICEIRID) ,AIMAGICEIRID VAIMAGIDE I ZRD)

ERV=CE{RFR
EZV=CEIZFR
ERH=CE RS0
£2vsCE IR
EPH=CE(RID
RE TURN

END
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\ | COMMENT--~=~11 DEC 7u-~~-MODIFIED T0 ALWAYS PUT THE OBSERVER

| 2 COMMENT -~~~ ON THE SURFACE OF THE OBSERVER SEGMENT

\ 2 COLE ANALYSIS

\ u SUERQUTINE GF [ELDS¢ T, ETANG!

\ 5 COMMON /SFCOM/ XS, YS,25,A5,85,55 . W, X0, Y0, 20, AQ,BO, IMUTUAL

\ § COMMENT~--- -5 FOR SOURCE ~0 FOR OBSERVER

\ 7 COMPLEX EX ., EY . EZ.PK,SPK LPK

| 8 COMPLEX ERV ,EZV.ERH, EZH,EPH

\ 2] PARSMETER (R[=3.1%19926535897932)

\ 4] COMH4ON FEVALCOM/ W, Z1,2MH, 2PH R, R1,R2 ~COMPLEX-(.J,

| 11 Gl L CKISO, OK2 ,CK2SG, CCEE , COEH

\ ii DIMINGION -COMPLEX~ ETANG(3) $%% 1=K TERM, 2:SIN TERM, 3=C0S TERM

\ 14 COMMENT - - -=X¥, YT .27 SPECIFY POINT ALONG SOURCE SEGMENT AS FON OF PARAMETER T

\ 15 COMMENT -~ -~WHICH VARIES FROM -{. TO +1.

\ 16 SHALF =65 S $E% HALF OF SEGMENT LENGTH
17 KT=16+T *SHALF 300G (BS) *COSTAS)

\ 18 YT=15aT o SHALF *SINIBS) *COSAS)

\ 13 ZT=1S+ToSHALF *SINLAS)

‘ 20 GO 10 GSELF $33% ALWAYS OFFSET THE OBSERVER

\ 2t IFCIMUTUAL LEQ. D) 60 TO GSELF

\ 28 COMMENT~--~DO MUTUAL TERM

‘ 23 B=SORT(IXT~XO1*o 2« (YT-¥01#¢ 21 $%% FI{ND RHO OF C¥L. COORD. SYSTEM

\ 24 PHI=ATANS tYO-¥T  XO~XT1 $%% ANGLE BETWEEN SOURCE AND OBS IN CYL. COORD. SYS
25 o0 TO G0

\

‘ 26 GSELF CONTINUE $38 00 SELF TERM

\ 27 COMMENT~~---G0 PERPENDICULAR TO ELEMENT (N A PLANE PARALLEL TO X-Y PLANE
\ 28 COMMENT-~--FOR THE DISTANCE WR (WIRE RADIUS)

‘ 29 XOP=X0-WR*S IN(BO)
\ 30 YOP=10+WR*COS(BO)
\ 3 R=GQT ((XOP~XT)**2+ (YOP-YT}**2)
\ 32 PHI=ATANZ (YOP-YT  XOP-XT1
\ X G110 CONTINUE
\ B Z1=70 $$% 7 OF OBSERVER IN CYL. COORD. SYS.
\ 35 HI=AIISLZTY $%% 7 OF SOURCE IN CYL. COORD. §YS.
\ K ZPH=T] eH]
\ 37 ZMH= ] -M]
| 38 RI=SURT (R*R4IPH» IFH}
\ 38 RE=SURT (ReF+ZMH* ZMH )
\ 40 C WOT 3. (////3H**98E15.5) HI,ZI.R,PHI
\ 41 IFUZ27.6E.0) CALL SEVALAIERY,EZV . ERH,E7H,EPH)
\ 42 IFIZV.LT.0) CALL GEVALBIERY,EZV.ERH EZH . EPH)
\ 43 COMMENT----MODIFY CURRENT MOMENTS ACCORDING TO ORIENTATION OF SOURCE
\ iy ERYV=ERV*SINIAS)
\ u5 EZV=EZVe  TAS)
‘ 32 ERM=E Rty T30S (PHE~55)
‘ 47 EZH=ET v J?*COS?;H{Wgﬁ)’
\ 4R EPH=EPH*COS(AS) *SIN{PHE -85
\ 49 COMMENT--~-~F [N COMPONENTS OF FIELD ALONG X.v, ANG 7 AXES
\ 50 EXs (ERH+ERY ) *COS(PHI ) ~EPHESIN(PHL)
\ 51 £y (ERHSERV) *SINIPH] ) +EPHACOS(PH]
52 £2eEZHETY
\ 3 COMMENT»=~7 [ND COMPONENTS OF FIELD TANGENTIAL T0O OESERVER
\ Sy Pr=CK? $8F VAL ID ONLY FOR SOURCE AND OBSERVER ABOVE GROUND
‘ 55 IE(76.0T.0) PK=CK] $35% ASSUMES & SECMENT NEVER CROSSES INTERFACE
\ 56 CALL *SINCOS(PK*T*SHALF ,SPK ,CPK)
\ 57 ETANG 1) sEX COS(AD) L0 (BOT+EY2COGAD) *SIN(BO +EZ°5INTAD)
‘ 58 ETANG 1 Y=ETANG! 1) *65/2 835 DUE TO CNC OF VARIABLE TO PaRAM, T
\ 59 ETANG  11=CONJGIETANG |17 $88 CONVERT FROM ~[WT TO +JWT TIME CONVENTION
\ &0 ETANG 21=ETANG{ 1) *SPK $%% SIN [MTERPCLATION TERM
‘ 61 ¢ 1€ CIMUTUAL . EQ. 01 ETANGI2) =0 $8% NO CONTRISUTION TO SELF TERM
\ 62 COMMENT- --.B0OVE CARD VAL I ONLY FOR HOR{Z ELEMENTS
\ 63 ETANG 31=ETANG(1)*CPK 338 COS INTERPOLAT(ON TERM
| &4 IF(DESUG . NE .G WDT 8, (5815.5: ‘R,FHhRE,HLA»AE?Ai‘.:T!}ik,hﬁﬁﬁﬁiﬁfﬁawﬁﬁé‘:}
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\
‘ £%
o
&
| ETURN
| e
!
\ i CODE AN
SUBR AL
\ . cégu?5N;5{E
b1 1.0 GF
‘ PARAM Ga&ﬂ‘g—gimshg
& ET =] Al
COl TE iR (G
7 s ‘Pgt,zsﬁaiﬁ 22 ,G22R
‘ & UKl /EVALC 31415 2.6a212 R
\ TYPE LCK15Q oM/ 9265 721 § RZ.G
¢ CQMPLCOHPL*'gxe CH[‘Z‘ 358979 e 5633293 G
o compLEx ¢ i oy R 62222
‘ ¥ C GEE G;E‘i‘ C(EEICOEF‘EPH:!F? ABOVE 2
‘ RN GCA LGEPR LG 2,0 “.ngH”iﬁg.ﬁs 0BSE
1 o L FOR LGR2RZ ,‘*“, f‘\J' 2 . ~COMP RVER
13 RIVAT MS THE 'bEEFEM e PLEX -~ ABGVE
o ¢ TIVES o GREEN 2. 62eze e,
‘ I Ji o= ICH A S FUN G215
5 c cJde RE L7 8 .G
| El- CKa us {ON R
18 1=CEX 2o SED S A GRIR
\ coe PIC 2 ro NOOT 1R7.G
N ea-c o 5 AND THE IR aS c21R2.6
8 C‘ aCEXP Kenig TE 713 S50C M= We
e ALL NO oy HE F;E,'*TEQ
PR = E2/R L T0 L
| gg G2 1R - iﬁéejg. COMPILER
‘ 33 BRSO h gﬁazgg@}&gbgw BUG
‘ Y R22 e L efe 04 CKe
&5 2 = e -
. ‘ 25 R223% : R2eAZ CJeCKE - iR
\ ar Re2w = R222+12 LRl
2 R225 R222S
| B R = R pRez
| 29 12 = ooweps
‘ 30 P = R 1
| ES) R2ty = 218
|32 a1 - ﬁgie»ggi
GRER 21 ele
| 33 7 = e
| gi;ﬁz - g’zﬂpiga
* & -
\ 35 11ZM Z2=CE ZPrsC 143,
s ISLES IR T qoes
‘ & G2 S {3 (%, s £ o g
- 17 KE6 iy LR 3, w0
37 0z 72 = G 1 joazy 15 sy
3 PHe » ceae I/R ey sRae 3.9C K21/
g G2 DK 13 EESrug..‘_‘“S“‘{:s JECKD Ra2t
| 39 ! eRe = CQSG*§ :§Zpﬁ&@3LJ’€K? °“CJ“$'3fRa|;“CKESGH
‘ H# g 1wt L3iRE 24 AR2 2 FARES KeeJ ~CKES Rap
g 750 i 1341 2 283 M| S 3
% G2 IR, /R2 (Ca*C P §5 g 33 SRR T, Q/R2 H
| 1 - 2 = C 243 CK~ IS 15,00 yJR2 ,‘?3;
‘ e CeE2 * R P./R 2/ PO 24 -
42 RET . *RSQ e s/ R2: 221 % ¢ R212) K228 ‘
| URN /R214 JeCKe 2es) (1. /Ree He o2
END P ~1.7 28+ ) IR2
‘ 23 LR CUCH |y
RO/ RS IBERE] ACHPe
| 1) Y RSQ/
u.g{') ;Q?,D_
| SR 23
RS
‘ KR
‘ ~ Sa/R21 3
‘ g
\
\
\
\
\
\
\

‘ .
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i COLE ANALYSIS
‘ P SUERQUT INE GREENSBOB(GHT L GIHIR,GLIRZ GUIRS. 01122,
3 Ci8,G12R . GIARZ GIRE,GI2Z2 $%% SOURCE BELOW OBSERVER BELOW
% PARAMETER (P]s3, 1%415326535897332)
5 COMMON ZEVALLOM, M1,21,2MH, 28 R R R, ~COMPLEX~C.,
‘ & C<1,CKISG,CKe,CK2SQ, COEE ,COEH
7 TYRD COMPLEX CEY, CER, CJi, Cu2
‘ 8 COMPLEX GII.GUIR,GIIRZ GLIR2,G11Z2.612.0618R,612R2,G12R2,G1822
g
10 C GUAL FORMS THE GREENS FUNCTIONS AND THEIR ASSOCIATED
11 ¢ DEHIVATIVES WHICH ARE USED TO EVALUATE THE FIELDS.
12
‘ i3 CJ1 = CJ4*CKI*RL
‘ 1 CEL=CEXPICUD)
15 CJ@ = CU*CKI*RE
‘ 16 CEP=CEXPICJ2)
17 CALL NOTHING $%% DUE TO COMPILER BUG
‘ 18 Gil = CE1/R!
‘ 18 Gi2 = CE2/R2
20 GIIR = (GII/RIISRS{0CKT - 1L /RL)
‘ 21 GIZR = (GI2/R21*R={LJPCKT ~ 1. /Ry
2a RSQ = R*A
‘ a3 Bi12 = RI*AY
24 Ri13 = Ri1&*R)
25 Al = RIIB*RII2
28 Rih = R1P4R]
‘ 27 RIDZ = REZ*RR
28 H12] = RIP2WRS
‘ 29 Rigt = RISPeRIZP
30 RiZE = RigwsRe
‘ 3 GLIFZ = ReZPHYCEI* {3, /RIS 13, 7CJPCK I AR IH-CRISG/RITD)
22 GIBFRZ = ROZMHACED® (3. /RIS~ (3. 1CJ*0K 1 /RIPU-CKISQ/RIZE)
‘ 23 G1122=CE1o( (3. o ZPHe 2 /RIIB-{F 30 J*CK T * 2PH2 22 /R
‘ 34 TLZPHS *29CKISO+ ] I /RIIZ+(CUCK I /RIS
35 GIPZ2 = CES*{(3,»2Mi2 221 /RIDS~ {3, QI CK P 2MH* « 21 /R Sl
‘ 36 PUZPH o 2eCRIGO+ Y L 1 /RISZH ICJPCK L 1 /RIS
37 GIIRE = CEISLLCJs0KI~1 /RIS 11 /RIIS+CIPCKI#RSQ/R]TE
‘ 38 -2, 'RSQ/RI M) » RSQ/RIIS)
33 GIPRY & CES»{10JI*CKI~1 . /RIS /RIPE+LI ORI *REOAIZE
\ %40 b -2 RSO/RISNT + RSQ/RIPS)
41 RETURL
‘ wz ENG
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CODE ANALYSIS
SuBRCUY!NE'GQHANN:PCN,§TARYER.ﬁEL?ﬂ,%UM,MAHS,SEE&ER*IBREAK.BREAKsﬁﬁisx
COMPLEX DEL ,START,QELTA BREAK ,DELE STARTER
COMPLEX QSOLVE
COMMENT -~~~CONCRI T =CONVERGENLCE CRITERION
DATA{CONCRIT=1 E-3)
COMMENT =~ ~NSHANK=MAX NG, OF REGIONS TO BE INTEGRATED
COMMENT ~~ - ~MAXANS=MAX NO. OF INTEGRANDS TO BE DONE N PARALLEL
COMMENT ~~~~NANS=ACTUAL NO. OF [NTEGRANDS TO BE DONE N PARALLEL
COMMENT - - - -NANS MUST ALWAYS BE .LE. MAXANS
PARAME TER {NSHANK =30 , MAXANS =1 0}
DIMENS TON-COMPLEX~A L (MAXANS , NSHANK §
DIMENS ION~COMPLEX -SUMIMAKANS } L ANS T (MAXANSY L ANS2 IMAXANS Y  SEED{ MAXANS )
DIMENS ION-COMPLEX - SEZDER { MAXANS )
COMMENT-~~-Q ALSO DIMENSIONED [N QSOLVE
DIMENS[ON-COMPLEX -Q( {0 .NSHANK |  NSHANK /8§
COMMENT ~~~~SEED 1S USED WHEN EXPRESSING THE INTEGRAL [N THO PARTS

COMMENT =~ 1ILIMITS FROM O 7O A PLU S LIMITS FROM A TO INFINITY,
COMMENT~ -~~~ SEED 14 THE VALLE FOR LIMITS 0 TO A, 1T 1S CALCULATED OUTSIDE
COMMENT -~~~ SHANK AND USED BY SHANK AS [NPUT.

COMMENT ---~1 MAY LATER USE SEED TO ALLOW SHANK TQ CONTIMUE IFf [T DOESN'T
COMMENT -~-~-CONVERGE 8Y DEFINING & NEW SEED TO BE THE LAST PARTIAL SUM OF

COMMENT~-~~THE OLD SEQUENCE
COMMENT »w = [ sROK OF SHANK MATRIX
COMMENT ~~ v --J=C0L OF SHANK MATRIX

START=STARTER

DEL=DELTA

00 DSEED 1=1,MANS
DSEED SEEDU[)=SEEDER{ !

SETART [BRKH[{T=0

‘MN=D

DO D00 K=, NANS

G0, 1y =SEED{K}

DO DO NeZ NSHANK , 2

TFARLNE LT AN, NLOLE NN G0 TO NOROM
COMMON FCONTOURS [TYPE-~COMFLEX-A.B
ITYPE=|

00 DROM NROM=N~{ N
A=START ¢ (NROM- 1 3 #DEL
BaGTART+MROMDEL

PFUIBREAK . £Q. 0y GO TO GSKiP
IFIREALIE) GE REAL(BREAK) _AND. REAL (AL LT, REAL{BRFAK) ) GSKIE
B=BREAK
{BRKH| T=1
ot WOT 3, 1 = SHANK - *BREAK N PATHM BEACHED
GSK [P CONT INUE

COMMON/ ROMCOM/ « INTEGER-NEVALS  TROUBLE
CALL ROMBERG(D, 1. FON NANS,ANSL,2)
WOT 3, --CBHANK-- L 218,110,98158.5) K, NROM, NEVALS,
REALGAY JATMAGIAY REALIB) ,AIMAGIB!

Ry

DO O L= MNANE
o AL L NROMI=ANSTIL?
Bolde B

IFOIBRAKHIT.EQ. Oy GC TO GNOBRK

CUMMENT ~~~-HIT A BRLAK [N THE PATH, RESET THE SEED AND START OVER
START =BRE AK
DEL=DELB
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65 00 D22 L=1, NANG

€6 DO D23 M=1,NROM

&7 020 SEED(LI=SEEDILI<A](L,M}

&8 C WOT 3. (  **GSHANK®*RESTARTING PATH AT NEW SLOPE
&3 GO TO GSTART

70

71 GNOBRK CONTINUE
72 DROM CONTINUE
73 WNOROM CONTINUE

T QI PIsAL O N+ G IN~2, 1)

75 GIN, Y =A (N +Q(N~T , 1)

78

i 00 D& =g Nz

8 00 D2 i=N-Jd,N-J¢}

79 QUl L ) =GSOLVE (G, 1,0}

80 £ HWOT 3. (218.,2815.5) 10 REAL GO (U JAIMAGI Q] i

81 02 CONTIMUE

a2 X=REAL (QUIN2 NAEL)

83 YeREAL (IQIN/Z+1 N8

8u [FLABS(X~Y O CONCRIT#ABS (XY GU 1O D0

a3 XK=AIMAG(GIN/ B M/2T)

86 ¥Y=AIMAGIQIN/ S+ N/ P}

a7 IF(ABS(X-YY LE . CONCRIT=ABS(X)) GO TO CONVERGED

ag 00 CONT INUZL

89 M=NSHANC

90 FERR FORMAT( *»GSHANK * *SHANK DD NOT CONVERGE----FUNCTION NO.= | [%:
1 ¢ WOT 59 ,FERR K

a2 WOT 3.FERR K

93 COMVERGED CONTINUE

= SUMIKIs S {QIN/2 NS +QINB+ L N2

a5 ¢ WOT 859, (110,.2815.5) N REALISUMGK )  ATMAGISUMIK )

g8 ¢ WOT X, (1I0,8E15.5) (N REAL ISUMGK) ) ATMAGISUMEKG )

a7 ¢ 00 010 J=1 N2

ag ¢ WOT 2. /1

989 © 010 WOT 3, (8E19.8) (REALIGHUI,D L AIMARIGUT  J1d Tl NS

g0 © WOT 3, (447

10t ¢ WOT B, (SEIB .51 REAL (QON/2 NS AIMAGIOUNSS N/ B Y,

192 ¢ REAL CTIN/S+ 1 NASYVY ATMAGIQINAS T N2

i3 ¢ WOY 3, 143

10% C WOT 3, iuE1S .8 (REAL QO] 13 JAIMAGIQOY 1y, I=D,0M

108 DOG CONT INUE

106 RE TURN

107 END
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52
53
it
53
13

-y

Ba
59
&0
R
=
63
&4

CODE ANALYSIS

QPTIMIZE

SUBROUT {NE HANKEL (Z ,HO , HOP Y

COMMENT ~~~-VERS

ON QF 2% JJL Tw..

L.OPT{MIZED FOR 7600....D LAGER

COMMENT ~~-~COMPUTES COMPLEX HANKEL FUNCTION OF THE FIRST «[ND

COMMENT -~~~  (ZE

ROTH ORDER) AND

ITS CERIVATIVE., HO AND HOP,

COMMENT -~~~ FOR COMPLEX ARGUMENT, Z.

COMMENT ~~~~THE EQUATIONS USED ARE FROM THE HANDSOOK OF MATHEMATICAL PUNCTONS
COMMENT -~~~ EDITED BY ABRAMOWITZ AND STEGUN (196%9)

COMMENT ~~--MOST OF THE MAN[PULATIONS [NVOLVING CMPLX(REALI(X), AIMAGIX:

COMMENT -~~~  ARE
COMMENT ~~=~  CHA

USED T BYPASS
T COMPILER

INEFF ICIENT CODE GENERATION BY THE

PARAME TER (P1=3. 1%15926593989793:2 .CAMMA= . 97721566430 153268608)

DIMENSTON MO1OD)
DIMENSION ALLZ29),420258) \A3(29) , A% {25

COMPLEX CLOG,.HD MUP, UG, JOP,POZ . PIZ.QUZ, Q12 . Y0, Y0P

COMPLEX 2,

Z0.Z12.213,21%.2

IFCIPASSED)Y (GF IRSY

Gt CONTINUE

15,28, 2P IR, 7S 150G

IFAREALIZ ) 2292 IMAS (71221 ERROR 38% 1F(CABS(2) E4Q.0Y ERROR
IFIEREAL{Z 222+ MAG( 2 =223 ~100 ), ,LARGE 333 [FICaBS12).67.10. GO 1O LARG

COMMENT-~~~POWER SERIES EXPANSION FOR SMALL ARGUMENT
COMMENT -~~~ (EQS. 9.1.313 AND 9.

T.11y

COMMENT -~ ~~TRUNCATE MAGN TUDE OF Ze=Z TOQ INILGER AND USE AS INDEX N
COMMENT -~~~  ARRAY TO DEVERMINE LIMITS ON INFINITE SERIES

JO=1. 993 ZEROQTH TERM OF SERIES
JOP=1, $3% ZEROTH TERM OF SERIES
¥R=0, $%% ZEROTH TERM OF SERIES
¥OP=0. $%% ZEROTHM TERM OF SERIES

ZK=1. 3%%

28Q=2%2

DO D1 K=
ZE=TK o CHPL

ACCUMULATES (Z##

Mz
ALK RIAL(ZS0

(S FACTORAL Y

VALK AIMAGTISAN Y

JO= 0P CHMPLXIREAL ( ZK 3 (A IMAGLZK Y ¥
JOPe JOPSCHMPLRTAR K *REAL (2K L AZ TR PATMAG LK
¥OaYO+OMPLXIAZIR Y SREAL I K L AZ GO A TMAB I 2K

11 YOR=YOR+OMPLX (AR TR PREALIZKY AR IK I *ATMAG I 2K
JOPsOMPLX (- BIREAL LT O0P) , 1~ BI A IMAGIZ JOPY)

COMMENT -~~~ COMPLEX LOG OF 252
CANGLE=ATANSIATMAG ) ,REAL (213

LEL-B e 8 DANGLE=CANGLE+Z.*P]

COMMENT -« - ~LOGF (CABS 4} v s S+ QU (REAL (A ¥ » 24 HAGIAY 922}

COMMENT -+ --  WHERE AsZ/2,

¥ {CANGLE .

CLOG=CMPLY L S+ 0GF ¢

¥O= e CMPLAL (S /P REALIC

2

~OMPLX ]

BIIAREAL (YD

COES(REAL (Z) 2 AIMAGIZ 22 LANGLE

LOOT 12 /P AIMAGICLOGY

LD AP AIMAGLY D Y
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65
66
57
68
63
70
71
72
73
4
75
76
77
78
79
80
81
g2
83
8y
85

a7

89
30
91
8¢
a3
ok
95

a7

a8

99
100
101
102
103
104
105
106
107
108
108
i
i1t
L1z
113
A
115
e
117
118
119
120
12t
122
123
12%
125
126
127

128

YOR=CMPLRIIZ, /PHI*REAL (L. /2 (8 /P12 AIMAGL L. 720
SIMPLXIC] *REALIZS (CI*AIMAGIZ)
+JOPYCHPLA (L. /Py *REAL IDLOGY 12 /P11 2a IMAGIDLDD Y
SYOFRCMPLY (L B/PIsREAL LT, CUS/PIY#ATMAGIZ D)

M= JGeCMPLX -2 IMAGIYO REALIYD) )
HOP=JOP+CMPLX L -ATMAGIYOPY (REAL (Y0P
RETURN

ERROR HO={
HOP=§
FERR FORMAT? #sMANKEL **NOT VALID FOR Z=0
WOT 53 FERR
HWOT 3,.FERR
WOT 100, FERR
CALL EXIY
RETURAN

LARGE CONT INUE

COMMEMT - -~ ~ASYMPTOTIC EXPANSION (EQ. 8.8.7) FOR LARGE ARGUMENT

ZI=CHPLXIREAL 1Z) 7 IREAL {2y » # 24 A IMAG (T ) o 0 2
ATMAGIZ Y A REAL (Z e o 2o IMAGIZ 242 &8 Zist.07
Zig=Zi*Z1
2i3=718*21
Zla=I{3*21
Z1G=T1u*Z1

POZ= . -CMPLX(PIC REALIZISH PIO=AIMAGLZIEY)
+ CMPLX(PID*REAL (Z14t P20 AIMAGIZ W)

PFiZ= +CMPLXIPLI*REAL(Z212) ,PLIAIMAGIZI2)
+CHMPLX{(-PRLsREAL{Z 1M (-P21 *AITMAGLZ 1M

QOZ=(MPLX L (~QIOI*REALIZIY (~GI0) AT MAGIZE )
+CMPLX(QRPOREAL (2131 Q20+ AIMAGIZ I3

QIZ={MPLXIGII*REAL {21y Q118 IMAGIZ 3
SOMPLXCC-QF {1 *REAL (131, ¢ ~Q2 1 1ATMAGIZ 1IN

ZP=CEXPICMPLX{~AIMAGIZ) REAL (23~ (P 2511}

ZR=CMPLXIAIMAGIIP) ,-REAL(ZP)Y 1 $8% 1S CEXPI(Z-Pls4)-P[/3)

Z8=CMPLXICE*REAL ICSORTIZ1 Y (C3*AIMAGICSART L2y 13

HO=2F 20 (POZ+CMPLY L ~AIHAGIQDZ s JREALIQDZ )y
HOP=-ZR* 2G5 (P{Z+{MPL XL -AIMAGIGIZ ) REALIQIZ
RETURN

GFIRST CONTINUE
IPASSED=|

COMMENT -~~~ IRITIALIJE PARAMETERS FOR HANKEL FUNCTION

COMMENT~-~-~-THIS BLOCK OF CODE 5 ENTERED ON THE FIRSY (ALl

TO HANKEL ONLY

COMMENT -~~~ INITIAL IZE CONSTANT ARRAYS 10 BE USED IN POWER SERIES

COMMENT -~~~ EXPANSIONS (EQ5. S.1.10 AND 8. 1.1 1)

PG =~ AMMA

00 D K={,25

ALK - {3587 (K1)
ASIKIn] L F(Ke) L}
POl =PGI+{] /K

342~




129 AZUO =PS[+PST B35% 1S 2ePSTi(K+y)
{30 O AMIKI={{PSIPSII 1L 7K1 137K+ 1,1 %8% 18 (PSIIK L1 +PSIIKeB1 1/ K+

13t

132

133 COMMENT -~~~DETERMINE HOW MANY TERMS TO USE N POWER SERIES

1 3% COMMENT -~~~ [S DETERMINED WHEN Zo¢2 7/ (- .25¢*K)*(K FACTORIALI#**2} IS .LT. }.£-7
135 COMMENT~~--THE VALUE OF K AT WHICH THIS OCCURS (5 SAVED TO 8E USED

1368 COMMENT~---- A5 THE UPPER LIMIT OM THE LOOP WHICH DOES THE (NFINITE SERIES
137

138

139 0O D2 I=1,i01

140 COMMENT----1 15 CaBSi1Zi292

R TEST=1.

thagd 00 D3 K=| .24

143 C DONY FORGET TO ADRD +A3(K: IN FOLLOWING LINE

1heie TEST=TEST* {1 13ABS (AT LK)

Pus PFATEST=A3(Ky LT, L.E-7) GO TQ D2

146 D3 CONTINUE
e 02 Mtly=K

{8

T4 WOT 3, (2013 .tMels  i=1, 100

150

18] COMMENT----INITIALIZE CONSTANTS TO BE USED (N POWER SERIES EXPANSION
152

183 Ciat, S0 1o {~BAMMAYC . B2A30121 ) 888 Cl=t ) PSELI+PSILS
15 CPn-1) /P »E . ~CAMMAY $35% CP=~( 102 PGICL}

155

156

157 COMMENT -~~~ INITIALIZE CONSTANTS USED (N ASYMPTOTIC EXPANGION
188 COMMENT~--- (E£G. 8.8 7

159 COMMENT -~~~  USED FOR CaBStZy .GT. 10

180

161 C3=8ORT(R, Py

188

183 P08, /128,

164 P20=29. 025 2uG . / (B4, *6Y% 3P4, )

1B5 Qid=1./8,

166 Ge0=9, 225, 7148, 384

PET Pli=1%./188,

188 P2l=18. 037 ouh./ (G4 *»8a odu )

189 Gli=3 /8.

17 GSi=1%, 221,/ (48, B4 3

171

{7 GO TC 54

173 END
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[ra R s+ IR B 4 BN LI S ¥ I S VAR

e L

12
t3
1%
15
iB
17
18
19
20
21
ee
23

25
26
27
28
29
30
31
32
33

3%
36
37
38
33
4g
1

CODE ANALYSIS

SLUBROUT INE HSADALT ,ANS! $3% SOURCE ABQVE (QBSERVER ABOQVE

DETIMIZE

DIMENSION ~COMPLEX~ ANSUI(:

COMPLEX XL ,0XL ,C1 .02 HD , HOP

COMPLEX UP2 V22,VE82R V2R  VaaZe v2ERe

PARAMETER 1P =3, {415526535897832!

COAMMON (EVALCOMZ M2, 2MH,ZPH R R Re, ~COMPLEX-TJ,
CRTLCKISO,CK2,CKEST,COEE ,COEM

TYPE COMPLEX CGAMI ,CGAMZ COM CINTHN
TYPE COMPLEX COMU

COMMENT ~~=~0XL. 1S DUE TG CHANGE OF VaRIABLE OF [NTEGRATION

Gi

CALL LAMBDACT X DXL}

COMPLEX CROOTS
COAME=CSORT (XL +CK 3 *CROOTSIXL-CKE L CKI L XL Y
COMMP=CBORT (XL +CKS1 *CROOTS (XL -URE ,CKS XL}
CIMTN=CKZSO*LHAM] + LK IS0 C0AMS
Ca=CEXPI~LGAME» ZFH)

COM=DXL*XL *C2/CINTN
COFU=0XL 2 XL =027 (COAM ] =0 0AM2)

CALL HAMKEL (X1 #R, 850 ,HOP)

HO=HO*.9 3$$F FACTOR DUE T{ TRANSFORM FROM BESSEL 1O HAMKEL
HOP=HOP+* .5 $%% FACTOR DUE 1O TRANSFORM FROM BESSEL 70 HANKEL
U222 =COMU»H0

Y22 =COM»*HG

IF(R,EQ. 0O VESR=~COM=XL XL+ .5

IF R ONE . Q) V22R=COMe XL *HOP
VERRZ=-COM* XL *COAME = HOF

V22 I2=COM2LGAMZ *COAME *HO

va2iig=0

[F(CABSIXL) .EQ.0F GO TO GI

[FOR.NE.O3 V22R2=-COMOXL 2 XL * {HOP/ (XL *R1+HMD}
IF(R.EQ. 03 V22R2=-COM=XL*XL.*.5

ANS 1 1=V2PR2

ANG: Pr=V2RZ2

ANS(3)aV22RZ

ANS (41 =V2ER

AMS151=V22

ANS(By=U22

RETURN

END
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COUE ANALYSIS

SUBROUT INE =SADB(T ,ANS) $%% SOURCE ABOVE OBSERVER BELMK

OPTIMIZE

DIMENSION ~COMPLEX-~ANS( 10

COMPLEX XL DXL .C},C2.HO HIP U221 . Y281 VIR VSIRZ Y2122 VB IR2,V21RH

PARAMETER (Pl=3.1%159265358979321

COMMON JEVALLZOM/ ML, 27,204 2PH R,R1 R2, ~COMPLEX -0,
CK1.CKISG,CKS,LK25Q,C0EE ,CoEH

TYPE COMPLEX COAMI COAMZ, COM CINTN
TYPE COMPLEX COMU

COMMENT -~-~DXL 1S JUE TO CHANGE OF VARIABLE OF INTEGRATION

[

CALL LAMBDALT XL, DXL

COMPLEX CROGIS
COAMI=COORT I +CK 11 *CRODTSOXRL -0 T L OK T X
COAMP=CSORT 1L +CKE T *CROOTS (XL ~CRE  CKE , XLy
CINTN=CRISQ*LGAMI +CR 1 BQ CoAMS
CR=CEXPICOAM »2 ] ~CGAME o HE )
COM=0XL 202 XL /U INTN
COMU=OXL # XL+ (27 (DGAM +CGAMS )

CALL HANKEL (XL*R HO HOP:

MO=HOY 8 $3% FACTOR DUE TO TRANSFORM FROM BESSEL TO HANKEL
HOP=HOPs 5 §38 FACTOR OUF TO TRANSFORM FROM BESSEL TO HANKEL
U1 =COMU*HG

Y21 =M HD

IF(R.EQ.0)Y Yo IR=-COMeXL*X.* .5

IFIR.NE .G VE R=COM XL *HOP
YEIRZ=LOM* XL CGAM | *HOP

V21 228=COM*COAML *CGAM] "HO

VEIRE=]

[F(CABS{XL Y .E€0.0) 80 70 G

TFIR.NE 0 V2IRE=-COM*a| 2 X[ * (HOP/ tXL*R 1 +HGS
IFAR.EQ. O V2IRS=-COMaXL #X. 0. 5

Y2 I RMHs ~COMe XL *LGAMZ *HOP

ANS{1i1=V2IRE

ANS (P 1=y21228

ANS(3) =sVRIRZ

ANS {41 =VR IR

ANS (S =¥21

SNS{B =21

ANS (T )=V R

RE TURN

END
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CODE AMALYSIS )
SUBROUT INE HSBOA{T (ANS) $%% SOURCE BELOW OSSERVER ABOVE

1

4

3 OPTIMIZE

i DIMENSTON ~COMPLEX~ANS (10

5 COMPLEX XL DAL ,CH.C2,HO HOP UI2 VI& VISR VICRI . VISZS VIER2 v 1 SRM
) PIRAMETER 1P =3, 14153265358878321

7 COMMON 7EVALCOM/ H1 Z21.2MH IPH, R R} RZ, -COMPLEX-CJ,
8 CKYL,CKIS0,0KS,0KSSG  COEE , COER

g TYPE COMPLEX COAMI,CGAME , COM, CINTN

1Q TYPE COMPLEX COMU

11 COMMENT---~DXL 15 DUE TO CHANGE OF VARIABLE OF INTEGRATION
12 CALL LAMBDA(T XL .DXL)

12 COMPLEY CROOTIS

H COAMISCBORT XL «CK 1) *CROOTS (XL ~CK T L CK L XL

15 COAMP=CSORT (XL +CK2 *CROOTS XL -LRY, CKE , XL

18 CINTN=CK2SG*COAML + LK ISQYGAMS

17 CE=CEXRP(~COAM] 1 ~L0AM29 2 1)

ig COM=DXL *C2e XL /CINTN

19 COMU=DXL * XL *L27 {CGAM] +CGAME)
20 CALL HAMKEL {XL*R, HO.HOP)
21 HO=HO®* . 5% $%% FACTOR DUE 10 TRANSFORM FROM BESLSEL TO HANMKEL
28 HOP=HOP* 5 $43% FACTOR DUE TO TRANSFORM FROM BESSEL TO HANKEL
23 L 22C0MU * 0 :
24 Vi2=sCOMH0
25 IFIR.EGQ. O VIER=~COMeXL XL ¢ .5
P& IFORONE . Q) VISR=COM*XL *HOP
27 VIIRZ=~COMe XL *CGAMZ *HOP
28 V13Z2=C0M*COAMS *COAMZ *HD
29 V12R2=0
30 {FICABS{xL) . EQ. 00 GO TO 5
31 [F R.NE.OY VIPR2=-COMeXL # XL * ¢HOP/ (XL 2RI +HO
32 IF R.EQ.0! VIZR2=-COM*XL*XL*>.5

33 G1 VIORH=-COM* XL *CGAM] *HOP

34 ANG T 1=V |ZRE

35 ANG{PI=VI2ZP

3B ANGLBY =Y IPRY

37 ANG %=V IER

38 ANGUIBI=VI2

33 ANG (B =12
Wil ANG 17 =¥ 1290
“1 RE TURN
42 ENC
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CODE ANALYSIG

SUBROUT INE HBOBI(T,ANS) $5% SOURCE BELOW OBSERVER BELOW

OPTIMIZE

DIMENSION ~COMPLEX~ ANSUIO)

COMPLEX XL ,0ML,CY,C2,H0, HOP

COMPLEX UL VI VIR VIIRZ L VIIZR. VRS

PARAMETER (P =3, 1415826535897938)

COMMON JEVALCOMY ML Z1,2MH,ZPH R, R RS, -COMPLEX-CJ,
CK1 L, CKISG,UK2,CK2SQ,CO0EE ,COEH

TYPE COMPLEX CGAM) CGAMZ ,COM CINTN
TYPE COMPLE) COMU

18 COMMENT---~DXL IS [UE 1O CHANGE OF VARTABLE OF INTEGRATION

3@ W 3N UL Ty o

oo

13 CALL LAMBOA (T 0 DL
14 . COMPLEX CROOTS
15 CHAMI=CSORTLAL K [ = CRODTS (XL -0KT L CK T XL}
15 COAMES=CSART XL +CK2 1 *CROOTSIXL -CK2  CRP , XL
7 CINTN=CKESO*( GAM ] ~CK IS0 CGAMS
i8 CE=CEXP{+CEANMT *ZMH)
8 COM=0XL *XL*Ce /CINTN
20 COMU=DXL o XL {27 (CGAML +L0AMS)
a1 CALL HANKEL (XL *R MO HOP:
&2 HO=HO* .5 3% FACTOR DUE TO TRANSFORM FROM BESSEL TO HANKEL
23 HOP=HOP* . 5 828 FACTOR DUE TO TRANSFORM FROM BESSEL TO HANKEL
a4 Ul 1 =C0MUHO
25 ¥i1=00M*HD :
26 IF{R.EQ. O VIIR=-COMeXL XL =, 8
27 [FAR.NE.O) VIIR=COM XL *HOP
28 Y1IRZ=COM* XL » COAM] *HOP
29 W¥11Z22=COM*CGAML *CGAM T #10
Efy ¥YiiR2=0
31 IFLCABSIXLY . E2.0) 88 10 6
32 JFIR.NE Q) VIIRS=-COMe XL #XL 2 {HOP 7 1 XL *R Y #H0
3z IFIR.EQ. Oy VIIRZ--COMXL*X1L* .5
I Gl ANSLII=V]IRS
35 ANS(2)=V1128
36 ANG{31=V] IRZ
37 ANS(4)=VIIR
38 ANG IS =V
39 ANS(BY=U11
40 ‘ RETURN
41 END
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[Pl R B v IS I S FS £ G

in

{{ODE ANALYS!S

SUBROUTINE INFINITY(FON,START (DELY  ANS N, BEED, IBREAK BREAK DELE)
DIMENSION-COMPLEX-ANST 10} ,SEEDC 10 ,ANSHR 1 10) ,SUM( 10}

COMPLEX AL IM . BLIM,START DELTA .CELT . DELB ,BREAK

COMMON/ ROMCOM/ ~ INTEGER-NEVALS , TROUBLE
COMMON/CONTOUR/ I TYPE -COMPLEX-A B

DO DA Isl,N
DA SUMEL=SEED

DELTA=DELT
HNOON=0

Bl IM=START

D0 DINF {=1,1080
AL IM=8L M
BLIM=BL [M+DELTA

IF{IBREAK .EQ. Q)Y GO TO GSKiP

JFIREAL(BLIM) ,GE REAL (BREAKY LANG. REALGAL MY LT REALIBREAK ! OGSKIP
8l IM=BREAK

DELTA=DELR

NCON=Q

. W3T 3F, ( s [NFINITY*<BREAK N PATH REACHMED

GSKIR CONTINUE

FTYPE=1 § AsALIM § 8=BL[M
CALL ROMBERGID,. 1. FON.N ANSKHR &}

c WOT 3, 1 - INFINITY-~ B LI, HE IS .S L NEVALS,
C ., REALCA) ,AIMAGIA) REALIEY AIMAG(E)

NOCON=0

00 DY J=U,N

SUM I J1=SUM{ S+ ANSHR ()
IF(REAL (SUME U331 . EQ.0) GO 1O O
IFLREAL CANSKR I F/REALISUMILY ) U5T 1 L E-3 NOCON=§
GI IF{RAIMAGISUMEUY Y £EQ.0) C2 TO G2
IFLAIMAGUANSHRE Y ZAIMAGESIMO ) Y GT UL LE-3) NCCON=}
G2 CONTINUE
OF CONTINUE
NCOM=NCON+ |
{FIMOCON .EQ. 13 NCON=0
IF (MCON.GE .83 GO TO CONVERGED
DHINF CONT INUE
WOT 3,  ss[NFINITY*» NO CONVERGE BY INFINITY
CONVERGET CONT INUE
D0 DB Is1.N
DB ANS([1=5UME [y
RETURIN
END

~148~




1 CODE ANALYSIS

2 SUBROUT INE LAMBOAL T, XLAM, DXLAM!

3 COMPLEX XLAM,DXLAM, ARGA , ARGE

4 PARAMETER (P1=3.1415926535689793

5 COMMON/ CONTOUR/ | TYPE , ~COMPLEX~A , B

& COMMENT---~T 15 REAL PARAMETER TO VARY BETWEEN 0. AND 1.
T COMMENT —~-~1TYPE =] MEANS 4 STRAIGHT LINE BETHEEN POINTS A AND B
§ COMMENT -~-~ | TYPE =2 MEANS A CIRCLE CENTERED AT A STARTING AT 8
<

1o IFLITYPE EQL 2 GO TG G2

i1 KUAM=A+ (B-A)eT

2 DXLAM=B-A

13 RE TURN

T4 58 R=CABS(B-A)

15 PHI=CANG (B-A)

16 ARGA=CMPLY (0, ,PHI«3 3P+ 1}

{7 ARGB=CEXP { ARGA Y

18 X AM=A+R* AHGE

19 OXLAM=CMPLY (0, 2. P 1 *R*ARGE
20 RETURN
21 END
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COMMENT -~ ~~11 DEC T4~~~ -MODIFIED TO ALWAYS PUT THE OBSERVER
COMMENT -~~~ ON THE SURFACE OF THE OBSERVER SEGMENT

COCE ANALYSIS

SUERGUTINE NFIELDSIT ETANG:

COMMON /SFOOM/ XS ,¥5, 2%, A5, 85,55, WR, X0, Y0, 20, AD BO, IMUTUAL
COMMENT-~-~ -5 FOR SOURCE ~0 FOR QBSERVER

COMPLEX EX.EY.EZ.PK . SPK, CPK

COMPLEX ERV EZV, ERH EZH EPH

PARAMETER (Fl=3, 1%15926535897832)

COMMON 7EVALCOMY HITLZT.2MH,ZPH, H R RE, -COMPLEX (.,

CK1,CK138G,082,0K250Q  COEE ,COEH
DIMINGION ~COMPLEX- ETANG(3) 8% 1=K TERM, Z2=SIN TERM, 3+005 TERM

W DR e Y

s

COMMENT ~ - -~X¥ , YT, 27 SPECIFY POINT ALONG SOURCE SEGMENT AS FON OF PARAMETER T
COMMENT -~ --WHICH VARIES FROM -1, TO +1.
SHALF=G5" .5 $3% HALF OF SEOMENT LENGTH
AT =AG+T 2 SHALF *COB(BS) *COS(AS)
YTa ¢S+ THOHALF *SINIBS1 *COS{AG)
ZT=25+T*SHALF *SINIAS)
GO TO GSELF 933 ALWAYS OFFSET THE OBSERVER
[FLIMUTUAL LEQ. Oy G0 TO GSELF
COMMENT -~ -~DO MUTUAL TERM
R=SURTI(XT-XQ)1* o2+ (YT-YO12+2) 3%% FIND RHQ OF YL . COORD. SYSTEM
PHI=ATANS{YO-YT XO-XT1 B%% ANCLE BETWEEN SOQURCE AND OBS M CYL. COCRD. Sv5

R O it
PURYBooSnaran

29 GO "G 610
26 GSELF CON"iMUE $%% 00 SELF TERM
27 COMMENT ---~G0 PERPENOICULAR TO ELEMENT [N A PLANE PARALLEL 10 X-Y PLANE
28 COMMENT -~~~ FOR THE DISTANCE WR {WIRE RADIUS:
29 XOP-X(-WR*SIN(BO)
30 YOP=YO+WR*COS (B8O
31 R=SURT LIXOP-XT ) e 2+ (YOP-YT e
32 PHI=ATANSIYOP-YT XOP-XT}
33 410 CONTINUE
ki Z1=0 $%% 7 OF CBSERVER [N CYL . LOCRD. SYS9,
35 Ml =:851271 28% 7 OF SOURCE N C¥L . CCORD. 5Y5.
38 ZPH= 2 oM
37 ZMH= Z 1M1
38 RI=CORT (R*B+ 2P IPH)
39 RE=tORTIR*R+ 2Mpe JMHL
44 ¢ WOT 3, ipss73MresnE S By MWL Z LR PHI
Y
¥4
43
i
45
us
%
48 TFA2T.LT.0Y WOT 3, ¢ *elE ELDG Y e GNAFU~--7 NEG FOR NORTDN--
LX) IFL2T.L7.0) WOT 83, ( *NFIELDS** SNAFU-~-~7 NEG FOR NORTOK--
50
H CalLL NORTON(ERY ,EZV ERH EZH EPH}
52
53
54
55
56
57
53 .
5G COMMENT ~ - -MODIFY CURRENT MOMENTS ACCORDING TO QRIENTATION OF SOURCE
| S38] ERV=IRV*SIN{AS)
61 FZV=0ZV*SINTIAS)
82 ERH=IRH 0SS *COS{PHI -BS)
63 EZH=IZHACOS AR *COB(PH] ~BS)
54 EPHuEPHACOS 1 4G S INIPHT V8BS
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65 COMMENT-~-~F IND COMPONENTS of FIELD ALONG X,Y, AND 7 AXEG

68
67
68
59
0
73

e
TE
T4
7%
75
77

EMS&EHH*E?V3'CQS!PHll—EPH'SiNIPHlé
EYZ%ERH*E?VE'SI&{PH&}-Epnncoﬁnggg
EZ=EZH+EZY

COMMENT - --~F [NO COMPONENTS of FIELD TANGENTIAL TO OBSERVER

L

Pk=CKe $85 VALID ONLY FOR SOURCE AND OBSERVER ABOVE GROUND

280100 PR=CK] sgg ASSUMES A SEGMENT NEVER CROSSES INTERF acE
CALL CS?NEGQ(PK'E‘SHALF,SPK‘CPK)

ETANG€§SRKX*SQS{ﬁO)'COS!BO)ﬁEfncog{AO|'SINIBO!'EZ'SINiAﬂ}
ETANG UL11=ETANG 1) *55/2 g3g OUE TO CNG OF VARIABLE TO PaRam, T
ETANG (1) =CONJGIETANG (] ) $5% CONVERT FROM -IWT TO +JWT TIME CONVENT ION

ETANG(2) =E TANG t | ) 'SPK 3% SN INTERPOLATION TERM
FFUTMUTURL EG.03 ETANG(2) =Q $3% NO CONTRIBUTION TO SELF TERM

78 COMMENT -« -ABOVE CARD VALID ONLY FOR HORIZ ELEMENTS

79
B0
a1
a2

EYANGt 31 =E TANG ([ 19CPK $2% Cos INTERPOLAT |ON TERM

FADEBUG NE.D) WOT 3, LBE15.5) ,R.Rl_RE,R[ALfEYANG({%E*A§MA$iE?AMG£23}
RETURN e

END
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COCE ANALYSIS

i
2 SUBROUT INE NORTONIERY ,EZV ERH EZH . EPH}
2 PARAMETER (P1=3. {415926835788%22 MUO=y £ -7} JEO=8 554 187B2E~ 12,
iy C=2.99792458E8
e
B COMPLEX ERV E2V.ERH E7H B
7 COMPLEX RE .RH, FBAR
8 COMPLEX FACTOR, JBRD , UBRRA ,EJBRD ,EJBRRA , XN, RNH , RNE  PE , PM
g COMPLEX TERME, TERMZ , TERMZ, TERMY  TERMS , TERMS , TERMT?
10 COMPLEX RETR,RHTHR
i1 COMPLEX TEMPL TEMPD
ie
13 COMMON/ CXNN/ -COMPLEX-XNN  $$F USED BY FUNCTION RM
Ik
5
16 COMMENT -~ SUBROUTINE SETUP MUST BE £ali BEFORE USING
17 COMMENT -~~~ MORTOM. SETUP INITIALIZES F.ER, AND SIG
18
19 COMMON/NORTSETUR/F LER.SIG
20
21 COMMENT--~-VARTABLES [N EVALCOM MUST ALSO BE
22 COMMENT---~ INITIALIZED BEFORE CALL (NG NORION. THEY ARE Hi .71 .R
&3
a4 COMMON/EVALCOM/HI 21, 2ZMH, ZPH R B R2 , -COMPLEX-CJ,
25 . CK[.CK13Q,CK2,CKSSO,COEE , COEH
28
27 [FOICALLED.EQ. DY WOT 3, ¢ NORTON CALLED
28 LCALLEDS
29
30
24
32 Ha
33 Z=21
34 RHO=3
35
36
37 W= P efF
38 B=Wstl
39 RO=SORT {(RHO *RHO+ ( Z~H1 o =2}
44 AR=SORT(RHO*RHO+ ( Z+H} 225
41 SID=HHO/RD $%3 SIN THETA DIRECY
W CTD=1Z-H1 /RO $8% COS THETA DIRECTY
43 STR=FHO/PR  $3% SIN THETA REFLECTED
iy CTR=1Z+H)/RR $%% COS THETA REFLECTED
45 TR=ALINISTR! $8% THETA REFLECTED
485
97 FACTCR=CMPLX (D, ,WMU0"  2%/P1
Rd:] JBRO=CMPLX (D . ,B*RDN
£3] JBRR=CMPLX {0, ,B*RA!
80 E£JBRC =CEXP{ ~JBRD /RO
=1 E.JBRR=CEXF{~JBRR) /RR
52
53
Sy XN=CEART{CHMPUXLER, ~S1G/ (WSED V)
55 KNN=XN*AN $3% FOR USE IN FUNCTICN RAM
828 RETR=RE LTR}
57 RHTR=RH (TR
58 BNHs DN~ 370N L) 938 NORMAL REFLECTION COEFF .
55 CRNR=LL 0 $9% LETS NOT AND SAY WE O1ID
64 ANE = - IRk
&1
62 PE=(CHPLX (D, , ~BYRR 7 (2, sSTRYSTRY 12 {CTR+CSORT (XNN-STR*STRI / XNNY »#2
83 PM={CHMPLXI0,  ~BPRR A2, *STROSTRI I (U TRACSGRT {XANN-STRASTHR Jee 2
58]
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~ 5 TERM[ =STD*S TD*EJBRD

&6 TERMZ2=RHI TR} *STR*STREL JARR
87 TERM3= (. ~RH{TR) 1 *FBARIPE I *STR>STR*E UBRE
68 TERMY =2, * (CSCRTLXN*XN-STR*STR}/ (XN*XNY  *CTRE BRR/ JBRA

3 69 TERMG=EJBRO* ( (1. 7JBRO)+ 11 . /UBRO) **2)* (] ~Z *£TOSCTD)
70 TERME=RANH*E JBRR® { (| ./ JBRR}+(1 ./ JBRRY **2) % (| . ~3_ «CTR*CTR)
71
72 ¢ WOT 3, « TERMl= ,4E15.5) ,REAL(TERMI! AIMAG(TERM{)
T3 C CABSITERIML) (180 . /P ) *CANGITERM]
v C WOT 3, ( TERM2= ,4£15.5) REAL (TERM2) AIMAG(TERM2)
F CABS(TERMZ: {1 IBO. /PLI*CANG(TERM2
76 C WOT 3. ¢ TERM3s  4E15.95) ,REAL (TERM3Z! AIMAGITERMIS,
77 C CABS(TERME: , 118G . /Py *CANGITERMT
i WOT 3. ¢ TERM4=  4E15.51 (REALITERMY AIMAGUTERMS Y,
| CABSUTERMY (180, /P I *CANGETERMY)
80 ¢ WOT 3, € TERME=  wE15.%5) ,REALITERMS) (AIMAGITERMS
8t ¢ CABSITERMS) , LI1BO . /P s CANGITERMS)
82 ¢ WOT 3, TERME=  4E1S.%) (REAL(TERME! AIMAGITERMG: ,
83 ¢ CABS(TERME) (180, /P *CANG L TERME)
B WOT 3, 1 EZV¥=  wEIS. 8) REALEZV)Y AIMAGIEZV),
a5 C CABSEZVY , 1180, /P ) "CANGIEZY )
86
87 .
88 EZYy=~FACTOR® i TERM +TERMZ+ TERMT+ TERMU+ TERMS « TERME 1
89
a0 TERMI =sCTD*CT{I*EJBRD
91 TERMZ=RHTR*CTR*CTRE JBRR
92 TERMI= (], ~RHTRI*FBARIPE 1 » ( {XNN~STRYSTR / (XNNSXNN) ) *EJBRR
a3 TERMY= (1] 7 JBROI+ (] L/ JBRDY 225 (], -3, *STO*STO *E JBRD
9 TEMPl={{]./JBRRI+ (] ./ JBRRI*<2)* (], ~3 *BTIR*STR) *£ JBRR
G5 TERMS=RNH* TEMP
g6 TERMEB= (], /XNNISTEMP L »( (]| _eRHTRI+{{ . +RHTR) *FHEARIPE Y
37 TEMPR= {(FBARIFE 19 L CIXNN-BTR*STR} 7 {XNNXNNY 1 ~CTRCTR« 1} . /JBRR1 1 ) - (| ./ JBRR}
a8 TERM7={ ], /ANNI*STRSSTR (]  ~RHTRIC (] o (], 7 JBRN Y 12 TEMP2 £ JBRR
99
100 € WOT 3, § TERMi= (4E15.9r REAL(TERMIY AIMAGUTERMIL Y,
181 C CABSITERMI {180 /P YCANGITERMI)
g2 ¢ WOT 3, ¢ TEAMZ= 4E15.5) REALITERMS) ,AIMAGITERM2:,
163 C CABS{TERMZ ) , (1B, P *CANGITERMZ )
10% € HOT 3, « TEM3= L 4£15.5)  REAL (TERMZ A IMAG(TERM3),
105 ¢ . CABS(TERMZ (180, /P *CANGITERME:
106 ¢ WOT 3, ( TERMu=  4E15%:%) REAL(TERMY) AIMAGITERMYY,
197 ¢ CABSUTERMY |, (180 . /P Y*CANGt TERMY )
108 C WOT 3, « TEAMS= L 9E15.9) REAL(TERMS) ,AIMAGITERMS:
108 € CABSITERMS:. L (180 . /PLI2CANGI TERMS) -
11g ¢ WOT 3,  TERMB= (4E15.5) REALITERME! (AIMAGITERME:,
11y c CABS{TERME) , { {BO. /P11 »LANG TERME!
tig ¢ WOT 3, ( TEFMT7=  uwfi15 8) REAL(TERMT) AIMAGITERMTY,
113 ¢ CABS{TERMT7 ((IBO. /P *CANGUTERMT
fis C WOT 2, & ERke  REIS %1 REALIERH) AIMAGIERMY,
118 ¢ CABSU{ERHY , (1BD . /P Y sCANGERH]
116
117 ERM=~FACTOR? { TERAML - TERMZ - TERMZ+ TERMU ~TERMS « TERME+ TERMT ;
1i8
e
20 TERM =EJBRD
121 TERM2=RETR*£ JBIR
12 TEPMI={1 ~RETR*FRAR{PM I "EJBRR
123 TERMY= (] .+t 1./ )BRD} I *EJBRD/ JBRD
] TERMS=RNE* 1.+ | ./ JBRR) I *EJBRR/ JBRR
128 TEMPI=(~§,~ B8 TRACTR+{ (XNN-STR*ETRI /7 (2, *XNN*XNNI 1~ 52 {1, /JBRR) }
126 TERME={ ], ~AHTR * (FBARIPL I /XNNI*TEMP L £ JBRR " UBRR
127 TERMT7={ 1., /XNNY (0] +RRTRI« ] B2 {1 ./ JBRRA + B+ RHTR* (], /JBRR ) ) "E JBRR/ JBRR
e
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188 C WOT 3, ¢ TEAMI= E15.5) REAL(TERMI}  AIMAGITERM]),
130 ¢ CABS(TERMLY, (180, /P13 *CANGUTERML )

131 ¢ WOT 3, C TERME: wE15.%) REAL(TERMP! ,AIMAGITERMZY
132 ¢ CABS (TERM21, {180, /P ) *CANG { TERM2}

133 ¢ WOT 2. ¢ TERMZe NE15.5) LREALITERMI) ,AIMAGUTERMZ: |
124 C CABS [ TERMZ), 1180, /P 1 2CANG ( TERMZ

135 ¢ WOT X, + TERMw= HE15.5) ,REAL(TERM4 I AIMAG! TERMY) ,
136 € CABS: TERMw ), (180./P1 ) *CANG I TERMY

137 ¢ WOT 2, U TERMS=  L4£15.5) . REAL{TERMS! AIMAG{TERMS)
128 ¢ CABSITERMS ), (180, /P11 *CANG ( TERMS)

139 ¢ WOT 3, ¢ TERMB= ,4£15.5) .REAL(TERME) ,AIMAGITERME
10 © CABS{TERME S, (180, /P11 *CANG I TERME

141 £ WOT 2, { TERM7=  &4f15.%) REAL(TERMYI,AIMAGITERMT,
42 ¢ CABSUTERMT), (180 ./F1) *CANGLTERMT

143 ¢ WOT 3, ¢ EPH=  NELIS.5) REALIEPH)  AIMAGIEPH: |

tuy € CABS(EPH), (180 . /P[ ) *CANG LEPH)

145

145 EPH=FACTOR® { TERML » TERMD » TERME+ TERMM + TERMS - TERME+ TERMT
1477

148 TERMI =CTI*STD*EJBRD

148 TERMZ=RMHTRCTR*STR*F JRRA

150 TERM3={ 1, ~RHTRI*FBAR(PE ) *STRY (CSORT L XNN-STR*STRY / XNN1 7 £ UBRR
151 TERAMu=1 1 ~RHMTRI *L TR STR*£JBRA - JBAR

182 TERMS=(] ~RHTR*ZTR* (CSORT I XNN-STRES TR 7 XNM) 7 . S+F JBRR 1 JBRA
153 TERMS=3 . 'CTD*STO (. /7JBROI + (] /JBRO 1 »2) *E JBRD

1854 LABEL CONTINUE €83 TO BREAK UP BLOCK

155 TERMT=RANH*3, "CTR*STR* ({1 . FJBRAI + (| ./ JBRA) *»=2) £ UBRR
158

157 ¢ WOT 3, TERMI= ,%E15.9) REAL(TERMII AIMAGITERMI,
158 € CABS(TERMI 1, 1180, /P11 *CANG L TERM] }

159 ¢ WOT 3, ¢ TEAME: 4E15.5) REAL{TERM2) , AIMAGITERMS)
160 C CABS{TERMZ) . {i80. /P11 *CANG( TERME)

181 C WOT 3, « TERMZ= ,4£15.%) REALLTERMI) ,AIMAG(TERMZ:
182 ¢ CABSITERMIY , (IB0./PLIsCANCITERME

163 © WOT 3, & TERMu=  8E15.5) REALUTERM4)  AIMAGITERM4),
184 ¢ CABSUTERMY Y , (180, /P 1) *CANGS TERM)

185 ¢ WOT 3, ¢ TERMS=  wE1%.8)  REAL(TERMS) AIMAGUTERMS,
186 C CABS(TERMS) , (180, /] ) sCANG ( TERMS)

167 ¢ WOT 3, ( TERMB= 4£15.5) REAL{TERMG) ATHAGITERME)
188 ¢ CABS{TERMEY , {180, /P11 *CANG ( TERME

169 ¢ WOT .« TERM7s NE1S.5) LBEAL (TERMT! AIMAG(TERMT} .
170 ¢ CABS{TIRMTY, 180 . /P12 CANGITERNTY

171 ¢ WOT 3, ¢ ERvs  ,4E15.5) REALIERVI,AIMAGUERVY,

172 ¢ CABS(ERVY, (1B, /PLI*LANGIERY)

173 ¢ WOT 3, € EZH=  MEIS.5) REALIEZH)  AIMAGLEZHY,

INC IR CABSIEZHY , (180, /P 1) *CANG LEZH]

175

178 ERV=FACTOIR® (TERM| » TERME~TERAMZ - TERMY - TEHMS+ TERME+ TERMT )
177

178 EZHsF ACTOR® (TERM| ~ TERME+ TERMI+ TERMu « TERMS « TERME - TERMT)
179

180 ERVSCOMJG ERVY $35% TO GO FROM <JWT TO ~iWT

181 EZV=CONJG EZV) $8% TO G0 FROM +JWT TO ~IWT

188 ERH=CONJG ERM) 383 TO GO FROM +UWT TO ~ Wt

183 EZH=CONJG EZH1 $35% 70 GO FROM +JWT TO ~{WT

184 EPH=CONJG EPHY 3848 TO GO FROM +UWT 1O ~{WT

185

186 RE TLIRN

167 END
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[ S I PV RN s VR

CO0E ANALYS!S
SUBROUT [NE NOTHING
RETURN

END

CODE ANALYSIS
COMPLEX GSOLVE
FUNCTION QSOLVE(Q, 1,1
COMMENT -~~~ ALSO DIMENSIONED |N GSHANK
PARAMETER (NSFANK=30
DIMENS [ON-COMFLEX -G (0, NSHANK ) | NGHANK /&)

T COMMENT-~~-0Q ALSO DIMENSIONED [N GSHANK

a8
9
ia
i1

[o-RRTA RN s R B+ L JES R P

S oW DR Y e

e

QSGLVE=QU Tl J=1 1200t ~1,d~ 11~ ] 11222
GSOLVE=QSOLVE/ LU +1,J=13+Q0 -] U-t1-8 3001, 113
RETURN

END

CODE ANALYSIS

COMPLEX RE

FUNCTION RE:T)

COMPLEX CSQRT,CEXP

COMMON /CXNN/ ~COMPLEX~XNN

COMPLEX 11,712

TI=COS(T) $ T2=CSARTIXNN-SIN{T#+2;
RE={(TI-T23/(T1+T

RETURN

END

COBE ANALYSIS

COMPLEX RH

FUNCYION RH{T!

COMPLEX CSART , CExP

COMMON 7OXNN/  ~COMPLE X~ XNNM

COMPLEX 11,72

TI=XNN*COSI{T) § T2=CSORTIXNN-GIN{T1*%2}
RH={T|=T21/{T1+ 2

RE TURN

END

~155-




§ CODE ANALYSIS

2 SUBRCUTINE ROM(A B FONN,SUM,RX)
3 COMMENT----THIS VERSION PARAMETERIZES LINE BETWEEN A AND 8 AS
4 COMMENT----"UNCT ION OF PARAMETER 2P, THIS ALLOWS A 1O BE GT. B OR LT,
5 COMMENT----aAND T¢ BE POSITIVE OR NEGATIVE
6 COMPLEX TE}.TER

7 DIMENSION ~COMPLEX-SUMO IO GLII0 02010 ,0%0101,6%0100 ,G50103,
a8 YOICI0), TO 10, TI00I0  THEOIG,TO2 01 ,T20000)
G COMPLEX TESTC

ia COMMON/RCOM/ ~ INTEGER-KEVALS , TROUBLE
(R CATANX=2) , (NM=655361 , INTS=4)

12 G DATA (NX=11 %33 FORCE & EVALS ONLY
13 DAB=8--A

iu El1=0

i5 ELg=1.

16 =L}

17 ZE=ELZ

18 S=ZE-3

19 ER=5/ (10,2 NMY

20 ZENO=Z2E~ER

21 DO Ot i=1.,N

22 31 SUMC[) =0

23 NE=NX

&4 NT =0

a5 CALL FIN(A.GY:

26 NEVALS=NEVALS+!

27 1 DZ=S/NE

28 DZOT=07+.5

29 IP=Z+037

30 IF(ZPLE.ZEY GO 70w

3 DZ=2E~7

3 IFCABS 10Z) .LE EPY GO TO 100

33 4 QZOT=D)*.%

Ko ZP=Z+D,/07

35 CALL FUMUA+DAB 2P G331

6 2P0

37 CALL FUNUASDAB-IP G5

38 NEVALSs NEVALE+2

33 &% NOCON=(

L4 DO 02 i=1.N

E3 TOOU(Is=(GLL+GH011)=DZOT+0AB

T4 TOLLEa={TO0¢ 3 +DZ*DABGA(]212.5

43 TIQ{Iiniu 2TOL I ~TO0ULY /3.

Y TEL=TESTCLTO ¢ 1y, 7100y

W5 [F(REALITELY .OT.8X .CR., AIMAGITE! .07 "X} NOCON={

G 02 CONTINLE

47 L NOCON=1 $3% FORCE % Evals ONLY

48 [FINOCCN.EGQ. 0y GO 1O 80

4 IP=Z-DZ> .25

50 CaLL FON(A+DAB=ZF  G&

51 ZP=Z+D22.75

fated CALL FUN(A+DABZF M

X1 NEVALS=NEVALS2

Sy DO DY I=1.N

55 TO2¢ 1= (TG {1 p+DZQT«DAB (OGS 114001115

1] Tiiefyemil 270201 -T00] /3,

57 o TOOE I 1B, AT II-TI0CE /1S,

58 NOGO=0

1=} o0 05 {=i N

60 TES=TESTC(TII(Y, T20: 11

Bl IF{AIMAGCTER) L OT . R NOGO=IRI

82 (FORFAL TE2).GT.RX! NOGO=NOGO+2RR

53 ¢ NOGO=0 $%% FORCE & EVALS OMNLY

B4 (FONQGO NE .G GO TO &1
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65
686
857
58
68
70
71

e
73
T
78
76
7
78
i
80
81

83
au
85
a6
87
88
g9
Y
91
g2
a3
G4
25

97

99
140
{01
102
103
t 04
105

51
06
52

0g

2e

08

100

CONT [ NUE

DO D6 I=1.N

SUM([)=SUMI[1+ 2011

NT=NT+{

2=2+DZ

IF42.GE . 2ENDY GO 10 10D

DD 09 i=1 N

Gioli=0%0]y

IFINT LT .ONTS JCR., NS LE . MNxXY GO To

NE=NS/2 .

NT=]

o0 TO ¢

DG 07 1=1,N

SUMLT I =SUMO 1T 1001

NT=NT+2

50 10 B2

NT={

IFINS.LT.NM) GO TG 22

FORMAT( *eROM** STER GIZE LCIMITED AT Z= F10.5, NOGO=
FON NO .= 12}

WOT 3,93,2.N0GO . |

WOT 3, (BEIB.51 REALITED D REALIGHIIYY REALIGS(),
REALIGR(I1Y REAL (G0 3) ,REALIGSU LYY,
AIMAGITEZ Y AIMAGIGI I3 Y ,AIMAGIG2 033 AIMAGIGSE (),
AIMAGIGR U] 1) ,AIMAGIGS ]

XL {Mi=A+DAB* {21 . *07}

XL IMS=A+DAB* t 2] . 07

CALL FNPLOTIXLIMI XLIME . FUN, [, *ROM#< STEP SIZE LIMITED

TROUBLE =TROUBLE + !
IFITROUBLE .EG. 1Y WOT 889, (1 **ROM»» STEP SIZE LIMITED
GO o 51

NGaNSe 2

DZ=5/NS
02Z01=DZ+.5%

0O D8 I=1.N
GRL11=03 1

G311 1=02¢11

GO TG 23

CONT INUE

RETURN

END
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H CONE ANALYSIS
& SUHROUT INE ROMBERGI(A,B,FCN,N,SUM NX}
3 COMMENT----THIS VERS[ON PARAMETER([ZES L IME BETWEEN A AND B AS
¥ COMMENTY----FUNCTION OF PARAMETER 2P. THIS ALLOWS A TO BE ,GT. 8 OR .
S COMMENY----AND TQ BE PQSITIVE OR NEGATIVE
] COMPLEX 181 . TEZ

7 DIMENSION ~COMPLEX-GUMI10) GLEIG) GBL10T G3010),6%010),68(1D),
8 TAGL G, TOLEI0)  PI0CI0, TV e10)  TOSCI0 T80 010;
£ COFPLEX TESTC

10 COMMON/ROMCOM/ - I NTEGER-NEVALS  TROUBLE
it DATA(NM=BS536) , (NTS=%) , (RX=} E~4%}

i Oab=8-A

13 ELi=0

by ELg=1,

15 Z=EL

18 ZE=EL2

17 S=lE-2

18 EP=5/110. *NM

14 ZENI=2E -EP

&0 00 31 {=1.,N

21 D1 suMi =0

ee NE=X

23 NT=]

& CALLL FONTA G

25 MNEVALS=NEVALS+ !

28 t D2='3/NS

&7 DZOr=0Z+*.5

28 ZP=7+DZ

29 IFLIPLLE . Z2EY GO TO m

30 DZ=lE~2

31 {FLABS(DZy .LE.£P GO TC 10D

3e Y DZO=DI* .8

33 ZP='sDZ0T

3u CALL FCN{A+DAB7P G3:

35 IP=+D2

356 CALL FCNU{A+DABZP .S

7 NEWALS=NEVALS+2

38 &3 NOCON=G

34 DO 02 I=1.M

“wi TROIY=1061(11+05¢113*DZ0T*DAR

EN TOVCIy=(T00¢ 1 +OZ-DABG3 1 1) » 8

W2 TIOi={n =«TO1 L ~T000 11373,

43 TEV=TESTCLTO L, TIOUEY)

i IFREALITELY,GT . RX .OR. AIMAGUTEDS  GT RN NOCON=1

w5 02 CONTINUE

S5 IFInOCON.EQ.OY GO TO GO

%7 ZP=7+02* 28

(s CalLl FUN{A+DAB 7P G2

w4 ZP=2402% 7%

sC CALL FCNUADAB*ZF G4

%1 NEVALSSNEVALS2

52 OO DY =1 N

53 TR201 =701 3+DZ0TDAB (G201 ) +Gt 1) .5

S Tid eyt »7020 -1 ET 1343,

59 O% T20tii=116. *T 114 0s-TID0T /18,

56 NOGO=0

57 DO D3 I=1.N

58 TEC=TESTC(T 111, 72001

59 FraiMAGLTES) (BT FX) NOGO=IR]

a0 IFARTALITESZ . GT . RX) NOGO=NQGO+ZRR

B! IFINDGO . NE.OY B0 TO &4

&2 85 CONT [NUE
83 51 00 B3 [=1.8
B4 DB SUMC[)aSUMC L) «T200 1)
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85 NY=NT+]
. 66 52 7=2+D2

57 IF{2. 068, ZENDY OG0 TO 100

&8 00 08 Is=i N

3= D9 Gy =65(1

0 TEANT LT .ONTS JOR. NS.LE.NX) 60 TO 1
T NS =NG/ 2

EL NT={

73 GO 1o

™ 50 0O 07 is1 N
75 OF SUMELy=SUMET «T1061)

e

78 NT=NT+2
7 GO 1o B2
78 &1 NT=0
79 IFINS.LT.NMY GD TO 22
80 g3 FORMATY *+ROMBIRG** STEP SIZE LIMITED AT Z= . FI10.5, NOGO= (Rg,
81 . FOM NO. = i)
8z WOT 3,93,2,N0G)
83 WOT 3, (BEIS. By REALITESY REAL IOy (REALIDS 1,
84 . REALIGETY)Y REALIGHI Y REAL (GBS,
8% . AIMAG TES) ,aIMAGIGI 1 AITMAGIOS LY AIMABIGE L,
86 R AIMAGIGU LY. LAIMAGIGS 1
87
88 COMPLEX %L, OXL
89 CALL LAMBDA(Z XL DXL
S0 WOT 3, (8X, L4MBEDA 1% L8E 1881 (REALI(XL) A IMAGIXL?
91
Qe XL IMl=A+DABY (2
33 XL {M2=a+DAB {1 2+0710
Oy CALL FNPLOTIXL IMI XLIM2 FON, T, #*ROMBERG s STER GIZE LIMITED
a5 TROUBLE = TROUBLE + |
Q6 [F(TROUBLE EGQ. 1 WOT 88, (29H* ROMBERG+* STEP SIZE LIMITED)
a7 5O TO 51
a8 E2 MNS=NS*2
448 D2Z=S/NS
100 DIOT=DZ*.%
101 DO o8 =1 N
102 051 11=0301
1032 08 GRtIr=G201
0% GG T 23
108 100 CONTINUE
108 RE TURN
107 END

~155-




FoclE S e B+ (NS ¢ 1 NS 1 I S O3 0 4 % B

st

12
13
i
15
16

o~y
i

18
19
20
21
2
23
24
e4s
26
27
28
29
3'\
31

33
Iu
35
38
37
38
3a
40

COOE ANALYSIS

SUBROUT INE SACALT  ANS $%% SOURCE ABOVE OBSERVER ABOVE

aPTIMiZE

DIMENSION ~COMPLEX~ ANSUIOD

COMPLE X XL ,OXL.,C1.C2,80,.80P

COMPLEX Ug2,vee,vaeR vaeRl . veala,vaere

PARAMETER (F[=3. 1% 15326525887932

COMMON JEVALLOM/ HI L, 71, 2MH ZPH R R R2, -COMPLEX-C,
CK1L,CKISG,CKE,CK25G,COEE ,COEH

TYPE COMPLEX CGAMI (COAMZ ,COM, CINTH
TYPE COMPLEX COMU

COMMENT ~~~-DAL [S DUE TO CHANGE OF VARIABLE OF INTEGRATION

Gt

Call, LAMBDAITY , XL DXL

COAMI = ZSORT (XL exL ~LKR 150
COAME=JSQRT (XL * X ~-CKa2sQ)
IFUREALICGAMI Y EG.0) COAMI=CMPLX(D ., ~ABS{AIMAGICGAMT I 11
IFIREALICGAMS ) EQ, Ty COAME=CMPLX(L,  ~ADSIAIMADICGAMD Y 3 )
CINTN=CK2SQCOAM + OISO CGAME

CE=CEXP (-CGAMI* 2P+

COM=DXi. * XL *C2/CINTN
COMU=DML o X *C27 {CGAML +LEAMS )

CALL BESSEL (X1 *R,B0,80P)

u22=Coru+8g

va2=Cor+B80

vecR=0

IFIR.NE Q) VE2R-COMe XL BOP

VE2RZ a- COM* XL *CGAM2 *BAOP
va22Z2=(OM*CGAM2 *CGAMZ2 B0

veaRa=_

[F(CABS(XL).EQ.Q) GO 10 Gi

IF(R.NE.O) Y22R2=~-COM*X{. * X #{BOP/ (XL *"R) «BC}
IF(R.EQ. Q) V22RZ=-COMeXL %L * .5

ANS (] ¥1=V22Re

ANS(21=v22Z2

ANS(3)=V22RZ

ANS 4 I=V22R

ANS (51 =v22

ANS(6)=J22

RE TURN

END
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S SRS ——

DAL @ - AR e

b
S
13
i%

16
17
18
19
a0
21
22
23
24
25
25
28
29
30
31
32
33
34
35
36
37
38
33
40
w1

CODE ANALYSIS
SUBROUT INE SA03(T,ANS) 33% SOURCE ABOVE OBSERVER BELOW
OPTIMIZE
DIMENS ION ~COMPLEX-ANSTID)
COMPLEX ¥ .OXL,C1,£2,80.80P . UZ1 V21 V2R, VBIRZ V2122 ,VE1RE V2IRKH
PARAMETER (PI=3%,1%15926535897932}
COMMON /EVALCOM/s M1, Z[1,ZMH,ZPH, R . RL RZ,-COMPLEX-CJ,
CKi ,CK1%0,CK2,CKa5Q,COEE ,COEH
TYPE COMPLEX C3AMI ,CGAMZ,COM, CINTN
TYRPE COMPLEX OMU

COMMENT »~~~DXl, 18 DUL TO CHANGE OF VARIABLE OF INTEGRATION

CAlLL LAMBOALT, <L ,DXL)
COAMI=CSORT{XL %L ~CK18Q)

IFIREAL(CGAMY Y EG.0) CGAMI =CMPLX{Q. ,~ABS(AIMAGICGAM] 11}
CoAME=CSORT (XL * XL ~CK2SQ)

IFIREAL (CGAM2)Y . EG.0Q) CGAME=CMPL XL, . ~ABS{AIMAGICGAM2: 1}
CINTN=CKISQ*COoAMI +CK 1 SQ*CCAMS
C2=CEXP{CBAM| « 1] ~COAME*H] ]
COM=0XL *Ca* XL/ CINTN
COMU=DXL XL 2 C8 tCOAM] «CCAMS)

CALL BESSEL (XL *R,B0,BOPI

U =COMUBE

Y21 =CO0M 80

VaiR=0Q

[FAR.NE . Q1 VE1R=00M XL B0
VRIRZ=COM=XL »CHAM] *BOP

Y21Z2=COM*LGAM *CHAML 80

VEiRe2=0

IFICABS (XL EQ Oy GO TGO Gi

(FIRONE D) V2IHSs-00Me XL #X0, 2 (S0P (XL *R +B0
[F(R.EGQ.Q) VIIHSe-COM XL XL * .5

VI RM=~COM* XL * CHAME "B0P

ANS {1 =V2IR2

ANS{21=y21228

ANSI 3 =V2IRZ

ANS (uI=V2IR

ANS (B =V21

ANS(BI1=UZ1

ANS (T =V2 I RH

RETURN

END
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{{ODE ANALYSIS

GUBROUT INE SBCA(T ,ANS) $3§ SOURCE BELOW OBSERVER ABOVE

OPTIMIZE

DIMENSION -COMPLEX-ANS{ID}

COMPLEX XL ,DXL,C1,C2,80.80P U2 VIS, VISR VICRZ VIBZ2,VI2R2 ,VI2RK

FARAMETER (P1=3.1%1592653583793!

COMMON FEVALCOMs M1, Z1,ZMH,ZIPH R, R R2,~COMPLEX LU,
CK1L,OKI5G,CK2,CKas0,CoLE ,COEH

TYPE COMPLEX CGAM! , CGAMZ,COM.CINTN
TYPE COMPLEX COMU

COMMENT ~~-~~0XL 15 OQUE TO CHANGE OF VARIABLE OF [INTEGRATION

[ RTc i« I B« Y EE SR TS

-t

12 CaLl LAMBOALT X(.DXL)

13 CHOAMI=CSORT (XL *# XL ~CK 184

i AREAL (CBAMI) LECQ. 0 COAMI=CMPLXID,  ~ABSIAIMAGICGAML 1)
15 CAMB=CSORT (XL * X1 ~CK2SQ)

i6 IFIREAL (CGAMEY £Q.0) COAMZ=CMPLX{(D. . ~ABSIAIMAGICGAMZ ) 11
17 CINTN=CK2SQ*COAM ] »CK I SO CEAME

18 CO=CEXP{~COAMI *HI ~COAM2* 21y

19 COM=0XL*C29 XL /0 INTN

20 COMU=OXE *XL *C27 (CGAMI +CHAME

21 Call BESSEL (XL *R B0 ,B0P)

a2 Ui{2=CoMu=8e

23X vig=COM*B0

24 VigR=0

25 IFIR.NE.O) VISR=COM*AL *80P

26 VIiERZ=~COM* X *(CAME "BOP

27 Y12Z72=COM*{CGAME *COAMZ *BD

28 ViPR2=0

29 IF(CABSIXLY .EQ. Q) GO TO 6

30 IFIR.NE.D1 VIPRZ=-COMPXL * XL * {BOP/ {XL*R1 +BR
31 IF(R.EQ.0) VISR2=-COMOXL¢KL*.B

32 Gt V12RM=~COM*XL*CGAM! *B0P

33 AN 11 =VIERS

ki ANSI2I=V2Z2

35 ANG(33=V{2R2

3B ANGIHI=VI2R

37 AN LB =V

3B ANSGI(BI =12

24 ANGIT ) =V IERH

wi RE"URN

Wi EN
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CODE ANALYSIS

SUBROUTINE SBOBI(T,ANS) $3% SOURCE BELOW ORSERVER BELOW

OPTIMIZE

DIMENSION ~ZOMPLEX~ ANS(103

COMPLEX XL, JXL,C1.C2.80,.BOP

COMPLEX Ul V1L VIIR, VIIRZ, VIIZR VLIRS

PARAMETER (?[=3.1%199265935897932:

COMMON JEVALCOM/ HILZI1 L ZMH, ZPH, R R R2, ~COMPLEX -,
CK1,CK1SG,CK2, CKPSQ,COEE , COEH

TYPE COMPLEX CGAMI COAMZ, COM, CINTHN
TYPE COMPLEX COMU

COMMENT-~--DXL 1S DUE TO CHANGE OF VARIABLE OF [NTEGRATION

Gi

CALL LAMBDAT XL DXL}
COAMI=CHORT (XL * XL ~-CK1SQ)
COAMB=CSORT (XL * XL ~CK2%0)

{FIREAL (CGAMLY EQ. 01 COAMI=CMPLX(D. , ~ABSLAIMAGICGAML 1)
IFIREAL (COANMS Y LEQ. 0 COAME=CMPLX . , ~ABS(AIMAGIOGAME 1)
CINTN=CK2SO " DGAMI +CRISQ CoAMT

Ca=CEXP (»CBaM T 2 IMH Y

COM=DXL*XL*CR/CINTN
COMU=DXL * XL *C&7 (CGAMI «CGAMS Y

CALL BESSEL: Xi.+R,B0,.BOP)

Ul 1=C0MU*BO

Vit=COM=*80

¥11R=0

PFAR.NE .Y VIIRsCUM» XL+ 80P
YIIRZ=COMs XL sCGAM] = BOP

V11 22=00M*COAM] *COAM | *BO

ViiR2=0

IFICABSIXLY . EQ.0F GO TO Gt

[F{R.KE . Q) VIIRS=-COMo XL =X (HOP/ (XU R +BO)
[FIR.EQ.OY Y 1IRS=-COM ALK *.5

ANS{1=VIIRE

ANSI2 =V} L8

ANS{ 3=V IR

ANS{w1=V] R

ANS(H1=V 11

ANSIS)Y=UL]

RE TURN

END
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CODE AMALYSIS

H

2 SUBROUT [NE SETUPIFRGLEPSRL ,SI0] JEPSR2 ., 5162

3 PARAMMETER (P1=3, 14 15926538R897332;

L COMMON JEVALCOMs HELZ1 ., 2MM,ZPH B R R2 . -COMPLEX~C.,
5 CF1LCKISG,CKE ,CKE8G, COEE  COoEH

& PARGMETER (CLIGHT=2. 98790456388 B8 NBS JAN 1973
7 XML = W £-07*P1

8 EPSU= ./ (XMUQ=CL [ GHT» 22

9 Ca={MPLX(]., 1.}

10 P=i. %38 P |% CURRENT MOMENT

1B W=, P FRQ

i CKISQ=CMPLX LW XMUQ*EPSO*EPSR ] W XMUD*S 1G] )

i3 CRPEQ=CMPLX (W2 W XMUD "EPSOPEPSRE W MU0 S (G2

14 CKI=CSORT (LK I18G:

15 CEE=CSORT (CK2SG

18

17 ¢ THESE ARE THE COQEFFICIENTS WMiIfH MULTIFLY THE YARIOUS COMPONERMTS
18 C OF THE ELECTROMAGNETIC FIELD.

19
20 COEH=-Ps (% #51
21 COEL «COPW»PoXMUD s (i P 1
e
23
2% COMMENT =~~~ FOLLOWING IMITIALIZES VARIABLES FOR SUBROUTINE NORTON
25 COMMENT~-~--- NORTON ASSUMES UPPER MEDIUM |S FREE SPACE
26
27 COMMUN/NORTSETUR/F JER G106
28
29 F=FRG

20 ER=£FSR

31 S{G=216]

32

33 RE TURN

B4 END
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50
51
52
53
Sh
55

57
58
553
B
&1
&2
63
B

COMMENT ~~~~11 OEC 74----MODIF[ED TO ALWAYS FUT THE OBSEARAVER
COMMENT -~~~ ON THE SURFACE OF THE OBSERVER SEGMENT

CODE ANALYSIS

SUBROUT INE SF IELDS(T ,ETANG!

COMMON /SFIOM/ XS,YS,75,A5,BS,55,WR, X0, 70,70, A0, 80, [MUTUAL
COMMENT ---- ~% FJR S0URCE -0 FOR OBSERVER

COMPLEX EX EY,EZ,PK,SPK,CPK

COMPLEX ERV,EZV . ERM, EZJH . EPH

PARAMETER (P[=3, 1415926535897932}

COMMON /EVALCOM/ ML ZT1,2MH 2PH R BT ,R2, ~COMPLEX L],

CK1,CKISG,CK2, 0250, COEE ,COEMH
DIMENSION -COMPLEX- ETANG(3) 883 |=K TEZRM, 2=S[N TERM, 3=C05 TERM

COMMENT =~ ==X¥ YT, 27 SPECIFY POINT ALONG SQURCE SEGMENT AS FCN OF PAHAM‘TER T
COMMENT ~~~~WHICH VARIES FROM ~{. TG #+1.
SHALF=G5° 4% $3% HALF OF SEGMENT LENGTH
AT =XS+ T+EMHALF *COS(BS) *COSAS)
YTaYS+T*SHALF *SINIBS) *COSLAS)
T =28+ TH*SHALF *SINTASY
GO TS GSELS $3% ALWAYS OFFSET THE OBSERVER
IFOIMUTUAL EG. DY GO YO GSELF
COMMENT ----00 MUTIAL TERM
R=SORT({XT-X0}**2+{¥T-Y0)*22) $%% FIND RHO OF CYL. COORD. SYSTEM
PHI=ATAN2(YO-YT,X0-XT? $5% ANGLE SBETWEEN SOURCE AND OBS [N CYL. COORD. SYS
GO TQ 416
GSELF CONTINUE %98 DO SELF TERM
COMMENT - -~-50 PEFPENDICULAR TO ELEMENT IN A PLANE PAFALLEL TO X-Y PLAME
COMMENT~-~-FOR THE DISTANCE WR (WIRE RADIUS
XOP=XO~-WR*S {N{BO)
YOP=YO+WR={ OG(BOY
ReSORTIIROF -XT ) 222+ (YOP-YT3 ¥ 22}
PHI=ATANR(YOP=YT XQP-XT1}
G110 CONTINUE
Zi=20 $%% 7 OF QBSERVER [N YL . COORD. §YS.
HI=ABG12T) $%% Z OF SQURCE N (YL . COOROC. SYS.
ZPH=Z | +H]
IMH=Z { ~H]
R =SORT (W*F» IPH» IPH
R2=SORT {R2FA +7Mb» TMH)
C WOV 3, (/o7 BHsesnE B % (KILZLLR PHY

COMMON/ FPREG/FREQ, DUMMY (B3

WVLENGTH=3 E8/FREQ

IFIZT.GELD LAND, RLOLE.WVLENGTH/ 30,
CALL EVALUAZIERY EZV ERH EZH, EPH}

IF(ZT.GE.0 JAND. R.OT.WVYLENGTH/30.3
CALL EVALUAZULERV ,EZV.ERH EZH EPH)

C SFLZT.LT.0 LAND, R.LEWYLENGTH/30.)
< . CALL EVALUBZ(ERY,EZV ERH EZH EPH)
L IF.ZT.LT.0 AND. R.GT.RVLENDGTH/30.3
C . CALL EVALUBZ(ERY,ELV ERM EZH, EPH:
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65
56
57
658

59 COMMENT---~-MODIFY CURRENT MOMENTS ACCORDING TO CORIENTATION OF SOURCE
70 ERV=ERV*SINIAS)

71 E2v=EZVrSINIAS)

182 ERH=ERH*COS(AS) *LOSIPH] ~-BS)

732 EZ2H=EZH*LOS(AS) *COS{PH]-BS)

T4 EPH=EPHACOR(AS *SINIPH] -BS)

5 COMMENT ~-~~F [NQ COMPONENTS OF FIELD ALONG X.Y. AND 7 AXES

6 EX= {ERH+ERY) *COS (PH] 1 ~EPHSINIPHL

77 Etm (ERH+ERV I 2SINPHT ) »EPH*COS PR}

18 El=EIHCEZY

79 COMMENT - -~~F IND COMPONENTS OF FIELD TANGENTIAL TO OBSERVER

80 Pr=CKE $%% VALID ONLY FOR SOURCE AND CBSERVER ABOVE GROUND

81 IFEZS.LT. 0y PR=CKT $3% ASSUMES A SEGHMENT NEVER CROSSES [INTERFACE
8 CALL CSINCOS(PK» T2SHALF | SPKCPK)

83 ETANGT 1Y =EXsCOGIAQ *COS{BO «EY*{US(AD *S{MNI{BO +E£ 295 INLAD)

8% ETANGI 1 I=ETANG 11285572 833 DUE 7O CNG OF WARLABLE 1O PaARAM, T

85 ETANGI 1) =CONJGIETANG (111 388 CONVERT FROM ~1WT 1O +« 0T TIME CONVENTION
2137 ETANGIZ2I=ETANG( 11 *5PK $%% SIN (NTERPOLATION TERM

87 ¢ PR CIMUTUAL EQ. 0 ETAMGIZ =0 %55 NC CONTRIBUTION TO SELF TERM

88 COMMENT~- ~~ABOVE CARD VALID ONLY FOR HORIZ ELEMENTS

89 ETANGIZI=ETANG(11°CPK $%% COS [NTERPOLATION TERM

g0 IFADEBUG.NE. D) WOT 3, (8E£19.9) R,RI A2 REALIETANGEUI Y} (ATMAGIETANGT 1)
91 RETURN

g2 END

COCE ANALYSIS

i

e COMPLEX TESTC . Fi.F2

3 STRUCTURE (F1 . FIR/FiI , (F2 FER/F2H)

4% FUNCTION TESTC (F1.F&:

5 A=0

& IFABSF2RY .GT. 1 E~401 A=ABSU(FIR-FERI/FER]
7 8=0

a8 IF(28S(F211 .67 1. E-403 8=ABSU(FI~F2L1/F2D)
9 TESTC=CMPLX (A )

14 RETURN

[ ENO

~166-




v il b L 0 MRS 05 JOUSRTG TonTe! UN IO O S OO 2 1

TEST PROBLEM--HALF WAVE OI[POLE IN FREE SPACE
“.-1,1,0,0,1,0.9,0.,0.0.1.1.0.
SSLLL P PO I T 0 S T
! -24.6063,0..8.2,0.24.6063.0.8.2,0,
21.8.0.0,.01,
i1 K
o
Polh,1.,0..0,0
HONTOQEP 0.0, .
ERF=Y., S[GF=1.E-2 RANGE=|.ES OLAND=20G,
NPHIP=0 NTHE TP=0
WNPHi=1 PHIMIN=0 PHIMAX=0
NTHEY=T72 THETM[N=-90. THETMAX=30.
; TITLE=4QHELEVAT [ON PATTERN (P-10TAL=! WATY} PHI=Q 778
| : MORE=1 END :

W - ;W g

3 )

16 NPHIP=0 NTHETP=0

17 NPHI=1 PHIMIN=90. PHIMAX=30.

18 TITLE=4SHELEVATION PATTERN (P-TOTAL=1 WATTY PHl=90. 778
] 19  MORE=] END R i
i a0 NPHIP=36 NTHE IP=g

21 NPHI=I4%% PHIMIN=0 PHIMAX=360.

22 NTHET={ THETMIN=90. THETMAX=90.

23 TITLE=4SH SURITACE WAVE (TQTUAL RADIATED POWER=: .0 WAYT: 778

24 YMINSD HMIN=0 VMAX=0 HMAX=0

25 END

26 HALF WAVE DIPOLE 2.5M ABOVE LOSSY GND USING SPECULAR R/C

27 4,-1,1.0,0,1.0.0,0,0.0.1,1.0,
28 .010.0..1.2.1..0.9.,1.6-2,
29 1 -24.6063.0..8 2,0.2%.6063.0.8.2.0,
30 21.0.0,0..01.
31 M
: 320
|'.‘ 33 1,11.1..0.,0,

| 34 NONTOEP 0,0,

35 EAF=G. SIGF=1.E-2 RANGE=1.E5 DLAND=200.

36 NPHIP=0 NTHEIP=0
37 MPHI=] PHIMIN=Q PHIMAX=0
38 NTHET=72 THETMIN=-90. THETMAX=30.
39 TITLE=SOMELEVATION PATTERN (P-TOTAL=1 WATT) PHI=0 778
43  MORE=1 END
4l NPHIP=0 NTHETP=0
42 NPHI=1 PHIMIN-=90. PHIMAX=S0.
43 TITLE=4ZHELEVATION PATTERN (P-TOTAL=1 WATT) PHI=30. 778
44 MORE=! END
45 NPHIP=36 NTHETP=Q
w6  NPHI=144 PHIMIN=O PHIMAX=360
47 NTHET=1 THETMIN®DO. THE TMAX=Q0.
w8  TITLE=45M SURFACE WAVE (TOTAL RADIATED POWER=1.0 WATT: 778
EESe ] YMIN=0 HMIN=0 VMAX=0 HMAX={
56 END
51 HALF WAVE OIPOLE 2.5M ABOVE LOSSY GND USING SOMMERFELD
¢ : 52 w.-1,1.0,0.1,0,0,0.0,0,1.1.0,
: 53 .010.0..1.3.1..0.9..1.6-2,
Sy | -2.6063.0..8.2.0,2%.6063.0,8.2.0.
5% 71.0,0.0,.01,
€ H
57 o

:

58 1.11.1..0..0,

Bg NONTOEP (0,0,

60 ERF=9. SIGF=].l.-2 RANGE=].E5 DLAND=20C.

6! HMPHIP=0 NTHET?=0

&2 NPH =1 PHIMIN=( PHIMAX=0

63 MTHET=73 THETM Ne=-380. THETHAX=90.

B4 FILE=SOHELEVA ION PATTERN (P-TOTAL=| WATY: PHI=0 778
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5 MORE=] END

8 NPHIP=0 NTHETP=(Q

67 NPHE =] PHIMIN=GO. PHIMAX=80].

58 TITLE=u2HELEVATION PATTERN (P-TOTAL=1 WATTY PMI=G0. 778
69 MORE =] ENG

it NPHI #2238 NTHETP=9

b MNPH] iy PHIMIN=0 PHIMAX=3B0.
NTHE =1 THETMIN=90. THETMAX=9C.
TITLE =45 SURFACE WAVE (TOTAL RADIATED POWER=1.0 WATTY 7718
VMIN=G MMIN=0 YMAX=0 HMAX=0

END
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